Welcome
Dear Attendees:
Welcome to the 2022 Hawaii Joint Symposium sponsored by the Japanese Society for Biomaterials (JSB) and the Society For
Biomaterials, USA (SFB). This event recognizes four outstanding individuals for their achievements in research related to
biomaterials including Tadashi Kokubo, PhD (Kyoto University and Chubu University), Teruo Okano, PhD (Tokyo Women’s
Medical University and University of Utah), James M. Anderson, MD, PhD (Case Western Reserve University) and Arthur
Coury, PhD (Northeastern University). The enormous impact of these individuals on the field of biomaterials spans the areas
of ceramics and bioglass, metals, polymeric biomaterials, tissue engineering, implant pathology, and cell-material interactions.
This meeting was envisioned in 2014, when both Societies met in Japan and discussed the need to strengthen relationships
between various biomaterials societies around the world, especially the interaction of Japanese and American biomaterial
scientists. As a first start, a symposium was suggested and then organized with the theme being research recognizing
outstanding scientists and contributors to the field of biomaterials research from each country. The JSB and SFB each
selected two individuals that have made substantial contributions to the field of biomaterials and agreed that the meeting
should be held in 2020 in Hawaii. Unfortunately, events in the world changed and two years later, we are finally able to
welcome you to our Joint Symposium in beautiful Waikiki Beach in Honolulu with a hybrid format to engage more scientists
across the world.
Our exciting program consists of four sessions that highlight the areas pioneered by the honorees and a new session
highlighting Women in Biomaterials. Each of the honoree sessions consists of invited lectures and selected abstracts in each
area of expertise: Bioglasses, Ceramics, and Other Hard Materials; Implant Pathology & The Foreign Body Reaction; Tissue
Engineering; and Polymeric Biomaterials. The highly anticipated Women in Biomaterials session will feature invited talks by
Tatiana Segura, PhD (Duke University) and Helen Lu, PhD (Columbia University), as well as eight 15-minute podium talks
and seven 5-minute rapid fire presentations. Other events include a poster session, luncheons and a BASH, a tradition of the
biomaterial societies around the world.
In order for this day to become possible, a number of individuals played significant roles in planning and organizing this
meeting. The Joint Symposium Committee consists of members of the Society For Biomaterials including Drs. Elizabeth
Cosgriff-Hernandez and Nicholas Ziats (SFB co-chairs) and Shelly Sakiyama-Elbert and Guigen Zhang. From the Japanese
Society for Biomaterials, Drs. Kazuhiko Ishihara, Nobuhiko Yui, Tetsuji Yamaoka and Osamu Suzuki served as JSB co-chairs
with additional JSB members, Drs. Akihiko Kikuchi, Kunio Ishikawa and Emilio Hara, serving on the program committee.
The staff members from AH Headquarters, Dan Lemyre, Ashton Hald, and Sheena Seppanen, have been instrumental in
navigating the changing needs of this meeting in these challenging times. This group has done a wonderful job working with
the Hilton Hotel Waikiki Beach to ensure that this event can occur in a safe manner and after two postponements, now it
finally can!
We hope that you enjoy your stay in Hawaii for those that are here and for those that could not attend in person, your
enthusiasm and commitment to attend this meeting virtually is appreciated.
Sincerely,
The JSB/SFB Joint Symposium Committee
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Thank you to our sponsors for this event:
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Tadashi Kokubo, PhD is Professor Emeritus of Kyoto University and Chubu University,
Japan. He developed a high-strength bone-bonding bioactive glass-ceramic A-W for bone
substitutes, bone-bonding bioactive titanium metal and its alloys for artificial joints,
spinal fusion devices etc, and a simulated body fluid (SBF) for evaluating bone-bonding
bioactivity of a material in vitro. Dr. Kokubo has received many awards including
Academic Award and Japan Ceramic Great Award from Ceramic Society of Japan,
Academic Award and Distinguished Service Award from Japanese Society for
Biomaterials, Inoue Harushige Award from Research Development Corporation of Japan,
George Winter Award from European Society for Biomaterials, and Stookey Lecture of
Discovery Award from American Ceramic Society. He is a member of World Academy
of Ceramics, and a fellow of American Institute for Medical and Biological Engineering, American Ceramic
Society and International Union of Societies for Biomaterial Science and Engineering. He was a member of
editorial board of Journal of Biomedical Materials Research-Part A, Journal of Material Science: Materials in
Medicine, Biomaterials etc. He is the author or coauthor of more than 900 publications. He is the editor of the
book entitled “Bioceramics and their clinical applications” ( Woodhead Pub., 2008).
James M. Anderson, MD, PhD, is a Distinguished Professor of Pathology, Biomedical
Engineering and Macromolecular Science at Case Western Reserve University in
Cleveland, Ohio. He is being recognized in this symposium for his significant
accomplishments in the field of Foreign Body Reaction as well as Implant Pathology. Dr.
Anderson has received many awards/honors including the Elsevier Biomaterials Gold
Medal Award, the Honoris Causa Degree by the University of Geneva, the Acta
Biomaterialia Gold Medal, the SFB Founders and Service Awards and most recently the
Chandra P. Sharma Award by the Indian Society of Biomaterials. He is a founding
member of the Society for Biomaterials and has served as a consultant to the NIH, FDA
and ISO. He is a member of the Institute of Medicine National Academy and the National Academy of
Engineering and is past Editor-in-Chief (over 30 years) of the Journal of Biomedical Materials Research-Part A.
Dr. Anderson has worked in the areas of biomaterials, medical devices and prostheses for the past 45 years,
ranging from the clinical pathologic evaluation of retrieved implants from humans and animals to fundamental
studies of cellular interactions with biomaterials, especially with regard to how macrophages and foreign body
giant cells interact with biomaterials.

JSB / SFB Joint Symposium

Honolulu, HI - January 8-10, 2022

Page 4

OUR HONOREES
Teruo Okano, PhD is a Director and Professor of Center for Advanced Biomedical
Science at Tokyo Women’s Medical University and Director and Professor of Cell Sheet
Tissue Engineering Center (CSTEC) as well as Adjunct Distinguished Professor of
Department of Pharmaceutics and Pharmaceutical Chemistry at University of Utah. He is
the fellow of Royal Society of Chemistry, American Institute of Medical and Biological
Engineering and Controlled Release Society. He was the president of scientific societies,
such as The Japanese Society for Regenerative Medicine, The Japanese Society of Drug
Delivery Systems, Asian Federation of Biomaterials Society and Tissue Engineering &
Regenerative Medicine International Society-Asia Pacific. He is the author or co-author
of more than 1,000 peer-reviewed journal articles as well as over 300 books and book
chapters. The citations are 99,738 and h-index is 164. He received numerous awards including Emperor’s
Medal with Purple Ribbon (National Meritorious Achievement Award) (2009), Commendation for Science &
Technology (Education Ministry) (2009), Nagai Innovation Award (Controlled Release Society) (2006), Leona
Esaki Prize (2005), Founders Award (Controlled Release Society) (2000), Clemson Award for Basic Research
(Society for Biomaterials) (1997), Outstanding Paper Awards (Controlled Release Society) (1990, 1995, 1996
and 1997).
Arthur J. Coury is a pioneer in the development of polymeric biomaterials for medical
products such as implantable electronic devices, hydrogel‐based devices, and drug
delivery systems. He holds over fifty-seven distinct patents and has published and
presented widely in his field. His industrial career included positions as: Senior Research
Chemist at General Mills, Inc., Director, Polymer Technology and Research Fellow at
Medtronic, Inc., Vice President, Research and Chief Scientific Officer at Focal, Inc., and
Vice President, Biomaterials Research at Genzyme Corporation. He is currently a
University Distinguished Professor at Northeastern University. His academic service has
also included adjunct or affiliate appointments at the University of Minnesota, the
Harvard‐MIT Graduate Program in Health Sciences and Technology, the University of Cape Town, the
University of Trento, Sichuan University, Hubei University, and Northeastern University. He has served as
President of both the Society for Biomaterials and the American Institute for Medical and Biological
Engineering. He has been recognized by the highest awards from the Society for Biomaterials including the
Founders Award, the C. William Hall Award, and the Technology Innovation and Development Award. He is a
member of the National Academy of Engineering, an American Chemical Society Fellow, and recipient of the
AIMBE Pierre Galletti award.
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Shelly Sakiyama-Elbert and Elizabeth Cosgriff-Hernandez organized a new session highlighting Women in
Biomaterials. This highly anticipated session will feature invited talks by leaders in the field of biomaterials,
Drs. Tatiana Segura (Duke University) and Helen Lu (Columbia University). Julianne Holloway (Arizona State
University) and Ana Maria Porras (University of Florida) will moderate the session of invited talks, podium
talks, and rapid fire presentations from women in the field. Of the many wonderful speakers, four were selected
to receive this year’s 2022 Emerging Scholar Award, a travel award for students and post-docs, graciously
sponsored by the Journal of Materials Chemistry B and Materials Advances. The four awardees are: Margaret
Brunette (University of Michigan), Maria Coronel, PhD (Georgia Institute of Technology), Ru-Siou (Alice)
Hsu, PhD (Stanford University), and Sarah Saxton (University of Washington). We look forward to hearing
about the important biomaterials work being led by these remarkable women. Make sure to attend the last
session of the Joint Symposium as you will not want to miss out on these incredible talks!
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SFB 2022 Award Recipients
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Bioglasses/Ceramics/Other Hard Materials
Timeslot: Saturday January 8th, 2022 – 1:00pm to 5:00pm

Oral
•
O1. Driving Force for Promoting Innovation of Biomaterials: From Bioglass to Bioactive Metals,
Honoree: T. Kokubo*; Kyoto University, Chubu University
•
O2. Carbonate Apatite Artificial Bone Fabricated From Vaterite Replaces to Bone Quickly, K. Ishikawa*,
K. Tanaka, A. Tschuiya; Kyushu University
•
O3. A Novel Mechanism for Graft Resorption and Bone Regeneration Through Inhibition of Human
Osteoclast Activities and Induction of Osteoblast Osteogenic Differentiation by SCPC Bioactive Ceramic, A. ElGhannam*(1), M. Nakamura(2), R. Alfotawi(3), R. Horowitz(4); (1)UNC Charlotte, (2)University of Turku,
(3)King Saud University, (4)The NYU College of Dentistry
•
O4. Tooth Surface Functionalization via Laser-Assisted Pseudo-Biomineralization, A. Oyane*(1), I.
Sakamaki(1), S. Santhakumar(1), H. Miyaji(2); (1)National Institute of Advance Industrial Science and
Technology (AIST), (2) Hokkaido University
•
O5. Phage-Mimicking, Broad-Spectrum Antibacterial Nanoparticles Against Multi-Drug Resistant
Bacteria, P. Nallathamby*, J. Hopf, V. Kalwajtys, M. Waters, F. Fields, S. Lee; Univ. of Notre Dame
•
O6. Invited Talk: Roles of Ceramics and Bioglasses in Absorbable Polymer Composites, G. Lawrence
Thatcher*; TESco Associates, Inc., USA
•
O7. Invited Talk: Effect of Octacalcium Phosphate on Enhancing Osteocyte Differentiation During
Orthotopic Bone Regeneration, O. Suzuki*(1), Y. Shiwaku(1,2), R.Hamai(1), Y. Sai(1), S. Saito(1,3);
(1)Division of Craniofacial Function Engineering, (2)Liaison Center for Innovative Dentistry, (3)Division of Oral
and Maxillofacial Surgery, Tohoku University Graduate School of Dentistry
•
O8. Bioabsorbable Carbonate Apatite Coating for Biodegradable Mg Alloy and Osteoclast and
Osteoblast Response, S. Hiromoto*(1), S. Itoh(1,2), N. Noda(1), T. Yamazaki(1), H. Katayama(1), T. Akashi(2);
(1)National Institute of Materials Science, (2)Hosei University
•
O9. Two-dimensional Arrangement of Cells by Light Irradiation, M. Ueda*, M. Ikeda; Faculty of
Chemistry, Materials and Bioengineering, Kansai University
•
O10. Formation of Visible-light-Responsive TiO2 Layers on Practical Dental Titanium Alloys by Twostep Thermal Oxidation and their Antibacterial Properties, K. Ueda*, R. Koizumi, T. Ueda, N. Sato, K. Ito, K.
Ogasawara, T. Narushima; Tohoku University

In-Person Posters
•
2. Multifunctional Titanium-based Biomaterials – Advantages of Nanostructures in Metallic Implants, M.
Jarosz*, G. D. Sulka; Jagiellonian University
•
3. Optimizing Acetaminophen Release Profiles from Silicas through Surface Functionalization, M.
Schulze*, N. Comolli; Villanova University
•
4. Synthesis and Physicochemical Characterization of Silver Modified Tricalcium Phosphate Ag-βTCP
and Ag-βTCP/poly(3-hydroxybutyrate) Scaffolds for Bone Tissue Regeneration, S. Skibinski*(1), J.
Czechowska(1), M. Guzik(2), E. Cichoń(1), P. Pańtak(1), A. Ślo̕sarczyk(1), A. Zima(1); (1)AGH University of
Science and Technology, (2) Jerzy Haber Institute of Catalysis and Surface Chemistry Polish Academy of
Sciences
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•
5. Silanization of Titanium and Hydroxyapatite for Loading and Release of 2-heptylcyclopropane-1carboxylic acid, Z. Harrison*, JD Bumgardner, T.Fujiwara, DL Baker, R. Wiley, J. Amber Jennings; University
of Memphis

Virtual Posters
•
V1. Adsorption Behavior of Serum Proteins on the Surface of Hydroxyapatite Ceramics with Preferred
Orientation to A-Plane, E. Onuma*(1), M. Honda(1), H. Yoshimura(1), N. Kanzawa(1,2), M. Aizawa(1); (1)Meiji
University, (2)Sophia University
•
V2. Improvement of Photo-Response in Titanium Dioxide for Cell Culture Substrates, H. Sumisaki*, M.
Ueda, M. Ikeda; Kansai University
•
V3. Biomicroconcretes Modified with Gold Nanoparticles and Silicon, J. Czechowska*(1), E. Cichoń(1),
A. Belcarz(2), P. Pańtak(1), S. Skibiński(1), A. Ślo̕sarczyk(1), A. Zima(1); (1)AGH University of Science and
Technology, (2)Medical University in Lublin, Chodzki
•
V4. Fabrication of Sr-substituted Hydroxyapatite Ceramics with Different Anisotropic Structures and
their Osteodifferentiation, M. Aizawa*, H. Koizumi, S. Yoshida, E. Onuma; Meiji University
•
V5. Immediate Soft-Tissue Adhesive Titanium: The Effect of Surface Porosity, M. Okada*, A. Yabe, S.
Chao Xie, E. Satoshi Hara, and T. Matsumoto; Okayama University
•
V6. Proliferation, Differentiation and Calcification of MC3T3-E1 Cells on Zr-14Nb-5Ta-1Mo Alloy, P.
Chen*(1), H. Sato(1), M. Ashida(1), Y. Tsutsumi(2), H. Harada(1), T. Hanawa(1, 3); (1)Tokyo Medical and
Dental University, (2)National Institute for Materials Science, (3)Kobe University
•
V7. How Liquid hase Composition Affects on Properties of Calcium Phosphate Biomicroconcretes
Based on α-TCP?, P. Pantak*, E. Cichoń, S. Skibiński, J. Czechowska, A. Zima, A. Ślo̕sarczyk; AGH
University of Science and Technology
•
V8. Effects of OCP/PLGA Composites on MSC Differentiation and The Materials Hydrolyses, R.
Hamai*(1), I. Oizumi(1), Y. Shiwaku(1), Y. Mori(1), T. Anada(1,2), K. Baba(1), N. Miyatake(1, 3), S.
Nishimura(2), T. Aizawa(1), E. Itoi(1), O. Suzuki(1); (1)Tohoku University Graduate School of Dentistry,
(2)Kyushu University, (3)Tohoku Orthopedic Hospital
•
V9. Drug Release from Gelatin-Calcium Titanate Composite Formed on Ti-6Al-4V alloy, S.
Yamaguchi*(1), K. Akeda(2), A. Sudo(2), T. Matsushita(1); (1)Chubu University, (2)Mie University Graduate
School of Medicine
•
V10. Zirconium Alloy with Excellent Mechanical Property to Decrease MRI Artifact, T. Hanawa*(1,2),
M.Ashida(1), Y. Tsutsumi(3), P. Chen(1), N. Nomura(4); (1)Tokyo Medical and Dental University, (2)Kobe
University, (3)National Institute for Materials Science, (4)Tohoku University
•
V11. Developing a Novel Methodology for Microwave Hydrothermal Nanomodification of Titanium
Microcarriers for Bone Regeneration, V. Leslie-King*(1,2), G. Martinez(2), R. A. Gittens(1,2); (1)INDICASATAIP, Research Institute, (2)Universidad de Panamá
•
V12. Study on the Corrosion Performance of Carbide-derived Carbon (CDC) for Hip Implants, Y.
Sun*(1), K. Kinnerk(2), K. Cheng(3), M. Mathew(3), M. McNallan(1); (1)University of Illinois at Chicago, (2)City
Colleges of Chicago, (3)UIC College of Medicine at Rockford
•
V13. Antiviral Properties of Suspension Plasma-Sprayed Hydroxyapatite / Titania Coating, Y. Otsuka*,
M. Mahmud Abir, Y. Miyashita; Nagaoka University of Technology
•
V14. Preparation of Paclitaxel-Loaded Poly(Lactic Acid)/Hydroxyapatite Core-Shell Nanoparticles for
Drug Delivery System Carrier, S. Lee*(1), T. Miyajima(1), A. Sugawara-Narutaki(2), K.Kato(1), F. Nagata(1);
(1)National Institute of Advanced Industrial Science and Technology (AIST), (2)Nagoya University
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•
V15. Highly Efficient Propagation of Coral Tissues Using Bone Regeneration Techniques, N. Kosaka*,
C. Saruwatari, M. Ueda, M. Ikeda, T. Takahashi; Kansai University
•
V16. Tuning Anti-tumor Immune Responses by Adjusting Size of Hydroxyapatite Particles, X.
Wang*(1), S.Ihara(2), X. Li(1), A. Ito(1), Y. Sogo(1), Y. Watanabe(1), A. Yamazaki(2), N. M. Tsuji(1), T.
Ohno(3); (1)National Institute of Advanced Industrial Science and Technology (AIST), (2)Waseda University,
(3)The Nippon Dental University
•
V17. Neutralizing the Systemic Toxicity of Co-Formulations of Chemotherapeutics Using Magnetoelectric Silica Nanocarriers for Specific Therapeutic Action Against Metastatic Cancer Cells, P.
Nallathamby*(1), J. Hopf(1), M. Warers(1), P. Helquist(1), V. Jo Davisson(2); (1)University of Notre Dame,
(2)Purdue University
•
V173. Dynamic Mineralization: Multidirectional, Low-Temperature, and Rapid Process to Deposit
Hydroxyapatite Microfilms on Polyether-Ether-Ketone for Osseointegration, F. Lui* (1,2), L. A. Estroff(2), P.
Kalaiselvan(1), R. J. Mobbs(1,3), M. D.P. Willcox(1), P. Koshy(1), F. P. Lucien(1), D. Zhou(1), C. C. Sorrell(1);
(1)UNSW Sydney, (2)Cornell University, (3)Prince of Wales Hospital

Implant Pathology and the Foreign Body Reaction
Timeslot: Sunday January 9th, 2022 – 8:00am to 12:00pm noon

Oral
•
O11. Invited Talk: Macrophages, Inflammation and Bone: From Wear Particle Disease to Tissue
Regeneration, S. Goodman*; Stanford University Medical Center Outpatient Center
•
O12. Design of Biomaterials to Modulate Inflammation, K. Leong*; Columbia University
•
O13. M1 Macrophages Attenuate Hepatocellular Carcinoma (HCC) Progression, J. Kao*(1), A.
Guerra(2), O. Yeung(1), K. Man(1); (1)The University of Hong Kong, (2)University of Wisconsin - Madison
•
O14. In Vivo Evaluation of Macrophage Polarization in Response to Raspberry Ketone-Loaded
Chitosan Membranes, M. Rad*, S. Hall, F. Guerra, K. Mark Anderson, O. Skalli, J. A. Jennings, J. D.
Bumgardner; The University of Memphis
•
O15. Succinate base Adjuvant-less Cancer Vaccine Modifies, A. Acharya*, S. Inamdar, J. L. Mangal, X.
Shi, M. Curtis, H. Gu; Arizona State University
•
O16. Invited Talk: Macrophage-mediated Degradation of Polyurethanes: Lessons in Predicting
Biostability, E. Cosgriff-Hernandez*; University of Texas at Austin
•
O17. Controlling Microbial Infections by Submicron Textured Biomaterials Surfaces, C. Siedlecki*, L.
Xu; Penn State University
•
O18. Immune Response of Decellularized Arterial Scaffolds Implanted in Diabetic and Non Diabetic
Rats, B. Lefeber*, D. Simionescu, A. Simionescu; Clemson University
•
O19. Overview of the Biocompatibility of Tantalum Coatings with Various Tissues, J. DeBerardinis*(1),
B.Williams(1), R. Narayan(2); (1)Ultramet, (2)North Carolina State University
•
O20. Initial Immune Response to Silk Fibroin Hydrogels Modified with a FRET-MMP sensor, Y.
Kambe*(1), T. Yamaoka(2); (1)National Agriculture and Food Research Organization, (2)National Cerebral and
Cardiovascular Center (NCVC) Research Institute
•
O21. Implant Pathology and the Foreign Body Reaction, Honoree: J. M. Anderson*; Western Reserve
University
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In Person Posters
•
1. A Model of Open Reduction Fracture Fixation for Testing New Implant Surface Approaches in
Diabetic Rats, A. Arteaga*(1), C. Biguetti(1), J. La Fontaine(2), D. Rodrigues(1); (1)University of Texas at
Dallas, (2)University of Texas Southwestern Medical Center

Virtual Posters
•
V22. Translating Biomedical Technologies: Asia Perspective and Opportunity, J. Kao*; The Hong Kong
Science and Technology Park
•
V24. Resveratrol-Loaded Polymer-Based Nanocomposite Probes for Neural Interfacing, N.
Mueller*(1,2), I. Kale(1,2), P. Dernelle(1,2), S. Patwa(1,2), A. Clarissa Hermoso(1,2), D. Valencia(1,2), Y.
Kim(1,2), J. Capadona(1,2), A. Hess-Dunning(1,2); (1)Case Western Reserve University, (2)Louis Stoke
Cleveland VA Medical Center
•
V25. Development of Gentamicin-Loaded Bone Filling Material with Infection Control Function, R.
Tsuboi*, H. Kitagawa, T. Kohno, S. Imazato; Osaka University Graduate School of Dentistry
•
V27. PVC Tubing Results in Monocytic Insult on Neonatal Endothelial Cells: Role of Shear Stress, H.
Zhou*(1), C. Nguyen(1), L. Tu(2), V. Nigam(2), C. Giachelli(1), M. Scatena(1); (1)University of Washington –
Seattle, (2)Seattle Children’s Hospital

Tissue Engineering
Timeslot: Sunday January 9th, 2022 – 1:00pm to 5:00pm

Oral
•
O22. Synthetic Hydrogels for Islet Vascularization, Engraftment, and Immune Acceptance to Treat Type
1 Diabetes, A. Garcia*, Georgia Institute of Technology
•
O23. Design of Intelligent Surfaces for Cell Sheet Tissue, Honoree: T. Okano*; Tokyo Women’s
Medical University, University of Utah
•
O24. Biomaterials Technology to Promote in vivo Cell Recruitment for Regenerative Therapy, Y.
Tabata*; Kyoto University
•
O25. Long Term Vocal Fold Augmentation with Microporous Annealed Particle (MAP) Hydrogel, L.
Pruett*, J. Daniero, D. Griffin; University of Virginia
•
O26. “Navigator” Bearing Single-Chain Variable Fragment Switched Beta 2-microglobulin Metabolism
to Liver, A. Otaka*(1), Y. Kambe(1,2), K. Kuwahara(3), T. Nakaoki(3), M. Sato(2), T. Yamaoka(1); (1)National
Cerebral and Cardiovascular Center Research Institute, (2)National Agriculture and Food Research
Organization, (3)Ryukoku University
•
O27. Invited Talk: Clinical Application of Ultrahigh Hydrostatic Pressure Engineering, T. Yamaoka*(1),
A. Mahara(1), H. Yamanaka(2), N. Morimoto(2); (1)National Cerebral and Cardiovascular Center Research
Institute, (2)Kyoto University
•
O28. Invited Talk: Rapid Bone Regeneration Using Biomimetic Cellular Membrane Biocomposite, E. S.
Hara*, M. Okada, T. Matsumoto; Okayama University Graduate School of Medicine, Dentistry and
Pharmaceutical Sciences
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•
O29. Elucidating the Role of Hodgkin's Lymphoma Cells on Macrophage Invasion Using an Engineered
Cryogel, L. Bahlmann*(1), C. Xue(1), A. A. Chin(1), J. G. Lu(1), R. C. Laister(2), M. S. Shoichet(1);
(1)University of Toronto, (2)Princess Margaret Cancer Centre, University Health Network
•
O30. Re-evaluation of Early Biomolecule Adsorption and Initial Osseointegration by an Engineering
Perspective, Y. Wang*, M.Okada, E. S. Hara, T. Matsumoto; Okayama University
•
O31. Tissue Engineering the Subarachnoid Space, R. Sirianni*; McGovern Medical School/University of
Texas Health Science Center at Houston
•
O32. Modulation of Macrophage-Mediated Cardiac Inflammation via Targeted Anionic Liposomes, T.
Elbayoumi*, S. Ganguly, M. Yao; Midwestern University

In Person Posters
•
10. Fabrication of a Scaffold from Novel Tropoelastin-collagen Electrospun Yarn for Skin Tissue
Regeneration, D. Zha*(1), M. W. King(1,2), R. S. Kellar(3); (1)North Carolina State University, (2)Donghua
University, (3)Northern Arizona University
•
11. Development of a Physiologically-Relevant, Serum-Free In Vitro Angiogenesis Platform, T. W.
Walker*, L. A. E. Brunmaier, T.M. Brenza, T.Ozdemir; South Dakota School of Mines and Technology
•
12. Engineered Osteoclasts: Potential Cell Therapy for Ectopic Calcification, A. Yavirach*(1), W.
Buranaphatthana(2), C. Rementor, C.M. Giachelli(1); (1)University of Washington, (2)Chiang Mai University
•
13. Development of Hydrogel to Support Angiogenic Activities for Bone Regeneration, B. Gaihre*, M.A.
Potes, F. Lucien, L. Lu; Mayo Clinic
•
14. Separating Progenitor Cell Populations Involving Rotator Cuff Muscle, B. Tyson*, T. Otsuka, C. T.
Laurencin; University of Connecticut Health
•
15. Quantitative CT Analysis and Mechanical Coupling of Implanted Bioresorbable Composite Scaffolds
to Bone; D. Margolis*, G. Figueroa, D.A. Gonzales, E. DeLeon, A. Romero, E. Villabos, L.F. Arciniaga, D.A.
Loy, K. Muralidharan, B.G. Potter, J.A. Szivek; University of Arizona
•
16. Foamed Calcium Phosphate Bone Cements with Biosurfactants – Cytotoxicity Studies; E. Cich̕on*,
M. Krok-Borkowicz, A. Zima, J. Czechowska, S. Skibiński, P. Pańtak, E. Pamula, A. Ślo̕sarczyk; AGH
University of Science and Technology
•
17. A Fiber-Reinforced Composite Vascular Graft that Mediates the Macrophage Response; F.
Zhang*(1), M.W. King(1,2); (1)North Carolina State University, (2)Donghua University
•
20. Mechanical Characterization and Neutrophil Extracellular Traps Response of a Novel Hybrid
Geometry Polydioxanone Near-Field Electrospun Template, G. Bowlin*, W.E. King III; University of Memphis,
University of Tennessee Health Science Center
•
21. In Vivo Delivery of Macrophage Subtypes via Genipin-Crosslinked Collagen Biotextile, I. Isali*, P.
McClellan, S. Cingireddi, T.R. Wong, M. Jain, J. M. Anderson, A. Hijaz, O. Akkus; Case Western Reserve
University
•
22. Bone Ingrown Dynamized Long Bone Segment Regeneration Scaffolds Successfully Support Full
Body Weight within 9 Months, J. A. Szivek*, D.S. Margolis, D.A. Gonzales, E.B. Villalobos, J. Smith; University
of Arizona
•
23. Improving Cardiomyocyte Contractility Beating by Introducing Oxygen Releasing Microparticles, K.
Mandal*, S. Sangabathuni, R. Haghniaz, M. Mecwan, W. Huang, V. Jacaud, M. Dockmeci, A.
Khademhosseini; Terasaki Institute for Biomedical Innovation
•
24. Substrate Stiffness Modulates Human Regulatory T Cell Induction and Metabolism, L. Shi*, J.Y.
Lim, L.C. Kam; Columbia University
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•
25. Effects of Endothelial Cell (EC) Seeding Density and Passage Number on Human ECMesenchymal Stem Cell (MSC), M. Sasaki*(1,2), C. Hoffman(1,2), F. Li(2), D. McLaughlin(1,2), L.P.
Brewster(1,2); (1)Atlanta VA Medical Center, (2)Emory University School of Medicine
•
26. Polymer Design & Glycosaminoglycan Ratio Modulate Physical & Bioactive Properties of GAG
Hydrogels, M. Nguyen*(1), J. Liu(2), A. Panitch(1); (1)University of California, (2)Purdue University
•
27. 40 µm Diameter Pore, Precision-Templated Scaffolds Promote Recruitment of Pro-Healing
Circulating Monocytes, N. Chan*, B. Hwang, J.D. Bryers; University of Washington
•
28.Type III Sodium-Dependent Phosphate Transporter Encoded by Gene Slc20a2 as a Hard Tissue
Engineering Target, P. Walczak*(1), S. Yamada(2), E.M. Leaf(3), T. Cox(4), K. Nagano(5), R. Baron(5), C.M.
Giachelli(1); (1)University of Washington, (2)Kyushu University, (3)Seattle Children’s Research Institute,
(4)University of Missouri-Kansas City, (5)Harvard School of Dental Medicine
•
29. Bone Regeneration in Sockets Grafted with Shefabone® SCPC Immediately Following Extractions,
R. Alfotawi*(1), A. El- Ghannam(2); (1)King Saud University, (2)University of North Carolina
•
30. Assessment of Novel Surgical Procedures to Regenerate Bone Using Decellularised Muscle and
Bioactive Ceramic: A Histological Analysis, R. Alfotawi*(1), A. Mahmood(1), A. El-Ghannam(2); (1)King Saud
University, (2)University of North Carolina
•
31. Bioactive Tissue Scaffolds from Decellularized Ascidian Tunic, S. Vijayavenkataraman*, M.
Govindharaj; New York University
•
32. Enhancing Cell Behavior on 3D Scaffolds by Plasma-based 3D Printing System, S. Hyeon Kim*(1),
M. Heo(2), H. Nah(1), I.K. Kwon(1), D.N. Heo(1,2); (1)Kyung Hee University, (2)Biofriends Inc.
•
33. Effects of Astrocyte Derived Extracellular Matrix on Axon Growth of V2a Interneurons, S. SakiyamaElbert*, R. Thompson, S. Vardhan; The University of Texas at Austin
•
34. Modeling 22q11.2 Deletion Syndrome Vasculopathy with Blood Vessel Organoids, S. He*, C. Xu, S.
Chauhan, Y. Lao, Y. Xiao, M.J. Willner, S. McElroy, Y. Jin, J.A. Gogo, S.B. Rao, R. Tomer, E. Azizi, B. Xu, K.
Leong; Columbia University
•
35. Polycaprolactone Electrospun Fibers to Modulate Basement Membrane Remodeling in Upper
Airway Coculture, T. Guda*(2), S. Miar(2), R. Bizios(2), J.L. Ong(2), G. Dion(1); (1)U.S. Army Institute of
Surgical Research, (2)University of Texas at San Antonio
•
36. Temporal Dynamics of Interpenetrating Collagen I:Fibrin Hydrogels in Supporting Musculoskeletal
Remodeling, T. Guda*, G. Chiou, I. Arredondo, J. Ong, R. Bizios; University of Texas at San Antonio
•
37. Small Extracellular Vesicles from Precision Porous Templated Scaffold Resident Cells Modulate T
Cell Inflammatory Signaling via TLR4, T. Hady*, Dr. B. Hwang, Dr. J.D. Bryers; University of Washington
•
38. Designer Angiogenic Peptides for Tissue Regeneration, V. Kumar*(1), Z. Siddiqui(1), A. AcevedoJake(1), A. Azizogli(1), R. Jafari(2), A. Robang(3), X. Djangi(2), D. Kumar(4), B.V.V. Prasad(4), A.
Paravastu(3), P. Kral(1,2); (1)New Jersey Institute of Technology, (2)University of Illinois, (3)Georgia Institute
of Technology, (4)Baylor College of Medicine
•
39. Microribbon-based Macroporous Matrices Enhance Cartilage Repair in Rat Osteochondral Defect
Model, X.Tong*, M. Maruyama, D. Barati, S. Goodman, F. Yang; Stanford University

Virtual Posters
•
V105. High Internal Phase Pickering Emulsion (HIPE)-Templated Porous Scaffolds Loaded With
Polyunsaturated Fatty Acids (PUFA) For Bone Tissue Engineering, A. W*, V. Muthuvijayan, Indian Institute of
Technology Madras
•
V106. Mechanically Conditioned Tissue Engineered Blood Vessels Resistant to Diabetic Pathologies,
B. Lefeber*, D. Simionescu, A. Simionescu; Clemson University
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•
V107. Evaluation of Polymeric Carriers for Cell-labelling MRI Contrast Agent, C. Hiruno*(1,2), K.
Fukazawa(1), Y. Ohya(2), T. Yamaoka(1); (1)National Cerebral and Cardiovascular Center Research Institute,
(2)Kansai University
•
V108. Microfluidic Chip for Long-Term Cell Co-Culture, C. Watson(1)*, C. Liu(1), A. Ansari(2), H.
Miranda(1), S. Senyo(1); (1)Case Western Reserve University, (2)Bucknell University
•
V109. Macromolecular Architecture of Biomimetic Proteoglycans Directs Tissue Micromechanics and
Cellular Mechanotransduction, E. Kahle*(1), B. Han(1), P. Chandrasekaran(1), E.R. Phillips(1), K.
Prudnikova(1), L. Han(1), M. Marcolongo(1,2); (1)Drexel University, (2)Villanova University
•
V110. Preparation of Composite Scaffolds of Folic Acid-conjugated Gelatin and Gold Nanoparticles for
Photothermal Therapy, H. Chen*(1,2), X. Wang(1), N. Kawazoe(1), G. Chen(1,2); (1)National Institute for
Materials Science, (2)University of Tsukuba
•
V111. Ex Vivo Gene Delivery for Fabrication of Hepatocyte Sheet Tissues Secreting Angiogenic
Factors, J. Kobayashi*(1), H. Lee(2), M. Yamato(1), T. Okano(1); (1)Tokyo Women's Medical University,
(2)Ewha Womans University
•
V112. Photothermal Scaffolds of Black Phosphorus Nanosheets and Gelatin for Biomedical
Applications, L. Sutrisno*(1,2), H. Chen(1,2), T. Yoshitomi(1), N. Kawazoe(1), G. Chen(1,2); (1)National
Institute for Materials Science, (2)University of Tsukuba
•
V113. Biomimetic Proteoglycans Increase the Indentation Modulus of the Porcine Aortic Valve Leaflet
Spongiosa, M. Petrovic*(1), E.R. Kahle(1), L. Han(1), M.S. Marcolongo(2); (1)Drexel University, (2)Villanova
University
•
V114. Micropatterned Thermoresponsive Surfaces via Physical Block Copolymer Coatings for
Fabricating Cell Sheets with Designed Morphological Structures, M. Nakayama*(1), J. Tonegawa(2), A.
Kikuchi(2), T. Okano(1); (1)Tokyo Women's Medical University, (2)Tokyo University of Science
•
V115. Evaluation of Carbonate Apatite Bone Graft Substitute in the Beagle Dog 1-wall Peri-implant
Defect Model, N. Kitamura*, K. Yamanaka, F. Fusejima; GC Corporation
•
V116. Evaluation of Elasticity and Barrier Function of Synthetic Resorbable Membrane for Guided Bone
Regeneration, N. Kimura*, Y. Sakaguchi, N. Kitamura, K. Yamanaka; GC Corporation
•
V117. Intelligent Biosensor (iBiosensC) for Urine-Based Early Diagnosis of Breast Cancer, S.
Mamidi*(1), D.Gokul(2), R.A. Ramachandran(3), K.Y. Cheng(2), J. Su(4), S. Bijukumar(2), M.T. Mathew(2,3);
(1)University of Illinois at Urbana-Champaign, (2)UIC College of Medicine, (3)University of Illinois at Chicago,
(4)Northeastern Illinois University
•
V118. Direct Injection of Hydrogels Embedding Gold Nanoparticles for Local Therapy after Spinal Cord
Injury, S. Sohn, W. Ko, S.J. Kim, G.H. Han, Y. J. Choi; CHA University, Yonsei University Severance Hospital
•
V119. JNK-2 Gene Silencing Lipid Nanoparticles for Elastic Matrix Regenerative Repair in Abdominal
Aortic Aneurysms, S. Dahal*, A. Ramamurthi; Lehigh University
•
V121. In Situ Mineralized Nanocellulose-Alginate Bioink System for Injectable Bone Graft/3D Printing
Applications, S. Murab*(1,2), W. R. Collins(3), A.G. Snyder(1), A.E. Pelling(3), P.W.
Whitlock(1,2); (1)Cincinnati Children's Hospital Medical Center, (2)University of Cincinnati, (3)University of
Ottawa
•
V122. Nitric Oxide (NO) Donor Drug Delivering Nano Platforms for Elastic Matrix Repair and
Regeneration in Abdominal Aortic Aneurysm, S. Bastola*, A. Ramamurthi; Lehigh University
•
V123. Recapitulating the Human Placental Barrier with Trophoblast Stem Cells and a Microfluidic
Device, T. Hori*(1), H. Okae(2), N. Kobayashi(2), T. Arima(2), H. Kaji(1); (1)Tokyo Medical and Dental
University, (2)Tohoku University
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•
V124. Interconnected Collagen Scaffolds Prepared with Sacrificial Templates for Cartilage Tissue
Engineering, Y. Xie*(1,2), N. Kawazoe(1), Y. Toru(1), G. Chen(1,2); (1)National Institute for Materials Science,
(2)University of Tsukuba
•
V126. Self-assembling B-hairpin Peptide Hydrogel Scaffold for Meniscal Defect, Y. Hirano*(1), N.
Okuno(2), S. Otsuki(2), J. Aoyama(1), K. Nakagawa(2), T. Murakami(2), K. Ikeda(2), T. Okayoshi(2), H.
Wakama(2), Y. Okamoto(2), M. Neo(2); (1)Kansai University, (2)Osaka Medical and Pharmaceutical University
•
V127. 3D Bioprinting of a Photo-crosslinkable Platelet Lysate Based Bioink, S. Min*, J. S. Lee, H.
Moon, I. K. Kwon, D. H. Heo; Kyung-Hee University
•
V128. Extracellular Matrix Microparticles Promote Heart Regeneration in Post-myocardial Infarction
Mice, X. Wang*, S. Senyo; Case Western Reserve University
•
V129. Blood Response to Arg-Glu-Asp-Val Peptide-modified Acellular Graft, A. Mahara*, T.
Yamaoka; National Cerebral and Cardiovascular Center Research Institute
•
V130. Effect of Interlobular Septa on Stress-strain Characteristics of Pleura, H. Hayashi*(1), H.
Sakai(2), N. Takano(1); (1)Kanazawa Institute of Technology, (2)International College of Technology
•
V131. Simultaneous Spheroid Formation and Nanoparticle Encapsulation by Acoustic Microstreams, R.
Rasouli*, M. Tabrizian; McGill University
•
V132. Mineralized Collagen Scaffold Pore Structure Enhances Immunomodulatory Potential of
Mesenchymal Stem Cells, V. Kolliopoulos*, B.A.C. Harley; University of Illinois at Urbana-Champaign
•
V133. Enhancing Cell Behavior on 3D Scaffolds by Plasma-based 3D Printing System, S. Hyeon
Kim*(1), M. Heo(2), H. Nah(2), I.K. Kwon(1), D. N. Heo(1,2); (1)Kyung Hee University, (2)Biofriends
•
V168. Mechanical and Microstructural Evaluation of Decellularized Porcine Thoracic Aortas for the
Development of a Biomimetic Vascular Graft, F. Giovanniello*, M. Tabrizian, M. Amabili; McGill University
•
V174. Micro-Deposit of Hydroxyapatite for Bone-on-a-Chip Microfluidic Devices; F. Lui*(1), L. You(2), L.
Xu(2), P. Michaux(3), Y. Wang(1), T.C. Brennan-Speranza(4), J. Biazik(1), G.F.S. Harm(1), P. Koshy(1), W.R.
Walsh(1), R.J. Mobbs(1,5), R.A. Oliver(1), C.C. Sorrell(1); (1)UNSW Sydney, (2)University of Toronto,
(3)Australian National Fabrication Facility, (4)The University of Sydney, (5)Prince of Wales Hospital

Polymeric Biomaterials
Timeslot: Monday January 10th, 2022 – 8:00am to 12:00pm noon

Oral
•
O33. Invited Talk: Polyurethane Vascular Grafts: History, Hype and Healing, B. D. Ratner*; University
of Washington
•
O34. Invited Talk: Design and Procedure Optimization for Biomaterial Structural Supports in the PostInfarct Heart, W. R. Wagner*; McGowan Institute for Regenerative Medicine
•
O35. New Polyphosphazene Biomaterials with Improved Resistances to Microbial Infection and
Thrombosis for Medical Device Coatings, L. Xu*(1), S. Alwine(1,2), C. Siedlecki(1), C. Chen(3), H. Allock(3);
(1)Penn State College of Medicine, (2)Clarkson University, (3)Penn State University
•
O36. Thermoresponsive Shear-Thinning Biomaterial for the Treatment of Infections Associated with
External Hemorrhages, M. Mecwan*, R. Haghniaz, V. Jucaud, A. Khademhosseini; Terasaki Institute for
Biomedical Innovation
•
O37. Sliding Hydrogels with Tunable Mobility Enhance Cartilage formation by Chondrocytes and Stem
Cells in a Dose-dependent Manner, X. Tong*, M. Ayushman, F. Yang; Stanford University
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•
O38. Invited Talk: Novel Biomaterials and Scaffolds with Unique Properties for the Engineering of
Difference Tissues, R. L. Reis*; University of Minho
•
O39. Invited Talk: Developing Technologies that Improve Osseous Implant Success In Conditions that
Exhibit Compromised Bone Quality, B. D. Boyan*; Virginia Commonwealth University College of Engineering
•
O40. Novel Short Chain Fatty Acid Delivery Platform Poly (ethylene glycol)-b-poly(vinyl ester)s
Attenuates Diabetic Pathology, B. Shashni*, Y. Tajika, Y. Nagasaki; University of Tsukuba
•
O41. Low Temperature Plasma Processing for 3D printed Polymeric Biomaterials’ Interfaces, V.
Thomas*, V. Vijayan, G. Hernandez-Moreno; University of Alabama at Birmingham
•
O42. Optimal Orientations for Exciting the L and TV Ultrasonic Waves in Polyvinylidene Fluoride, G.
Zhang*, F. J. Halcomb III; University of Kentucky
•
O43. Biomaterials Evolution: Commercial to “Designer” Polymers – A 50 Year Perspective,
Honoree: A. J. Coury*, Northeastern University

In Person Posters
•
43. Evaluation of Acyl-modified Chitosan Membranes Loaded with Cis-2-decenoic Acid and
Bupivacaine for Infection Prevention, L. Choi*, Z.L. Harrison, J.D. Bumgardner, T. Fujiwara, J.A. Jennings;
University of Memphis
•
44. Innovative Development of Surface-Eroding, Non-Swelling Methacrylated-Anhydride Resins for
Additive Manufacturing of Biocompatible Products, T. W. Walker*; South Dakota School of Mines and
Technology
•
46. Development and Characterization of Furfuryl Gelatin Based Electrospun Fibrous Mats for Use as
Platforms for Cardiac Disease Modeling, J. Mudloff*; University of Texas at El Paso
•
47. A Novel Modified Chitosan PEG Bio-ink for use in Additive Manufacturing, B. Watson*, J.D.
Bumgardner, T. Fujiwara; University of Memphis
•
51. Design and Characterization of Cationic Nanoparticles for miRNA Delivery in the Treatment of
Glioblastoma Multiforme, D. Ward*, N.A. Peppas; The University of Texas at Austin
•
52. Stimuli Responsive Dual Nanogel System for Dendritic Cell Modulation and Immune Checkpoint
Blockade, D. Huang*, B.C. Matthews, N.A. Peppas; The University of Texas at Austin
•
53. Tackling Oral Cancer and Associated Pain with Therapeutic Nanocarriers, D. Bhansali*(1), N.
Tu(2), D. Jensen(2), T. Li(1), T. Akinade(1), D. Bok(2), N. Bunnett(2), B. Schmidt(2), K.W. Leong(1);
(1)Columbia University, (2)New York University
•
54. Evaluation of Ethyl Salicylate as a Plasticizer for Vascular Bioresorbable Stent Application, H.
Zhao*, H. Feng, S. Wu, Q. Liu; Beijing Advanced Medical Technologies
•
55. Biomimetic Engineered Corneal Surface on Silicone Hydrogel Contact Lens, J. Wu*(1), X. Shi(1), V.
Sharma(1), D. Cantu-Crouch(1), G. Yao(1), K. Fukazawa(2), K. Ishihara(2); (1)Alcon Research, (2)The
University of Tokyo
•
56. Quantification of Patterned Biodegradable PCL Fiber Orientation by Electrospinning with the
Surface Wettability and Cell Behavior, J. Chen*, M.W. King; North Carolina State University, Wilson College of
Textile
•
57. Incorporation of Nerve Growth Factor-loaded Microspheres into Chitosan/Polycaprolactone Hybrid
Implants to Enhance Peripheral Nerve Tissue Regeneration, K. Nawrotek*(1) , M. Kubicka(1), J. Gatkowska(2),
K. Rudnicka(2), S. Michlewska(2), M. Wieczorek(2); (1)Lodz University of Technology, (2)University of Lodz
•
58. In vivo Gelation of Phenylboronic Acid Group-bearing Polymer Solution Upon Contacting Soft
Tissue, K. Fukazawa*(1), S. Matsui(1,2), T. Mukaeda(1,2), Y. Hsu(1,3), T. Nagasaki(2), T. Yamaoka(1);
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(1)National Cerebral and Cardiovascular Center Research Institute, (2)Osaka City University, (3)Osaka
University
•
59. Synthesis and Biological Characterization of 3D Polyhydroxybutyrate-tricalcium Phosphate
Scaffolds, M. Guzik*(1), A. Szeligowski(1), T. Witko(1), D. Solarz(1), S. Skibinski(2), E. Cichon(2), A. Zima(2),
J. Czechowska(2), A. Slosarczyk(2), A. Gondek(3), M. Seta(3); (1)Jerzy Haber Institute of Catalysis and
Surface Chemistry Polish Academy of Sciences, (2)AGH University of Science and Technology, (3)Medical
University of Warsaw
•
60. Delivery of Hepatitis B Vaccine via a Self-Boosted System, M. Kanelli*, G. Li, D. Varshney, R.
Langer, A. Jaklenc; Massachusetts Institute of Technology
•
61. Electrospun Wound Healing Devices Containing Antibacterial Ionic Liquids/Deep Eutectic Solvents
Resist Biofouling, M. Nguyen*(1), T.A. Bardsley(1), A. Whitaker(1), R.E. Del Sesto(2), Z. Bess(1), C.C.
Browder(1), R.S. Kellar(1), A.T. Koppisch(1); (1)Northern Arizona University, (2)Dixie State University
•
64. In Vitro Evaluation of the Osteoinductive Potential of Chitosan Membranes Loaded with Raspberry
Ketone, M. Atwill*; University of Memphis
•
66. The Effect of Uremic Conditions on Smooth Muscle Cells Cultured on PEG Hydrogels, M. Maples*,
W. Tan, S. Bryant; University of Colorado Boulder
•
67. Improving Facial Skeletal Muscle Regeneration Using Surface Modified Collagen-PCL Knitted
Textile Scaffolds, M. Deshpande*(1), K. Luan(1), M. Rouabhia(2), M.W. King(1); (1)North Carolina State
University, (2)Laval University
•
68. Surface Functionalization of Polyurethane Towards Prevention of Biomaterials-Centered Infections:
Combined Experimental and Molecular Dynamics Simulations Approach, M. Golda-Cepa*(1), P. Chytrosz(1),
K. Drozdz(1), P. Kubisiak(1), L. Cwiklik(2), W. Kulig(3), M. Brzychczy-Wloch(1), A. Kotarba(1); (1)Jagiellonian
University, (2)Czech Academy of Sciences, (3)University of Helsinki
•
69. Nitric Oxide-Releasing Therapy for Infected Catheter Salvaging, M. Ashcraft*, M. Douglass, A.
Mondal, M. Garren, L. Estes, H. Handa; University of Georgia
•
70. Surface Modified PLGA Microspheres for Improved Intra-articular Corticosteroid Injection Efficacy,
N. Myers*, N. Comolli; Villanova University
•
71. High-Performance Biosensors Based on Two-Photon Polymerization of PEGDA-PEDOT:PSS, O.
Dadra-Toussi*, M.R. Abidian; University of Houston
•
72. A Predictive Mechanistic Model of Drug Release from Acetalated Dextran Particles, R.
Stiepel*(1), E.S. Pena(1,2), M.D. Gallovic(3), C.J. Genito(1), E.M. Bachelder(1), K.M. Ainslie(1, 2);
(1)University of North Carolina at Chapel Hill, (2)North Carolina State University, (3)IMMvention Therapeutix
•
73. Comparative Effect of BMP-2 and BMP-9 for Bone Regeneration by Mesenchymal Stem Cells in a
Biomimetic Hydrogel, S. Schoonraad*, A. Singh, A. Jaimes, S.J. Bryant; University of Colorado Boulder
•
74. Optimized Loopable Translation as a Platform for the Synthesis of Repetitive Proteins, S. On Lee*,
Q. Xie, S.D. Fried; Johns Hopkins University
•
75. Biomimetic Scaffolds Capture Anti-Tumor Immune Cells in the Early Breast Cancer Metastatic
Niche, S. Orbach*, M. Brooks, S. Campit, R. Rebernick, G. Bushnel, S. Chandrasekaran, M. Wicha, J. Jeruss,
L.Shea; University of Michigan
•
76. Development of Decoy CD47-Nanomedicine as Novel Therapeutic Strategy for Targeted
Amelioration of Thrombospondin 1-Induced Vascular Dysfunctions, T. Elbayoumi*, S. Ganguly, A. Ebrahimi,
J.H.S. Shin, M. Yao; Midwestern University
•
77. Targeting Cancer-associated Fibroblasts within a Microtumor Environment via Liposomes with
Arginine-based Surface Modifiers, T. Ur Rehman*, K.M. Bratlie; Iowa State University
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•
78. A Study on the Ability of an Organo-Selenium Attached to a Cotton Dressing, to Inhibit Candida
Albicans Biofilm Formation, T. Reid*, P. Tran, U. Jacob, N. Abidi, N. Bergfeld; Texas Tech University Health
Sciences Center
•
79. Improving Selective Targeting to Mouse Macrophage Subpopulations through Altering the
Polyethylene Glycol Composition of Liposomes, V. G. Kamath*, T.U. Rehman, K.M. Bratlie; Iowa State
University
•
80. Antimicrobial Hernia Mesh: Plasma Activated Diallyldimethylammonium Chloride Coating, Z.
Wang*(1), A. El-Shafei(1), A.C. Brown(1,2), J.M. Gluck(1), F. Scholle(1), M.W. King(1,3); (1)North Carolina
State University, (2)University of North Carolina - Chapel Hill, (3)Donghua University

Virtual Posters
•
V28. Design of Shape-memory Polymeric Strings for Minimally Invasive Prenatal Repair of
Sacrococcygeal Teratoma, A. Fulati*(1,2),K. Uto(1), M. Watanabe(3), M. Ebara(1,2,4); (1)Research Center for
Functional Materials (RCFM), National Institute for Materials Science (NIMS), Japan, (2)Graduate School of
Science and Technology, University of Tsukuba, Japan, (3)Department of Pediatric Surgery, Graduate School
of Medicine, Osaka University, Japan, (4)Graduate School of Advanced Engineering, Tokyo University of
Science, Japan
•
V29. Design of Smart Nanocapsules and Gel Particles Using W/O Emulsions for Drug Delivery
Carriers, A. Kawamura*(1,2), H. Sasaoka(1), H. Nakaura(1), T. Miyata(1,2); (1)Department of Chemistry and
Materials Engineering, (2)ORDIST, Kansai University
•
V30. Self-assembled Polymeric MR Contrast Agents for Superfine Microvasculature Imaging, A.
Mahara*(1), S. Saito(2,3), T. Yamaoka(1); (1)Department of Biomedical Engineering, (2)Department of
Advanced Medical Technologies, National Cerebral and Cardiovascular Center Research Institute,
(3)Department of Medical Physics and Engineering, Division of Medical Technology and Science, Faculty of
Health Science, Graduate School of Medicine, Osaka University
•
V31. Development of Debondable Dental Resin Cements Containing Photodegradable Plyrotaxane as
a Cross-Linker, A. Tamura*, Y. Arisaka, N. Yui; Institute of Biomaterials and Bioengineering, Tokyo Medical
and Dental University
•
V32. Nanoparticle Rigidity Influences the Uptake by Human Glioblastoma Cells, C.Kuo*, F. Mirab, S.
Majd; University of Houston
•
V33. Transport of Gel-filled Liposomes across a Blood-Brain Barrier Model, C. Kuo*, F. Mirab, S. Majd;
University of Houston
•
V34. Transformable Supramolecular Materials for Reversible PEGylation of Protein Drugs, K.
Utatsu*(1), T. Kogo(1), R. Onodera(1), K. Motoyama(1), T. Higashi(1,2); (1)Graduate School of Pharmaceutical
Sciences, Kumamoto University, (2)Priority Organization for Innovation and Excellence, Kumamoto University
•
V35. Urea-Functionalized Poly(trimethylene carbonate) Derivative for Biological Function, L. Yae Tan*,
N. Chanthaset, H. Ajiro; Nara Institute of Science and Technology, Japan
•
V37. Poly(beta-amino ester)-Based Heat-Stable Microparticle Platform for Micronutrient Encapsulation
and Delivery, L. (Rhoda) Zhang*(1), R. Xiao(2), S. Alsaiari(2), R. Langer(1,2), A. Jaklenec(2); (1)Dept. Of
Chemical Engineering, Massachusetts Institute of Technology, (2)David H. Koch Institute for Integrative
Cancer Research, Massachusetts Institute of Technology
•
V38. Development of A Collagen Hydrogel Dressing, M. Feng*, S. Lu; Dynamic Entropy Technology
LLC
•
V39. Feasibility Study of shRNA Polyplex as a Multi-functional Drug for Alzheimer’s Disease, M.
Inoue*(1,2,3), H. Jono(4), T. Saito(5), R. Onodera(1), T. Higashi(1,6), K. Motoyama(1); (1)Graduate School of
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Pharmaceutical Sciences, Kumamoto University, (2)Program for Leading Graduate Schools HIGO, Kumamoto
University, (3)Research Fellow of Japan Society for the Promotion of Science, (4)Department of Pharmacy,
Kumamoto University Hospital, (5)Institute of Brain Science Graduate School of Medical Science, Nagoya City
University, (6)Priority Organization for Innovation and Excellence
•
V40. Anticancer Activity of Anti-cancer Drug-Conjugated Sulfobetaine Polymers against Cancer Cell
Spheroids, M. Yanamoto*(1,2), N. Morimoto(1); (1)Department of Materials Processing, Graduate School of
Engineering, Tohoku University, (2)Biomedical Engineering for Diagnosis and Treatment, Graduate School of
Biomedical Engineering, Tohoku University
•
V41. Development of Self-Healing Poly(γ-glutamic acid) / Chondroitin Sulfate Hydrogels with In Situ
Mineralization Ability, M. Wei*(1), Y. Hsu(1), T. Asoh(1), M. Sung(2), H. Uyama(1);(1)Osaka University,
(2)Kookmin University
•
V42. Conjugate of Tyramine and Chondroitin Sulfate for the Functionalization of Bone Fixation
Materials, M. Sugiyama*(1), S. Yoshitomi(1), Y. Mizuno(2), D. Sannomiya(2), K. Nakamura(2), S.
Kakinoki(1,2); (1)Kansai University, (2)Japan Fine Steel Co., Ltd., (3)ORDIST
•
V43. Influence of Terminal Structure of Triethylene Glycol-Modified Polyrotaxanes on their
Physicochemical Properties and Biomaterials Functions, M. Ohashi*, A. Tamura, N. Yui; Tokyo Medical and
Dental University
•
V44. Protective Effect from DEPRESSION by Polymer-Based Nanoantioxidant, N. Saigo*, Y. Nagasaki,
Y. Ikeda; University of Tsukuba
•
V45. Role of Peptide Valency on PEG-b-PPS Micelles for Integrin Receptor Blocking and AntiAngiogenesis, N. Bhushan*(1), T. Stack(2), B. Mathew(3), E.A. Scott(2), M. Mathew(1), D. Bijukumar(1);
(1)University of Illinois College of Medicine at Rockford, (2)Northwestern University, (3)University of Illinois
Chicago
•
V46. Temperature-Responsive Injectable Polymer Systems Using Gelatin as a Crosslinker for Cellular
Scaffold Materials, N. Murase*(1), Y. Ohya(2,3); (1)ORDIST, Kansai University, (2)Faculty of Chemistry,
Materials and Bioengineering, Kansai University, (3)KUMP-RC
•
V47. Solvent-Free Method for Initiator Immobilization for Grafting Zwitterionic Polymer Brushes using
Surface Initiated Polymerization, P. Kaur*(1), B. Ratner(1,2); (1)Dept. of Chemical Engineering, University of
Washington, (2)Dept. of Bioengineering, University of Washington
•
V48. High Performance Polymer Mesh as an Alternative to Traditional Degradable Mesh for Alveolar
Bone Repair, P. A*, J. Bellare; Indian Institute of Technology Bombay
•
V49. Heparin-Integrin Ligand Co-immobilized Surface for Enhancing the Adhesion of Mesenchymal
Stem Cells, R. Minami*(1), Y. Arichi(1), S. Kakinoki(1,2); (1)Department of Chemistry and Materials
Engineering, Kansai University, (2)ORDIST, Kansai University
•
V50. Increase in Friction on a Contact Lens by Embedded Pigment -Verification Using a Dedicated
Pendulum Apparatus-, R. Nakaoka*(1), H. Iwashita(2), Y. Hori(2), K. Mabuchi(1,3), T. Matsunaga(4), Y.
Haishima(1); (1)DMD, NIHS, (2)Graduate School of Medicine, Toho University, (3)Kitasato University,
(4)Research and Development Department, SEED Co., Ltd.
•
V51. Hemocompatible Surfaces Immobilized with Collagen-inspired Oligoprolines, S. Kakinoki*(1,2), A.
Myzk(3), Y. Noguchi(1), R. Major(3), Y. Iwasaki(1,2), M. Ueda(1,2); (1)Department of Chemistry and Materials
Engineering, Faculty of Chemistry, Materials and Bioengineering, Kansai University, (2)ORDIST, Kansai
University, (3)Institute of Metallurgy and Materials Science, Polish Academy of Sciences
•
V52. Biomaterial-based Delivery of Anti-VEGF Agent or Steroid: Application in Treating Retinal
Vascular Diseases, D. Venugopal*(1), S. Vishwakarma(2,3), I. Kaur(2), S.Samavedi(1); (1)Department of
Chemical Engineering, Indian Institute of Technology Hyderabad; (2)Prof Brien Holden Eye Research Center,
L V Prasad Eye Institute, (3)Manipal Academy of Higher Education
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•
V53. A Layer-by-Layer Approach to Incorporate Proteins into Electrospun Meshes while Preserving
Secondary Structure, G. Shankar Shaw*, S. Samavdei; Department of Chemical Engineering, Indian Institute
of Technology Hyderabad
•
V54. Corrosion Behavior of Pure Magnesium Substrate Coated with Polydopamine Layer in Cell
Culture Medium, S. Yoshitomi*(1), M. Sugiyama(1), D. Sannomiya(2), Y. Mizuno(2), K. Nakamura(2), S.
Kakinoki(1,3); (1)Department of Chemistry and Materials Engineering, Kansai University, (2)Japan Fine Steel
Co., Ltd, (3)ORDIST, Kansai University
•
V55. Dual Stimuli-responsive Sol-Gel Transition Polymers with Photodimerizable Groups for Regulating
Cell Behavior, T. Miyata*, M. Okihara, A. Matsuda, Y. Natsume, A. Kawamura; Department of Chemistry and
Materials Engineering, Kansai University
•
V56. Cationic Dendrimer as a Novel Melanogenesis Inhibitor, T. Ariyoshi*(1), M. Inoue(1,2,3), R.
Onodera(1), T. Higashi(1,4), K. Motoyama(1); (1)Graduate School of Pharmaceutical Sciences, Kumamoto
University, (2)Program for Leading Graduate School Health Life Sciences: Interdisciplinary and Global
Oriented, Kumamoto University, (3)Research Fellow of Japan Society for the Promotion of Science, (4)Priority
Organization for Innovation and Excellence, Kumamoto University
•
V57. A Self-assembled Antioxidants Nanoparticle Enhances Exercise Performance in High-intensity
Running, T. Toriumi*(1), A. Kim(2), S. Komine(3,4), I. Miura(5), S. Nagayama(5), H. Ohmori(6), Y. Nagasaki(2);
(1)Graducate School of Pure and Applied Sciences, University of Tsukuba, (2)Faculty of Pure and Applied
Ssciences, University of Tsukuba, (3)Department of Acupuncture and Moxibustion, Faculty of Human Care,
Teikyo Heisei University, (4)Faculty of Medicine, University of Tsukuba, (5)Graduate School of Comprehensive
Human Sciences, University of Tsukuba, (6)Faculty of Health and Sport Sciences, University of Tsukuba
•
V58. Tumor Growth Suppression by Releasing Cancer Immune Suppression Using an Anti-CD25
Antibody-Immobilized Material, T. Kimura*(1), R. Tokunaga(1), M. Hagiwara(1), Y. Hashimoto(1), N.
Nakamura(2), A. Kishida(1); (1)Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental
University, (2)Department of Biosciences and Engineering, Shibaura Institute of Technology
•
V59. Isabgol (Psyllium) Nanoparticles Functionalized with Hyaluronic Acid from Engineered
Lactococcus Lactis for Drug Delivery, V. T K*, K. Mitra, V. Muthuvijayan; Department of Biotechnology, Indian
Institute of Technology Madras
•
V60. Piezoelectric-Driven Hernia Repair Mesh Mechanically Loaded with Ultrasound For Soft Tissue
Healing, V. Drapal*(1), S. Mosier(1), J. Robinson(1,2), E.A. Friis(1,3); (1)Bioengineering Graduate Program,
University of Kansas, (2)Chemical and Petroleum Engineering, University of Kansas, (3)Mechanical
Engineering, University of Kansas
•
V61. Enhancement of Osteogenesis by Polyphosphoesters Having Bone Affinity, Y. Iwasaki*(1,2), K.
Kiyono(3), A. Otaka(2); (1)Department of Chemistry and Materials Engineering, (2)ORDIST, (3)Graduate
School of Science and Engineering, Kansai University
•
V62. Anti-ice Nucleation Peptide Applied for Cell Stock Solution, Y. Hirano*(1,2), K. Ichikawa(1);
(1)Faculty of Chemistry, Materials and Bioengineering, Kansai University, (2)Kansai Univeresity Medical
Polymer Research Center, Kansai University
•
V63. Synthesis and Characterization of New Temperature-Responsive Polymers, Poly(Nacryloylpiperidine) Derivatives, Y. Akiyama*; Tokyo Women's Medical University
•
V64. Modulation of Zeta Potential and Molecular Mobility on Polyrotaxane Surfaces Promotes
Osteoblastic and Adipogenic Differentiation of Mesenchymal Stem Cells, Y. Arisaka*(1), R. SekiyaAoyama(1,2), N. Yui(1); (1)Tokyo Medical and Dental University, (2)Denka Innovation Center, Denka Co., Ltd.
•
V65. Nanosheet Wrapping-Assisted Coverslip-Free Tissue Imaging for Looking Deeper, Y.
Okamura*(1,2), H. Zhang(1,2), K. Yarinome(1), T. Takahashi(3), K. Otomo(3), R. Kawakami(4), T. Nemoto(3);
(1)Course of Applied Science, Graduate School of Engineering, Tokai University, (2)Micro/Nano Technology
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Center, Tokai University, (3)Research Institute for Electronic Science, Hokkaido University, (4)Ehime
University Graduate School of Medicine
•
V66. Development of Injectable Dual Stimulus-Responsive Hydrogel Using Biodegradable Poly(γglutamic acid), Y. Hsu*(1), M. Wei(1), T.A. Asoh(1), M.H. Sung(2), H. Uyama(1); (1)Department of Applied
Chemistry, Osaka University, (2)Department of Advanced Fermentation Fusion Science and Technology,
Kookmin University
•
V67. Cell Surface Modification with Heparin-conjugated Lipids for Improving Blood Compatibility, Y.
Teramura*(1), K. Ishihara(2); (1)National Institute of Advanced Industrial Science and Technology (AIST),
(2)Department of Materials Engineering, University of Tokyo
•
V68. Self-assembling Amino Acid Therapeutics, Y. Nagasaki*; University of Tsukuba
•
V69. Enhancement of Mesenchymal Stem Cell Differentiation by Co-Culturing with Mature Cells in a
Double-Layered Phospholipid Polymer Hydrogel Matrix, K. Ishihara*(1,2), M. Kaneyasu(1), K. Fukazawa(1), R.
Zhang(2), Y. Teramura(2); (1)Department of Materials Engineering, University of Tokyo, (2)Department of
Bioengineering, University of Tokyo
•
V70. The Effect of Sorbitol-responsive Injectable Hydrogel on Cardiac Function and Morphology of MI
Rat, H. T. Le*(1), K. Fukazawa(1), S. Matsui(1,2), T. Nagasaki(2), A. Mahara(1), T. Yamaoka(1);
(1)Department of Biomedical Engineering, National Cerebral and Cardiovascular Center Research Institute,
(2)Department of Graduate School of Engineering, Osaka City University
•
V71. Influence of Surface Properties of Silk Fibroin-based Biomaterials on Cell Behaviors, T.
Hashimoto*(1,2), S. Mizuno (2), T. Kameda (3), H. Kurosu(1), T. Yamaoka(4), Y. Tamada(1); (1)Shinshu
University, (2)Nara Women’s University Graduate School, (3)National Agriculture and Food Research
Organization, (4)National Cerebral and Cardiovascular Center Research Institute
•
V72. Temperature-responsive Biodegradable Injectable Hydrogel Containing Adipose-derived Stem
cells for Myocardial Ischemia, Y. Ohya*(1,2), Y. Yoshizaki(3,4), N. Mayumi(1), A. Kuzuya(1,2); (1)Faculty of
Chemistry and Materials, Bioengineering, Kansai University, (2)KUMP-RC, Kansai University, (3)ORDIST,
Kansai University, (4)Graduate School of Pharmaceutical Science, Tohoku University
•
V73. Basic Evaluation of Novel Gelatin Hemostat, H. Arima*(1), H. Kido(1), T. Nagasaki(2), K.
Ohata(1), T. Goto(1); (1)Department of Neurosurgery, Osaka City University, (2)Department of Applied
Chemistry and Bioengineering, Osaka City University
•
V74. Anti-inflammatory Response of Methotrexate Conjugated Boronate-PAMAM Dendrimers for
Potential Arthritis Therapy, E. Essien*(1), V. Khatri(1), R. Badhe(2), K.Y. Cheng(2), G. Van Thiel(3), M.
Mathew(2), D. Bijukumar(1); (1)Nanomedicine Lab, University of Illinois College of Medicine Rockford,
(2)Regenerative Medicine and Disability Research Lab, University of Illinois College of Medicine Rockford,
(3)Orthoillinois
•
V75. Behavior of New Type Cured Gelatin Hemostat On Surgical Site Temperature, H. Kido*(1,2), H.
Arima(2), T. Nagasaki(3), K. Ohata(2), T. Goto(2); (1)Aobakasei Corporation, (2)Department of Neurosurgery,
Osaka City University, (3)Department of Applied Chemistry and Bioengineering, Osaka City University
•
V76. Synthesis and Stabilization of Nanoliposomal Copper Diethyldithiocarbamate using Poly (Ethylene
Glycol) – Carboxylate for Cancer Therapy, R. Alexandru Paun*(1,2), D. Dumut(2), T. Thuraisingam(2), M.
Hajduch(3), P. Dzubak(3), J. De Sanctis(3), D. Radzioch(2), M. Tabrizian(1); (1)Department of Biomedical
Engineering, McGill University, (2)RI-MUHC, (3)Institute of Molecular and Translational Medicine, Palacky
University
•
V77. 3D Osteoconductive Composite for the Management of Large Bone Defects, A. Akkouch*(1,2), K.
Ranat(2), S. Manawar(1), L. Hong(3); (1)Department of Orthopaedic Surgery, (2)Western Michigan University
Homer Stryker MD School of Medicine, (3)Iowa Institute for Oral Health Research, College of Dentistry, The
University of Iowa
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•
V78. Encapsulation and Differentiation of Adipose-Derived Mesenchymal Stem Cells in a Biomimetic
Purine Cross-Linked Chitosan Sponge, A. Karoichan*(1,4), T. Baudequin(2), H. Al-Jallad(3,4), M.
Tabrizian(1,2,3); (1)Faculty of Dentistry, McGill University, (2)Department of Biological and Biomedical
Engineering, McGill University, (3) Department of Experimental Surgery, McGill University, (4)Shriners
Hospitals for Children
•
V81. 6-Bromoindirubin-3’-Oxime Incorporation in the Guanosine Diphosphate Crosslinked Chitosan
Scaffold as a Glycogen Synthase Kinase 3 Inhibitor: Investigation of Material Properties for Bone Tissue
Regeneration, C. Agnes*(1), M. Murshed(2,4), B. M. Willie(1,3,4), M. Tabrizian(1,2); (1)Department of
Biomedical Engineering, (2)Faculty of Dentistry, (3)Department of Pediatric Surgery, McGill University,
(4)Shriners Hospital for Children
•
V92. Tetrahydropyran Triazole Phenyl-alginate and Quaternized Phosphocholine-chitosan Conformal
Coating on Human Islets: An In Vitro Study on Cell Viability, M. Yitayew*(1), M. Tabrizian(1,2); (1)Department
of Biomedical Engineering, (2)Faculty of Dentistry, McGill University
•
V104. Evaluation of Magnesium Incorporation in Chitosan-Elastin Nanofiber Membranes, A. Bryan*(1),
A. Blanquer(2), Lucie Bačáková(2), J. D. Bumgardner(1); Department of Biomedical Engineering, The
University of Memphis, (2)Laboratory of Biomaterials and Tissue Engineering, Institute of Physiology of the
Czech Academy of Sciences
•
V178. Click Chemistry Functionalizes Self-Assembling Peptide Hydrogels; J. Sharick*(1,2), A.
Montoya(1,2), K. Gooch(1,3), J. L. Leight(1,2); (1)Department of Biomedical Engineering, The Ohio State
University, (2)The James Comprehensive Cancer Center, The Ohio State University, (3)Davis Heart & Lung
Research Institute, The Ohio University

Women in Biomaterials
Timeslot: Monday January 10th, 2022 – 1:00pm to 5:15pm

Oral
•
O44. Invited Talk: MAPing Principles, Properties and Applications to Tissue Regeneration, T. Segura*;
Duke University
•
O45. Gut Microbiota Can Degrade Human Extracellular Matrix and Potentially Enhance Inflammation in
Inflammatory Bowel Disease, A. Maria Porras*; University of Florida
•
O46. MMP Regulated Release of SDF-1α analog from Norbornene Hyaluronic Acid Microgels for TBI,
S.E. Stabenfeldt*, K. Hickey, S.M. Grassi, J. Veldhuizen, F. Fumasi, M. Nikkhah, J. Holloway; Arizona State
University
•
O47. Wireless Charging-Mediated Angiogenesis and Nerve Repair by Adaptable Microporous
Hydrogels from Conductive Building Blocks, R. (Alice) Hsu*; Stanford University, [SFB 2022 EMERGING
SCHOLAR AWARD RECIPIENT]
•
O48. Immune-isolating Poly-ethylene Glycol-based Capsules Protect Human Ovarian Allo- and
Xenografts from Immune Rejection, M. Brunette*; University of Michigan [SFB 2022 EMERGING SCHOLAR
AWARD RECIPIENT]
•
O49. Invited Talk: Biofabrication via Green Electrospinning, H. Lu*; Columbia University
•
O50. An In Vitro Platform to Spatiotemporally Control Multiple Bioactive Peptides Using Reversible
DNA Handles, J. Holloway*; Arizona State University
•
O51. Adult Hepatocyte Organoids for Engineered Liver Tissues, S. Saxton*; University of Washington,
[SFB 2022 EMERGING SCHOLAR AWARD RECIPIENT]
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•
O52. Synthesis of Hydrolytically Degradable Microgels Using Droplet Microfluidics, M. Coronel*;
Georgia Institute of Technology, [SFB 2022 EMERGING SCHOLAR AWARD RECIPIENT]
•
O53. 3D Bioprinted Patient-Specific Extracellular Matrix Hydrogel Patches for Volumetric Muscle Loss,
A. Behre*; Carnegie Mellon University
•
O54. Unraveling Vascularized Adipose Tissue Reconstruction by Using Collagen Microfibers Allows
Multiple Applications from Breast Regeneration to Bioprinted Cell-Cultured Steak-Like Meat, F. Louis*; Osaka
University
•
O55. Cationic Nanogels for Oral Targeted siRNA Delivery to Macrophages for Treatment of
Inflammatory Bowel Diseases, O. Lanier*, A.P. D’Anrea, A. Shodeinde, N.A. Peppas; University of Texas at
Austin
•
O56. Engineered Implantable Vaccine Platform for Continuous Antigen-Specific Immunomodulation, D.
Viswanath*; Texas A&M University and Houston Methodist Research Institute
•
O57. Synthesis of Hydrolytically Degradable Microgels Using Droplet Microfluidics, M. Wechsler*; The
University of Texas at San Antonio
•
O58. Porcine vs. Bovine Pericardium Assessment as a Leaflet in Aortic Valves, E. Tkatchouk*;
Edwards LifeSciences

In Person Posters
•
6. Optimizing Acetaminophen Release Profiles from Silicas through Surface Functionalization, M.
Schulze*, N. Comolli; Villanova University
•
7. Decyl-silanized Titanium Loaded with 2- heptylcyclopropane-1-carboxylic acid Inhibits
Staphylococcus Aureus Biofilm, Z. Harrison*; University of Memphis
•
40. Covalent Immobilization of Heparin on Gelatin Methacryloyl as a Platform for Sustained Drug
Delivery, F. Zhang*, M.W. King; North Carolina State University
•
41. Potential of Genipin-crosslinked Collagen Wet-spun Multifilament Yarns for Rotator Cuff Tendon
Tissue Engineering, Y. Huang*(1), R. Tonndorf(2), J.H. Cole(1,3), M.W. King(1,4); (1)North Carolina State
University, (2)Technische Universitat Dresden, (3)University of North Carolina, (4)Donghua University
•
42.Electrophoretic Ion Pumps for Long-Term In Vitro Applications, H. Dechiraju*, J.Selberg, H. Li, P.
Pandsodtee, G. Marquez, M. Gomez, M. Teodorescu, M. Rolandi; UC Santa Cruz
•
82. Recapitulating Form and Function in Hydrogel Composites Towards Clinical Translation of
Osteochondral Tissue Engineering, S. Schoonraad*; University of Colorado Boulder
•
83. Injectable Bioceramics for Dental Applications, A. Tufail*; COMSATS University Islamabad
•
84. Toll-like Receptors Contribute to the Foreign Body Response in a Biomaterial-dependent Manner,
B. Thompson*, L.S. Saleh, S.J. Bryant; University of Colorado Boulder
•
86. A Fully Biological Gas Exchange Membrane for a Biomimetic Artificial Lung, E. Comber*, K.G.
Roberts, I.M. Joyce, R.N. Palchesko, D.J. Shiwarski, X. Ren, A.W. Feinberg, K.E. Cook; Carnegie Mellon
University
•
87. Programmed Bending of a 3D Bioprinted Heart Tube Inspired by Morphogenesis, J. Bliley*, J.
Tashman, M. Stang, B. Coffin, A. Lee, A. Behre, A. Hudson, D. Shiwarski, T.J. Hinton, A.W. Feinberg;
Carnegie Mellon University
•
88. The Photo-Shielding Effect of Nanoceria on Gelatin, J. Shephard*, C. Spivery, K. White; University
of Georgia
•
89. Engineering Biomimetic 3D Skeletal Muscle Architectures Using FRESH 3D Printed Collagen
Scaffolds, M. Stang*, A. Lee, B. Coffin, S. Yemeni, J. Bliley, P. Campbell, A.W. Feinberg; Carnegie Mellon
University
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•
90. Surface Engineering of Cationic Shell on Gold Nanoparticles for Near Infrared-triggered
Photodynamic Therapy of Tumor-bearing Animals, M. Lee*; Kangwon National University Naver, Seongnam,
South Korea
•
91. Engineered Biosensors in an Encapsulated And Deployable System (eBEADS) for Detection of
Environmental Health Hazards, R. Hegab*, B. Luisi, C. Person, J. Gleason; Johns Hopkins University

Virtual Posters
•
V152. Microneedle Patch to Modulate Local Gingival Environment, C. (Xuexiang) Zhang*, M. M.
Hasani-Sadrabadi, J. Zarubova, S. Li; University of California
•
V153. Using Fibrous Biomaterials to Understand the Role of the Microenvironment During Stem Cell
Differentiation, J. Gluck*, S. H. Cook, N. Mahmood, K. Mumtaz; North Carolina State University
•
V154. An Alkyl Polyglucoside Based Oil-in-water Emulsion Formulation with Depot Water Concealing
Liquid Crystals for Dermal Wound Repair, K. Banerjee*(1), H. Madhyastha(2), R. Sandur V(3), N.
Thiagarajan(4), P. Thiagarajan(1); (1)Vellore Institute of Technology, (2)University of Miyazaki, (3)Krupanidhi
College of Pharmacy, (4)CSIR-National Aerospace Laboratories
•
V155. Modification of Structural and Mechanical properties of Bio-glass/ Tio2 Nano Composite Scaffold
with a Nano Composite Coating Based on PHB for Tissue Engineering, M. Rafiee Dorabati*, S. Karbasi;
D.Mahmoodi; Azad University of Yazd
•
V156. Composite Materials with the Addition of Mesoporous Bioactive Glasses Doped with Therapeutic
Ions, M. Dziadek*(1,2), S. Salagierski(1), B. Zagrajczuk(1), K. Cholewa-Kowalska(1); (1)AGH University of
Science and Technology, (2)Jagiellonian University
•
V157. Multiple Cues In Acellular Amniotic Membrane Incorporated Embelin For Tissue Engineering, S.
Varadaraj*(1), P. Kingshott(2), M. Bhave(2), P. S(1), R. S. Verma(1); (1,3) Indian Institute of Technology,
(2)Swinburne University of Technology
•
V158. Chitosan-based Hydrogel Biomaterials: in vitro Investigation, S. Salagierski*(1), M. Dziadek(1,2),
K. Dziadek(3), M. Drozdowska(3), A. Serafim(4), I-C. Stancu(4), P. Szatkowski(5), A. Kopec(3), I. Rajzer(6), T.
E. L. Douglas(7,8), K. Cholewa-Kowalska(1); (1)Department of Glass Technology and Amorphous Coatings,
AGH University of Science and Technology, (2)Faculty of Chemistry, Jagiellonian University, (3) Department of
Human Nutrition and Dietetics, University of Agriculture in Krakow, (4)Advanced Polymer Materials Group,
University Politehnica of Bucharest, (5)Department of Biomaterials and Composites, AGH University of
Science and Technology, (6)Department of Mechanical Engineering Fundamentals, ATH University of BielskoBiala, (7)Engineering Department, Lancaster University, (8)Materials Science Institute (MSI), Lancaster
University
•
V175. Enthesis-inspired Transitional Mineral Layers for Collagen Hydrogel Constructs, F.H.Y. Lui*(1,2),
S. G. Lopez(3), J. Kim(3), L. Slyker(3), L. Zheng(1), A. B. Fidai(3), C. C. Sorrell(2), L. J. Bonnassar(3), L. A.
Estroff(1); (1)Dept. of Materials Science and Engineering, Cornell University, (2)School of Materials Science
and Engineering, UNSW Sydney, (3)Meinig School of Biomedical Engineering, Cornell University
•
V182. Creating an In Vitro Model of the Left Ventricular Outflow Tract, K. Brown*(1), S. Keswani(2), J.
Grande-Allen(1); (1) Department of Bioengineering, Rice University, (2)Department of Pediatric Surgery, Texas
Children’s Hospital
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Driving Force for Promoting Innovation of Biomaterials:
From Bioglass to Bioactive Metals
Tadashi Kokubo
Professor Emeritus of Kyoto University and Chubu University
Introduction: The most remarkable finding on the
phase was expected to make the product bond to the
history of biomaterials might be discovery of Bioglass®.
living bone. The resultant glass-ceramic named A-W
Synthetic materials had been believed to be encapsulated
exhibited higher bending strength than the human cortical
by a fibrous tissue to be isolated from the surrounding
bone as well as high bone-bonding ability, as expected
living tissues. However, Prof. Hench found in 1970 that
in1982. It was clinically used as bone-substitutes such as
even most popular soda lime glasses spontaneously bond
artificial vertebrae and iliac crests etc. for more than 60,
to living bone without forming the fibrous tissue around
000 patients since 1990 in Japan. However, it was not
them, if a small amount of phosphorus oxide is added.
able to be used under highly load-bearing conditions, such
The present author revealed in 1994 that even popular Ti
as the femoral bone, since its fracture toughness was not
metal and its alloys spontaneously bond to living bone, if
so high as that of the human cortical bones.
they are slightly chemically modified on their surfaces.
In order to reveal principles for obtaining bioactive
Both Bioglass® and the bone-bonding bioactive metals are
materials with high fracture toughness, bone-bonding
currently clinically used as important bone-repairing
mechanism of Bioglass® and glass-ceramic A-W was
materials. In the present paper, what was the driving force
examined under transmission electron microscope. It was
for promoting these innovation of biomaterials will be
found that these bioactive materials bond to living bone
discussed.
through an apatite layer formed on their surfaces in the
Development of Bioglass: A large number of young
living body, whereas non-bonding materials such as
soldiers were sent from U.S.A to Vietnam War around
alumina ceramic did not form the apatite. This indicated
1970. Many of them were returned home, after injured.
that the apatite layer formed on their surfaces in the living
They were working hard for finding new job which can be
body play an important role in their bonding with the
accomplished even with damaged or lost limbs. Dr.
living bone. This apatite layer was found to be reproduced
Hench, a professor of glass technology of University of
on their surfaces even in an acellular simulated body fluid
Florida, was much impressed with their hopeless picture
(SBF) with ion concentrations almost equal to those of the
and felt deep compassion for serious pains of the patients
human blood plasma. This indicated that a material able
suffered from their diseases. This moved him to propose
to form an apatite layer on its surface in SBF has a
US Army a research project of a material for recovering
possibility for bonding with living bone. Examination of
their damaged or lost limbs, although he had no
apatite formation on various kinds of materials in SBF
experience in the biomedical materials. He speculated that
showed that even a titania gel forms the apatite in SBF.
popular soda lime glasses could be easily formed into
The Ti-OH group on its surface might induce the apatite
complex shapes and exhibit good compatibility with bone
formation. It can be expected from this that a sodium
tissue, if a small amount of P2O5 is added, since the bone
titanate could induce apatite formation on its surface in
tissue is mainly composed of calcium phosphate. Various
SBF as well as in the living body by forming the Ti-OH
kinds of glasses in this system were implanted into bone
groups. The sodium titanate layer about 1μm thick was
defects of monkey. As a result, it was found in 1970 that
formed on the surface of Ti metal with high fracture
some of the glasses spontaneously bonded to the living
toughness by NaOH solution treatment at 60 °C and
bone without forming a fibrous tissue around them, in
subsequent heat treatment at 600 °C. The resultant Ti
contrast with the conventional expectation. These glasses
metal formed the apatite layer on its surface in SBF, and
named Bioglass® were the first man-made materials which
tightly bonded to the tibial bone of rabbit through an
were found to bond to living tissue. Although they were
apatite layer, as expected. Ti-based alloys with higher
not able to recover the damaged limbs of the injured
mechanical strengths or lower elastic modulus were also
soldiers, because of their poor mechanical strengths, they
given bioactivity by the similar chemical and thermal
showed a high potential of synthetic inorganic materials
treatments. Now, bioactive materials with high fracture
for repairing damaged tissues or organs.
toughness were successfully obtained. It was clinically
used as artificial hip joints since 2007 in Japan.
Development of Bioactive Metals：The present author
When the NaOH solution was replaced with H2SO4/HCl
was much impressed with the discovery of Prof. Hench.
solution, the Ti metal formed the apatite on its TiO2 layer
He was also a professor of glass technology at Kyoto
in SBF. Porous Ti metal subjected to these treatments
university and had felt deep passion for the patients since
exhibited not only osteoconduction, i.e. bone formation in
long years ago. Prof. T. Yamamuro and Dr. T. Nakamura,
bone defects, but also oeteoinduction, i.e. ectopic bone
Department of Orthopedic Surgery, Kyoto University
formation in soft tissue. This kind of novel bioactive
were also impressed with the work of Prof. Hench. Then,
metals have great potential as bone-repairing material.
they started a joint project for developing bone-bonding
Conclusion: Only deep compassion for pain of patients
bioactive materials with higher mechanical strength. They
was required for innovation of these novel biomaterials,
tried to precipitate fine crystalline phases of wollastonite
beside the popular soda lime glass, Ti metal and some
and apatite in a glass by heat treatment. The former phase
chemicals.
was expected to reinforce the product, whereas the latter

Carbonate apatite artificial bone fabricated from vaterite replaces to bone quickly
Kunio Ishikawa, Keisuke Tanaka, Akira Tsuchiya
Department of Biomaterials, Faculty of Dental Science, Kyushu University
Introduction: Carbonate apatite (CO3Ap) artificial bone
within 3 days whereas calcite granules took 14 days for its
demonstrates much higher osteoconductivity along with
compositional transformation to CO3Ap. Both CO3Ap(V)
replacement with a new bone based on the bone
and CO3Ap(C) demonstrated excellent tissue response
remodeling process. Since CO 3Ap is fabricated through a
and osteoconductivity. However, amount of new bone
dissolution–precipitation reaction using a precursor such
formed at the defect at week 4 was statistically larger
as CaCO3, polymorphs of CaCO3 may affect dissolution–
(p<0.01) for CO3Ap(V) when compared to CO3Ap(C)
precipitation reaction and properties of CO3Ap. In this
even though the new bone amount became the same at
investigation, CO3Ap artificial bones were fabricated
week 12 as shown in Fig. 2. Histological images at high
using calcite, stable polymorphs of CaCO3, and vaterite,
magnification demonstrated the presence of osteoclasts,
metastable polymorphs of CaCO3, granules as precursors.
osteoblasts and vascularization, which had important roles
Methods: CaO granules were exposed to H2O or 90%
for bone remodeling as shown in Fig.2
methanol saturated CO2 at 4℃ for 5 days to fabricate
calcite and vaterite granules, respectively. Then, the
granules were immersed in 1 mol/L Na2HPO4 solution at
80℃ for up to 14 days. CO3Ap fabricated using vaterite
and calcite as a precursor was stated as CO3Ap(V) and
CO3Ap(C) in the following text. Composition was
analyzed using XRD and FTIR along with CHN analysis.
Morphology of CaCO3 and CO3Ap granules were
observed by a SEM. Also pore size distribution and
specific surface area were measured using a mercury
porosimeter. For animal study, bone defects at the femur
of Japanese white rabbits were reconstructed with
Figure 2 HE stained histological images of CO3Ap(V) and
CO3Ap(V) and CO3Ap(C), and histological analysis were
CO3Ap(V) at 4 weeks and12 weeks post-implantation.
performed at 4 and 12 weeks after surgery.
(M: materials, NB: newly formed bone, OC: osteoclast,
Results: The vaterite granules consisted of smaller
OB: osteoblast, RBC: red blood cell, black arrows: tissue
spherical vaterite crystals (0.88±0.19μm) whereas the
penetration interior to granules)
calcite granules consisted of larger cubit calcite crystals
(1.27±0.39μm). The CO3Ap(V) granules consisted of
Discussion: Results obtained in the present study
smaller CO3Ap crystals (0.89±0.18μm) and CO3Ap(C)
demonstrated that vaterite granules are useful as
granules consisted of larger CO3Ap crystals
precursors for CO3Ap fabrication. In other words,
(1.17±0.17μm) as shown in Fig. 1. Both CO3Ap(V) and
compositional transformation to CO3Ap(V) was quicker
and the CO3Ap(V) elected quicker new bone formation.
One of the causes may be smaller crystals of vaterite.
Compositional transformation from CaCO3 to CO3Ap is
the dissolution–precipitation reaction. And the dissolution
is quicker for materials with small crystal size, i.e., large
specific surface area. In addition, solubility of the
metastable vaterite is larger than that of stable calcite.
Basically, macroscopic structure is kept during the
dissolution–precipitation reaction. Thus, size of the
CO3Ap crystals of the CO3Ap(V) granules were smaller
than CO3Ap(C). And, initial step for the replacement of
CO3Ap to new bone is the resorption of CO3Ap by
osteoclasts or the dissolution of CO3Ap by the acidic
condition formed by the osteoclasts. Additionally,
carbonate contents of CO3Ap(V) granules were higher
Figure 1 Typical SEM images of the (a) vaterite, (b)
than that of CO3Ap(C). Therefore, it is reasonable that
calcite, (c) CO3Ap(V), and (d) CO3Ap(C) grnules.
CO3Ap(V) granules demonstrated larger new bone
formation than CO3Ap(C).
CO3Ap(C) were AB type CO3Ap. Carbonate contents of
Conclusion: Vaterite is useful for the fabrication of
CO3Ap(V) and CO3Ap(C) were 13.5±1.0 mass% and
CO3Ap artificial bone, and accelerate the replacement of
11.4±0.8 mass%, respectively.
CO3Ap artificial bone to a new bone. Small crystal size
Compositional transformation from CaCO3 to CO3Ap
may be one of the causes of quicker CO3Ap fabrication
was much faster when vaterite granules were used as
and quicker replacement of CO3Ap to new bone.
precursors. The vaterite granules transformed to CO3Ap

A novel mechanism for graft resorption and bone regeneration through inhibition of human osteoclast activities and induction
of osteoblast osteogenic differentiation by SCPC bioactive ceramic
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Statement of purpose: We report on the effect of
dissolution products of silica-calcium phosphate composite
(SCPC) on the inhibition of human osteoclast
differentiation and bone resorptive capability in vitro. The
SCPC dissolution mechanism induced osteogenic
differentiation of hBMSC and facilitated osteoblastmediate resorption of the bone graft material [1,2]. The
decreased osteoclastic activity in the presence of SCPC
indicated that the resorption mechanism of silicacontaining bioactive ceramic is different from that of
calcium phosphate ceramics.
Methods and Materials: SCPC granules 90–710 mm
were immersed separately for 3 days in (MEM), at mg/ml
ratios (0.0, 2.5, 5.0, 10.0, and 20.0) at 37oC. The
supernatant was sterilized and used to culture osteoclasts.
The concentration of Si, P, Ca, and Na ions released from
SCPC into the α-MEM was measured. Osteoclast precursor
cells were isolated from human bone marrow (hBM) and
seeded on bone slices (n = 5) at a density of 106cells/cm2
and incubated with SCPC-conditioned medium at 37oC.
Half of the medium was exchanged every 3–4 days. After
14 days, attached cells were fixed and the differentiation
into osteoclasts was evaluated by TRAP and Hoechst
33258 staining. The number of TRAP-positive
multinuclear cells per unit area was counted on each bone
slice. Attached osteoclasts were removed and the volume
of the resorption pits on the bone slices was measured with
a 3D laser microscope.
Undifferentiated (Control cells) human bone marrow
stromal cells (TERT-hBMSCs) were cultured in in
conventional DMEM in the presence and absence of SCPC
granules. The ratio of the SCPC granules to tissue culture
medium was 0.7 g/ml. Parallel experiments using
differentiated hBMSC cells were cultured in osteogenic
media DMEM. The medium was exchanged every 2 days
and the osteogenic gene expression was analyzed by (qRTPCR) after 14 days. The target genes were RUNX2, ALP,
OSC, OPN, and BSP. The data were expressed as means ±
SD and analyzed by one-way ANOVA test with unequal
variance (p < 0.05). Experimental dissolution data were
used for mathematical modeling of SCPC resorption.

Results: Quantitative analysis (Fig. 1) showed a
statistically significant increase in the number of TRAP
positive multinucleated osteoclasts attached to the surface
of bone slices in the presence of various concentrations of
SCPC particles. Moreover, a significant decrease in the pit
volume is observed for samples incubated with media
modified with SCPC in the concentration range 5–20
mg/ml (*p < .05) compared to samples incubated in control
unmodified medium. Addition of SCPC to control hBMSC
cells cultured in conventional medium promoted higher
RUNX 2 (p < 0.05), OSC (p < 0.01), and BSP (p < 0.01)
than that expressed by control cells grown in the absence
of SCPC (Fig. 2).
Conclusion:
The dissolution
products
of
SCPC induced
osteogenic
differentiation
of hBMSC. The
osteoinductive
effect of SCPC is enhanced by the calcium uptake by the
surface of SCPC in the initial phase of dissolution.
Moreover, the controlled dissolution of SCPC provided a
natural inhibitor of osteoclast functions and a stimulus for
osteoblast differentiation. The osteoblast-mediated
resorption of SCPC is considered a major difference in
comparison to the osteoclast mediated resorption of HA
ceramic.
Reference: 1. A. El-Ghannam, J Biomed Mater Res 69A:
490–501, (2004). 2. El-Ghannam et al, J Biomed Mater
Res.;109 A:1714–1725 (2021)

Tooth Surface Functionalization via Laser-Assisted Pseudo-Biomineralization
Ayako Oyane1, Ikuko Sakamaki1, Syama Santhakumar1, Hirofumi Miyaji2
1
National Institute of Advanced Industrial Science and Technology (AIST), 2Hokkaido University
Introduction: A technique for tooth surface
functionalization with biocompatible calcium phosphates
has huge potential in dental applications. Recently, we
developed a facile (< 30 min) and area-specific calcium
phosphate (CaP) coating technique via laser-assisted
pseudo-biomineralization [1-3]. In this technique, a
substrate is immersed in a supersaturated CaP solution
and its surface is irradiated with weak pulsed laser light.
Within a few tens of minutes, a laser-irradiated region of
the substrate is coated with CaP (apatite or octacalcium
phosphate). More recently, we applied this coating
technique to a human dentin substrate and functionalized
its surface with apatite [4] and fluoride-incorporated
apatite (FAp) coatings [5]. The FAp coating was a
micron-thick layer comprising c-axis-oriented pillar-like
FAp nanocrystals and integrated seamlessly with the
dentin [5]. Furthermore, the FAp-coated substrate
released fluoride ions [3], thereby exhibiting antibacterial
activity against Streptococcus mutans [5].
We hypothesized that the present FAp coating
technique should be also applicable to the human enamel.
In this study, human enamel substrates were prepared
from donated teeth and subjected to the pulsed laser
irradiation in a fluoride-containing supersaturated CaP
solution. The laser-irradiated and non-irradiated regions
on the enamel surface were analyzed to demonstrate the
laser-assisted pseudo-biomineralization.
Methods: We prepared substrates of human enamel
(Figure 1, left) from donated vital third molars according
to the conditions approved by the ethical review boards of
both Hokkaido University Hospital and AIST.
Figure 1 (right) shows the schematic of the present
irradiation system. First, the enamel substrate was placed
in a supersaturated CaP solution (NaCl 142 mM, CaCl2
3.75
mM,
K2HPO4·4H2O
1.5
mM,
tris(hydroxymethyl)aminomethane 50 mM, pH=7.40 at
25ºC) supplemented with NaF (1 mM). Then, a circular
region (5 mm in diameter) of the substrate surface was
irradiated with pulsed laser light (30 Hz, 355 nm, 6
W/cm2) without focusing using a Nd:YAG laser (QuantaRay LAB-150-30, Spectra-Physics, USA) [5]. After
irradiation for 10 min, the substrate was removed from the
solution, washed with ultrapure water, and dried.

The surfaces of the untreated substrate and that after
laser irradiation for 10 min (irradiated and non-irradiated
regions) were analyzed using a scanning electron
microscope (SEM) equipped with an energy-dispersive Xray analyzer (EDX).
Results: According to the EDX analysis, component
elements of apatite (calcium, phosphorus, and oxygen)
were detected on the untreated enamel surface. After laser
irradiation for 10 min, fluoride was newly detected on the
laser-irradiated region of the enamel surface. In contrast,
there was no significant compositional change on the nonirradiated region of the same substrate.
SEM observation revealed that nanostructured pillarlike precipitates were newly formed on the laserirradiated region of the enamel surface (Figure 2, right)
following 10 min of irradiation, whereas the nonirradiated region remained unchanged (Figure 2, left).
These EDX and SEM results are quite similar to those
reported for human dentin substrates [5], and suggest the
area-specific FAp coating on the laser-irradiated enamel
surface. We consider that laser irradiation accelerated
pseudo-biomineralization (FAp growth) on the enamel
surface via surface heating and activation.
Non-irradiated region

Irradiated region

2 µm

5 µm

5 µm

Figure 2 SEM images of the non-irradiated (left) and
irradiated (right) regions of the enamel substrate after laser
irradiation for 10 min (inset shows magnified image).
Conclusions: The present FAp coating process was
successfully applied to the human enamel substrate as
reported for human dentin. This process is a facile one-pot
process; hence it would be a useful tool for surface
functionalization of human tooth enamel.
Acknowledgement: This study was supported by JSPS
KAKENHI 19K22991, 20H04541.

Figure 1 Digital camera image of the human enamel
substrate (left) and the present irradiation system (right).
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Statement of Purpose: We present a broad-spectrum
antibacterial therapeutic platform technology that kills
antibiotic-resistant bacteria at >99.999% efficiency. Our
technology is antibiotic-free. Mode of action is by
structurally mimicking bacteria-killing viruses (phages) at
the nanoscale. It's a four-component nanoparticle
assembled modularly. Our technology is highly relevant in
this current era of blind antibiotic usage, which has driven
the rapid evolution of multidrug-resistant pathogens.
Antibiotic resistance has continued to outpace the
development of new antibiotics, and by 2050, minor
infections from antibiotic-resistant bacteria will kill more
patients per year than all cancers combined.1,2
Antimicrobial resistance increases the morbidity,
mortality, length of hospitalization, and healthcare costs.
Gram(+) MRSA, and Gram(-) antibiotic resistant bacteria
are currently a major global healthcare problem. The only
way to curb antibiotics resistance will be to develop
entirely new strategies to fight these pathogens (Fig.1,2).
Methods: The phage-mimicking nanoparticles possess a
silica core (65 nm or 130 nm) on which gold-silver
nanoalloy spheres (3-4 nm) were distributed to mimic the
protein turrets density distribution on bacteriophages
(e.g., PRD1).3 The gold-silver nanoalloy spheres were
further surface modified with antibacterial peptides
derivedfrom bacteriocins or from the skin of the Asiatic
grass frog.4,5 The bactericidal activity was tested
against antibiotic-resistant Staphylococcus aureus USA
300, Pseudomonas aeruginosa FRD1, Corynebacterium
striatum, Enterococcus faecalis.6 Bactericidal activity
was quantified using growth curve assays and bacteria
live/dead assay. The phage-mimicking nanoparticles mode
of bactericidal action was expounded using dark-field
microscopy to track nanoparticle interactions with
bacteria. Biocompatibility was confirmed using HaCaT
skin model cell lines (Fig.3).
Results: In vitro validation of the phage-mimicking
antibacterial nanoparticles (phANPs) demonstrated a
>99.999% kill-rate against all four antibiotic-resistant
bacteria, and 100% biocompatibility to human skin cells
(HaCaT) (Fig.4). Significantly, our technology works
with high efficacy against two of the ESKAPE class of
pathogens, which are among the leading cause of
hospital-acquired infections worldwide. The technology
works in solution-phase
and
on
solid-phase
(immobilized on implant metals). The technology is
patented by the University of Notre Dame (Tech. id.
18-117). Currently, the Centers for Disease
Control
estimates
that
antibiotic-resistant
infections
kill
23,000
Americans
annually.
Antibiotic-resistant infections are also costing taxpayers
more than $28 billion each year. Costs are expected to dou-

Fig.1: Phages (a, b) and Phage mimicking ANPs(c, d).
Fig.2: 100% Bactericidal activity of immobilized ANPs
Fig.3: Comparable HaCat cell viability in (a) control, and (b)
MC1-2 pep@ANPs exposed sample

Fig. 4: (a) Normal bacterial growth vs, (b) bacterial growth
with added polymers@ANPS vs, (c)99.8% dead bacteria with
added MC1-2 pep@ANPs

-ble every decade. Our technology will strengthen the
capabilities of hospitals and health care systems to
maximize good health by preventing infections
thereby reducing the economic burden on
patients and taxpayers.
Conclusion:
We successfully mimicked the
nanoarchitecture of antimicrobial viruses (Phages), and
clearly demonstrated a nanostructure dependent
antimicrobial effect that will be a viable alternative to
traditional antibiotics.7 Our technology’s current iteration
is being validated in vivo and creates universal treatment
options for broad classes of bacteria, ensuring access to
life-saving medical countermeasures. The modular
assembly provides high adaptability to fight emerging
bacterial threats making our technology future-ready.
Reference: [1] Ventola, C.L. et al. P T 40, 277-83 (2015).
[[2]
Zaman,S.B. et al. Cureus 9, e1403 (2017). [3]
Benson, S.D., et al.Cell 98, 825-33 (1999). [4] Dong,W et
al. Sci Rep 7, 40228 (2017). [5] Fields, F et al. The Journal
of Antibiotics 71, pages592–600 (2018) [6] Penes, N.O. et
al. Rom J Morphol Embryol 58, 909-922 (2017). [7]
Abedon, S.T., Front Microbiol 8, 981 (2017).
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Statement of Purpose: Octacalcium phosphate (OCP)
has been advocated to be a precursor of crystals in the
formation of apatite during bone mineralization and of
hydroxyapatite (HA) from supersaturated solution with
respect to HA1. We found first that OCP initiates new
bone apposition if placed onto subperiosteal region of
mouse calvaria earlier than HA materials, including Cadeficient HA (CDHA) and stoichiometirc HA2. We
recently found that the capacity of OCP to enhance bone
regeneration is further augmented in orthotopic bone
regeneration if autologous bone is co-present with OCP
most probably through ionic dissolution from both OCP
and mineral crystals of autologous bone3. Such a
dissolution-related enhancement has been shown in
osteoblastic differentiation of mesenchymal stem cells,
osteoclast formation from bone marrow macrophages and
capillary-like tube formation of human umbilical vein
endothelial cells4. Although OCP has a unique material
property in activating these cellular functions, because
OCP cannot be sintered like HA or β-tricalcium
phosphate (β-TCP) without collapsing the structure due to
the inclusion of large amount of water molecules,
composite forms with natural/synthetic polymers, such as
collagen, gelatin and poly (lactic-co-glycolic acid)
(PLGA), have been developed4,5. A composite with
collagen was recently approved in filling oral bone
defects with the use of dental implants6. However, there is
a paucity about how the bioactive property of OCP is
involved in osteocyte differentiation. In this study, the
effect of OCP was investigated where it is present apart
from the cells both in vitro and in vivo conditions.
Methods: OCP was synthesized from calcium and
phosphate solutions having a supersaturation condition
with respect to HA and OCP at constant pH under
stirring2,7. The granules with 300 to 500 μm were
prepared from the OCP precipitates. Mouse osteoblastic
cell line IDG-SW3 was cultured in osteogenic media with
OCP granules placed in the transwell inserts. The material
structural changes and the medium ionic composition
were analyzed through selected area electron diffraction
(SAED) under transmission electron microscopy (TEM)
observation and Fourier transform infrared (FT-IR)
spectroscopy and its curve fitting analysis, and chemical
analysis. Cell proliferation and enzymatic activity of
alkaline phosphatase (ALP) were evaluated to estimate its
differentiation. The expressions of osteocyte
differentiation markers, podoplanin (PDPN),
SOST/sclerostin and FGF23, were determined from 3
days to 35 days using real-time PCR. IDG-SW3 cells
were further incubated in the conditioned media with an
increased concentration of inorganic phosphate ion (Pi) in
the presence or absence of phosphonoformic acid (PFA),
an inhibitor of Pi transport within the cells. OCP granules

were implanted in critical-sized rat calvarial defects for 8
weeks and subjected to histology, immunohistochemistry,
histomorphometry. Sintered HA, β-TCP and CDHA
obtained from hydrolyzing OCP were used as control
materials to OCP.
Results: 1) in vitro analyses: OCP induced an ALP
activity appearance in the IDG-SW3 cells compared to βTCP and HA and increased SOST/sclerostin and FGF23
gene expression after 35 days of incubation. OCP
supported expression of PDPN while CDHA retarded the
appearance of its expression until 10 days. Analyses by
curve fitting of FT-IR spectra showed that OCP tended to
hydrolyze to an apatitic structure during the incubation
while HA and β-TCP remained unchanged. OCP
increased Pi ion concentration in the medium throughout
the incubation compared to those by HA and β-TCP
incubation, which could be interpreted taking place as a
result of the advancement of OCP hydrolysis4. Increasing
Pi concentration up to 1.5 mM increased ALP activity of
IDG-SW3, while the positive effect of Pi became
diminished in the presence of 0.1 to 0.5 mM PFA. 2)
Materials characteristics after a 10-days incubation:
SAED analysis indicated that the structure of OCP was
retained. However, nanoparticle deposition and the
progress of hydrolysis on OCP surfaces were detected by
TEM and FT-IR, respectively, during early osteocyte
differentiation. 3) in vivo analyses: New bone apposition
was recognized on OCP earlier than CDHA until 8 weeks
after the implantation. Histomorphometric analysis of the
rat calvaria showed that the positive cells number of an
osteocyte earlier differentiation marker (PDPN) in the
bone matrices, which was present apart from the
implanted materials, was significantly higher in OCP than
that in CDHA.
Conclusions: The results indicate that OCP enhances
osteocyte differentiation both in vitro and in vivo most
probably through its hydrolysis-related ionic dissolution
even there is a distance between the cells and the
materials.
Acknowledgements: This study was supported by the
MEXT/JSPS KAKENHI Grant JP18H02981 and
JP21H03121. There is no conflict of interest on this
study.
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Bioabsorbable Carbonate Apatite Coating for Biodegradable Mg Alloy and Osteoclast and Osteoblast Response
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Introduction: Biodegradable Mg alloys attract attention,
and some Mg alloys are practically used for bone screws
and stents. The issue of currently used Mg alloys is the
rapid initial corrosion which generates hydrogen gas and
causes pH increase. Calcium phosphate and MgF2
coatings have been investigated as corrosion control
coatings for orthopedic devices. We developed
hydroxyapatite (HAp) coatings with a chemical solution
deposition method (Hiromoto S. Electrochim Acta
2009;54:7085-7093.) and revealed that the HAp coatings
retarded the corrosion rate of pure Mg and Mg-3Al-1Zn,
Mg-4Y-3RE and Mg-xZn alloys in vitro and in vivo
(Hiromoto S. Acta Biomater 2015;11:520-530. etc.). It
was found that the HAp coating remained undegraded in
vivo for a long time and the remaining coating appeared
to interfere with bone formation in the gap between the
reduced alloy and the bone (Hiromoto S. Mater Sci Eng C
2021;111942.). This finding indicated that the degradation
of both substrate Mg alloy and coating layer is desirable
for the healing of surrounding tissues. However, the
degradability of the coating layers has rarely been focused.
Carbonate apatite (CAp) is absorbed by osteoclasts and
replaced with bone while the chemical solubility of CAp
is similar to that of HAp. In this study, CAp coatings were
formed on Mg-4mass% Y-3mass% RE (WE43) alloy and
whether CAp coatings can be absorbed by osteoclastic
resorption and the bone formation ability of the CAp
coatings were examined (Hiromoto S. STAM
2020;21:346-358.).
Methods: WE43 discs were used as a substrate. HAp and
CAp coatings were formed on WE43 discs using a
treatment solution previously developed for HAp coating
modified with 0, 0.4, 1.1 and 1.9 mol/L of NaHCO3. The
incorporation of carbonate group in the apatite structure
was examined using an X-ray diffraction (XRD) and a
Fourier transform infrared spectroscopy (FTIR).
Rat osteoclast precursors were cultured on the HAp- and
CAp-WE43 discs in osteoclast culture medium containing
receptor activator of NF-B ligand (RANKL) after
immersing the discs in a medium for 1 day. On Days 4, 8
and 15, tartrate-resistant acid phosphate (TRAP) in
matured osteoclasts was stained using TRAP staining kit.
The surfaces were observed using a scanning electron
microscope (SEM).
Mouse MC3T3-E1 pre-osteoblasts were cultured on the
HAp- and CAp-WE43 discs On Days 8, 15 and 22, ALP
activity and concentration of protein were measured using
respective assay kits.
Results: XRD patterns of the WE43 discs treated with
and without NaHCO3 exhibited specific XRD peaks of
apatite structure and substrate WE43. The specific peak
from (002) plane of apatite structure shifted to lower
angle with an increase of NaHCO3 concentration. The
FTIR spectra of the treated WE43 discs exhibited
significant level absorption bands derived from CO32-. It

was confirmed that carbonate group was incorporated in
the apatite structure of the CAp coating layers.
Surface SEM images of the HAp- and CAp1.1M-WE43
incubated with osteoclasts for 15 days are shown in Fig. 1.
Because a part of matured osteoclasts detached from the
surface of the CAp-coated specimens between Day 8 and
Day15, there were few matured cells left. The CAp
coating layer showed cracking regions in some places
indicated by white arrows. The size and shape of the
cracking regions were similar to those of the matured
multinucleated osteoclasts. Thus, the local cracking of
CAp coating layers was attributed to the osteoclastic
resorption by matured multinucleated osteoclasts. The
similar local cracking was observed on the CAp coating
layers formed with different NaHCO3 concentrations. The
HAp coating layer showed no obvious cracking,
indicating that the osteoclastic resorption did not occur for
the HAp coating layer.
The CAp- and HAp-WE43 specimens showed higher
ALP expression from osteoblast cells than the uncoated
WE43 (Fig. 2). The enhancement of ALP expression level
by the CAp coatings was comparable to that by the HAp
coating.

Figure 1. Surface SEM images of (a) HAp- and (b)
CAp1.1M-WE43 with osteoclasts cultured for 15 days.

Figure 2. ALP activity on various specimens. n.s.: not
significant, *: p<0.05, **: p<0.01.
Conclusions: The CAp coatings with different carbonate
content rates are formed on WE43 by adding NaHCO3 in
the coating treatment solution previously developed for
the HAp coating. The CAp coating layers are highly
potential to be absorbed by osteoclastic resorption. The
bone formation on the CAp coating layers is expected to
be enhanced comparable to that on the HAp coating layer.

Two-dimensional Arrangement of Cells by Light Irradiation
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Statement of Purpose: Regenerative medical techniques
using cells have played an important role in a variety of
medical fields, and such techniques must be further
improved in the future. Several techniques have been
employed to attach/detach cells to/from a cell culture
substrate [1,2]. Cells cultured on a substrate are generally
detached from the substrate into a sheet by the destruction
of protein between the cells and the substrate using
enzymes such as trypsin. However, the enzymes also
damage the adhesion molecules among the cells. Then
several enzyme-free techniques have recently been
established for the preparation of high quality cell sheets.
TiO2 is an n-type semiconductor with an energy band gap
of 3.2 eV, which displays a photocatalytic activity under
ultraviolet light (UV). Such photocatalytic reactions are
today finding wide application in various fields such as
sterilisation and air purification.
The purpose of this work was to fabricate photoresponsive cell culture vessel using TiO2 film and to
investigate adhesion behaviour of cells on it. Then we
tried to control the cell adhesion area by local irradiation
of light.
Methods: The thin layer of titanium dioxide (TiO2) was
deposited on the quartz crystal substrates by the
conventional RF magnetron sputtering (Kenix, Japan)
using pure Ti (ASTM grade 2, 1 inch). The chamber
pressure was adjusted to 5 Pa with Ar-O2 mixed gas (flow
rate ratio Ar:O2=8:5). The input power for the target was
selected to be 20 W.
Primary osteoblasts were seeded on the vessels and then
incubated at 37 °C. During the incubation, UV irradiation
was performed intermittently or continuously from backside of the vessels. The light source with the Xe lamp was
placed outside the incubator and the light was introduced
into it by using a mirror.
Results: Colourless and transparent films were
synthesised on the substrates by the sputtering. The
thickness of the films The thickness of the film could be
easily controlled by adjusting the deposition time. Thin
foil XRD analysis (TF-XRD) was also performed at an
incident angle of 1° to identify the product film. Only
halo peak could be confirmed to appear in the profile as
sputtered. After heat treatment at 673 K, on the other
hand, sharp peaks corresponding to anatase type TiO2
could be clearly observed. In this construction, the cells
are not exposed to UV since it is completely absorbed by
the TiO2 layer. Photocurrent was confirmed to appear
under light irradiation by a conventional electrochemical
measurement system (HZ-5000, Hokuto Denko, Japan).
No current was observed when the UV light was turned
off, the photocurrent was very sensitive to the light
irradiation.
Basically the number of cells monotonically increased on
the cell culture vessels with incubation periods under
darkness. Then, light irradiation was performed

continuously from the back-side of the vessels during the
incubation for 4h.
Kelvin force microscopy was performed to observe
distribution of electromotive force by local irradiation of
light. TEM grid with 4 slits was put on the back-side of
vessel, and then light irradiation was performed from the
back-side. Surface potential could be locally controlled by
local light irradiation (Fig.1). The electromotive force was
generated in the light-irradiated area. Furthermore the
round shape at the end of slit was completely reproduced
by the electromotive force.
Cell adhesion test was performed under a similar
condition. The cells were incubated for 4 h under
continuous light irradiation from the back-side. The cells
were confirmed to adhere preferentially in the dark
region. In other word, avoidance of cell adhesion was
confirmed in the irradiated region. As a result, the shape
TEM grid was also completely reproduced by the cell
adhesion.

Figure 1. KFM image of the vessel under UV irradiation
Conclusions: The adhesion behaviour of osteoblasts on
anatase-type TiO2 film under Light irradiation from backside of vessel was investigated. The following
conclusions were reached:
1. Anatase-type TiO2 thin film could be homogeneously
synthesised on quartz crystal substrates by a RF
sputtering method using pure titanium target.
2. The cell culture vessel with TiO2 thin film shows
high transparency in the visible range of 400-800 nm.
However, the UV light is completely absorbed by the
TiO2 thin layer. The TiO2 film exhibits a
photocurrent under UV irradiation and has a quick
response.
3. The numbers of cells were obviously decreased on
TiO2 by light irradiation from back-side of vessel
compared with those in darkness. Furthermore, cell
adhesion could be controlled locally and easily by
light irradiation.
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Introduction: Commercially pure (CP) Ti, Ti-6Al-4V
(Ti64), and Ti-6Al-7Nb (Ti67) alloys find application in
dental implants due to their excellent mechanical
properties, corrosion resistance, biocompatibility, and
osseointegration. Despite their 10-year survival rate of
dental implants is as high as 90–96%, dental implants
bear inflammation risks. Titania (TiO2) coating on Ti and
its alloys enhances bone compatibility and imparts
antibacterial properties through photocatalytic reactions
induced by ultraviolet (UV) irradiation. Since the
photocatalytic reactions occur only under UV irradiation,
the antibacterial activity of TiO2 coatings can be
controlled by light irradiation, and cell damage on the
TiO2 coatings would be minimized. To apply the
photocatalytic coatings for the treatment and prevention
of peri-implantitis, new techniques to design TiO2 layers
with excellent photocatalytic activity in visible light,
which is less harmful to the human body than UV light,
must be invented. The addition of transition metals and
non-metallic elements, including carbon, is beneficial to
the visible-light activation of TiO2. In an earlier study, we
fabricated carbon-introduced TiO2 layers containing
anatase on CP Ti substrate via two-step thermal oxidation
[1-3]. In this study, the two-step thermal oxidation
method was applied to practical dental implant materials
(CP Ti, Ti64, and Ti67). The antibacterial properties [4]
and cytotoxicity of these materials under visible-light
irradiation were also evaluated.
Methods: Mirror-polished CP Ti, Ti64, and Ti67 alloys
with diameters of 12 mm and thicknesses of 1 mm were
used as substrates. The carbon-introduced TiO2 layers
were formed on them by two-step thermal oxidation. In
the first step of treatment, substrates were heated in Ar1%CO mixed gas flow at 1073 K for 3.6 ks. The second
step of treatment in air was conducted at 673–1073 K for
10.8 ks.
The antibacterial activities under visible-light
irradiation of the TiO2 layers were evaluated using
Escherichia coli (E. Coli, DH5) by the glass-adhesion
method [4]. Briefly, 5 L of bacterial suspension (initial
concentration 108 CFU‧mL−1) was dropped on each TiO2
layer and covered using slide glass. Then, one of the two
samples was irradiated with visible light (15 mW‧cm−2, 
≥ 400 nm) for 0.3–14.4 ks, while another was placed in
the dark. The bacteria suspensions were collected and the
numbers of viable bacteria under visible-light irradiation
(Nvis) and placed in the dark (Ndark) were obtained using
the plate dilution method. The number of viable bacteria
immediately collected from the specimens was
represented by N0.
The cytotoxicity of the TiO2 layers under visible-light
irradiation was evaluated using osteoblast MC3T3 cells.

Fig. 1 Normalized number of viable bacteria of TiO2
layers on CP Ti, Ti64 and Ti67 (after 2nd step
treatment at (a) 773 and (b) 923 K) after visible-light
irradiation or placement in the dark for 14.4 ks.
The cells (5×104 cell‧well–1) were cultivated on the
specimen for 24 h to obtain a monolayer of the cells on
the specimen. The specimen was irradiated with visible
light (15 mW‧cm−2) for 1.8 ks and incubated for 24 h,
after which the cell proliferation was measured after
applying the alamarBlue stain [5].
Results: TiO2 layers with thicknesses of 0.5–1 m
formed on each alloy were composed of anatase and/or
rutile. The alloying elements were detected in the TiO2
layers corresponding to the alloy composition. Anatase
fraction and carbon concentration in the layers decreased
with increasing temperature in the second step of
treatment.
Figure 1 shows the normalized number of viable
bacteria in the TiO2 layers on the alloys after visible-light
irradiation or placement in the dark for 14.4 ks. An
approximate antibacterial activity (the normalized number
of viable bacteria under visible-light irradiation was
approximately –2, indicating that ~99% bacteria were
killed) was successfully obtained at the second-step
temperature of 773 K. This result was independent of the
choice of alloy substrates. On the other hand, no
antibacterial activity was found at the second-step
temperature of 923 K. Carbon was detected in the TiO2
layer at the second-step temperature of 773 K, but not at
923 K. However, the phases of the TiO2 layers formed at
773 K and 923 K were anatase-rich and single rutile,
respectively. We conclude that carbon-containing and
anatase-rich TiO2 is required to exhibit antibacterial
activity under visible-light irradiation.
Even after visible-light irradiation for 1.8 ks, no
cytotoxicity was observed for the TiO2 layers.
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Statement of Purpose: Among the biomaterials used for
The corrosion resistance of the anodized 2D and 3D
bone or dental implants, the most commonly used are
samples was slightly worsened than the bulk ones. The
titanium-based [1]. They are biocompatible and relatively
modification of anodized samples with Ag and ZnO
resistive to corrosive conditions; however, the fast and
nanoparticles was confirmed with SEM and EDS. Wellfirm connection between the implant and surrounding
distributed particles were observed on the whole oxide
tissue is problematic [2]. The presence of titanium dioxide
surface. Antibacterial tests showed that Ag-modified
on the surface allows such osseointegration, which is why
samples express enhanced biocidal properties compared
the preparation of Ti/TiO2 material is of great importance.
to ZnO-modified and unmodified samples, despite the
One of the methods used in its synthesis is anodization,
bacteria strain used in the studies. Successful
which allows the formation of a nanostructured oxide
impregnation of ATO samples with ibuprofen and
layer with different geometric parameters [3]. Due to the
cyclodextrin was also achieved. Both drugs were easily
presence of porous structure, such materials may be
loaded and then released from ATO layers. The delivery
modified with different antibacterial and
lasted two weeks, showing mixed kinetic profiles
antiinflammatory substances (e.g., nanoparticles [4] and
described as desorption-desorption-diffusion (DDD) [5].
drugs [5]), providing multifunctionality of the scaffolds.
Finally, biological tests showed increased osteoblast-like
Moreover, recently 3D-printed scaffolds are being
cell adhesion to nanostructured oxide surfaces after 24-,
modified with the means of anodization, which gives
48-, and 72 h incubation. Moreover, SEM and fluorescent
scientists increased possibilities in designing individual
images showed well-developed cells with increased
implants [6]. Although a lot of research has already been
filopodia on anodic titanium oxide layers with a pore
done, there is still a field of improvement in safety,
diameter of ~60 nm.
stability, and multifunctionality.
Conclusions: The electrochemical oxidation of metals,
Methods: Anodic titanium oxide (ATO) layers on 2D and
especially titanium, is a simple, fast, and effective method
3D Ti-based substrates were prepared using an
of nanostructures synthesis. By simply changing the
electrochemical oxidation process under a constant
anodization conditions, such as applied voltage or
voltage (dependent on the used substrate) in the ethylene
duration of the process, layers with different
glycol-based electrolyte with the addition of NH4F and
morphological parameters may be obtained. It was found
H2O. Some samples were then modified with Ag and ZnO
that the most biocompatible coatings are those with pore
nanoparticles (antimicrobial properties) and ibuprofen or
diameters of ~60 nm, whereas too large pores inhibit cells
cyclodextrin (for drug delivery tests). The synthesized
growth. Moreover, ATO layers gained antibacterial
unmodified and modified materials were characterized by
properties by decorating the surface with silver and zinc
their physicochemical properties by using various
oxide nanoparticles. ATO layers may also act as drug
methods, e.g., SEM, EDS, XPS, XRD, and contact angle
delivery systems, which were proven for different drugs.
measurements. Corrosion resistance in physiological
The amount of loaded drug and delivery duration may be
conditions (37 °C, PBS) of the obtained materials was
controlled by the length and diameter of the pores.
determined using electrochemical measurements (Tafel
Therefore, by simply changing the synthesis condition,
plots, EIS). Ag and ZnO-modified ATO layers were
we may design the most accurate Ti/TiO2-based
tested towards antimicrobial properties. Staphylococcus
biomaterial that will be best suited to the specific patient.
aureus and Pseudomonas aeruginosa were used as model
strains. Drug release tests were performed in
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physiological conditions for at least 2 weeks. The aliquots
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release profiles were created based on the UV-Vis
measurements. Finally, selected samples were tested for
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obtained. Based on the SEM microphotographs, the
determined pore diameters varied from 40 to 200 nm,
while the oxide thickness was from 700 nm to 2.5 µm.
As-anodized ATO layers were amorphous and
hydrophilic (with the contact angle at the level of 65°).

Optimizing Acetaminophen Release Profiles from Silicas through Surface Functionalization
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Statement of Purpose:
Results:
Silica materials present a unique opportunity for drug
A decrease in peak intensity for surface silanols on all silica
delivery, as they have uniform pore size and morphology,
materials could be seen after the initial grafting procedure,
as well as a silanol rich surface which can be used for
as well as the S-H stretch found in the mercapto group. This
modification. Surface functionalization has the potential to
decrease in intensity represents a loss in available surface
increase maximum drug loading, facilitate sustained
silanols, indicating that the functional group has bound to
release, and improve biocompatibility. Three silica
the surface. The S-H stretch is lost after the oxidation step
materials were functionalized with sulfonic acid groups in
in the functionalization procedure, confirming the
an attempt to improve the controlled drug delivery of small
conversion of the mercapto to sulfonic acid.
molecules, as compared with the silicas unfunctionalized
All three materials displayed a decrease in pore volume
counterparts.
upon functionalization, indicating that the functional
Methods:
groups have become present in the pores of the parent
SBA-15 was prepared according to Smith MA (2010),
materials.
using tetraethyl orthosilicate, Pluronic P-123, and
All materials displayed an increased total release of
hydrochloric acid. Ultrasil (Evonik) and KCC-1 (Strem)
acetaminophen with surface functionalization. This
were used as received. Functionalization with sulfonic acid
emphasizes the improvements that functionalization has
groups was completed according to Moritz M (2013), using
made for porous silicas in their ability to release more drug
3-mercaptopropyl trimethoxysilane, anhydrous toluene,
than nonporous silica, as shown in Figure 1.
and 30% hydrogen peroxide. The same functionalization
The model for drug release looked at drug desorption rate,
procedures were also completed without the grafted
kb, in order to see how material formulation was impacting
organic, to allow for unfunctionalized materials to also be
the burst release phase. All unfunctionalized materials had
studied with the same chemical exposure history.
a higher desorption rate than their functionalized
Acetaminophen loading into each material was conducted
counterparts, indicating that the functional groups have a
either through a 3-day (259,200 s) stirred solution
more retentive effect on the drug, as shown in Figure 1.
impregnation or incipient wetness impregnation. 100 mg
(0.0001 kg) pellets of drug loaded silica were used for all
6-day (518,400 s) drug release studies completed on a SR8 Plus Cell Dissolution System (Hanson Research,
Chatsworth, CA).
Fourier transform infrared (FTIR) spectroscopy was
completed at each step of the functionalization process
using a Spectrum One (Perkin Elmer, Waltham, MA)
equipped with an MCT detector. This was to determine
successful material functionalization.
Material sorption isotherms were completed using a
Nova2000e (Quantachrome, Boynton Beach, FL) to
determine surface area, pore volume, and pore size.
Thermogravimetric analysis (TGA) was completed using
Figure 1: Functionalized SBA-15 acetaminophen release
the TGA 5500 (TA Instruments, New Castle, DE) to
with stirred solution (cyan) and incipient wetness (green)
determine material composition and drug loading
impregnation; Unfunctionalized acetaminophen release
concentration.
with stirred solution (blue) and incipient wetness (black)
Mathworks MATLAB 2017a was used to model the drug
impregnation.
release from the acetaminophen loaded silica pellets. The
Conclusions:
full equation can be seen in Equation 1.
𝑀𝑡
Current surface functionalization methods for silicas
= 𝜙𝑏 [1 − 𝑒𝑥𝑝(−𝑘𝑏 𝑡)] +
𝑀∞
improve percent acetaminophen released as compared to
2
their unfunctionalized counterparts. However, there is no
32 ∞
1
𝑞𝑛
1 − 2 ∑𝑛=1 2 𝑒𝑥𝑝 (− 2 𝐷(𝑡 − 𝑡𝑏 ))
𝜋
𝑞𝑛
𝑅
significant change in percent acetaminophen released in
𝜙𝑑
the diffusional phase.
(2𝑝+1)2 𝜋2
1
Total amount release was improved, but release time was
))
∙ ∑∞
𝑒𝑥𝑝
(
𝐷(𝑡
−
𝑡
𝑏
𝑝=0 (2𝑝+1)2
𝐻2
[
]
not, so additional surface functionalizations are being
Equation 1: Full mathematical model used for release,
looked at to extend release time.
covering burst diffusion and controlled release out of a
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Introduction: Surgical interventions in orthopedics are at
high risk for bacterial infections resulting in postsurgical
complications. For this reason, biomaterials containing
antibacterial agents, such as antibiotics or bactericidal
ions have been extensively studied. Nowadays silver
modified biomaterials have attracted much attention, due
to their antibacterial activity and low toxicity. In the case
of scaffolds for bone tissue engineering, calcium
phosphates stand out from other compounds due to their
chemical composition resembling the inorganic
component of bone tissue, high biocompatibility and
bioactivity. Silver-containing calcium phosphates with
various Ca/P ratios such as hydroxyapatite (HAp),
tricalcium phosphates (α,β TCP) or calcium
pyrophosphates (CCP) have been investigated [1].
Furthermore, ceramic-polymer composites are gaining
much interest thanks to their superior mechanical
properties in comparison to the brittle ceramic and the
possibility of functionalization with biologically active
substances like drugs or nanoparticles [2]. Therefore, the
aim of this study was to obtain, characterize and compare
bioceramic and composite scaffolds based on Ag-βTCP
and a biodegradable bacterial polymer – poly(3hydroxybutyrate) (P(3HB)).
Methods: Firstly, silver modified βTCP powder was
synthesized via the wet precipitation method. H3PO4
solution was dropped into Ca(OH)2 to obtain the Ca/P
ratio equal to 1.5. AgNO3 was used as the source of silver.
The amount of silver was equal 1.0 wt.%. Afterwards, the
precipitate was left to mature, centrifuged, dried,
grounded in a ball mill, calcined at 900 °C, grounded in
an attritor mill and sieved (<63 µm). Scaffolds were
prepared via the polyurethane foam replication method.
Matrices were impregnated in ceramic slurry (consisting
of Ag-βTCP powder, distilled water, Dispex A4040 and
methylcellulose), dried and sintered at 1150 °C. The
obtained ceramic specimens were infiltrated with 5%
(w/v) P(3HB) chloroform solution, dried at room
temperature for 7 days and subjected to further studies.
The developed scaffolds were investigated by X-ray
diffraction (XRD), X-ray fluorescence method (XRF),
scanning electron microscopy (SEM), hydrostatic
weighing and compression tests (universal testing
machine Instron). Furthermore, to assess the P(3HB)
hydrolytic degradation, composites were incubated in
distilled water at 37 °C up to 120 days. Obtained extracts
were analyzed via UHPLC-MS.
Results: XRD analysis confirmed that initial powder and
bioceramic scaffolds consist of one crystalline phase i.e.

Figure 1. Microstructure
βTCP/P(3HB) scaffolds

of

Ag-βTCP

and

Ag-

βTCP, while in composites the βTCP reflexes as well as
amorphous halo from P(3HB) were observed. The
presence of silver in the materials was confirmed by XRF
and SEM-EDS studies. The obtained materials possessed
total porosity of around 70 vol% with the spherical pores
(Fig. 1). SEM observations also demonstrated that
scaffolds were uniformly covered with P(3HB). Ag-βTCP
and Ag-βTCP/P(3HB) scaffolds possessed compressive
strength equal 3.1 ± 0.6 and 3.8 ± 0.6 MPa respectively.
Furthermore, degradation products of the polymer were
identified by UHPLC-MS as (R)-3-hydroxybutyric acid
and its oligomers such as: dimers, trimers, tetramers,
pentamers and hexamers.
Conclusions: Ag-βTCP and Ag-βTCP/P(3HB) scaffolds
were successfully obtained. Composite materials
possessed higher comprehensive strength and surgical
maneuverability. Furthermore, degradation products
originated from P(3HB) may nourish surrounding tissues.
Thus, obtained materials were found to be a prosperous
bone substitutes for tissue regeneration. Further in vitro
studies are necessary.
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Statement of Purpose: Metal and ceramic implanted
μL) were placed carefully onto the coupon surfaces. A
biomaterials are susceptible to bacterial contamination
digital camera recorded the photographs of the droplets
and provide a substrate for biofilm formation. Bacteria
after approximately one minute. The goniometry software
within a biofilm can evade immune cell clearance and
of VCA OptimaXE calculated the contact angles. Loaded
withstand up to 1000 times the minimum inhibitory
coupons (n=3 for titanium, n=1 for hydroxyapatite) were
concentration of antibiotics, making them particularly
placed in sterile phosphate buffered saline and eluates
difficult to treat1. Molecules termed diffusible signal
were collected by complete solution change at time points
factors (DSF) have been shown to prevent bacterial
of 24, 48, and 72 h. Concentration of 2CP in the eluates
attachment to surfaces and also to eradicate pre-formed
was measured using a Free Fatty Acid Fluorometric
biofilms. However, many of these molecules are
Assay Kit (Cayman Chemical).
susceptible to isomerization and become less effective
A
D
when exposed to light, radiation, and other common
sterilization methods. Our synthetic DSF, 2heptylcyclopropane-1-carboxylic acid (2CP), is stable and
resistant to isomerization, making it a potentially
efficacious antibacterial coating for medical implants2.
This study sought to modify titanium and hydroxyapatite
B
E
coupons by coupling with hydrophobic chains of medium
length using n-decyltrimethoxysilane (DTMS) and nhexyltrimethoxysilane (HTMS) and to then load with 2CP
(Figure 1). Efficacy of surface modification was
investigated by measuring water contact angle before
silanization, after silanization, and after loading with 2CP.
Initial 2CP release was investigated in a 3-day elution
study.
C
F

Figure 2. Titanium results for contact angle (a) images, (b) graphs, as
well as (c) evaluation of 2CP release. Hydroxyapatite results for contact
angle (d) images, (e) graphs, as well as (e) evaluation of 2CP release.
Figure 1. Proposed mechanism for DTMS and 2CP interactions with
biomaterial coupons. A similar mechanism is proposed with HTMS,
which is similar in structure to DTMS but with a shorter carbon chain.

Methods: Titanium coupons were sonicated in deionized
water and dish soap for 5 min, followed by acetone for 10
min, and ethanol for 10 min. Coupons were then placed in
a 5M sodium hydroxide solution an incubated at 60°C for
24 h to enhance surface hydroxyl formation. Because
hydroxyapatite already has available surface hydroxyl
groups, these steps were only performed on titanium
coupons. Coupons were washed 2x in deionized water,
then treated with 2% (v/v) of either DTMS or HTMS in
ethanol or left untreated. Silanated coupons were placed
on a shaker for 10 min then rinsed in ethanol to remove
non-adhered silane and dried in a 110°C oven overnight.
Coupons were later loaded with ~2035 μM of 2CP in
100% ethanol. After ethanol evaporation and drying,
water contact angles of loaded and unloaded coupons
were determined using a VCA optima measurement
machine (AST products, INC, USA)3. Water droplets (5

Results: Contact angle results indicate that silanization of
titanium and hydroxyapatite increases hydrophobicities of
both materials. The addition of 2CP appeared to decrease
contact angle. Furthermore, silanization of both materials
resulted in a sustained release of 2CP for 3 days compared
to untreated controls, which only released 2CP through
day 2 (Figure 2).
Conclusions: The increased hydrophobicity after
silanization then decrease after 2CP loading may confirm
successful loading of 2CP and the protrusion of
hydrophilic groups. Due to material limitations, only one
hydroxyapatite coupon was investigated in the elution
study, which is a significant limitation. Future studies will
increase sample size and repeat this study, as well as
perform FTIR to confirm successful modification. Finally,
studies to determine antimicrobial efficacy of these
materials will be performed.
References. 1. Subramani Ret et al. 2019. Springer; pp. 21-37.
2. Harrison et al. 2021. Frontiers in Microbiology 12:1298.
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on aHAp than those on iHAp.

2θ / degree CuKα
電源

powder
1.0 g
Molding die
17.5 mmf

Water-vapor

HAp ceramics
(15 mm×1.5 mm)
a-plane oriented3); aHAp
Control ceramics; iHAp

1) M. Aizawa et al., Biomaterials, 26, 3427-3433 (2005).
3) Z. Zhuang et al., Acta Biomaterialia, 9, 6732-6740 (2013).

Sample

Density

Zeta-potential

aHAp

90%

－10.46 mV

iHAp

94%

－17.03 mV

aHAp: preferred orientation to a-plane

Conclusions.
• Electrostatic interaction works between HAp and protein.
• The difference in the crystal plane of HAp affects the protein adsorption.
This study is useful for understanding of the relationship between
anisotropy of living bones and cellular responses.

Molecular weight (×104)

aHAp

aHAp

HAp

3.0

aHAp+BSA

Error bars: standard deviation, n = 5

20

Quantitative analysis (Bradford method)
Amounts of adsorbed
serum proteins /mg･m-2

Characterization of Hydroxyapatite ceramics

Fabrication of Hydroxyapatite ceramics

Zeta-potential before and after
adsorption of proteins (BSA and LSZ)
Zeta-potential /mV

Introduction.

Small

Improvement of photo-response
in titanium dioxide for cell culture substrates
Haruka Sumisaki, Masato Ueda, Masahiko Ikeda
Faculty of Chemistry, Materials and Bioengineering, Kansai University

Adhesion/Exfoliation of Cells

Characterization of (Ti1-xNbx)O2-δ

Several regenerative medical techniques have been recently developed to revive
the functions of damaged organs in several diagnoses. The techniques using cells
have played an important role for such research conducted in a variety of medical
fields. Several techniques have been
employed to attach/detach cells
to/from a substrate. Cells cultured on
a substrate are generally detached
from the substrate into a sheet by the
destruction of protein between the
cells and the substrate using enzymes
such as trypsin. However, the
enzymes also damage the adhesion
molecules among the cells.

○Sputtering Conditions
Target

: CP Ti
(ASTM 2nd grade,1 inch)
Pure Nb(99.9%)
Power
: P Ti 20W , P Nb 0-7W
Atm osphere : Ar : O 2 = 8 : 5
Tim e
: 24h

Photocatalytic Reaction Semiconductors

Up-hill potential gradient

Improved optical response
By selecting Nb, which has an ionic radius
close to Ti and no biotoxicity has been
reported, a new impurity level is formed.
TiO2

Black box
CE
RE

When an n-type semiconductor is immersed in an
aqueous solution, an up-hill potential gradient is
produced towards the surface in the conduction and
the valence. Under UV (wavelength < 390 nm)
irradiation, electrons and holes are formed in the
conduction and valence bands, respectively. These
photogenerated charges are then spatially separated
by the potential gradient. We consider that the
formation of titanium hydroxide groups and the
charge separation in the TiO2 surface region affect the
adhesion/proliferation/detachment behavior of cells.

Pt wire
electrode: ITO

Nb doped TiO2 films by means of a conventional
RF sputtering, and to investigate fundamental
properties.

HZ 5000

(Ti1-xNbx)O2-δ
UV

Light
Dark

The photocurrents were drastically decreased
compared with those under the UV light. Under
the light irradiation by the LED, however, the
Nb doped TiO2 improved the response.

Summary
Absorb UV
（ λ=390nm ）

1.

2.
3.

○objective

WE1
WE2

UV（λ: 365nm）
LED（Centre Wavelength: 460 nm ）

(Ti1-xNbx)O2-δ
Nb

Hanks‘
solution

Nb doped TiO2 films with anatase-type structure could be homogeneously
deposited on borosilicate glasses by a conventional co-sputtering with pure
Ti and pure Nb targets. The amount of dopant can be easily controlled by
changing the input power to Nb.
Obvious peak shift could be confirmed to appear in the XRD profiles. It
indicated Nb was introduced substitutionary in TiO2 lattice.
In Nb doped TiO2 films; the photo-response was insensitive to UV, but
sensitive to LED compared with those of TiO2.

Reference
[1] Seeger S. et al. Thin Solid Films 2016; 605: 44‒52.
[2] Hung K.H. et al. J. Alloys and Compounds 2011; 509: 10190-10194.

Biomicroconcretes modified with gold nanoparticles and silicon
Joanna P. Czechowska1*, Ewelina Cichoń1, Anna Belcarz2, Piotr Pańtak1, Szymon Skibiński1, Anna Ślósarczyk1, Aneta Zima1
1Faculty
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of Materials Science and Ceramics, AGH University of Science and Technology, Krakow, Poland, *Email: jczech@agh.edu.pl

Chair and Department of Biochemistry and Biotechnology, Medical University in Lublin, Chodzki 1, 20-093 Lublin, Poland

INTRODUCTION
Bioactivity, appropriate mechanical strength, ease of handling, and antibacterial properties play a key role in the success of bone grafts. Due to the excellent
biocompatibility and the chemical resemblance to the inorganic component of bone the calcium phosphate (CaP) based biomaterials have found a wide range of
medical applications. Among others, calcium phosphate-based bone cements (CPCs) are a well-recognized group of modulable biomaterials for bone restoration and
regeneration [1]. Recently biomicroconcretes, i.e. CPCs enriched with granules and/or microspheres, have gained much attention [2,3]. The granules can serve as
delivery vehicles for therapeutics and antibacterial agents, such as silver, copper, and gold nanoparticles [4]. To improve biological features of biomaterials elements
such as silicon, magnesium or zinc can be used [5]. Combining these strategies along with the idea of hybrid-type materials can lead to the development of bone grafts
with some superior properties. The aim of our study was to obtain and examine hydroxyapatite/chitosan/tricalcium phosphate-based biomicroconcretes modified with
gold nanoparticles (AuNPs) and silicon.

MATERIALS
SOLID PHASES:
• αTricalcium phosphate (αTCP)- and Simodified αTCP (Si-αTCP) - synthesized via
the wet chemical method
• hybrid-type
hydroxyapatite/chitosan
granules modified with gold nanoparticles
(0.1 wt% AuNPs) - synthesized using the
wet chemical methods
LIQUID PHASES:
• 0.75 wt% of methylcellulose in 2.0 wt%
Na2HPO4
• 2.0 wt% Na2HPO4 solution

METHODS

Material preparation

+
Powder phase

Liquid phase

Mixing with a spatula

RESULTS

Initial composition

Setting time- Gillmore needle
Phase composition of the hardened samples, X-ray
method (D2 Phaser diffractometer, Bruker), Rietvield
method
Compressive strength (Instron 3345)
Microstructure of fractured surfaces
(Nova
NanoSem 200)
Antibacterial activity of the materials against
Staphylococcus epidermidis, Staphylococcus aureus,
and Escherichia coli

Microstructure

Table.1 Starting compositions of the studied biomicroconcretes.

Material
HT

Solid phase
Granules
Powder
(40 wt.%)
(60 wt.%)
HA/CTS

αTCP

[g/g]

0.75wt.%
methylcellulose

Au-HT

Au-HA/CTS

αTCP

Au,Si-HT

Au-HA/CTS

Si-αTCP

Setting times

Liquid phase

L/P

in 2.0wt.%

0.6

Na2HPO4

Table 2. Initial and final setting time of the studied materials.

Gilmore Needle

Material
HT

Settingtime [min]
Initial
7±1

Final
20±1

Au-HT

6±1

16±1

Au,Si-HT

5±1

10±1

Fig.1. The photography, SEM image and elemental mapping of AuNPs and silicon
modified biomicroconcrete..

Phase composition
Table 3. Phase compositions of the initial powders, granules and set biomicroconcretes
Material
Powders
Granules

Compressive strength

Biomicroconcretes

αTCP [wt.%]

HA [wt.%]

αTCP

98±2

2±2

Si-αTCP

97±1

3±1

HA/CTS

--

100±0

Au-HA/CTS

--

100±0

HT

54±4

46±4

Au-HT

62±2

38±2

Au,Si-HT

62±2

38±2

Instron 3345

Antibacterial properties

Fig.2. Compressive strength of the cements.

Fig.3. Effect of chitosan presence in the material (A) and effect of Si and Au presence in biomicroconcretes (B)
observed after 24 h incubation with 3 bacterial strains. * significance compared to control at 0h (Mann Whitney
test); # significance compared to control at 24h (One-way ANOVA followed by Dunnett’s post-hoc test).

CONCLUSIONS
The developed biomicroconcretes combine the dual functions of antibacterial action and bone regeneration. Gold nanoparticles and silicon have been proven to be
effective modifiers of the chemically bonded biomaterials. Moreover, the beneficial impact of AuNPs and silicon, enhancing the antibacterial activity of chitosan, was
demonstrated. Further biological studies are needed.

This research was funded by the National Science Centre, Poland (grant no. 2017/27/B/ST8/01173) and the Faculty of Materials Science and Ceramics AGH University of
Science and Technology, Kraków, Poland (project no. 16.16.160.557). The authors wish to thank Jerzy Morgiel from the Institute of Metallurgy and Materials Science,
Polish Academy of Sciences, for conducting the TEM studies.

Fabrication of Sr-substituted hydroxyapatite ceramics with different anisotropic structures and their osteodifferentiation
Mamoru

1,2
Aizawa ,

Haruna

1
Koizumi ,

Shuhei

and Erika

1
Onuma

10

Anisotropic control
Plate-shaped HAp1)

Main inorganic components of biological bone
A positively-charged a-plane and a negativelycharged c-plane

c-axis

In vivo long bones expose more
of a-plane
Tooth enamel is mostly exposed
on c-plane

(－)

Å
6.88
0.688 nm

Many c-plane
exposed
Negatively charge
Tooth enamel

Ca P
P

10 mm

Many a-plane
exposed
Positively charge
Long bome

Sr(NO3)2 0.0676
mol・dm-3

0.167
0.100 mol・dm-3
0.500 mol・dm-3
pH adjustment

Dripping 6 cm3 / min
H3PO4 0.0405 mol・dm-3

Heating and stirring in an oil bath
80 ºC, 90 rpm, 24 h

Adjusted to pH 10
(Ammonia water)

Heating in an oil bath
90 ºC, 144 h

Stirring and aging
600 rpm, 72 h
Suction filtration

Suction filtration and drying

Grinding with mortar and pestle

Rat

SrAp

Removal of the tibia and femur
Excision of the epiphyses

SrAp
： α-Sr3(PO4)2

a-TSP
Hydrothermal treatment
150 ºC, 3 h
Rotation speed: 150 rpm

a-strontium hydrogen phosphate
(a-SrHPO4) particles

10

20

30
40
2θ / degree CuKα

50

a-TSP

Flash out

60

Primary culture

50 mm

・The (300) plane, which corresponds to the a-plane, is the strongest line of the SrAp particle
and has a fibrous morphology.
・The (009) plane, which corresponds to the c-plane, is the strongest line in the a-TSP
particles, and the particles were found to have a hexagonal plate shape with little
agglomeration.

Suction filtration and drying

a-TSP particles5)

iSrAp powder

Fiber-shaped SrAp particles

50 μm

009

Seeding

Fibrous SrAp or iSrAp powder
HAp-100 powder (Taihei-kagaku, Japan)

Sample
Sr25(a)

Mixing in a micro V-type mixer (Sr25(a))
30 min
Mortar grinding
(Sr25(i))

iSrAp
mass%

HAp
mass%

25

75

Sr25(i)

25

Pressure：100 MPa
Diameter：15, 14 mmf

a-TSP particles

Deposition of nano HAp particles on a-TSP
particles at 75 mass% of final product

: Nano-sized HAp particles
・Reaction complementary agents
: Ca(OH)2

a-TSP particles: 25 mass%

3Sr3(PO4)2 + Ca(OH)2 →CaSr9(PO4)6(OH)2

Nano-sized HAp particles : 75 mass%

➢ Weighing to stoichiometry

75

In steam atmosphere
Firing temperature: 1300 ºC
Holding time : 5 h
Heating rate: 5 ºC・min -1

Uni-axial pressing
Pressure：100 MPa
Diameter：14 mmf

Firing

i-plane

Firing conditions
950 ºC, 10 h
Solid-state
reaction

Grain growth
Sintering

Cooling ↓

002

004

20

30
40
2θ / degree CuKα

50

60

・ The higher the value of the orientation f calculated by the Lotgering method6) ,
the more oriented the material is.
・The orientations of Sr25(a) and Sr25(c) ceramics are higher than those of
Sr25(i), indicating that they expose more of the a- and c-planes, respectively.

R. D. : 87.6％

R. D. : 80.0％

Sample
Sr25(i)
Sr25(a)
Sr25(c)
10 μm

10 μm

Ca / mass%
Sr / mass%
expected measured expected measured
29.92
31.79
14.80
15.23
29.92
29.90
14.80
16.33
31.81
32.98
14.00
14.85

10 μm

Error bars: S. D. , n = 4

5 μm

5 μm

5 μm

R.D. : Relative density

The
Sr25(i)
and Sr25(a) surfaces have a dense structure.
・SrAp
添加量が増加するにつれて相対密度が減少し、気孔が観察された
On
the 5,
surface
of Sr25(c), many
pores
were observed.
・Sr0,
10 の相対密度は
90%
を超えており、緻密な構造であることが分かった
→ The pores on the surface of Sr25(c) were observed to be numerous, probably due to the
formation of voids in the compact during the forming of the bulky platelets.

Surface roughness / μm

2.5

Ca : Sr
(Ca+Sr)/P
molar ratio
8.20 : 1.80
1.71
8.00 : 2.00
1.68
8.29 : 1.71
1.64

・The Ca and Sr contents were
found to be close to the
theoretical values.

2.0

・The Ca:Sr molar ratio shows that
all ceramics contain the same
amount of Sr.

1.5
1.0

・ The surface roughness was about 1
to 2 μm and there was no significant
difference between the ceramics.
→ Use for cell culture experiments

0.5
0.0

Sr25(i)

Sr25(a)

Sr25(c)

200

150
100
50
0

Sr25(a)

Sr25(c)

Error bar: S.D.; n = 3, 4

450

7 days
14 days
21 days

400
350

Error bars: S.D., n = 3, 4

70
60
50

Conditions
Liquids: Ultra pure water
Discharge volume : 3.6 mm3
Humidity: 10 %
Room temp. : 20.9 ºC
Calculation method : ATAN1/2θ
Contact angle Wettability

40

Big

30

Small

Hydrophobic
Hydrophilic

20

Red : vinculin Green : phalloidin Blue : DAPI

0

Sr25(a)

Sr25(c)

1/2 θ
・The contact angles of all the ceramics were around 50-60˚, indicating that they had
hydrophilic surfaces.
・In this study, the influence of the orientation of the ceramics on the wettability of
the surface is considered to be small.

100 μm

Calculation of cell area using the analysis software ImageJ
Error bar: S.D.,; n = 10

0.0030

・The staining results show that the cells on
Sr25(a) and Sr25(i) are well spread.
・In Sr25(c), more poorly elongated cells were
observed than in the other ceramics.

0.0025
0.0020

・The calculation of the cell area showed that
the cells on Sr25(a) had the highest cell area.

0.0015
0.0010

Sr25(c)

→ The Sr25(a) is considered to be a
ceramic that promotes cell adhesion in
the early stages of culture !

Why did the a-plane of apatite promote osteoblast
differentiation?
(2) Sr2+ ions eluted during incubation

(1) Cell elongation in early culture

250

1.00

200
150
100
50

Sr25(i)

Sr25(a)

Sr25(c)

showed the highest ALP activity on day 7 and 14 and the highest
OC production on day 21 compared to other ceramics, suggesting that
Sr25(a) is a good substrate for cell differentiation.

5. Conclusion

100 μm

100 μm

300

・ALP activity on Sr25(a) and Sr25(c) increased from day 7 to day 14.
The highest OC production on Sr25(a) and Sr25(c) was observed on day 21.
→ Sr25(a)

Sr25(c)

Sr25(a)

Sr25(i)

・The cell area on Sr25(a) is the largest.
・Bovine serum albumin (BSA) in FBS is selectively
adsorbed to the a-plane orientated HAp and is thought to
promote osteoblast adhesion and proliferation7,8).

→ The a-plane of apatite may be better
able to adsorb proteins and other
substances that promote the adhesion
and differentiation of osteoblasts.
7) T. Hagio et al., Mater. Trans., 50, 734-739 (2009).

● Fabrication of SrHAp ceramics with different anisotropic properties and their characterisation
1) The main crystalline phase of the prepared ceramics was apatite solid solution.
2) The orientations f of Sr25(a) and Sr25(c) are higher than those of Sr25(i), indicating that they expose more
of the a- and c-planes, respectively.
3) From the elemental analysis by ICP-AES, it was found that all the ceramics contained the same amount of Sr.
● In vitro evaluation of SrHAp with different anisotropic properties using osteoblasts

10

Sr25(i)

c-plane

Sr2+ ion elution in culture by ICP-AES
(cumulative)

0

Static contact angle of anisotropic SrAp ceramics

Contact angle / ˚

Sr25(c)

Sr25(a)

R. D. : 97.2％

Chemical composition and surface roughness of
anisotropic SrAp ceramics

7 days
14 days
21 days

Sr25(i)

6) F. K. Lotgering, J. Inorg. Nucl. Chem., 9, 113 (1959).

Microstructures of anisotropic SrAp ceramics

a-plane

Sr25(i) Sr25(a)

・All ceramics had apatite solid solution as the main crystalline phase.

Ceramics

i-plane

0.0000

Amounts of OC production normalised for
total protein content

Error bar: S.D.; n = 3, 4

300

300

Sr25(c)
f = 0.139

10

1300 ºC, 2 h

c-plane

Green compact

a-plane

Alkaline phosphatase (ALP)

250

Sr25(a)
f = 0.275

Under ateam atmosphere
950 ºC, 10 h
1300 ºC, 2 h

Ceramics
Green compact

Sr25(i)
f = 0.035

Osteocytes

Determination of ALP and OC assays

： (Ca, Sr)10(PO4)6(OH)2
： (Ca, Sr)3(PO4)2

211

・Matrix particles

c-plane oriented SrHAp
Sr25(c)

0.0005

XRD patterns of the resulting 3 types of anisotropic SrAp ceramics

: a-TSP particles

Mixing in a micro V-type mixer
30 min

Firing

Uni-axial pressing

SrAp
mass%

Nano-sized HAp

a-plane oriented SrHAp
Sr25(a)

Morphology of the cells by immunofluorescence staining (24 h in culture)

Osteocalcin (OC)

ALP activity / units・total protein-1

Mixing powder (0.5 g)
・Template particles

Preosteoblasts

ALP activity values normalised for total protein content

Fabrication of Sr25(c) ceramics

X-ray Intensity / a.u.

Mixing powder (each 0.5 g)

Cell evaluations:
Immunofluorescence staining (24 h in culture)
Quantification of osteogenic differentiation markers (ALP activity, OC production)
(6 days in culture + 7, 14, 21 days after differentiation induction)

Assays

3. Fabrication of SrHAp ceramics with anisotropic structures and their properties
Mixing ratios

Culture conditions
Used cell: RBMCs
Used medium: a-MEM medium (+10% Fetal Bovine Serum)
＋ 100 U･cm-3 Penicillin
＋ 100 mg･cm-3 Streptomycin
Differentiation-inducing medium:
Normal medium
＋ 10 mmol･dm-3 β- sodium glycerophosphate
＋ 200 μmol･dm-3 L- ascorbic acid
＋ 10 mmol･dm-3 Dexamethasone
Cell density : 1.0×105 cells・cm-3
Culture substance : 48 well plate, Sr25(i), Sr25(a), Sr25(c)

Mesenchymal
stem cell

5) A. Ishida et al., J. Eur. Ceram. Soc., 40, 351-357(2017).

Fabrication of Sr25(a) and Sr25(i) ceramics

Isotropic SrHAp
Sr25(i)

3) S. Yoshida et al., J. Asia Ceram. Soc., 8, 57-64(2020).
4) T. Tani, J. Ceram. Soc. Jpn., 114, 363-370 (2006).

In vitro evaluation using rat bone marrow-derived mesenchymal stem cells (RBMCs)

Grinded a-SrHPO4 particles
Solution and powder are separated once
Solution is used for hydrothermal synthesis

Hexagonal-shaped a-TSP
particles
25 mass%
+
Nano-sized HAp particles
75 mass%
+
Ca(OH)2
Mixing ,
Firing and
Reaction

4. In vitro evaluation of SrHAp ceramics with anisotropic structures

iSrAp

300

Suction filtration and drying

Mixing and
Firing

Mixing and
Firing

In addition to the above two ceramics, isotropic SrHAp will be
produced and evaluated in vitro to elucidate the relationship
between anisotropy and osteoblasts.

10 μm

Calcination
Under steam atmosphere
Holding temperature: 800 ºC
Holding time : 1 h
Heating rate : 5 ºC ・ min-1

： SrAp

iSrAp

Suction filtration and drying

a-plane

Template particles incorporate the matrix particles and grow in an orientated manner.

To create a model material (apatite ceramics) with controlled
anisotropy and to elucidate the relationship between the
anisotropy of the material and the function of the cell.

211

Heating in an oil bath
80 ºC, 24 h

c-plane

10 mm

2) M. Aizawa et al., Biomaterials., 26, 3427-3433 (2005).

Planetary ball mill: 2 mmf ZrO2 180 g
Wet grinding
Solvent: pure water 40 cm³
Grinding time: 1 h
Rotation speed: 300 rpm

a-plane oriented SrHAp

sintering

a-plane

O
O H
H

Control of anisotropy makes it
possible to produce materials with
specific properties

0.0167 mol/dm³
0.0100 mol/dm³
0.0500 mol/dm³
0.0480 mol/dm³

Isotropic SrAp (iSrAp) powder Fiber-shaped SrAp particles
25 mass%
25 mass%
+
+
HAp-100 powder
HAp-100 powder (Taihei Kagaku)
75 mass%
75 mass%

Template particles (SrAp fiber) ⋯ Anisotropic shape, preferably monodisperse

particles5)

Sr(CH₃COO)₂
(NH₄)₂HPO₄
(NH₂)₂CO
HNO₃

a-TSP particle

SrHAp with a large number of exposed a-plane
Successful preparation of a-plane oriented SrHAp by template grain growth
method4) using fibrousstrontiumapatite (Sr10(PO4)6(OH)2； SrAp)

Effect of each crystal plane of HAp on the cell is still unclear

(＋)

0.943
9.43nm
Å

Starting solution (500 cm3)
mol・dm-3

Successful preparation of c-plane oriented SrHAp by reactive template
grain growth method using hexagonal a-tristrontium phosphate (aSr3(PO4)2; a-TSP) particles3)

Matrix particle (isotropic HAp powder)

X-ray Intensity / a.u.

Starting solution

Starting solution (400 cm3)

Biological bone is
anisotropic!

Amounts of OC production / ng・total protein-1

a-TSP

SrHAp with a large number of exposed c-plane

Fiber-shaped HAp2)
a-axis

various anisotropic structures

Cell area / mm2

Screw axis Ca

2. Preparation of three types of starting powders
iSrAp powder

2

Columnar Ca

1) Z. Zhuang et al., Mater. Sci. Eng. C, 33, 2534-2540 (2013).

Fiber-shaped SrAp particles

4 6

Concentration of Sr ions / mmol・dm-3

Hydroxyapatite
(Ca10(PO4)6(OH)2; HAp)

Hydroxyapatite (HAp) has two kinds of crystal planes, which
are the a-plane and c-plane. If one can control the preferred
orientation of apatite compounds, the resulting textured
ceramics may exhibit novel functions. On the other hand, it is
known that strontium activates osteoblasts and inhibits the
resorption of osteoclasts. An aim of this study is to create the
anisotropically-controlled Sr-substituted HAp ceramics (SrHAp),
and to clarify the effect of the crystal plane on osteoblasts by
culturing cells on the materials. In this study, we fabricated the
textured SrHAp, and examined the osteogenic differentiation
ability using rat bone marrow stromal cells.

Sr25(i)

(mamorua@meiji.ac.jp)

1) Graduate School of Science and Technology, Meiji University, 2) International Institute for Materials with Life Functions, Meiji University
Preparation of strontium-substituted apatite
1. Introduction: Background and aim
Three types of the SrHAp ceramics with
((Ca, Sr) (PO ) (OH) ; SrHAp) with well-controlled anisotropy

Abstract

pH = 2.50
SrCl2
(NH4)2HPO4
(NH2)2CO
conc. HCl

1
Yoshida ,

Sr25(i)
Sr25(a)
Sr25(c)

0.80
0.60
0.40
0.20

n=3

0.00
0

2

4
6
8 10 12
Cell culture period / days

14

16

・Sr25(a) was found to have the highest concentration
of eluted Sr2+ ions.

→Sr2+ ions are known to be stimulants
of osteogenesis9), and it is likely that the
Sr2+ ions eluted in this study promoted
osteodifferentiation.

8) M.T. Bernards et al., Colloids Surf. B, 64, 236-247 (2008).

9) B. Kruppke et al., Dev. Growth Differ., 61, 166-175 (2019).

SrHAp ceramics with different anisotropy have
been successfully fabricated. As far as we have
investigated in this study, the a-plane of apatite
is favourable for the promotion of osteoblast
differentiation, and crystal anisotropy is one of
the most important factors for the functional
design of bioceramics.
R. D. : 87.6％

Sr25(a)

1) The calculation of the cell area showed that the cells on Sr25(a) had the highest cell area.
2) Compared to other ceramics, Sr25(a) showed the highest ALP activity at 7 and 14 days and the highest OC
production at 21 days, suggesting that it is a favourable culture substrate for cell differentiation.
10 μm

100 μm
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Proliferation, Differentiation and Calcification of
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Potential problem (1) during visual inspection

1. Adhesion visualization

a

Metallic biomaterial with low
magnetic susceptibility is
necessary.

Artifact with
increasing
magnetic field
and magnetic
susceptibility of
dental implant

b

3h

Reference:杉村和郎：現場で役立つ臨床MRIシリーズ1MRIの原理と撮像法,
メジカルビュー, (2000) , p.90

Potential problem (2) during clinical treatment

6h

Metallic biomaterial with low
Young's modulus is
necessary.

Re-fracture due
to stress
shielding

24 h

Reference:ストレスシールディングによる再骨折の例 through
http://jvrm.jp/kvh/cap/cap3/02.html

Table. The mechanical properties of the new Zr alloy we developed previously.
Composition

Young's
modulus,
E / GPa

Ultimate tensile
strength,
σUTS / MPa

As-forged
Zr-14Nb-5Ta-1Mo alloy

64±1

651±13

632±13

53±1

796±64

70
98
100
114
200

784
970
980
933
980

As-cast
Zr-14Nb-5Ta-1Mo alloy
Zr-14Nb (as cast)
Zr-1Mo (as cast)
Ti-6Al-4V ELI
Ti-6Al-7Nb
Co-Cr-Mo

0.2% proof Elongation to
fracture,
strength,
σ0.2% / MPa
ε/%

Vickers
hardness,
HV

Mass magnetic
susceptibility,
χg / 10-9m3・kg-1

17±7

213±8

17.5±0.4

754±57

15±4

208±1

17.3±0.2

686
855
920
817
680

12
3
14
7
11

275
--320
325
370

17.0
14.2
39.8
35.3
94.5

Ti

Fig. Initial adhesion of MC3T3-E1 cells attached on Zr14Nb-5Ta-1Mo alloy and Ti specimens after 3-h, 6-h, and
24-h incubations with fluorescent staining. (a) Fluorescent
photos of cellular morphologies on specimens, where nuclei
Zr-14Nb-5Ta-1Mo Alloy
and F-actin were visualized with blue and red, respectively.
Scale bar: 200μm.

3. Osteogenic differentiation
detection

2. Proliferation evaluation

Purpose: To study the potential usage of new designed Zr-14Nb-5Ta1Mo (ZNTM) alloy with medical and dental applications, we
investigated the responses of mouse osteoblastic cells
(MC3T3-E1) to this ZNTM alloy.
Fig. Proliferation of MC3T3-E1 cultured on Zr-14Nb-5Ta1Mo alloy and Ti specimens. The numbers of attached
cells were counted by WST-8. The “n.s.” represents nonsignificance.

1. Preparation of ZNTM alloy specimens

Success of melting
to obtain 5-kg ingot

Fig. ZNTM alloy ingot

4. Calcification evaluation

8 mm

Formation of
homogenized rods
with diameter of 32
mm with hot forging
at 1323 K

Preparation of Large
scale melting of Zr alloy

Fig. Osteogenic differentiation in MC3T3-E1 cultured
on Zr-14Nb-5Ta-1Mo alloy and Ti specimens through
ALP activity levels detected after incubation of 6-d, 8d, 10-d, 12-d, and 14-d differentiation induction.

14d

6 cm

21d

28d

Ti
Fig. Photo of rods prepared with
electric discharge machining

Surface
polishing

Specimens
cutting

Mechanical polished with
the SiC waterproof emery
papers and mirror-finished Fig. Photo of mirror-finished
with a colloidal silica
specimen
suspension.

Zr-14Nb-5Ta-1Mo
Alloy
1.5mm

Fig. Schematic diagram of metal test specimen

2. Cell culture
Cell-line
Proliferation
Medium
Differentiation
Induction
Medium

A mouse calvaria-derived preosteoblast cell line, MC3T3-E1
Minimum Essential Medium Eagle Alpha Modification (α-MEM)
+ 10% Fetal Bovine Serum (FBS)
+ 100 U mL-1 Penicillin
+ 100 mg mL-1 Streptomycin

100μm

Fig. Opical photo of MC3T3-E1 cell

Proliferation Medium
+ 50 mg mL-1 L-ascorbic acid
+ 2 mM ꞵ-glycerophosphate

The induction medium was replaced every three days.

Fig. Calcification of MC3T3-E1 cultured on Zr15Nb-5Ta-1Mo alloy and Ti specimens after 14d, 21-d, and 28-d osteogenic differentiation
induction stained with alizarin red s. (a) Photos of
calcified deposits on specimens. Scale bar: 4
mm. Histograms of quantitative analysis of
calcium formation by MC3T3-E1 cultured on both
specimens: (b) the proportion of the calcified
area to total area of the specimens, which was
calculated by ImageJ and (c) the amount of
calcium deposited on specimens evaluated with
the extracted stain through measuring the optical
density at 405 nm. Results were statistical
analyzed, where *p<0.05; n.s., non-significant.

3. in vitro evaluation
Adhesion visualization: Fluorescent staining
Proliferation evaluation: Cell Counting Kit-8
Osteogenic differentiation detection: Alkaline phosphatase (ALP) activity analysis
Calcification evaluation: Alizarin red s staining and quantitative analysis
Adhesion
visualization

Cell
seeding

Proliferation evaluation
24h

3h 6h

2d

3d

4d

5d

After 100% confluence of cells, Osteogenic differentiation was induced with
“Differentiation Induction Medium”
Osteogenic differentiation
detection

Differentiation
induction

1d

3d

7d

10d

Calcification evaluation
14d

21d

28d

In this study, cytocompatibility and osteoconductivity of developed
ZNTM were investigated. A similar good biocompatibility of ZNTM
and Ti was obtained based on cellular adhesion and proliferation
results. For cellular osteogenic differentiation and calcification, an
insufficient osteoconductivity of ZNTM was obtained comparing
with Ti. This work is expected to promote the MRI-compatible
ZNTM to be used for medical applications, in particular, fabrication
of bone fixation devices.
This work was supported by the JSPS, KAKEN, Grant Number: 15H03018 and
19H04464 and by The Creation of Life Innovation Materials for Interdisciplinary and
International Researcher Development (iLIM) Project and Viable Materials Project,
Ministry of Education, Culture, Sports, Science and Technology (MEXT), Japan.

How liquid phase composition affects on properties of calcium phosphate
biomicroconcretes based on α-TCP?
P. Pańtak, E. Cichoń, S. Skibiński, J. Czechowska, A. Zima, A. Ślósarczyk
AGH University of Science and Technology, Faculty of Materials Science and Ceramics
Department of Ceramics and Refractories, Krakow, Poland
pantak@agh.edu.pl

INTRODUCTION
Due to the increased requirements for bone tissue substitutes many studies on biomaterials are conducted. The main efforts are focused on the optimization of their parameters, such as: mechanical
strength or surgical handiness. Biomicroconcretes possess unique composition, which is inspired by classical concretes, where aggregates in the form of granules provide the satisfactory mechanical
properties. Biomicroconcretes based on calcium phosphates are self-setting, bioactive materials for bone tissue engineering with high surgical handiness. The aims of this study were to develop and
obtain novel biomaterials for bone substitution and to analyze the influence of the liquid phase composition on the physicochemical properties of the obtained biomicroconcretes. The solid phase of the
investigated materials composed of 60 wt% of highly-reactive α-TCP powder and 40 wt% of hybrid hydroxyapatite-chitosan (HAp/CTS) granules. Mixtures of 2 wt% of disodium phosphate (Na2HPO4) and
5 wt% citrus pectin (CP) aqueous solutions were used as the liquid phases of the developed biomicroconcretes.

MATERIALS & METHODS
Setting times of obtained materials

Powder phase (P)

Liquid phase (L)

α-TCP powder + HAp/CTS granules (3:2)

2 wt% disodium phosphate + 5 wt% CP
(ratio 1:0)
2 wt% disodium phosphate + 5 wt% CP
(ratio 3:1)
2 wt% disodium phosphate + 5 wt% CP
(ratio 1:1)
2 wt% disodium phosphate + 5 wt% CP
(ratio 1:3)

MC1
MC2

MC3
MC4

Liquid & powder
phase mixing

Samples
preparation

METHODS

Material

Setting time (Gillmore apparatus)

Phase composition
(D2 Phaser, Bruker)
Compressive strength
(Instron 3345)
SEM observations
(Phenom Pure, Thermo Fisher)

L/P= 0.5 g/g

RESULTS
Setting times of obtained materials

SEM microphotographs

25

MC1

20

MC2

MC3

MC4

15
10
5

500 x

Setting time, min

30

0

MC1

MC2

MC3

MC4

Initial setting time

Final setting time

MC2

MC3

Compressive strength
12

8

5000 x

Compresive strength, MPa

10

6

4

2

0
MC1

MC4

Phase composition

Material
MC1
MC2
MC3
MC4

After 7-days setting and hardening
(in air)

After 28-days incubation in SBF

α-TCP, wt%

Hydroxyapatite, wt%

α-TCP, wt%

Hydroxyapatite, wt%

59.0
58.0
62.0
65.0

41.0
42.0
38.0
35.0

2.0
1.0
1.0
3.0

98.0
99.0
99.0
97.0
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SUMMARY
• The biomicroconcretes composed of highly-reactive α-TCP powder, hybrid hydroxyapatite-chitosan (HAp/CTS) granules and
citrus pectin were developed
• The studies have shown that, due to the dual setting system originated from hydrolysis of α-TCP to non-stoichiometric
hydroxyapatite and interactions between polycationic chitosan in hybrid granules and polyanionic pectin in liquid phase, the
obtained bone substitutes were characterized by unique properties
• It was observed that liquid phase in the form of solely pectin solution prevented biomicroconcrete from set. The rest of
materials were characterized by self-setting properties. The presence of disodium phosphate as a setting accelerator allowed
to obtain acceptable setting times (4.5 – 11.0 min for initial, 7.0 - 27.0 min for final setting time).
• The compressive strength of obtained materials increased with increasing ratio of citrus pectin in liquid phase
(4.8 – 9.7 MPa) and was suitable for low-load bringing applications.
• Developed biomicroconcretes can act as an alternative to commercially used sintered ceramic implants with predefined shape
and size. The surgically handy and self-setting biomicroconcretes are potential candidates for bone tissue engineering,
supporting its regeneration. Further biological studies are necessary.
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Ti-6Al-4V alloy has been widely used for orthopedic and
dental fields owing to its high mechanical strength and
biocompatibility. The alloy, however, is insufficient in bonebonding capacity and its implant often causes loosening.
Osteoporosis increases with aging of the population, and
drugs of bisphosphonate (BS) such as alendronate and
minodronate (MA) are used for the medical treatment.
Reliable and multifunctional implants showing both of bone
bonding and drug releasing functions are desired.

2.5
Relative ratio

Ca-heat-treated

Untreated

3

3 months implantation
Extraction torque/mN.m

Background

Ca-heat

P<0.05

2
Ca-heat

1.5 Untreated
1
0.5

Untreated

0

3 months

1 month

12 months

Implant periods

Extraction torque curve and relative ratio of its
peak top values post surgery of untreated and
Ca-heat-treated pedicle screw in lumber of
beagle dogs .
Histology of untreated and Ca-heat-treated
pedicle screw in lumber of beagle dogs at 3months post-surgery.

Extraction torque curve of Ca-heattreated PS maintained higher values than
untreated PS throughout the recording
periods.
Significant
difference
in
averaged torque was observed at 3
months implantation period [1].

Ti-6Al-4V pedicle screw (PS) subjected to
Ca-heat treatment tightly bonded to bone
without intervention of fibrous tissue [1].

Concept

[1] Akeda K, et al. PloS ONE. 2018;13(5):e0196766.

New bone
Body fluid
MA drugs

Materials and Methods

Calcium titanate layer formed by Ca-heat
treatment exhibits osteoconductivity owing to
its apatite formation capability as well as high
scratch resistance [1]. Meanwhile drug
containing hydrogel exhibits osteoinductivity
although its scratch resistance is usually poor.
In this study, we developed novel organicinorganic composite layer consist of MAcontaining gelatin and calcium titanate on Ti6Al-4V alloy to provide osteoconductivity and
osteoinductivity as well as high scratch
resistance. Its apatite formation, scratch
resistance and dissolution rate of gelatin are
evaluated.

骨Bone

Ca2+
HPO42-

Apatite

MA-containing gelatin
and calcium titanate

Ti metal

Dip coating

Ca-heat

Vacuum Heat（VH）*

gel + CaCl2,Ca(OH)2 and/or
DHP+50 μM MA

1cm/min
CaCl2

NaOH
5 M-NaOH

Heat

100 mM CaCl2

95 ºC, 24 h

40 ºC, 24 h

Water
●
●
●
●

●
●
●
●
600 ºC, 1 h

●
●
●
●

Pure water

●
●
●
●

真空

80 ºC, 24 h

60 ºC

140ºC, 3h, 15h,3days

Gel:5-20% medical grade gelatin（beMatrix LS-H)
CaCl2:100 mM CaCl2
Ca(OH)2:15 mM Ca(OH)2
DHP:100 mM(NH4)2HPO4

Modified Ca-heat treatment for producing MA-containing gelatin and calcium titanate composite on the
Ti-6Al-4V surface.
The composite of MA-containing gelatin and calcium titanate was produced on Ti-6Al-4V by Caheat treatment and subsequent dip coating. Vacuum heat treatment that promotes cross-link of
gelatin [2] was examined after the dip coating to suppress the initial degradation rate of the gelatin.

[1] Akeda K, et al. PloS ONE. 2018;13(5):e0196766.

[2] Tsujimoto et al, J Biomater Mater Res Part B: Appl Biomater, 2015; 103B: 1511-1518.

Results
Apatite formation: effect of additives in a coating layer

Effect of gelatin concentration on the thickness of coating layer

Surface

Cross
section

Ca-Heat

Ca-Heat＋
10%gel
（CaCl2+MA)

Ca-Heat＋
Ca-Heat＋
10%gel
10%gel
(Ca(OH)2+MA)
(DHP+MA)

Ca-Heat＋
10%gel
(CaCl2 + DHP+MA)

SEM images of surfaces of Ti-6Al-4V soaked in SBF for 7 days with or without dip coating including various additives following Caheat treatment.

Apatite fully covered the sample surfaces within 7 days in SBF only if the additives of CaCl2, Ca(OH)2 or
(NH4)2HPO4 was used solely.

5%gel

Ca-Heat

10%gel

20%gel

Apatite formation: effect of vacuum heat treatment

SEM images of surfaces and cross sections of Ti-6Al-4V alloy subjected to Ca-heat treatment and
subsequently dip coating with 5, 10 and 20 % gelation solution.

10%gel(DHP+MA)

Three dimensional network structure composed of calcium titanate with 1.8 μm thickness was produced on Ti-6Al-4V
alloy by the Ca-heat treatment. When the samples were subjected to DC treatment using 5% gelatin, only a partial
surface modification with gelatin was observed. In contrast, sample surface was fully covered with gelatin when 10 or
20% gelatin was used. Cross-sectional observation revealed that gelatin penetrated into the network structure to be
integrated with the calcium titanate to form the organic-inorganic composite layer.

10%gel(CaCl2+MA)
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*
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80

Vacuum heat periods
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1.2
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**

0
Ca-Heat
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-VH3d

Ca-Heat
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-VH3d
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Untreated
-10%gel

Degradation rate of gelatin from the composite layer on Ti-6Al-4V.
MA concentration was estimated from the released Ca2+ ions into
saline measured by ICP.

Scratch resistance of Ti-6Al-4V alloy subjected to Ca-heat treatment followed by dip
coating using 10 % gelatin containing MA and vacuum heating for 3 days.

Degradation rate of gelatin in the composite layer at an
initial soaking period was significantly suppressed by
vacuum heat treatment. Estimated MA concentration
was above 0.1 μM that is effective for suppressing
bone resorption.

Scratch resistance of Ca-heat sample showed about 40 mN. This
increased by the subsequent dip coating up to about 60 mN
regardless the kinds of additives and the post vacuum heat
treatment. These values were significantly higher than that on the
sample subjected to dip coating without Ca-heat treatment.

10 μm

SEM images of surfaces of Ti-6Al-4V soaked in SBF for 7 days with or without vacuum heating following Ca-heat and dip coating.

Apatite formation of the composite layer maintained even after the vacuum heat treatment for 3
days when CaCl2 or Ca(OH)2 was used as the additives.
Minodoronate
Calcium titanate
(CaTi4O9)

Summary
Novel organic-inorganic composite of MA-containing gelatin and
calcium titanate was produced on Ti-6Al-4V alloy. The treated alloy
exhibited high scratch resistance, apatite formation and MA releasing
capacity, and thus will be useful for the treatment of osteoporosis bone.

Gelatin
Ca2+

Ca2+
Ca2+
Ca2+

Ca-Heat

Minodoronate

Ca2+ions
Ca2+

Ca2+

Ca2+

Cross-linked gelatin
Ca2+ions

Ca2+

Ca2+

Ca2+
Ca2+

Ca2+

Gelatin dip coating

Ca2+
Ca2+

Ca2+

Ca2+

Vacuum heating

Schematic illustration of fabrication of MA-containing gelatin and calcium titanate composite in the
present study
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Abstract

Ingot melting
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Removal 4 mm surface
f24 mm
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RA: 56% RA: 97%

97% working was feasible
Good workability
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TEM image (Blight) Electron diffraction

Optical microscope

β＋ω
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INTRODUCTION
Metals implanted into the human body have sometimes higher magnetic susceptibility than the
surrounding tissues. Therefore magnetic resonance imaging (MRI) diagnosing is disturbed by artifacts
appearing on the MR images. In our previous study, Zr-1Mo alloy with low magnetic susceptibility is
developed [1-4] and generates much smaller artifact than Ti-6Al-4V ELI alloy. In this study, based on delectron alloy design method and empirical data of binary Zr alloys, Zr-14Nb-5Ta-1Mo alloy was designed
and mechanical properties, magnetic susceptibility, corrosion resistance, and cytocompatibility were
evaluated.
METHODS
Based on d-electron alloy design method and empirical data of binary Zr-Nb, Zr-Mo and Zr-Ta alloys,
composition of alloys were determined. The new designed alloy was fabricated by induction skull melting,
followed by forging at 1050°C. A rod with 5 mmf was obtained through electrical discharge machining.
Then, cold swaging was performed to 56% and 97%. In addition, heat treatment was performed to all
specimens: heated at 400°C for 45 min and quenched in iced water. The crystal phase structure was
characterized using XRD and TEM. Mechanical property was evaluated by tensile test and Vickers
hardness test. Moreover, corrosion resistance and cytocompatibility were evaluated.
RESULTS AND DISCUSSION
The composition of alloys were determined as Zr-14Nb-5Ta-1Mo (mass%). There is no macro-segregation
in the ingot of the alloy. Hot forging and cold swaging are performed without any fracture of the specimen.
The alloy was constituted of phase with a small amount of phase and/or phase. Stress-strain curves
of Zr-14Nb-5Ta-1Mo alloy after working are shown in Figure 2. As summarized in Table 1 [5], in the case of
97% cold swaging, tensile strength was 1054 MPa, 0.2% proof strength was 1011 MPa, elongation to
fracture was 16%, Vickers hardness was 258, and Youngs' modulus was 67 GPa. The mass magnetic
susceptibility was 18.1 x 10-9 m3kg-1. After heat treatment, Tensile strength 0.2% proof strength, and
Vickers hardness increased remaining Youngs’ modulus and magnetic susceptibility. The corrosion
resistance of the alloy was increased with swaging. In addition, this alloy did not show any cytotoxicity.
CONCLUSION
Zr-14Nb-5Ta-1Mo alloy has excellent balance of mechanical property with low magnetic susceptibility, high
corrosion resistance, and no cytotoxicity. This alloy achieves large strength and elongation with small
Youngs’ modulus that is not acquired in conventional Ti alloys. In addition, magnetic susceptibility was half
of titanium alloys. Therefore, Zr-14Nb-5Ta-1Mo alloy is a promising metallic materials to decrease MRI
artifact.
REFERENCES
[1] Suyalatu et al. Acta Biomater 2010; 6: 1033-1038.
[2] Suyalatuet al. Acta Biomater 2011; 7: 4259–4266.
[3] Ashida M et al. Mater Trans 2015; 56: 1544-1548.
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[5] Ashida M et al. Mater Trans 2020; 61: 776-781.
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Conclusions

Composition

Young's
modulus,
E / GPa

Ultimate tensile 0.2% proof Elongation to
Mass magnetic
Vickers hardness,
strength,
strength,
fracture,
susceptibility,
HV
sUTS / MPa
s0.2% / MPa
e/%
cg / 10-9m3・kg-1

As-forged
SW 56%
SW 97%
Heat treated

64±1
67±1
67±1
68±2

651±13
1016±26
1054±30
1033±23

632±13
991±26
1011±27
986±17

17±7
12±1
16±1
9±1

213±8
239±8
259±13
261±8

17.5±0.4
17.0±0.1
18.1±1.0
16.8±0.4

As-cast
Zr-14Nb
(as cast)
Zr-1Mo
(as cast)
Ti-6Al-4V ELI
Ti-6Al-7Nb
Co-Cr-Mo

53±1

796±64

754±57

15±4

208±1

17.3±0.2
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---

14.2

100
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980
933
980
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817
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14
7
11
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39.8
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94.5

 Cold swaging to 97% was feasible: Excellent workability.
 After 97% swaging, the ultimate tensile strength (1054 MPa) and elongation (16%) were better
than those of Ti-6Al-4V ELI alloy.
 Low magnetic susceptibility and Young’s modulus were remained after swaging.

The Zr-14Nb-5Ta-1Mo alloy could be used for MRI compatible devices.

Developing a Novel Methodology for Microwave Hydrothermal Nanomodification
of Titanium Microcarriers for Bone Regeneration
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Introduction

Results

Dental and orthopedic implants made of titanium and its alloys, despite their decadeslong research trajectory and success (1)(2), do not fall within the strict definition of tissue
engineering. Still, their study has allowed us to better understand the biological
processes that occur at the cell-biomaterial interface and the mechanisms involved in
bone repair (1).

A

C

E

B

D

F

The hierarchical combination of micro- and nano-scale roughness can provide the
physicochemical and structural properties necessary for stem/progenitor cell
osteoblastic differentiation that can lead to bone repair (3). However, bulk implants
continue to represent an invasive, “replacement” technology.
We aim to rethink decades of knowledge generated on the modified surfaces of bulk
titanium implants and apply it in the development of a new bone regenerative therapy
based on nanostructured titanium microcarriers that offers the benefits of an injectable,
minimally invasive and localized technology.
The present study establishes a novel methodology for the nanomodification of these
titanium microcarriers and their characterization.

Methods
Titanium alloy (Ti6Al4V) microparticles (ø=150-200 µm) (TI016015/1, Goodfellow
Cambridge Ltd., Huntingdon, England) were analyzed as received and after being
treated with a microwave hydrothermal (MWHT) nanomodification protocol. The MWHT
treatment is performed at low temperatures (100-200°C) in a controlled oxidative
environment (i.e., 2.5M H2O2) using a Mars 6 synthesis microwave (CEM Corporation,
Matthews, NC, USA) for up to 2 hours. In this study we evaluated the following
conditions: 200°C for 2 h, 150°C for 2 and 1.5 h, and 100°C for 1 h. After the treatment,
the supernatant is decanted and the processed material is transferred to a
microcentrifuge tube, centrifuged for 2 minutes and the pellets are dried in a vacuum
desiccator. The surface morphology and chemistry of the nanostructured microcarriers
was characterized using a Quattro S scanning electron microscopy (SEM) (Thermo
Scientific, Waltham, MA, USA) and image analysis software (ImageJ, Bethesda, USA),
as well as energy dispersive X-ray spectroscopy (EDX).

Figure 1. Electron micrographs of Ti6Al4V microcarriers at low
and high magnification. SEM images were collected from
samples: (A, B) as received (Control 1), treated only with H2O2 but
without microwave (Control 2) or MWHT-treated at 200°C for 2 h.
The presence of a dense layer of nanostructures on the surface of
the MWHT-treated samples was evident.

A

C

E

B

D

F

A

Discussion
Initially, we performed the MWHT nanomodification of the titanium microcarriers based
on a protocol already published on solid titanium disks, using 200°C for 2 h. The
processed samples were analyzed by SEM and exhibited the presence of well-defined
nanostructures on the surface, similar to what was expected from our previous work.
However, we found that some particles showed evidence of fragmentation and loss of
their spherical architecture, which could generate smaller debris that may be internalized
by cells. Thus, we decided to explore other conditions that could minimize this effect,
while retaining the surface nanoroughness.

B

Subsequent tests were focused on reducing temperature and time of modification, as
the possible variables that could have an impact on particle fragmentation. Indeed, MWT
treatments using 100 ०C had little effect on the presence of nanostructures on the
surface, while 150 ०C for 1.5 and 2 h achieved consistent nanomodification with no
evident fragmented particles.

Conclusion
• Temperature (T) and exposure time (t) during the MWHT treatment play a critical role in defining the
surface nanostructure and integrity of the particles at a constant pressure.
• Nanostructure density and size seemed to be directly correlated with T and t, with the treatment at
200°C for 2 h generating the most noticeable nanostructured surface.
• However, we found a sweet-spot for the generation of nanomodifications with the lowest impact on
particle fragmentation using parameters of 150°C and 1.5 h.
• The MWHT nanomodification treatment works through a controlled-oxidation process, and chemical
analysis using EDX seems to confirm this by showing a considerable increase in the content of
elemental oxygen on the treated surfaces.

Figure 2. Evidence of microcarrier fragmentation. Electron
micrographs of MWHT-treated samples at 200°C for 2 h showed
evidence of particle fragmentation.

Figure 3. Electron micrographs of Ti6Al4V microcarriers
MWHT-treated
with
different
parameters.
Ti6Al4V
microcarriers were MWHT-treated with the following
parameters: (A, B) 100°C for 1 h, (C, D) 150°C for 1.5 h and
(E, F) 150°C for 2 h. The presence of fragmented particles was
not evident when the temperature was at or below 150°C for
1.5 h or less. However, the samples treated with 100°C for 1 h
did not show any visible changes.

C

Figure 4. ColorSEM images and EDX analysis of Ti6Al4V
microcarriers. (A) As received and (B) MWHT-treated Ti6Al4V
microcarriers were analyzed with an EDX detector. The
ColorSEM images (A, B), show that the distribution of the
elements detected was homogeneous throughout the surface.
(C) The EDX results shown on the table suggest that the
MWHT treatment occurs through an oxidation process at the
surface.
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Introduction
Ti6Al4V

Materials and Experiments
Two groups of experiments were designed to evaluate CDC’s corrosion performances: (1) Ti6Al4V as the control
group, and (2) the CDC. Each group was repeated three times (N=3). For Group (1), Ti6Al4V discs were polished
2
until it reached a mirror finish. In Group (2), CDC was fabricated on Ti6Al4V by the electrolysis method . As shown in
Fig. 1, a corrosion chamber with a three-electrode set up was employed.

Good Corrosion properties
Poor tribocorrosion behavior

Early failure of total hip replacements

Also, since we are aiming at the application for hip implants, bovine calf
serum (BCS) was selected as the electrolyte.
Surface Modification:
Carbide-derived carbon (CDC)
Excellent tribocorrosion performance1,2

CDC

OCP 1
600 s

PS

OCP 2
3600 s

CP

Fig.2 Electrochemical sequences for the testing.

Corrosion behavior
Unknown

Finally, the electrochemical protocol for the Ti6Al4V was set as
open-circuit potential 1 (OCP1) for system stabilization –
potentionstatic (PS) for surface cleaning) – OCP2 (stabilization) –
electrochemical impedance spectroscopy (EIS) – Cyclic polarization.
Same protocol without PS was followed for Group (2) to avoid
damages
to
the
CDC
layer.
Fig.1 Schematic diagram of the corrosion system

Objective: Investigate CDC’s corrosion behaviors in
comparison with the substrate alloy (Ti6Al4V).

Results and Discussion

Conclusions

1. Potentiodynamic Results
➢ The geometric sample area exposed to the solution is 0.1256 cm2, which was used to calculate the current density and impedance for
Ti6Al4V.

(b)

➢ Since the prepared CDC has a rough and porous
structure with a large surface area, the BrunauerEmmett-Teller (BET) surface area of the TiC-CDC
film reported by Huang et al.3 was used to estimated
our CDC area exposed to the solution, which is
approximately 337.11 cm2.

(c)

➢ Fig. 3(a) shows the potentialdynamic curves after
(a)
adjusting the surface area. According to the Tafel
equation, Ecorr and Icorr were obtained and
presented in Fig. 3(b) and (c). It can be observed
Fig.3 (a) Potentialdynamic curves (b) Icorr, and (c) Ecorr of Ti6Al4 and the CDC.
that the Ecorr of CDC is higher than Ti6Al4V, and the Icorr of CDC is almost four times smaller than the control group, implying that the
corrosion resistance of CDC is higher than Ti6Al4V.
2. Electrochemical Impedance Spectroscopy (EIS) Results
Fig. 4 shows the equivalent circuits utilized to model the electrical properties. In both circuits, constant phase elements was used instead of
the ideal capacitor for a better fitting. In
(b)
Fig.4(b), the polarization resistor and CPE
(a)
simulate the double layer on the CDC film,
and the components Rlayer and CPElayer
present the diffusion layer between the
CDC film and the substrate.
Fig.4 EIS model used for Ti6Al4V (a) and the CDC (b).

(c)
(a)

EIS

OCP 3
600 s

(b)

Fig.5 EIS results of Ti6Al4V and the CDC: (a) Bode plots(b) Nyquist plots, and (c) the surface resistance.

As shown in Fig.5, the surface resistance
of the CDC is significantly higher than that
of the Ti6Al4V, which is consistent with the
potentiodynamic results. Specifically, the
polarization resistance of Ti6Al4V is
around 1.5x106 Ohms*cm2, which is from
the passive film on the surface, and the
surface resistance of the CDC sample is
8
2
about 2.75x10 Ohms*cm , which may be
mainly attributed to the stacked double
layers on the surface.

▪ The
corrosion
performance of the CDC
was studied in comparison
with Ti6Al4V.
▪ Since the prepared CDC
is has a porous structure,
the surface area was
adjusted based on a
precious report 3.
▪ According
to
the
potentiodynamic and EIS
results,
the
corrosion
resistance of CDC is
higher than Ti6Al4V.

Future Work
❑ The actual surface area of
our CDC products is still
needed, which will be
achieved in the upcoming
study.
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Effects of Composition on Antiviral Properties of Hydroxyapatite
/TiO2 Coating Fabricated by Suspension Plasma Spray
Background and purpose
Optimizing Light Irradiation Condition on Antiviral
Properties of Hydroxyapatite/ TiO2 Coating

Antivirus test
Plaque
Lig
ht
Phage
Coated
sample
• Time duration1 hour
• Light intensity 50
mW/cm2
• Wavelength 525 nm

Mirazul Mahmud Abir, Yuichi Otsuka, Yukio Miyashita
Nagaoka University of Technology Nagaoka, Japan

Antivirus performance of plasma
sprayed HAp/TiO2 coat
*

(n=6)* p<0.05
Longer then 2hour irradiation can exhibit antivirus
• 0.7 ml LE392 bacteria distributed
performance
over the LB Agar medium.
=> Floating virus can not be influenced by
• Phage suspension was dropped on
fluorescence and adhesion behavior should be
the surface of bacteria.
considered
supported by JSPS KAKENHI, Union tool foundation

Preparation of paclitaxel-loaded poly(lactic acid)/hydroxyapatite
core-shell nanoparticles for drug delivery system carrier
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AIM

PLA
PTX5.0@HAp
▼

PLA

2/degree(CuK)

Wavenumber

PTX

Wavenumber

• PTXx@HAp size was approximately 70 ~ 80 nm
→ Expected to show the EPR effect

PLA / mg

Ca/P

PTX / mg

PTX wt.% of PLA

PLA@HAp

-

-

PTX1.0@HAp

0.2

1.0

0.5

2.5

1.0

5.0

PTX2.5@HAp
PTX5.0@HAp

20

1.67

in vitro properties of PTXx@HAp
• Murine breast cancer cells (4T1, ATCC)
• Particle concentration : 20 – 1000 µg/mL
• PTX concentration : 0.05 – 25 µg/mL
Control

PTXx@HAp

PTX in media

Cell viability

• Raman peak (▼: C-C sp3 in PTX) was increased with
increasing PTX content in PTXx@HAp

A → F : Increase nanoparticle concentration
a → g : Increase PTX concentration

**

**

PTX concentration

• PLA@HAp showed no significant difference
in cell viability compare with Control
→ PLA/HAp core-shell nanoparticle is
uninfluential to 4T1 cell viability
• PTXx@HAp showed significantly lower cell
viability compare with Control and PLA@HAp
→ PTX successfully delivered to 4T1 cells
• PTXx@HAp showed significant lower cell
viability compare with same PTX
concentration in medium
→ PTXx@HAp nanoparticles were attached
and/or inside of 4T1 cells, and PTX
concentration around the cells may be
larger than ‘PTX in medium’.

CONCLUSION
 PTXx@HAp was successfully prepared with 75 nm size → passive targeting via EPR effect
 PTXx@HAp was cytotoxic against cancer cells → pH sensitivity of the HAp shell

REFERENCES
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4T1
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PTX5.0@HAp
PTX in medium
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Intensity

PTX5.0
@HAp

Culture with PTXx@HAp nanoparticle or
PTX in medium for 48h

▼

• PLA and HAp was confirmed from XRD, FT-IR, Raman
Sample code

• Widely used
anticancer agent 5)
• Poorly soluble
in water
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PTX5.0
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▼

# # #

Model drug in present work

PTX2.5@HAp

PTX1.0
@HAp

#

• Expected to show enhanced permeability
and retention (EPR) effect 4)
→ Facilitate passive targeting to tumor
tissues

PTX1.0@HAp

▼

#

(50-200nm)

Resuspend
(2 mg/mL in H2O)

PLA@HAp

#

(pH of tumor tissue : weakly acidic at 6.5)

Nanoparticle

(Remove supernatant)

• Excellent biocompatibility
• pH-sensitivity 3)
→ High solubility in acidic environment
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Aging 72h
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HAp
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• Loading capacity (LC)
→ 250 % of hydrophobic drug 3)
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• Load-ability of water insoluble drug

: (PO4) group
: PLA
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PLA
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12mM PO43-(aq) solution

• Biodegradable polymer
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+
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groups

XRD
: HAp

PTX
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PLA
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Preparation of PTX-loaded PLA/HAp
core-shell nanoparticles
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PLA
core

100 μm

#

with
predominantly
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HAp
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@HAp
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#

Poly(lactic acid)/hydroxyapatite
core-shell nanoparticle (50-200 nm) 2)

PTX
PLA

PTX1.0@HAp
PTX2.5@HAp

PTX concentration in PTXx@HAp calculated
from nominal amount in nanoparticles

**

HAp

Control
PTX1.0
@HAp

70.7 ± 1.4 nm

METHOD

(HAp)

PLA

PTX5.0@HAp

PLA

4T1 cell viability culture with PTXx@HAp nanoparticles

Raman

#

Cause serious side-effects1)

core-shell nanoparticles
and investigation on the
in vitro properties

PTX

Intensity

Requires dissolve in ethanol
and polyoxyethylated castor oil

Structure of PTXx@HAp nanoparticles

Preparation of

PTX-loaded PLA/HAp

# : p < 0.01 vs Control

• 1/3 of existing and 40% of newly developed drug
• For administration to patients

RESULTS
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Highly efficient propagation of coral tissues
using bone regeneration techniques
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Introduction
➢ Roughly one-quarter of coral reefs worldwide are already considered
damaged beyond repair, with another two-thirds under serious threat. Up to
now, several restoration techniques of corals such as fragmentation, farming,
Biorock have been developed for such issues in the past few years.
Coral fragment

μCT

TiO2

The purpose of this work was explore a highly efficient method of coral
propagation using TiO2 coated substrates as scaffolds which was expected
to have good tissue compatibility for various organisms.

➢ The
separated
polyps
preferentially adhered to the TiO2
surface and expanded vigorously.
➢Twenty-four hours after sowing
the polyp, the resonant frequency
decreased and the resonant
resistance began to increase.
➢ This might be due to the
adhesion and expansion of the
polyps to/on the substrate.
➢In the FR plot, a microscope was
used to capture the vigorous
expansion of the titanium oxide
film from 24 hours to 36 hours.

Fig.2 Seed polyps and change resonance
frequency and resonance resistance over time.

24 h

28 h

32 h

36 h

➢Methods

Fig.3 F-R diagram in Figure 3 and polyps
observed over 24 to 36 hours.

Fig.4 Adhesive behavior of polyps

Conclusion
➢The corrected polyps were seeded on TiO2 coated substrates. The films
were fabricated by the anodisation of Ti, Or the conventional RF
sputtering using Ti target.

Results
➢Figure 1 shows polyps bail-out rection due
to an increase in salinity.
➢The connective tissue of polyps gradually
thinned, and then were eventually
disconnected.
➢The polyps were isolated and swam, and
the naked skeleton was exposed.

The highly efficient method of coral propagation using TiO2 coated substrates as
scaffolds was investigated. The following conclusions were reached
1. The polyps were isolated from the skeleton by the environmental stress with
controlling salinity which is without the use of enzymes or other chemicals.
2. The separated polyps preferentially adhered to the TiO2 surface and
expanded vigorously.
3. The adhesion process of polyps on substrates could be detected by means of
QCM technique.

Refernce
Fig.1
Fig.1 Polyps that bail out of the skeleton

[1] Sammarco P.W. Mar. Ecol. Prog. Ser. 1982; 10: 57‒65.
[2] Fordyce A.J. et al. F1000Research 2017; 6: 687‒696.
[3] Kang H.W. et al. Analytica Chimica Acta 2012; 171-172: 154‒161.

Tuning Anti-tumor Immune Responses by Adjusting Size
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Statement of Purpose:

Result 4: Longer HA rods prolong antigen retention and

Adjuvant is important to enhance and shape the type of antigen- promote immune cell accumulation around the injection site
specific anti-tumor immune responses, thus is essential for cancer
vaccine. In previous work, we have clarified that ceramic particles
such as mesoporous silica, hydroxyapatite (HA) function as an
adjuvant for cancer immunotherapy, which induce anti-tumor
immunity. However, it was not clear how physical properties such
as particle shape, size, and porosity affect the adjuvant capacity of
anti-tumor immunity. Herein, the size-dependent immune
response of an inorganic adjuvant was clarified.

Result 1: Tailoring synthesis of HA rods with adjustable
length

Result 5: HA rods with medium size exhibit best anticancer
immunity in mice

Result 2: Shorter HA rods facilitate cellular uptake of
loaded-antigen by BMDCs and BMDCs maturation

Scheme: Mechanism of an Immune-Targeted Delivery
System toward Cancer Immunotherapy

Result 3: Shorter HA rods facilitate the delivery of antigen
by BMDCs into the lymph nodes

Conclusions: Short HA rods with length 100 nm-500 nm
promote antigen uptake and DC maturation. Long HA rods
with length 500 nm-10 μm prolong antigen release and
increase DC accumulation around injection site. HA rods with
length of 500 nm take the advantages of both short and long
rods, showing best anti-cancer immunity.
Acknowledgements: This study was supported in part by
AIST, JSPS KAKENHI Grant Numbers 17K01399,
26750162, and Nippon Sheet Glass Foundation for Materials
Science and Engineering.
The figures in this presentation were reproduction with
permission from ACS (ACS Nano 2019, 13, 7705−7715).
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Background

Cancer Cell Specificity and Anti-Cancer Efficacy of Magnetoelectric Silica Drug Nanocarriers used for ON-Demand Drug Delivery

1. Swaminathan et. Al. Cancer Res 71, 5075-80 (2011)

120%
100%

Magnetoelectric Silica Nanocarriers (Mag-E-Si-Ns) as ON-Demand Drug Delivery Vehicles

(b)

Figure 2. Schematic
illustration of the addition of
free drugs and drugs
conjugated to magnetoelectric silica nanoparticles
(MagSiNs) to normal and
cancer cells. “A” represents
doxorubicin, and “B”
represents diphyllins, which
are both chemotherapeutic
drugs. These drugs were also
added as a 50:50 mixture.
These drugs were then
conjugated to the MagSiNs
Electroand
incubated with the cells
while exposed to a permanent
Figure 2. Schematic illustration of the workflow for the addition
of free is not
magnet, Illustration
drugs and drugs conjugated to Mag-E-Si-Ns, to normal control
scaled.cells and to

cancer cells. “A” represents doxorubicin (Dox) and “B” represents
diphyllins (Diph). These drugs were added as a 50:50 mixture in coformulations. Two doses of the drug molecules tested were 20 nM and 500
nM. Magnetic fields were used to target Mag-E-Si-Ns to cancer cells and
for drug release in cancer cells. Illustration is not to scale.

Cell Viability Assay to Assess Cancer Cell Killing Efficacy of Mag-E-Si-Ns Delivered Drug Therapeutics
HUVEC (Control): Drugs@Nanoparticles (Drugs@NPs), Permanent Magnet, AC Magnetic Field
Dox (500 nM)@NPs

Diph 500 nM@NPs

(Dox500nM + Diph
500 nM) @ NPs

No Drug Addition
(Control)

(a)

MDAMB231
100%

100%

+

88%

80%
Diphylin

Dox

60%
38%
40%

29%

29%

20%
2%

4%

28%

9%

Figure 4: LIVE/DEAD cell
viability assay of
MDAMB231 and HUVECs
demonstrate the enhanced
anticancer efficacy of Dox
released form magnetically
directed [Dox+Diph]@MagE-Si-Ns. Combined
formulations of [Dox+Diph]
delivered on Mag-E-Si-Ns
were 10x to 19x fold times
more effective in killing
cancer cells than free drug
formulations of the same
dosage of [Dox+Diph].

0%
20 nM (Dox &
Diph) (free)

500 nM (Dox & 1000 nM (Dox &
Diph) free
Diph) free

20 nM (Dox &
Diph) from
MagSiNs
Mag-E-Si-Ns
Combinatorial Drug Dosages

500 nM (Dox&
Diph) from
MagSiNs
Mag-E-Si-Ns

1000 nM (Dox &
Diph) from
MagSiNs
Mag-E-Si-Ns

Enhanced Anti –Cancer Efficacy of Magnetoelectric Silica Nanocarriers is Dependent on External Magnetic Field
100%

Figure 5: LIVE/DEAD cell
LIVE/DEAD Assay on MDAMB231
viability assay of MDAMB231
demonstrated the need for the
Yes Magnetic Field
73%
external magnetic field to
enhance cancer cell permeation
75%
and maximize intracellular
No Magnetic Field
drug delivery from
[Dox+Diph]@ Mag-E-Si-Ns.
Combined dosages of
50%
39%
[Dox+Diph] delivered on Mag38%
E-Si-Ns in the presence of an
external magnetic field were 2x
22%
fold
times
effectiveand
in
Figure 5. Bar graph of live HUVEC and A2780 cells versus dead cells for slides exposed to 20 nM each of free drug formulation of doxorubicin and diphyllin.,
20 nM
eachmore
of doxorubicin
diphyllin released from MagSiNs, 20 nM each of doxorubicin and diphyllin released from folate conjugated MagSiNs that were magnetically directed to the cells
and 20
nM each
of doxorubicin
killing
cancer
cells
than
25%
and diphyllin released from folate conjugated MagSiNs, without any magnetic field direction to the cells. Total incubation time before LIVE/DEAD assay was [Dox+Diph]
48 hours for alldosages
formulations.
Drugdelivered
conjugated to nanoparticles were released by means of an alternating current magnetic field exposure for 10 hours. When doxorubicin or diphyllins were released from the folate conjugated
on Mag-E-Si-Ns in zero
MagSiNs, they were 2x more toxic to cancer cells than normal control HUVEC cells. Folate conjugated MagSiNs loaded with drugs were also 3x more cytotoxic to cancer cells than formulations
magnetic
field.
that lacked a folate tag. The biggest advantage of the MagSiNs formulation was increased cytotoxicity to metastatic cancer cells while making traditionally toxic
doses of chemotherapeutics
7x

% Dead Cells

(a)

Figure 1. High-resolution
transmission
electron
transmission
electron microscopy
microscopy images
images of silica capped Cobaltexemplarily showing silica
ferriteCoFe
nanoparticles
with a
capped
2O4
magnetic core
piezoelectric
nanoparticles
with and
a
magnetic
coremagnetoelectric
and
shell. The
silica
piezoelectric
shell. These
drug nanocarriers
were designed to
were designed to
electroporate cancer cell
electrically interact with the
membranes specifically in the
cancer cell’s membrane.
presence of an external magnetic
field. Once it has permeated into
the cell, an alternating magnetic
field causes the electrostatic bonds
to the drug molecules to stretch
and break, thus releasing the drug
inside of the cell. Scale bars =
5nm in (a) and 20nm in (b).

HUVEC
100%

73%
% Dead Cells

We intend to target non-targetable cancer cells by tuning, the magnetic field induced force exerted by label-free magnetic nanomaterials at the cell membrane
interface to selectively permeabilize the more compliant cancer cell membranes but not the stiff cell membranes of healthy cells.
Systemic delivery of chemotherapeutics is toxic to all cells but more so to cancer cells due to the high metabolic rate of cancer cells. Targeted drug delivery
using antibody tagged drug carriers reduce the dosage required to kill cancer cells and thereby mitigate the toxicity associated with systemic drug delivery. But
the lack of unique targetable biomarkers on aggressive cancer cells such as triple (3º) negative breast cancer makes targeted drug delivery options a non-starter.
But with the recent advances in biophysics, it is well documented that cancer cells have significantly different cell membrane stiffness in comparison to healthy
cells. Cancer cell membranes are less stiff, more compliant and the cells as a whole are easily deformable.1 The difference in membrane physical properties can
be exploited by applying a force that is above the threshold required to permeabilize the cancer cells, but the force is still below the threshold required to
permeabilize normal cells..
The cancer cell permeabilization and cancer cell-specific drug delivery have been validated in vitro in our studies.

more biocompatible with normal non-cancerous cells. This allows for administration of multiple drug dosages over time with lessside-effects.

0%

Total
Cells

20 nM Dox & 20 nM Diph from Mag-E-Si-Ns
500 nM Dox & 500 nM Dip from Mag-E-Si-Ns
Combinatorial Drug Dosage

Vacuolar-ATPase Pump Inhibitor Diphyllin Inhibits ATP usage

Synergistic Therapeutic Effect of Dox with Diph at Dose> 1mM
88%
73%

63%

% Dead cells

Dead
Cells

77%

MDAMB231 (Experimental): Drugs@Nanoparticles (Drugs@NPs), Permanent Magnet, AC Magnetic Field
Dox (500 nM)@NPs

Diph 500 nM@NPs

(Dox500nM + Diph
500 nM) @ NPs

No Drug Addition
(Control)

Treatment Groups

(b)

= 500 nM (Dox & Diph) (on Mag-E-Si-Ns + magnetic direction)
= 500 nM Dox (on Mag-E-Si-Ns + magnetic direction)

Total
Cells

Dead
Cells

Figure 3. (a) Total cells (green channel) versus dead cells (red channel) for normal, control Human Umbilical Vein Endothelial Cells (HUVEC) in chamber
slides exposed to drugs (doxorubicin or diphyllins, or a combination of both) released from the surface of the Mag-E-Si-Ns drug carriers. Additionally, these
slides were incubated and exposed to a permanent magnet for 24 hours, and then an alternating current magnetic field (A.C. mag field) for 10 hours. The
live/dead assay was performed 48 hours after initial drug exposure. (b) Live versus dead cells for MDAMB231 cells, a triple negative breast cancer cell line,
exposed to the drug-conjugated nanoparticles a permanent magnet for 24 hours, and an AC mag field for 10 hours. Cell survival was tested 48 hours after
initial drug exposure.
Dose dependent cell death was seen when 500 nM each of doxorubicin or diphyllins or a combination of both were released from the Mag-E-Si-Ns. The
cancer cell specificity of the Mag-E-Si-Ns is visually evident from the cell death of the cancer cell population when exposed to 500nM of doxorubicin or
diphyllins or doxorubicin + diphyllins. Additionally, it can be seen that the control cell line, HUVEC, experienced less than 30% cell when exposed to the
same concentrations (500 nM) of drugs. Annexin V staining did not show any apoptotic cells at the endpoint. Scale bar = 100 micrometer

Figure 6: ATP assay was used to determine that release of
Diphyllin from Mag-E-Si-Ns resulted in reduced utilization of
ATP by cancer cells. This confirmed that Diphyllins released
from Mag-E-Si-Ns do retain their ability to inhibit vacuolarATPase (V-ATPase) proton pumps by hampering ATP uptake by
the proton pumps. V-ATPAse pumps are crucial for degrading
the collagen surrounding cancer cells thus allowing them to
metastasize. Diphyllins by inhibiting the V-ATPase pumps have
the potential to be an anti-metastatic chemotherapeutic.

= 1000 nM (Dox & Diph) (on Mag-E-Si-Ns + magnetic direction)
= 1000 nM Dox (on Mag-E-Si-Ns + magnetic direction)
Figure 7: [Dox+Diph] released from Mag-E-Si-Ns had a synergistic anticancer effect at dosages>500 nM. A dosage of 1000 nM of [Dox+Diph]
released from Mag-E-Si-Ns killed 25% more MDAMB231 cells as
opposed to 1000 nM of Dox alone released from Mag-E-Si-Ns.

Diphyllin Inhibits Metastatic Capability of Triple Negative MDAMB231 Cells in Trans-well Migration Assay
Control Group MDAMB231 40 nM Diphyllin treated
MDAMB231

% invading cells = 28%

Figure 8: Trans-well migration assays from corning were used to assess the antimetastatic capability of 40 nM Diphyllin released from Mag-E-Si-Ns, 4h post
magnetic field exposure. Even at this low dose diphyllin reduced MDAMB231
invasion by an astounding 72% in a 16 hour time period. This correlates well with
our ATP assay data in figure 7 where we noted that diphyllins released from MagE-Si-Ns inhibited ATP utilization by cancer cells.
Conclusion: This leads us to hypothesize that Diphyllins released from Mag-ESi-Ns can be used complementarily at a low dose(<40 nM) to prevent tumor
metastases during chemotherapeutic tumor debulking. Mag-E-Si-Ns bound
Diphyllins and Doxorubicin in combination at a high dose (>500 nM)can
synergistically kill cancer cells as well as prevent cancer cell metastasis.
Our next step is to confirm our hypothesis in a mouse in vivo model.

The authors would like to thank BIPH Discovery Fund, ACS-IRG, Indiana CTSI for the the financial support for this project. We would like to thank the Woodward Family for the summer 2018 fellowship
of Margo Waters. We would also like to thank Prof. Holly Goodson, Drs. Ian Lightcap and Yueying Liu of the Harper Cancer Research Institute for the technical assistance to make this project possible.

Dynamic Mineralization: Multidirectional, Low-Temperature, and Rapid Process to
Deposit Hydroxyapatite Microfilms on Polyether-Ether-Ketone for Osseointegration
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Statement of purpose
• Chronic lower back pain is the leading cause of disability in the world[1].
• Spinal fusion is a common procedure to treat the disease[2].
• Hydroxyapatite coatings are used to enhance the osseointegration of
intervertebral spacers used in spinal fusion.
• Coating strategies are typically unidirectional, high-temperature, or require
extended incubation.
• Additively manufactured intervertebral spacers with complex structural features
represent a paradigm shift (Fig.1) in the field and the functionality of coatings
could be greatly enhanced by the incorporation of biologics.

Results
Morphology
a)

b)

c)

20 μm

5 μm

1 μm

Fig. 3: SEM micrographs (planar) of uncoated PEEK-OPTIMATM and coated PEEK-OPTIMATM HA. a) Undulations on roughened
surface; b) Coating comprised of rosette clusters; c) Rosette clusters comprised of nanoplatelets and adjacent voids .
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Fig. 4: a) SEM micrographs of the coating on PEEK-OPTIMATM in planar view showing undulations that mirror the roughened substrate; b) Cross
section view of the coating on PEEK-OPTIMATM ; c) Strong correlation between Ra of uncoated and coated surface of samples (PEEK-OPTIMA™ HA
and PEEK-OPTIMA™).

To develop a coating method that is simultaneously multidirectional,
low-temperature, and rapid.

Methods

Fabrication
• Precursor CaCO 3 layer (Fig. 2):
• A base layer of CaCO3-NP is deposited on polyether-ether-ketone substrates
with and without embedded hydroxyapatite particles (PEEK-OPTIMATM HA
and PEEK-OPTIMATM) by convective self-assembly (CSA) at 130°C.
• The base layer is then cold-sintered by immersion in supersaturated
Ca(HCO3)2[4] at 130°C for 10 min to induce heterogeneous nucleation and
growth of CaCO3 on the coated substrate.
• Final hydroxyapatite coating (Fig. 2):
• The precursor CaCO3 layer is converted to carbonate apatite by dissolutionrecrystallization processes in phosphate buffered saline (PBS)[5].
Precursor CaCO 3 layer
Convective self-assembly Cold-sintering

Final hydroxyapatite coating
Dissolution-recrystallization
PBS

CaCO3-NP

Ca(HCO3)2

Fig. 2: Coating process

Characterization
• Scanning electron microscopy (SEM) was performed to assess the morphology
and thickness of the coating.
• X-ray diffraction (XRD) was used to determine the phase composition.
• X-ray photoelectron spectroscopy (XPS) and Fourier Transform Infrared
Spectroscopy (FTIR) was used to determine the calcium-to-phosphorus (Ca/P)
ratio and chemical composition.
• Scratch test was used to determine the tribological properties of the coating.
Acknowledgments
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• XRD patterns indicated that the coating is
comprised of carbonate apatite[3].
• XPS spectra indicated that the calcium-tophosphorus (Ca/P) ratio of coated PEEKOPTIMATM HA and PEEK-OPTIMATM were 1.6[3].
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Fig. 1: Percentage breakdown of FDA 501(K) regulatory clearances for intervertebral spacers[3]
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detected on the coated sample.
on soft substrates[6][7]

Conclusions
• A contiguous and conformal coating of carbonate apatite was formed by a process that is simultaneously
multidirectional, low-temperature, and rapid.
• The coating is comprised of nanoplatelets of carbonate apatite comparable to bone mineral. The nanocrystalline
coating also encapsulates the substrate.
• The coating’s nanostructure exhibits outstanding tribological performance to withstand frictional stresses
characteristic of the spacer implantation process (an order of magnitude higher than comparable wet chemical
and low-temperature techniques).

Significance
• The low-temperature technique enables the incorporation of antimicrobial and osteo-inductive biologics to
address key causes of implant failure: prosthetic infection and non-union.
• Versatile technique suitable for different substrate types
• Flexibility to form hydroxyapatite or carbonate apatite by tailoring PBS concentration.
• Hydroxyapatite clinically relevant, whereas carbonate-rich hydroxyapatite is bioresorbable by osteoclasts

Design of Biomaterials to Modulate Inflammation
Kam W. Leong
Department of Biomedical Engineering, Columbia University, New York, NY 10032

Statement of Purpose: Inflammation plays an important role in responding to danger signals arising from damage to our body
and in restoring homeostasis. Controlling the inflammatory response is a major strategy in managing diseases such as cancer,
autoimmunity, and wound healing. While conventional drug therapies are the norm in tackling inflammation, biomaterials are
increasingly proposed to join the battle. Through drug delivery strategies, biomaterials potentiate the efficacy of antiinflammatory drugs by improving bioavailability and diminishing side-effects. Applied in inhibitory or scavenging strategies,
they reduce inflammation by removing the pro-inflammatory factors. For instance, the scavenging approach may be applied
to inflammatory diseases such as rheumatoid arthritis, psoriasis, multiple sclerosis and systemic lupus erythematosus, which
are increasingly linked to inappropriate and chronic activation of inflammatory cells. A central event in the pathogenesis of
these diseases appears to be an aberrant activation of innate immune sensors, most prominently the Pattern Recognition
Receptors (PRRs), by nucleic acids that are released from dead and dying cells. In this presentation, I will discuss the application
of nucleic acid-binding polymers in the configuration of either soluble polycation or cationic nanoparticle to scavenge these
nucleic acids as a molecular strategy to combat inflammation .
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M1 Macrophages Attenuate Hepatocellular Carcinoma (HCC) Progression
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Background and Aims: We reported that direct
injection of M1 macrophages significantly caused
tumor regression in vivo1. However, a major limitation
in translating this approach is the induction of acute
inflammatory response. To improve the strategy, a
biocompatible scaffold for cell presentation and spatial
localization is essential to control cell fate. Here, we
aimed to elucidate the anti-tumor effects of a
poly(ethylene glycol) diacrylate (PEGdA) and thiolated
gelatin poly(ethylene glycol) (Gel-PEG-Cys) crosslinked hydrogels capsulated with M1 macrophages in
both in vitro and in vivo disease models.

Increased tumor necrosis was observed in DWC filled
with M1 hydrogels2. In addition, mice treated with M1
hydrogels exhibited a significant 2.4-fold decrease in
signal intensity of subcutaneous HCC tumor compared
to control (P=0.036) 2.

Methods 2: Hydrogels were made at 0.5% (w/v)
Iragcure 2959 photoinitiator, 10% (w/v) PEGdA, and
10% (w/v) Gel-PEG-Cys. Monocytic THP-1 cells were
loaded into hydrogels and differentiated into M1
macrophages with LPS and IFN-γ. The M1 hydrogels
were then cocultivated with HCC cell-lines Hep3B and
MHCC97L to investigate the anti-tumor capacities and
the associated molecular profiles in vitro. A nude mice
ectopic liver cancer model with dorsal window
chamber and a subcutaneous tumor model were
performed to validate the in vivo application of M1
hydrogels.

Conclusion: M1 hydrogels induced apoptosis in HCC
cells and tumor regression in vivo.Continuous
development of the scaffold-based cancer
immunotherapy may provide an alternative and
innovative strategy against HCC.

Results2: M1 hydrogels significantly decreased the
viability of HCC cells (MHCC97L: -46%; Hep3B: 56.9%; P<0.05) compared to the control in vitro2. In
response HCC cells, the hydrogel embedded M1
macrophages up-regulated nitrite and TNF-α activating
caspase-3 induced apoptosis in the tumor cells.

References: (1) Yeung WHO et al. J Hepatol 62; 60716. (2) Guerra et al. Theranost 2017; 7; 3732-44. This
is an encore presentation of 2021 SFB conference.

In vivo evaluation of macrophage polarization in response to raspberry ketone-loaded chitosan membranes
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Statement of Purpose: Electrospun chitosan membranes
(ESCM) have potential for guided bone regeneration in
alveolar defects with insufficient bone volume for
subsequent restorative therapies[1]. The nanofiber structure
of ESCMs provides advantage of increased surface area for
local drug delivery to stimulate healing. One strategy to
stimulate healing is to modulate the inflammatory response
to facilitate the transition from pro-inflammatory
macrophages (M1) to pro-healing macrophages (M2).
Raspberry ketone (RK) is a natural phenolic compound
that has exhibited potential to facilitate transition of M1 to
M2 of cultured macrophages [2]. This study locally
delivered RK to a bone defect site using ESCMs. It was
hypothesized that RK loaded-ESCMs enhance the healing
process by stimulating the transition of macrophages from
M1 to M2 phenotype. To test the hypothesis, macrophage
polarization in response to RK loaded ESCMs was
evaluated using a rat calvarial defect model.
Methods: Membranes were electrospun using 70% DDA
chitosan as reported [3]. ESCM, 5 mm-diameter, were
loaded with 0 (control), 100 or 500 μg RK, and implanted
in 5mm diameter rat calvarial defects. Each animal was
implanted with two ESCMs, one ESCM loaded with RK
and one control. Eight rats (n=8) were implanted per each
test group/time point. ESCM and surrounding tissues
were harvested at 1-, 2- and 4-wks post implantation,
anaylzed by microCT for percent bone fill (Scanco
μCT40) and then embedded and sectioned sagittally.
Serial sections were immuno-histochemically stained for
markers including CD68 as a PAN macrophage marker,
iNOS for M1 and CD206 for M2. Images of stained
sections were acquired at 20X using the stitching function
of CellSens software on an Olympus BX63 microscope
and analyzed for amount of staining using NIH Image J
software. Analyses were performed blinded. Two-factor
ANOVA followed by Holm-Sidak post-hoc (α =0.05).
Results: Statistical analyses indicated there were
significant differences in staining for all 3 markers over
time (p<0.006) and there were no significant interactions

between treatment and time factors (p>0.6). As shown in
Figure 1, there was an increase from 1 to 2 wks and then
significant decrease from 2 to 4 wks in CD68+ staining
reflective of resolution of inflammation though no
statistical differences between groups were noted. At 1wk post implantation, the area stained for iNOS+ was
more than 3-fold greater than CD206+ for all groups
reflective of initial inflammation. At 2-wks, iNOS+
staining remained high for control and 500μg RK group
while 100μg RK group exhibited lower staining indicating
decreased inflammation. Coincidentally, there was an
increase expression of M2 marker for all groups at week 2
indicating shift from inflammation to tissue healing, with
100μg RK group exhibiting significantly greater CD206+
staining than control (p=0.04). By week 4, there was a
significant decrease in iNOS+ staining for all groups.
There was almost 7X more CD206+ than iNOS+ staining
in the 100μg RK group whereas control and 500 μg RK
groups, CD206+ staining was only ~2X iNOS+, though no
statistical differences between groups were detected. It is
reported that greater expression of M2 phenotype
positively affects osteogenesis [4]. The greater expression
of M2 also correlated to microCT analyses that showed
significantly more bone fill, relative to 0μg RK controls,
treated with 100μg RK ESCM (22±19%) as compared to
500μg RK ESCM (-4±26%) at 4wks (p=0.04).
Conclusion: This study demonstrated that RK plays a
role in modulating inflammatory response, and RK effects
maybe dose dependent. These results indicated that
ESCM with 100μg RK facilitated M1 to M2 transition in
comparison to ESCM with 500 μg RK or controls. Thus,
RK shows promise for promoting bone healing.
Acknowledgement: NIH Grant #R01 DE026759 and the
Biomaterials Applications of Memphis (BAM) Laboratories at the
University of Memphis and UTHSC-Memphis, Memphis, TN.
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Figure 1: The percentage of area positively stained by macrophage markers for different treatment groups at different time points. Data represent mean ±

standard error. The solid lines indicate differences between time points for the groups, and dotted lines indicate differences between groups at different time
points.

Succinate based Adjuvant-less Cancer Vaccine Modifies Immunometabolism and Prevent Melanoma Growth in Mice
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Introduction: Numerous intracellular as well as
extracellular signals regulate dendritic cell (DC)
metabolism with multiple metabolic pathways being
integral for its survival, growth and functions. These
activated DCs play a vital role in helping mount a robust
response, essential in vaccine-mediated tumor responses.
Hence, direct targeting of DC metabolism can be
considered a viable strategy to increase the
immunogenicity of cancer vaccines.
Adjuvants –
important component of cancer vaccines, are also able to
directly modify DC metabolism leading to immune
activation increasing vaccine efficacy. However, in the
past 100 years, only five adjuvants have been tested in
humans, due to unknown toxicity profiles. Therefore,
providing metabolites that are able to modulate these
pathways instead of adjuvants, can potentially be a
preferred alternative to adjuvants and lead to better control
of immune activation. We hypothesize that, DC activation
by direct delivery of metabolites along with an antigen can
cause significant DC activation to prime antigen specific T
cells for mounting a robust immune response against
cancer. Herein, we report an adjuvant-less vaccine strategy
using succinate, a vital central-carbon metabolite in TCA
cycle, that is able to activate DCs and subsequently
upregulate antigen specific T cells (TC1 and TC17) in
melanoma (B16F10) mouse model.

Moreover, cell surface activation indicators like
upregulation in costimulatory markers (MHCII+CD86Hi)
and increased pro-inflammatory cytokine production
(TNFa, IL-12) were observed, in vitro. Interestingly,
administration of TRP-2 peptide (without any adjuvant)
along with the succinate based microparticles led to
significant reduction of subcutaneous melanoma tumor
(B16F10) growth leading to increased survival in
immunocompetent mice for up to a month. Furthermore,
among tumor infiltrating T cell populations, a 3-fold
increase in Tc17 population along with significant
downregulation of Tregs and proliferating Tregs was
observed.

Methods: Metabolite-based polymeric particles were
generated by oil in water emulsions. These particles were
characterized using dynamic light scattering (DLS),
scanning electron microscopy (SEM), nuclear magnetic
resonance (NMR) and release kinetics. Seahorse assay
determined the extracellular acidification rate (ECAR) and
oxygen consumption rate (OCR) of dendritic cells (DCs) in
presence of glutaminase inhibitor (CB839) and the
synthesized microparticles. Flow cytometry and enzymelinked immunosorbent assay (ELISA) determined the
modulation of DCs and adaptive immunity by
microparticles in vitro. Immunocompetent mice were
injected with B16F10 melanoma cells and treated along
with TRP2 (antigen against melanoma). On day 16, lymph
nodes, tumor and spleen were harvested and used for
further immunological studies.
Results: Succinate-based polymers were synthesized and
subsequently formed into polymeric-microparticle (1-3
µm) for efficient cellular delivery. DCs readily
phagocytose these microparticles and significantly
changed the intracellular metabolite profile as observed by
the metabolomics studies as compared to other groups.
Notably, these particles also upregulated glycolysis and
mitochondrial respiration in bone marrow derived DCs
(BMDCs), as observed by up-regulated extracellular
acidification rate (ECAR) and oxygen consumption rate
(OCR) suggesting higher DC activation (Figure 1).

Conclusion: DC modulation by direct delivery of
metabolites along with an antigen can cause significant DC
activation. These results demonstrate that succinate based
microparticles, in absence of any adjuvants are capable of
activating immune system in mice and is a viable strategy
against melanoma.

Controlling Microbial Infections by Submicron Textured Biomaterial Surfaces
Christopher A. Siedlecki1,2, Li-Chong Xu1.
1
Department of Surgery, 2 Department of Biomedical Engineering,
The Pennsylvania State University, College of Medicine, Hershey, PA 17033.
Statement of Purpose: Biomaterial infections associated
nm, except for Pattern 2 where pillar the diagonal was
with implantable medical devices are the most common
1012.7±25.9 nm. Pattern 4 yielded the smallest effective
cause of healthcare-associated infections. Bacterial
surface area fraction (24.8%) while Pattern 1 had largest
colonization and biofilm formation on surfaces is central
at 36.6%. All materials were hydrophobic with increasing
to the processes of device associated infections. Biofilm
contact angles for textured surfaces due to entrapped air.
formation confers broad protection to bacterial inhabitants
S. epidermidis RP62A adhesion is shown in Figure 1.
from antimicrobials and the immune response, and it is
Similar results were seen for S. aureus Newman.
difficult to treat biofilms by antibiotics alone.
Significant reductions in bacterial adhesion were seen on
Interdisciplinary efforts have focused on developing new
textured surfaces compared to smooth surfaces (p<0.001),
biomaterials for combatting infections by reducing
with the greatest reduction seen on the pattern with the
biofilm formation. Here, we focus on submicron pillar
smallest surface area fraction, and increasing adhesion
patterns and adhesion/colonization of Staphylococcal
with increasing effective surface area fraction.
strains as these are the most commonly diagnosed
Large biofilms were observed on smooth surfaces for
microorganisms in health care-associated infections. We
both strains while only small patches or clusters were
designed a series of pillar patterns varying in size,
seen on textures, suggesting texturing inhibited biofilm
spacing, height, and shape, and fabricated patterns on
formation. Analysis of biofilm also shows that textures
polyurethane biomaterial surfaces. By analysis of surface
most likely to have pillar collapse show large films.
topographic features and bacterial adhesion/biofilms, a
relation between topography properties and bacterial
A
responses is seen that may provide rationale for design of
polymer surfaces for antifouling medical devices.
Methods: Textured surfaces consisting of ordered arrays
of pillars with dimensions smaller than bacteria were
produced in a poly(urethane urea) (PUU) using 2 stage
replication molding. These textured patterns reduce
surface contact area between cells and surfaces. Both
square and round pillars were uniformly distributed on
surfaces. Square shape pillars include: Pattern 1=
500/300/500, Pattern 2 = 700/700/300, and Pattern 3 =
500/500/600 nm, and round shape pillars are: Pattern 4 =
400/400/600, Pattern 5 = 500/500/600 nm (D/Sr/H)
Figure 1. Adhesion of S. epidermidis to textured films.
Smooth control samples were prepared by replication
molding from a smooth Si wafer. Textured surfaces were
Conclusions: Polyurethane biomaterials textured with
characterized by AFM and water contact angle.
ordered arrays of pillars in a variety of submicron size
S. epidermidis RP62A and S. aureus Newman were
patterns increase surface hydrophobicity due to air
cultured overnight, collected by centrifugation, retrapped in spaces between pillars and present reduced
suspended in PBS, concentration measured at OD600 nm
surface contact area, significantly reducing adhesion of S.
and then adjusted to a 1×108 cfu/ml for adhesion
epidermidis and S. aureus and inhibiting biofilm
experiments. Adhesion was performed in petri dishes with
formation. Among the textured patterns, the 400/400/600
10 mm PUU samples. Three replicates of each texture
nm pattern had the lowest fractional surface area coverage
were tested at 37°C for 1 h with 90 rpm shaking. After,
and also exhibited the lowest bacterial adhesion. Patterns
solutions were replaced with 40 mL PBS 5× to remove
with dimensions of 500/500/600 nm were the most
non-adherent cells and fixed in 2.5 % glutaraldehyde 2 h.
efficient in inhibiting biofilm formation for long term
Samples were stained with Hoechst 33258 (Invitrogen)
exposure times, presumably due to pillar collapse after
and analyzed by fluorescence microscopy. Some samples
long term fluid exposure. Surface contact area appears to
were also prepared for AFM tapping mode imaging.
be an important factor influencing bacterial adhesion.
A CDC biofilm reactor was used to assess biofilm.
Design of textured surfaces for reducing biomaterial
Samples were placed into the reactor containing 600 mg/L
associated microbial infection should consider
TSB and inoculated with ~1×107 CFU/mL bacteria at
minimizing the surface contact area such as reducing
37°C, stirring at 150 rpm. After 10 or 14 days, with daily
pillar size and increasing the spaces between pillars, while
supplement of nutrients, samples were prepared for
avoiding pattern defects from either missing pillars or
fluorescence imaging.
collapse of pillars from insufficient mechanical strength.
Results: Pillar geometry was analyzed by AFM. Heights
ranged from 300-600 nm, consistent with designs. All
Acknowledgement: NIH R01 HL153231 and R21
distances between adjacent pillars were smaller than 1000
AI139706.

Immune Response of Decellularized Arterial Scaffolds Implanted in Diabetic and Non Diabetic Rats
Bethany Lefeber, Dan Simionescu, Agneta Simionescu
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Statement of Purpose: Diabetes Mellitus, a major risk
factor for cardiovascular disease, has affected 387 million
people worldwide as of 2014, with numbers rising
steadily.[1] Hyperglycemia and insulin resistance, in
combination with dyslipidemia, oxidative stress, and
inflammation, accelerates vascular diseases such as
atherosclerosis, coronary and peripheral artery disease.[2]
Tissue engineered blood vessels (TEBV) are a successful
tool to help bypass diseased vessels. The use of
decellularization techniques maintain tissue structure and
extra cellular matrix (ECM) components.[3] Renal arteries
were exposed to three different decellularization methods.
These decellularized arteries were implanted in vivo to
compare host immune responses to diabetic and nondiabetic conditions.
Materials and Methods: Decellularization Procedure
Porcine renal arterial branches were exposed to one of three
decellularization methods: 1) 0.05 M sodium hydroxide
(NaOH) solution followed by detergents 50 mM Tris Base,
0.25% Sodium Dodecyl Sulfate, 0.5% 2,5-Dimethoxy-4Chloroamphetamine, 0.5% Triton-X100, and 0.2%
Ethylenediaminetetraacetic Acid (DM1), 2) detergent
solution wash (DM2), or 3) 0.1 M NaOH solution (DM3).
DNase/RNase solutions at 720 mu/ml concentration and
magnesium chloride were combined and added to
scaffolds. Surgical Procedure Sprague Dawley rats were
treated with streptozotocin, creating a diabetic rat model.
Four scaffolds, exposed to the same decellularization
method, were subdermally implanted into the backs of each
Sprague Dawley rat. Blood glucose levels were checked
every two days, with insulin administered as needed. After
three months, rats were euthanized, and scaffolds were
collected. Scaffold Analysis After explantation, scaffolds
were analyzed for host cell infiltration, mechanical
properties, diabetic modifications, and calcification.
Specifically, immune response was observed with
immunohistochemistry
staining
of
CD68
(M1
macrophages), CD163 (M2 macrophages), and CD8 (T
cells). Inflammatory proteins were quantified with Western
Blotting.
Results and Discussion: Histological staining and
analysis confirmed complete decellularization of the
porcine renal arterial scaffolds. Analysis after explantation
confirmed that scaffolds had been repopulated with rat
cells (Figure 1). Further histological analysis confirmed
that inflammatory proteins were present in scaffolds along
with areas of calcified tissue.
Conclusions: The ECM components were maintained in
the vascular scaffold after the decellularization processes.

DM1 and DM2 had significantly greater host cell
infiltration than DM3. Macrophages and T cells were
observed in explants from each group, however, scaffolds
exposed to DM2 had the lowest percentage of total
infiltrated cells express markers for immune cells (Figure
1). Further analysis will need to be completed to determine
the most optimal decellularization method for use in a
diabetic model.
A

B

Figure 1: Decellularized arteries explanted from
diabetic and non-diabetic rats. A) Explants exposed to
DM1, DM2, and DM3 in diabetic and non-diabetic rats
stained with CD68, a marker for macrophage
expression (brown). DM1 and DM2 show higher
number of cells with macrophage markers, while DM2
does not express CD68 in all present cells. B) Explants
from diabetic and non-diabetic rats stained with CD8, a
marker for T cells (brown). Non-diabetic rats showed
lower expression for CD8 as compared to non-diabetic
rats, across all three decellularization methods.
Acknowledgements: This research was supported by the
National Institute of Health (RO1 HL 133303).
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Overview of the Biocompatibility of Tantalum Coatings with Various Tissues
Jessica DeBerardinis*, Brian Williams*, Roger Narayan+
*Ultramet, +North Carolina State University
Statement of Purpose: Currently, many implants and cell
body. There is potential for optimization of the scaffold
scaffolds utilize coatings to improve the biocompatibility
for certain applications by modifying the scaffold
of a conventional material. Tantalum has been identified
geometry (pore size) and by creating textured surface
as a biocompatible material, which can increase
features deposited throughout the structure.
bioactivity and promote cell integration. Using chemical
vapor deposition (CVD), tantalum can be deposited as a
textured surface coating on implants or used to create a
three-dimensional cell scaffold. The application of
tantalum coatings and scaffolds are reviewed.
Tantalum CVD: In the CVD process, tantalum pellets
are heated and chlorinated using chlorine gas carried on
argon and hydrogen. The chlorination results in a
Figure 3. A transcortical foam implant after 4 weeks (left)
tantalum chloride gas that is used to deposit tantalum onto
and 8 weeks (right), demonstrating rapid bone ingrowth
the desired substrate. This is not a sight-limited process,
into the implant.
which means that complex shapes such as open-cell
Textured Tantalum Coatings: Ultramet has partnered
foams can be coated to create cell scaffolds (Figure 1). By
with the University of North Carolina to demonstrate the
modifying the CVD process parameters, such as gas flow
biocompatibility of textured coatings. It was theorized
rates and temperature, textured coatings can be developed
that textured tantalum coatings on conventional implant
with microscale and nanoscale topographical features
materials would enable better implant-tissue mechanical
(Figure 1). CVD tantalum coatings are diffusion-bonded
interlocking. Textured coatings of different thicknesses
to the particular substrates, such as conventional implant
and textures were applied to cobalt-chromium alloy F75.
alloys (Figure 2), thereby eliminating the potential for
These substrates were then evaluated with human bone
delamination.
marrow stromal osteoprogenitor cells (hBMSCs) in
comparison to an uncoated substrate and to tissue culture
polystyrene as controls. Results showed that the coating
with microscale topography had increased cell viability,
cell adhesion, and cell spreading in comparison to coating
with nanoscale features and to the bare alloy (Skoog
2016) (Figure 4).
Figure 1. A tantalum open-cell foam structure that has
been developed for cell scaffolds (left). A textured
tantalum coating (right).

Pure Ta
Diffusion zone

Alloy
A-286

Figure 2. CVD tantalum diffusion-bonded to A286
stainless steel
Tantalum Scaffolds for Cell Growth: CVD tantalum
foam was developed by Ultramet for orthopedic bone
implants, which are approved by the FDA for knee, hip,
spine, oncological, and dental applications (Kaplan 1993
and 1997). It has also been used as a scaffold for ex vivo
growth of cell cultures. The tantalum foam provides a
synthetic scaffold on which the cells can grow and expand
(Figure 3). Tantalum foam provides a biocompatible
surface that promotes cell growth and attachment and is
also a strong substrate that will not break down in the

Figure 4. Increased cell viability was seen in the CVD15
textured tantalum coating, which had microscale features.
Conclusions: CVD tantalum can be used as a
biocompatible coating on conventional implants in
complex geometries with no delamination or spalling, and
to form open-cell foam scaffolds for cell growth. By
modifying the CVD conditions, microscale and nanoscale
surface textures can be created that enhance cell growth,
adhesion, and viability for both applications. Additional
development of textured coatings, such as including
pharmacological depots, can further increase viability and
minimize rejection of biomedical implants.
References: Skoog, SA, JOM, 2016 68:1672-1678.
Kaplan RB, Ultramet Final Report for NIH/NIDR, Grant
1-R43-DE09781-01A1, 1993. Kaplan RB, Ultramet Final
Report for NIH/NIDR, Grant 1-R43-DE09781-01A1,
1997.

Initial Immune Response to Silk Fibroin Hydrogels Modified with a FRET-MMP sensor
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Statement of Purpose: Immune response determines the
fate of implanted materials, and a better understanding of
the response is important for the rational design and
improved functionality of implanted materials. In the
immune response to biodegradable medical materials,
they break down through biological processes, such as
cellular activities and enzymatic reactions. Ideally, these
processes result in the gradual replacement of the
materials by regenerated tissues, without triggering
chronic inflammation or immune antibody production.
Matrix metalloproteinases (MMPs), which are natural
enzymes, may play a role in initiating an immune
response to the materials because the enzymes constitute
the major component of wound exudate [1] and adsorb
onto implanted materials during surgical procedures.
Degummed Bombyx mori silk, i.e., silk fibroin (SF), is
a natural protein polymer, and regenerated SF materials,
such as hydrogels and sponges, are biodegradable and are
widely studied as scaffolds for tissue regeneration. In vivo
studies have revealed that immune cells such as
macrophages play central roles in the immune response to
SF hydrogels on timescales of days, weeks, and months
[2,3]. However, the mechanism of the initial immune
response to SF hydrogels, such as non-cell-based
biodegradation on a timescale of hours, has not been
clarified experimentally.
In this study, we aimed to clarify the activity of MMPs
in and around SF hydrogels implanted in vivo. We
developed a fluorescent resonance energy transfer
(FRET)-based MMP sensor (FRET-MMPS), where an
MMP substrate peptide linked FRET pairs to detect MMP
activity by changing the FRET efficiency (Fig. 1). FRETMMPS was used to modify SF hydrogels, which were
implanted in mice subcutaneously to evaluate the MMP
activity non-invasively [4].
Methods: An expression vector for the FRET-MMPS
was constructed using transgenic Escherichia coli
technique; the cDNA sequence encoding SF heavy chain
repeat-derived (SFHrep) peptide, MMP substrate peptide
(GPLGLWAR), monomeric Kusabira-Orange (mKO)
(donor; Amalgaam), and monomeric Kate2 (mKate2)
(acceptor; Evrogen) from 5´ to 3´ was inserted into
pET30a(+) vector (Novagen). The FRET-MMPS protein
was expressed by the transgenic E. coli and purified with
an Ni- chelate column (GE Healthcare).
SF hydrogels were formed as described previously [3]
with minor modifications. SF aqueous solution, at a
concentration of 6.6% (w/v), was sonicated at 750 W and
20 kHz for 30 s. The sonicated SF aqueous solution was
mixed with 40 μM FRET-MMPS solution at a volume
ratio of 9:1 {final concentrations, 6% (w/v) SF and 4 μM
FRET-MMPS}, which was poured into a threedimensional-printed polylactic acid frame (6 ×6 ×3 mm3)
[2,3] and incubated at room temperature in a humidified

Figure 1. Concept of FRET-MMPS-modified SF
hydrogels to visualize the MMP activity in vivo.
atmosphere, resulting in the formation of pink hydrogels.
FRET-MMPS-modified SF hydrogels formed in the frame
were implanted subcutaneously into BALB/c mice (male;
7 weeks old; 21.7-23.7 g; Japan SLC). At 0 h, 3 h, 6 h, 12
h, 24 h, 3 d, 5 d, 7 d, and 14 d post-implantation, a
fluorescence spectral imaging of the hydrogels was
performed using the Maestro imaging system (CRI) to
quantify FRET signal intensity. At 24 h, 7 d, and 14 d, the
hydrogels were extracted from mice, fixed with 10%
formalin, sliced, and subjected to F4/80 (macrophage
maker) immunostaining.
All recombinant gene and animal experiments were
performed in accordance with the appropriate experiment
guidelines and approved by the committees at the NCVC.
Results: The FRET signal intensity of the FRET-MMPSmodified hydrogel in mice decreased significantly within
3 h post-implantation. A sharp reduction in intensity was
observed over 24 h, and thereafter the intensity decreased
gradually. These results indicate that active MMPs were
in and around the SF hydrogel immediately upon (< 3 h)
hydrogel implantation. In contrast, macrophage
infiltration into the SF hydrogels and hydrogel breakdown
were not observed until 7 d post-implantation.
Conclusions: Within 3 h post-implantation, the SF
hydrogels were surrounded/invaded by MMPs, which
may initiate hydrogel biodegradation. However, this
molecular-level biodegradation did not play a central role
in the hydrogel breakdown. The macrophages degraded
the hydrogels to cause a bulk-level biodegradation on a
timescale of weeks.
References: [1] Power G. J Wound Care. 2017;7:381397. [2] Kambe Y. J Mater Chem B. 2017;5:7557-7571.
[3] Kambe Y. Biomater Sci. 2019;7:4153-4165. [4]
Kambe Y. Acta Biomater. 2019;130:199-210.

A model of open reduction fracture fixation for testing new implant surface approaches in diabetic rats
Alexandra Arteaga1, Claudia Biguetti1, Sutton Wheelis1, Javier La Fontaine2, Danieli Rodrigues1
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Introduction: Open reduction fracture fixation (ORIF) is
frequently used in the treatment of ankle fractures in
diabetic patients. However, diabetics often encounter bone
resorption and adverse biological responses at the implanttissue interface that can lead to higher implant failures [1].
Thus, innovative and translatable approaches to improve
healing post-biomaterial implantation are of the highest
priority to minimize early implant loss [2]. Previous studies
have shown dicationic imidazolium-based ionic liquids
(IonL) to be multifunctional coatings in Ti applications that
can be antimicrobial [3], corrosion resistant [4] and
biocompatible when tested in normoglycemic conditions
[5]. Among these criteria, it is also important to evaluate
the IonL surface stability and biological interactions when
inserted in bone tissue to serve as a vehicle for future
orthopedic applications. The goal of this project is to
characterize a novel ORIF model and to explore the
insertion and biocompatibility of IonL coating on Ti in
diabetic conditions.
Experimental Methods: A total of 40 Lewis rats, 12-15
weeks old, were used to assess coating performance on Ti
osseointegration in an ORIF model (IACUC #19-03). Rats
were distributed into two groups of non-diabetic (ND) and
diabetic (D) rats with 20 rats per group. For diabetes
induction, 6-week-old rats were fed a high fat diet (Purina
5008) for a minimum of 6 weeks and then received an
intraperitoneal injection of 55 mg/kg of streptozotocin. All
rats were subjected to ORIF surgery, where a longitudinal
osteotomy was made in the left tibia, followed by the
placement of two Ti screws (0.76 mm x 3mm) for fracture
fixation. Ti screws had two different treatments: noncoated (NC-Ti) and (IonL-Ti) coated. Cellular and
molecular mechanisms underlying healing were analyzed
through microscopic (MicroCT) approaches at 2 and 21
days at 5 animals per group/time point. Quantitative data
were analyzed by one-way analysis of variance (ANOVA)
followed by a post-hoc Tukey test (significance level was
set at p<0.05). Additionally, ex vivo analysis on 3 ND rat
tibias verified coating stability after ORIF procedure with
the insertion of IonL-Ti and NC-Ti screws. Tibias were
fractured at insertion sites to remove screws which were
imaged using scanning electron microscopy (SEM) images
at 300x. SEM images taken pre-and post- implantation.

Results and Discussion: SEM images showed that IonL
coating remained intact with Ti surfaces after tibial
implantation (Fig. 1A). MicroCT analysis of animals
treated with NC-Ti and IonL-Ti implants revealed that the
fracture defect was still present for diabetic animals at 21
days but seemed less prevalent in ND animals (Fig. 1B).

Figure 1. (A) SEM images noncoated (NC) and IonL coated screws
taken pre- and post-implantation at
300x (B) MicroCT of ORIF surgery
shows bone formation over time
within diabetic (D) and non-diabetic
(ND) groups treated with Ti screws
that were uncoated (NC), and ionic
liquid coated (IonL). Red areas
indicate osteotomy. (C) Percent of
BV/TV were analyzed for fracture
site. All samples were analyzed at
n=6 with (*) representing significant
differences at p> 0.05.

Osteotomy healing was not significantly different in
animals treated with IonL-Ti implants compared to NC-Ti
treatment groups based on percent of bone volume to tissue
volume (BV/TV) data (Fig. 1C). All samples were
analyzed at n=5 with significance at p> 0.05.
Conclusions: The present study revealed that the proposed
ORIF model is relevant for clinical applications seen in
ankle fracture treatments. Furthermore, IonL is a promising
surface coating that is biocompatible in both diabetic and
non-diabetic conditions and remains stable after tibial
insertion. This coating can be a beneficial vehicle in the
design of new implant surface treatments.
References: 1.Hoffstad O et al. Diabetes Care 2015;
38:1852-1857. 2.Aoyagi H et al. J Cell Biochem
2018;119:5481–90. 3.Gindri I et al. RSC Adv
2014;4:62594-62602. 4.Gindri I et al. RSC Adv 2016;
6:78795-78802. 5.Wheelis S et al. ACS Biomater Sci Eng
2020;6, 984−994.
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Resveratrol-Loaded Polymer-Based Nanocomposite Probes for Neural Interfacing
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Significance

Electrode Fabrication

Intracortical microelectrodes are an important component of brain-computer interface (BCI) systems that are used in the restoration of
motor and sensory function in neuromusculoskeletal rehabilitation, as well as in the treatment of neurodegenerative disorders1,2.
However, they usually fail within weeks to months after implantation, resulting in reduced recording performance and therapeutic
efficacy3. Failure is primarily associated with an increased neuroinflammatory response, with factors such as mechanical mismatch
between the brain tissue and probe and the state of oxidative stress propagating neuroinflammation4,5,6. Previous studies in the lab have
suggested that the use of mechanically-compliant materials and the administration of the antioxidant resveratrol lessened the
neuroinflammatory response7. In this work, we refined material processing and microfabrication techniques to integrate recording
electrodes on the resveratrol-loaded, polymer-based nanocomposite substrate. Additionally, we developed a resveratrol release profile
after microfabrication using UV-Vis spectrophotometry to confirm that the drug was releasing from the material. Our results indicated that
resveratrol was being released over a 72-hour period. Finally, we did a proof-of-concept pilot study to ensure these devices were
functional and stable in vivo. The mechanically-adaptive functional devices were able to record single units over an 8-week period.

A unique microfabrication process was used to integrate functional recording electrodes on the resveratrol-loaded, polymer-based
nanocomposite substrate10. Colors corresponding to layers are denoted in parentheses.

In vivo pilot study
• A proof-of-concept in vivo pilot study was completed to evaluate device functionality and stability
as well as compare performance metrics to control probes over a chronic period.
• Sprague-Dawley rats were implanted with polymer-based nanocomposite functional devices (n=3)
and traditional silicon NeuroNexus devices (n=1) in the motor cortex. The image on the right
shows the approximate location of the device implant. Additionally, 2 bone screws were placed in
the skull in contact with the cerebrospinal fluid on the contralateral hemisphere to serve as the
ground and reference for neural recording and impedance measurements.
• Neural recording sessions and impedance measurements were completed biweekly throughout
the 8-week study to evaluate recording quality over time.
Created with BioRender.com

Material Properties

• Both control (silicon NeuroNexus)
and experimental (polymer-based
nanocomposite) groups showed
variability in the percentage of
single units recorded week-byweek.

Material: Polyvinyl acetate with tunicate cellulose nanocrystals (PVAc/t-CNC)

Mechanically-adaptive, polymer-based nanocomposite with two mechanical states depending on hydration and temperature that can be
loaded with the antioxidant resveratrol8-10.

• Percentage of units recorded
stabilized around week 7-8, with
about 30-50% channels recording
in both groups.

T ~ 25˚C

T ~ 37˚C

Material Processing

• Impedance spectra were taken,
with the 1kHz impedance isolated
as this is the characteristic
frequency of the action potential.

Hess-Dunning & Tyler, 2018

• Representative impedance data
from 4 experimental channels and
4
control
channels
show
variability.

Resveratrol-loaded, polymer-based nanocomposite thin film substrates are developed by dispersing the materials in an organic solvent,
casting the dispersion, and then evaporating the solvent.

Device Packaging
The image below shows a resveratrol-loaded nanocomposite probe with functional
electrodes. The inset displays the recording contacts. The probe is then attached
to the custom-made electronic package, consisting of a printed circuit board with a
Hirose connector, a reference wire, and a ground wire soldered onto the board.
The probe is attached to the contact pads on the board using conductive epoxy.

• Although impedances were high
throughout, we were able to
record single units on every
channel at least once throughout
the 8-week period.

Conclusions
• A material formulation, casting, evaporation, and planarization method was used to create thin-film resveratrol-loaded, polymer-based
nanocomposite substrates.
• Unique microfabrication techniques were refined to successfully integrate functional recording electrodes on the substrates.

Resveratrol Release
After casting, films have inherent surface roughness that prevents precise electrode patterning on the substrate. The film is pressed in a
Carver laboratory press at 3000 psi for 15 minutes to ensure surface roughness is less than 5000 Angstroms.

Created with BioRender.com

• Cut identical film pieces coated with
Parylene C on both sides a using
micromachining laser.
• Weighed film piece to determine theoretical
resveratrol concentration.
• Immersed in 1X PBS incubation solution
until designated time point (0.5-72 hours).
• At designated time point, used Nanodrop
One to measure absorbance of incubation
solution at 317 nm. 3 samples/timepoint, 3
measurements/sample.
• Concentration
was
correlated
to
absorbance using a calibration curve.
• Presented as concentration of resveratrol in
incubation solution divided by weight of film
piece.
• About 25% of resveratrol was released
initially, with a slow release of remaining
resveratrol over a 72-hour period, following
an exponential release model.
• Error bars indicate standard error.

• Resveratrol release was characterized and a profile was developed using UV-Vis spectrophotometry, indicating that about 25% of
resveratrol is released initially, with the remaining amount releasing slowly over a 72-hour period.
• A proof-of-concept pilot study was completed and results showed that the polymer-based nanocomposite devices were functional and
stable over an 8-week period.
• Future work will include studies to evaluate antioxidative activity of resveratrol released from the material. Additionally, a larger scale
animal study with more control and experimental animals to characterize recording performance metrics and the neuroinflammatory
response between the groups will be completed.
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Since the surgical field is exposed to bacteria in the oral environment, antibiotics have been routinely administered after dental surgery to prevent infection at the surgical site and delayed
wound healing. However, antibiotics administered per os show a low blood transfer rate, making it necessary to take an excessive amount to reach an effective concentration locally, and
therefore the emergence and spread of drug-resistant bacteria is a major threat. We aimed to develop an antibiotics-containing bone filling material that exhibits an infection control
function at the surgical site and contributes to better prognosis.
In this study, the experimental bone filling material containing gentamicin, which has been utilized for the commercial bone cement for artificial joint fixation, was fabricated and evaluated
for its antibacterial effects against oral bacteria and bone forming ability.
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The concentration of gentamicin released from GM was equal to or lower
than that of the commercially available gentamicin-loaded bone cement
TM
(Cobalt HV Bone Cement, Simmer Biomet), and the release kinetics
were similar, indicating that GM is a biosafe material.
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GM produced inhibition zones against all 6 bacterial species. It showed
high antibacterial activity not only against S. aureus and S. pyogenes, the
most common causative agents of infections, but also against F.
nucleatum and P. micra, the causative agents of severe dental infections.
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Implantation experiment
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Significant decrease in the viable bacterial
number was observed after 3 hours of culture in
the presence of GM for the 5 species other than
F. nucleatum, showing complete killing of P.
micra. While all 6 bacterial species
demonstrated normal growth in the presence of
Control by culturing for 24 hours, no bacterial
recovery was obtained for GM for all species.

GM
3h
24h
(Dashed line indicates initial bacterial number, # indicates zero, *p < 0.05, Student’s t-test)
Control

No irritation or biological reaction (i.e., inflammation,
bone resorption, or hyperplasia) was observed for GM at
the implantation site. There was no difference between
Control and GM in the absorption state and bone
formation. Additionally, no difference was found in the
infiltration of inflammatory cells for both materials. After
8 weeks of implantation, GM demonstrated no negative
influences on bone healing, suggesting that GM can be
used effectively in clinical practice.
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The experimental bone filling material (GM) was
prepared by immersing Cytrans Granules (size S,
dia: 0.3-0.6 mm, GC Corp.) to the gentamicin
solution (200 mg/ mL)

 Agar diffusion test: Staphylococcus aureus ATCC29213, Streptococcus pyogenes ATCC19615, Streptococcus sanguinis
ST3R, Streptococcus sobrinus NCTC 12279, Fusobacterium nucleatum 1436, and Parvimonas micra GIFU7745
 Bacteria contact test: 1 mL of each bacterial suspension (1 x 106 CFU/mL) was cultured in the presence of Control or
GM, and the number of viable bacteria was counted after 3 and 24 hours.
 Implantation experiment: A bone defect with a diameter of 5 mm and a depth of 8 mm was formed on the femoral
head of the rabbit and filled with 300 mg of Control or GM. At 8 weeks after implantation, the femur was harvested
and undecalcified sections were prepared from surgical tissue. The sections were stained with Villanueva Goldner.
(Control: gentamicin-unloaded Cytrans Granules)

(Log10 CFU/mL)

Preparation of antibiotics-containing bone filling material

Control

GM

Newly formed bone exhibited a green color (Villanueva Goldner stain)
®
Granules .

A bone filling material with an antibacterial effect was successfully fabricated by loading gentamicin to commercially available Cytrans
To ensure biosafety, the
gentamicin release concentration was adjusted to slightly lower than that for the proprietary gentamicin-loaded bone cement clinically used. The experimental gentamicinloaded bone filling material fabricated has a possibility to prevent intra- and post-operative infection by exerting a local antibacterial effect, leading to a better prognosis in
COI Disclosure information: Research funds supported by GC Corporation. Department of Advanced Functional Materials Science sponsored by GC Corporation.
terms of bone-forming ability.

PVC Tubing Results in Monocytic Insult on Neonatal Endothelial Cells: Role of Shear Stress
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Introduction

Results

Cardiopulmonary Bypass (CPB)
• CPB is a common procedure used in cardiac surgeries to repair
congenital heart diseases (CHDs) in pediatric patients¹.
• CHDs are the most common birth defects and main cause of death
in neonates in US².
• Out of the 40,000 neonatal patients suffered from CHDs annually,
25% of them required immediate surgical intervention with CPB³.

1. Interaction between sheared THP-1 cells and NDMECs resulted in increased IL-8 release, but not other cytokines.
IL-1β

IL-6

Coculture Time (hour)

2. Shear stress in PVC tubing increased the adhesion of THP-1 cells on EC monolayer.

Objective
To investigate the interaction between endothelium and monocytes
sheared in PVC tubing using an in vitro model
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THP-1 cells

Sheared THP-1 cells

Static Falcon THP-1 cells

3. Shear stress in PVC tubing promoted the transmigration of THP-1 cells through EC monolayer.
Transmigrated THP-1 cells
(Cells per field)

Methods and Experiment Design

TNF-α
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Impact of Shear Stress on Monocytes
• CPB Shear in PVC tubing specifically upregulates TNF-α and IL-8 in
human monocyte-like THP-1 cells through calcium-dependent
signaling pathway in vitro⁶.
• TNF-alpha-mediatated necroptosis was found in a subpopulation of
sheared monocytes⁶.
• The cause of inflammatory response in endothelium associated with
CPB shear remains unclear.

Concentration (pg/mL)

Problem with Pediatric CPB
• Current CPB conditions are not well-designed for pediatric patients⁴.
• Smaller size of patients vs. larger foreign material surface, such as
PVC, in the CPB circuit⁴.
• High shear stress induces inflammatory response and mechanical
trauma to the blood components, especially monocytes⁵.

IL-8

Sheared THP-1 cells

Static Falcon THP-1 cells

GFP THP-1 Cells

Discussion and Conclusion
• THP-1 monocyte-like cells activated by shear stress and PVC tubing in the in vitro CPB circuit are more likely to adhere to

Sheared in roller pump
2hrs @36.5 C; 2.1 Pa
Spun down
Old media removed

Incubated @ PVC Container

Incubated @ Falcon Tube

Spun down
Old media removed

Incubate with Neonatal Dermal Microvascular
Endothelial Cells (NDMECs)
Cytokine Analysis
ELISA: collect media
after 0.5,1,3,6 hrs,
measure TNF-α, IL-8,
IL-1β, IL-6

THP-1 Adhesion
Adhesion Assay:
incubate 1hr @36.5

THP-1 Migration
Transmigration Assay:
incubate overnight
in a transwell @36.5

microvascular endothelial cells and infiltrate the endothelial monolayer.
• These inflammatory events may be specifically driven by IL-8, which increases the endothelial permeability by disrupting the
VE-cadherin at cell junctions (Data not shown, need further investifgation).
• Future experiment will probe the phenotypical change of the HNDMVECs in response to the insult of shear stress and PVC
tubing on THP-1 cells using single cell RNA sequencing.

Significance
This study aims at revealing the mechanism of inflammatory response after neonatal CPB and developing regenerative medicine
to prevent and repair the damage to neonatal patients
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Synthetic Hydrogels for Islet Vascularization, Engraftment, and Immune Acceptance to Treat Type 1 Diabetes
Andrés J. García
Georgia Institute of Technology
Statement of Purpose: Hydrogels, highly hydrated crossprolonged survival of allogeneic islet grafts in diabetic
linked polymer networks, have emerged as powerful
mice. A short course of rapamycin treatment boosts the
synthetic analogs of extracellular matrices for basic cell
immunomodulatory efficacy of SA-FasL-hydrogels,
studies as well as promising biomaterials for regenerative
resulting in acceptance and function of allografts over 200
medicine applications. A critical advantage of these
days. Survivors generate normal systemic responses to
synthetic matrices over natural networks is that the
donor antigens, implying immune privilege of the graft,
biophysical and biochemical properties of the material
and have increased T-regulatory cells in the graft.
can be tuned with high control and precision. For
Notably, allogeneic islet grafts exhibited long-term
example, bioactive functionalities, such as cell adhesive
performance in diabetic non-human primates in the
sequences and growth factors, can be incorporated in
absence of systemic immunosuppression. This localized
precise densities. We have engineered poly(ethylene
immunomodulatory biomaterial-enabled approach may
glycol) [PEG]-maleimide hydrogels that support
provide an alternative to chronic immunosuppression for
improved pancreatic islet engraftment, vascularization
clinical islet transplantation.
and function in diabetic rodent and non-human primate
models.
Conclusions: Hydrogel-based strategies to promote islet
engraftment and vascularization as well as local immune
Methods: For vasculogenic gels, 4-arm PEG-maleimide
acceptance in diabetic models have been established.
(20kDa) was modified with RGD adhesive peptide and
These material-based strategies may significantly impact
VEGF and delivered in situ by crosslinking with a
islet transplantation as a treatment for type 1 diabetes.
proteolytically degradable peptide [1]. Recipients were
lectin perfused and grafts evaluated via whole mount
References: [1] Weaver JD, Headen DM, Aquart J,
imaging, analysis via ImageJ. Syngeneic islet equivalents
Johnson CT, Shea LD, Shirwan H, García AJ.
(600) were delivered to the same sites in gels in diabetic
Vasculogenic hydrogel enhances islet survival,
C57BL/6J mice. Blood glucose, body weight, and
engraftment, and function in leading extrahepatic sites.
intraperitoneal glucose tolerance test (IPGTT) were
Sci Adv 2017; 3(6):e1700184. [2] Headen DM,
metrics of graft function, with excised grafts evaluated by
Woodward KB, Coronel MM, Shrestha P, Weaver JD,
immunohistochemistry. For immunomodulatory
Zhao H, Tan M, Hunckler MD, Bowen WS, Johnson CT,
materials, hydrogel particles (microgels, 200 μm
Shea L, Yolcu ES, García AJ, Shirwan H. Local
diameter) were fabricated as reported [2]. Biotinylated
immunomodulation with Fas ligand-engineered
microgels were functionalized with a chimeric form of
biomaterials achieves allogeneic islet graft acceptance.
Fas ligand (streptavidin FasL; SA-FasL) and used for coNat Mater 2018; 17: 732-739.
transplantation with islets in allogenic studies. BiotinThis research was funded by the Juvenile Diabetes
functionalized microgels without the chimeric ligand were
Research Foundation and the U.S. National Institutes of
used as controls. Allogeneic pancreatic islets (either
Health.
rodent or non-human primate) were co-delivered with
SA-FasL-presenting microgels + short rapamycin
treatment into diabetic C57BL/6 mice or non-human
primates. Blood glucose, body weight, and glucose
tolerance tests were performed to track graft function.
Results: Two biomaterial strategies have been pursued.
We have developed proteolytically degradable synthetic
hydrogels, functionalized with vasculogenic factors for
localized delivery, engineered to deliver islet grafts to
extrahepatic transplant sites via in situ gelation. These
hydrogels induce differences in vascularization and innate
immune responses among subcutaneous, small bowel
mesentery, and epididymal fat pad transplant sites with
improved vascularization and reduced inflammation at the
epididymal fat pad site. This biomaterial-based strategy
improves the survival, engraftment, and function of a
single pancreatic donor islet mass graft compared to the
current clinical intraportal delivery technique. In a second
application, we have developed a localized
immunomodulation strategy using hydrogels presenting
an apoptotic form of Fas ligand (SA-FasL) that results in

Biomaterials Technology to Promote in vivo Cell Recruitment for Regenerative Therapy
Yasuhiko Tabata
Laboratory of Biomaterials, Institute for Frontier Life and Medical Sciences, Kyoto University.
Introduction
The basic concept of regenerative medicine is to
make use of the natural-healing potential of body itself for
the natural induction of tissue regeneration and repairing.
Therefore, to realize this regenerative medicine, it is
practically necessary to promote the proliferation and
differentiation activities of cells themselves. which
physiologically support the body natural-healing potential.
Biomaterial is a material which not only is used in the
body, but also utilized contacting with cells and proteins
and genes. Considering this biomaterial definition,
biomaterials play a key role in the cell-based regenerative
medicine. Only if various stem and precursor cells of high
potentials are transplanted, we cannot always expect the
biological function of cells due to lack of in vivo
environment for cell living. To artificially create the
environment which enables cells to enhance their activities
for tissue regeneration, biomaterial technology and
methodology have been investigated.
The cell environment has been created by the cell
scaffold and delivery system of bio-signaling molecules
with biomaterials. For example, key growth factors are
supplied to the right place at right time period and
concentration by making use of drug delivery system
(DDS) to achieve the regeneration and repairing of various
tissues have experimentally and clinically
In case no cells are present around a site to be
regenerated, cells need to be recruited to the site. With the
recent scientific development of stem cell biology, various
molecules to enhance in vivo cell recruitment have been
available. For example, it is highly expected that the
controlled release of a cell recruitment molecule enhances
the in vivo recruitment of key cells, followed by the local
functional activation of cells recruited by another drug
released, resulting in a promoted cell-based tissue
regeneration. On the other hand, inflammation is one of the
essential host responses to pathologically modify the
process of tissue regeneration. Without inflammation, no
tissue regeneration takes place. The in vivo recruitment of
inflammation cells is also modified through the DDS
technology of biomaterial to evaluate the effect of cell
recruitment on the tissue regeneration. The objective of
this paper is to introduce biomaterial technology of in vivo
cell recruitment for regenerative therapy.
Methods
Bone morphogenetic protein (BMP)-2 was selected as one
of the representative osteogenic proteins. As an autologous
growth factor cocktail, platelet-rich plasma (PRP) was also
used. For the controlled release of growth factors,
biodegradable hydrogels were prepared by chemical
crosslinking of gelatin with an affinity for the growth

factors. Following gelatin hydrogels incorporating BMP-2
or PRP were applied to a long bone defect of rats, the bone
regeneration and repairing were examined in terms of
radiological, histological, and biochemical examinations.
In addition, to enhance the in vivo recruitment of
mesenchymal stem cells (MSC), stromal derived growth
factor (SDF)-1 was controlled released by the hydrogel
system to evaluate the influence of cell recruitment on the
growth factor-induced bone regeneration. On the other
hand, inflammation contribution is also important for
successful tissue regeneration. We examine the
relationship between the in vivo recruitment of
macrophages and the bone regeneration.
Results
Gelatin hydrogels enabled bioactive growth factors to
controlled release and efficiently induce tissue
regeneration in vivo. The application of hydrogels
incorporating BMP-2 or PRP into the bone defect,
enhanced bone regeneration to a significantly strong extent
comparing with either free BMP-2 or PRP. The
histological and biochemical examinations revealed that a
stronger bone regeneration was observed as the number of
cells increased at the target site. The release technology
with the hydrogels enabled SDF-1 to enhance the in vivo
MSC recruitment. Following an enhancement of MSC
recruitment by the SDF-1 release, the local functional
activation of cells recruited by BMP-2 or PRP released
further promoted the cell-based bone regeneration.
Combination of a drug to enhance the in vivo macrophages
recruitment and BMP-2 or PRP significantly promoted the
bone regeneration comparing with the case of no
macrophages recruitment. It is conceivable that a suitable
recruitment of cells increases a chance of cell-cell
interactions, resulting in an enhanced cell-based tissue
regeneration.
Conclusions
The hydrogel technology of biomaterial was effective in
enhancing the in vivo cell recruitment and consequently
promoting the therapeutic efficacy in growth factorinduced bone regeneration. Tissue regeneration based on
the in vivo cell recruitment is a new and promising
therapeutic strategy of regenerative medicine.
References
Tabata Y. J Royal Society. Interface. 2009;6:311-324
Tabata Y. Inflammation and Regeneration. 2011;31:137-45
Tabata Y. Adv Drug Delivery Rev.2015;94:28-40
Sato K.. Inflammation and Regeneration. 2015;35(2):86-96
Kim Y.-H. J.Biomed.Mater.Res. 2016;104(4):942-956

Long Term Vocal Fold Augmentation with Microporous Annealed Particle (MAP) Hydrogel
Lauren Pruett1, James Daniero2, Donald Griffin1
Department of Biomedical Engineering, Department of Otolaryngology, University of Virginia
Statement of Purpose: Glottic incompetence is a
three of the MAP gel implants were fully degraded, with
debilitating laryngeal disorder where the vocal folds do
the other three at varying stages of degradation. This is an
not fully close, resulting in difficulty speaking and
interesting observation, as even the MAP gel implants
swallowing. Currently, glottic incompetence that does not
that are fully degraded are still providing tissue bulking.
respond to voice therapy requires augmentation of vocal
Using picrosirius red staining, we have seen most of the
folds with injectable fillers. Current augmentation
new tissue is collagen-based, but it is not all fibrotic
products face drawbacks including inflammation,
collagens. Additionally, the implants with MAP gel
resorption, and foreign body response. Crosslinked
remaining did not have a foreign body response as
hyaluronic acid (Restylane) is a commonly used
assessed by H&E and CD11b staining.
injectable treatment, but only remains effective for 3 to 8
months following the procedure and requires follow-up
injections. Synthetic injectable biomaterials have
customizable material chemistry with potential for longer
effects, but generally lack integration with the host tissue.
There is a need for an injectable which is biocompatible
and able to be injected using the standard clinical
apparatus which can permanently restore vocal function.
To address this need, we have developed a novel iteration
of microporous annealed particle (MAP) hydrogel1 to
incorporate the ideal characteristics of an injectable filler
and provide a persistent scaffold that promotes tissue
integration.
Methods: Microgels were synthesized using a highthroughput microfluidics technique2 with a 4-arm PEGmaleimide crosslinked with a 4-arm PEG-thiol, an
annealing macromer, and RGD peptide. A small fraction
of microgels had covalently immobilized heparin as
previously described3. A rabbit model of vocal fold
paralysis was developed by cutting the left hemilaryngeal
nerve and allowing paralysis for 3 months. After maximal
atrophy, endoscopic injection of the left vocal fold was
performed (0.05mL). Treatment groups were hyaluronic
acid (Restylane) as a clinical control and MAP gel (n=6).
MRI was used to image the vocal folds at 0, 3, 6 and 12
months and MATLAB image segmenter was used to
analyze airway volume over time. Stimulated rabbit
Figure 1. A) Glottic incompetence is the inability of
phonation4 was performed at the 14-month endpoint to
vocal folds to fully close and is treated by augmentation
assess functional benefit. H&E and picrosirius red
with a biomaterial. B) MRI airway volume analysis over
staining was used to assess material permanence and
fibrotic encapsulation.
12 months. Statistics: Student’s t-test.
Conclusions: We have developed a MAP hydrogel
Results: Microgels were matched to the mechanical
formulation that provides vocal fold augmentation in a
modulus of vocal fold tissue, 15kPa, as determined by
rabbit paralysis model for at least a year, which is
Instron testing. Notably, hyaluronic acid was a full order
significantly longer than the clinical standard of care.
of magnitude softer. MAP gel was able to be delivered
Additionally, our MAP scaffold mimics mechanical
using standard clinical apparatus with an injection force
properties and can fit into the clinical paradigm by
of less than 1/10th of the clinical standard, determined by
delivery via standard apparatus. Importantly, MAP gel
Instron testing. MRI airway volume analysis showed
has varying degrees of degradation at 14 months but still
rabbits injected with MAP gel did not experience
provides tissue augmentation. We believe this material
significant changes in volume over the 12-month period,
has high translational potential for the treatment of glottic
indicating permanent augmentation. Notably, the
incompetence.
hyaluronic acid group had significantly higher airway
References: 1Griffin, et. al. Nat Mater. 2015; 14(7)L737volume compared to MAP gel at all three time points
744. 2Rutte, et. al. Adv Funct Mater. 2019; 29(25).
(Fig. 1B), indicating degradation. Vocal function
3
Pruett, et. al. Adv Funct Mater. 2020. 31(35). 4Pruett, et.
measurements are ongoing and will be completed once
al, Laryngoscope. 2020; 130, 2432–2441.
the final hyaluronic acid rabbit is sacrificed in October.
Histologic analysis of the MAP gel rabbits has shown that

“Navigator” bearing single-chain variable fragment switched beta 2-microglobulin metabolism to liver
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Introduction: We have been developing a drug-navigated
(A)
Glomerular
clearance system (DNCS), in which a "navigator" agent
Metabolic disorder
filtration rate↓
captures and reduces pathogens in blood by recruiting
them to alternate metabolic organs. In our previous study,
we designed a navigator molecule for beta-2
Kidney
pathogens: β2-m
microglobulin (2-m) elimination using a fusion protein
Metabolic switching
technique, in which 3 domain of major
Navigator
Healthy metabolism
histocompatibility complex (MHC 3) and N-terminal
domain of apolipoprotein E (ApoE NTD) were fused1.
Fig. 5 Body distribution of ApoE NTD scFv+DMPC in C57Bl/6N mice. Alexa750-ApoE NTD scFv+DMPC was injected into the mice
intravenously. Four hours post-injection, the organs were homogenized and Alexa750-derived fluorescence intensity was
low
lipoprotein
(LDL)
Liver
After intravenous administration, the navigator
measured. Data are shown
as density
mean ± SD
(n = 3).
accumulated in the liver in high specificity (~80%);
(B)
Fig. 1A Schema of drug-navigated
however, only ~40% of 2-m complexed with the
clearance system (DNCS). (B)
Navigator-induced artificial
navigator was accumulated in the liver. These results
switching of β2-m accumulation
suggest that the binding affinity of MHC 3 domain
in. Body distribution of β2-m in
the presence or absence of ApoE
against 2-m is insufficient for stable navigation in the
NTD–MHC α3/scFv+DMPC in
C57Bl/6N mice. Data are shown
systemic circulation. In the present study, we synthesized
as mean ± SD (n = 7 and 8) and
a new fusion protein (ApoE NTD-scFv) bearing a single
were analyzed using two-way
ANOVA followed by Tukey’s post
chain variable region (scFv) of anti-2-m antibody2. The
hoc comparison (*: p < 0.05, **:
p < 0.01).
switching efficiencies of scFv- and 3-bearing navigators
were compared by an in vivo imaging assay of
minutes. The cellular uptake of 2-m was more prominent
Fig. 6 Navigator-induced artificial switching of 2-m accumulation in mice from the kidneys to the liver. (A) Body distribution of
fluorescence-labeled 2-m associated with two navigators
2-m inby
the presence
or absence in
of ApoE
MHC 3/scFv+DMPC inpresence
C57Bl/6N mice. Alexa750>5 times
theNTD navigator's
than 2-m
in wasitsinjected
intravenously with or without ApoE NTD MHC 3/scFv+DMPC (control: without the navigators). Four hours post-injection, the
injected into mice.
absence,
indicating
that the
NTD-scFv/DMPC
organs were
homogenized and
Alexa750-derived fluorescence
intensityApoE
was measured.
Data are shown as mean ± SD (n = 7 and
8) and were analyzed using two- a ANOVA f
ed b T e
h cc
ai
B Ra i f he
Methods: BALB/c mice (6 weeks old, female) were
navigated
2-m
cells.
Inasan
imaging
assay,
2-m accumulation
in the liver
to that into
the liver
kidneys. Data
are shown
meanin
± SDvivo
(n = 7 and
8) and were analyzed
using one a ANOVA f
ed b T e
h cc
ai
immunized with human 2-m using a conventional
~80% of the ApoE NTD-scFv/DMPC administered via
incubated with Alexa555-ApoE NTD MHC 3 or DMPC (Fig. 4). with approximately 75% of the navigator in the liver at 4 h
hybridoma procedure. Total RNA from hybridoma cells
tail vein was accumulated in the liver within 4 hours,
Because our previous study showed that the ApoE NTD in post-injection (Fig. 5). This result agreed well with the liver
ApoE NTD MHC 3 bound to LDLR on the liver cells when accumulation of ApoE NTD MHC 3+DMPC, in which the
was reverse-transcribed, and the cDNA fragments for
which is comparable to that of the ApoE NTD-MHC
complexed with DMPC, it is very plausible to conclude that specific interaction between the ApoE NTD and LDLR on
ApoE NTD
scFv+DMPC bound to
LDLR.
hepatocytes
was inferred
play an essential
anti-2-m VH and VL regions were amplified using the
α3/DMPC.
These
results indicate
that
the tofusion
of role.
scFv
polymerase chain reaction (PCR). The two fragments
3.5. Bodymoiety
distribution of keeps
ApoE NTD scFv+DMPC
in mice
3.6. ApoE
NTD scFv+DMPC-induced
switching
of the body
the liver-targeting
property
of ApoE
NTD.
Alexa750-ApoE NTD scFv complexed with DMPC (Alexa750- distribution of 2-m in mice
were assembled into one scFv fragment and the fragment
1Bintravenously
showed
theintobodily
of 2-m
ApoE NTDFig.
scFv) was
injected
C57Bl/6N distribution
Finally, we tested whether
ApoE NTD when
scFv+DMPC it
switched
mice. The navigator predominantly accumulated in the liver, the accumulation of 2-m from the kidneys to the liver in mice
was inserted into pCAGGS-MCS plasmid. The expression
was administered in a complexed form with navigators,
plasmid
pBS[ApoE
NTD–(GGGGS)3–scFv]
was
and the ApoE NTD-scFv/DMPC group showed increased
6 | B i o m a t e r . S c i., 2021, 0 0 , 1-8
is © The Royal Society of Chemistry 20xx
constructed based on the previously reported method1. To
2-m accumulated in the liver andThis journal
decreased
2-m
obtain an expression vector for ApoE NTD–scFv, the
accumulation in the kidney. These results showed that the
Please do not adjust margins
expression cassette was digested, and the resulting
novel navigator (ApoE
NTD-scFv/DMPC) could switch
fragment was inserted in pET vector. Then, Escherichia
the metabolic organ of 2-m from kidney to liver. In
coli was transfected with the pET[ApoE NTD–
addition, this switching efficiency surpassed that of the
(GGGGS)3–scFv], and the fused protein was extracted by
navigator (ApoE NTD-MHC α3/DMPC) in the previous
urea denaturation. After purified on Ni-chelate and gel
study. This indicates that the selection of the capture site
filtration columns, the peptide solution was refolded by
with the high binding capacity to the pathogen is
dialysis with urea and glutathione addition. The absolute
important in the design of DNCS.
purity of ApoE NTD–scFv was ~90% determined by
Conclusions: The scFv moiety showed higher 2-m
sodium
dodecyl
sulfate-polyacrylamide
gel
binding affinity than MHC 3. Since all of the
electrophoresis (SDS-PAGE).
experiments in this study were conducted using healthy
Results: We performed enzyme-linked immunosorbent
mice, we were not able to mimic the pathological
assay (ELISA) to compare the 2-m-binding activity of
situation of reduced glomerular filtration rate as in the
ApoE NTD–scFv with ApoE NTD–MHC 3. The 2-m
original kidney disease. We are currently working on the
binding affinity of ApoE NTD-scFv was superior to that
construction of an evaluation system for switching
of ApoE NTD-MHC α3 in blocking buffer. The presence
efficiency using kidney disease model mice, aiming to
of serum, in addition, did not affect the 2-m binding
examine the effects of DNCS in a situation closer to
ability of ApoE NTD-scFv, indicating that the scFv
actual therapeutic conditions.
moiety exhibits stable 2-m binding even in the blood.
This study supported by JSPS KAKENHI (#20K20646).
Next, we cultured normal murine liver (NMuLi) cells in
References: [1] Y. Kambe et al., J. Control. Release.
a medium containing ApoE NTD-scFv/DMPC navigator
2020;327:8-18. [2] Y. Kambe et al., Biomater. Sci.
to find the navigator was taken up into the cells within 90
2021;9:5551-5558.
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Clinical application of ultrahigh hydrostatic pressure engineering:
small diameter acellular xenografts and tumor-inactivated autologous transplantable dermal tissue
Tetsuji Yamaoka1, Atsushi Mahara1, Hiroki Yamanaka2, Naoki Morimoto2
1
Department of Biomedical Engineering National Cerebral and Cardiovascular Center Research Institute,
2
Department of Plastic and Reconstructive Surgery, Kyoto University
Statement of Purpose: Acellular biological scaffolds
made of human or animal tissues have been attracting
attentions as biological scaffolds in regenerative medicine.
Various decellularization methods have been proposed so
far but some of them use chemical detergents that may
affect recellularization. We have been studying high
hydrostatic pressure (HHP) to treat cells and/or tissues.
The effect of HHP on proteins or microorganisms has
been extensively studied especially in the field of food
science because it can treat them evenly and safely. We
applied HHP up to 1000MPa (about 10000atm) on
mammalian cells and tissues for the purpose of two major
regenerative medicine applications.
As the first approach, we have been developing ostrich
carotid artery-derived acellular vascular grafts with very
thin inner diameter of 2mm and length of 30cm and
evaluated in large animals. Another application of HHP
is to utilize its cytocidal effect on giant congenital
melanocytic nevi (GCMN). GCMN is light brown to
black patch or plaque that appears at birth which has the
risk to result in malignant melanoma. We applied HHP to
GCMN tissue extracorporeally to kill the nevus cells
(even for normal cells) and assess if the treated skin tissue
can be used as the autologous tranplantable epidermal
substitute.
Methods: [Effect of HHP on cells] Suspensions of
various cells were packed in a plastic bag and put in a
sample chamber of cold isostatic pressurization machine
(Dr. Chef; Kobelco, Kobe, JAPAN) with transmission
fluid. The pressure was increased up to 100, 200, 300, 500,
and 980 MPa at the rate of 65.3MPa/min, kept for 10min,
and slowly decreased. The cell morphology and viability
were evaluated by WST-8 assay, Live/Dead assay, or
under confocal laser scanning microscope.
[Small diameter acellular blood vessels] Ostrich carotid
arteries and SD rat abdominal descending aorta were HHP
treated in a similar manner. The decellularized arteries
were washed with saline containing 40U/ml of DNase I,
20mM of MgCl2, and antibiotics for 3days, and its
luminal surface was modified with a neointima-inducing
peptide, (Pro-Hyo-Glu)7-Gly3-Glu-Asp-Val
(POG7G3REDV). Minipigs were anesthetized, and
decellularized carotid arteries were transplanted into each
pig using 8-0 proline sutures. Under an operating
microscope, the left and right femoral arteries were
exposed and clamped with single-use microvessel clamps.
The grafts were connected to the left femoral artery in a
side-to-end fashion and to the right femoral artery in an
end-to-end fashion. After the operation, additional
anticoagulation medicine was not used. The patency of
the blood vessels was visualized on CT angiography at a
given period of time up to 5 month.
[GCMN treatment] Human nevus specimens 8 mm in

diameter were pressurized as above. To check the cell
viability strictly, in vitro cell outgrowth assay was
performed. Histological evaluation (HE and
immunohistochemical staining) was performed to detect
the damage of extracellular matrix (ECM) of nevus. The
pressurized nevus was implanted into the subcutis of nude
mice for 6 months to evaluate the remaining of human
cells. Then, human cultured epidermis (CE) was applied
on the pressurized nevus and implanted into the subcutis
of nude mice. Our protocol was approved by Kyoto
University Graduate School and Faculty of Medicine
Ethics Committee and the ethics committees of the
National Cerebral and Cardiovascular Center Research
Institute.
Results: [Cell death at 200MPa] Cell adhesion ability and
enzymatic activity was completely eliminated at 200MPa,
indicating it can completely kill/inactivate various
mammalian cells. On the other hand, cell membrane
barrier performance was kept up to 500 MPa, which is
required for rapid and effective decellularization.
[Small diameter blood vessels] The patency in porcine FF
bypass model was excellent when the luminal surface was
modified with POG7G3REDV. All of the unmodified
grafts quickly occluded. The transplanted grafts were
beating and entrained by pulsatile blood flow such that it
was as large as the native aorta. The luminal surface of
the unmodified graft was covered by the severe
coagulation, while the peptide-modified grafts showed no
clotting and fully covered intima-like cells in one day.
These cells were confirmed to be CD34 positive EPCs.
[GCMN treatment] The cell outgrowth experiment for 14
days after HHP treatments indicated that the cells
completely died at 200MPa, which is very important for
eliminating the risk of melanoma recurrence. HE staining
and type Ⅳ collagen, type VII collagen, or laminin
immunostaining of the pressurized nevus specimens
suggested that 200MPa HHP treatment did not affect the
nature of ECM and the treated GCMN can be
retransplanted as autologous dermal scaffold.
Conclusions: We firstly achieved the good patency of
the tissue-engineered acellular small diameter longbypass grafts. And Clinical trial of GCMN treatment will
also be reported.
References:
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Rapid bone regeneration using biomimetic cellular membrane biocomposite
Emilio Satoshi Hara, Masahiro Okada, Takuya Matsumoto
Department of Biomaterials, Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences,
Okayama, Japan.
Statement of Purpose: A material science-based
promoting PMNF mineralization. During in vitro
approach for mimicking not only the bone structure and
mineralization of PMNFs, the PMNFs showed poor
composition, but also the processes of mineral nucleation
mineralization after 1 day, but clear mineralization after 3
and growth is expected to allow the development of novel
days of incubation, as determined by XRD analysis. The
biomaterials for more efficient and rapid bone
initial minerals were amorphous calcium phosphate
regeneration. We previously showed that plasma
(ACP), which then transformed into crystalline apatite
membrane nanofragments (PMNFs) were the nucleation
after 7 days of incubation in DMEM.
site for bone formation in endochondral ossification in
PMNFs were then pre-conditioned to allow the
mouse femur epiphysis, and that PMNFs could promote
formation of a PMNF-ACP biocomposite material (Fig.
rapid mineralization in vitro within 1 day (1, 2). However,
1A), which was then transplanted into large bone defects
the mechanisms of PMNF mineralization remain unclear.
in mouse calvaria.
The purpose of this study was to clarify the mechanisms
of PMNF mineralization by a proteomic analysis and
gain- and loss-of-function analyses and to develop a
bioinspired PMNF-based biocomposite material based on
the recapitulation of PMNF mineralization mechanisms.
Methods: Proteomic analysis was performed with a total
of 15 mg of protein collected from post-natal day (P) 3
and P6 femur cartilage epiphyses. A multidimensional
nano-LC/MS/MS was used for the analysis of biological
samples labelled with isobaric mass tags for relative and
absolute quantitation (iTRAQ, Filgen).
For isolation of PMNFs, a total of 3 × 10 7 ATDC5
Fig. 1. A) Schematic design of calcium phosphate nucleation
chondrogenic cells were resuspended in 1 mL of α-MEM
and mineral maturation at the PMNF surface. B) XRD patterns
and subjected to ultrasonication for 3 min, and then
of the minerals formed from PMNF mineralization after
PMNFs were isolated by ultracentrifugation.
incubation in α-MEM supplemented with 10 mM β-GP for up to
14 days. C) SEM images of the regenerated bone in mouse
To induce mineralization, PMNFs were incubated in αcalvaria after NaClO treatment for removal of organic matter.
MEM supplemented with 10 mM β-GP for 1, 3, 7 and 14
days.
Histological and micro-CT analyses demonstrated that the
The mineralized PMNFs were collected, centrifugallyPMNF-ACP biocomposite could promote complete repair
washed, and analyzed by XRD measurements
of bone defects. Immunostaining suggested that PMNF(RINT2500HF; Rigaku Corp., Tokyo, Japan) equipped
ACP promoted coordinated mesenchymal stem/progenitor
with Cu-Kα (1.54 Å) irradiation at 40 kV and 200 mA
cell attraction and further osteoblastic differentiation at
from 10° to 50° at a scan speed of 0.2°/min.
the bone healing site.
Control ACP was synthesized by wet chemical methods
On the other hand, the control ACP block could also
using 42 mM Ca(NO3)2·H2O and 100 mM (NH4)2 HPO4
promote bone regeneration but part of the blocks
solutions at pH 11.0 and ambient temperature (25ºC).
remained unresorbed until 6 weeks after transplantation.
All animals were handled according to the Guidelines
Part of the regenerated bone was not bound to the
for Animal Research of Okayama University, under the
surrounding naïve bone, and was eliminated during
approval of the Animal Care and Use Committee of
NaClO treatment for removal of the organic matter.
Okayama University (OKU‐2019110 and OKU‐
Conclusions: This study first revealed that TNALP was
2019555). A 2 mm biopsy punch was used to make a
the major enzyme involved in the mineralization of
surgical defect in mouse calvaria (6 week-old female
PMNFs, as demonstrated by a combination of proteomic
mice) anaesthetized with isoflurane under a stereoscopic
and in vitro mineralization analyses. PMNF
microscope, avoiding any damage to the dura mater.
mineralization initially formed ACP, which subsequently
The freeze-dried PMNF-ACP biocomposite material, or
transformed into HAp. Inspired by these findings, we
control ACP were transplanted, and the incision was
developed a PMNF-ACP biocomposite material that
sutured. The calvaria were collected after 2 and 6 weeks
could repair and regenerate large size calvarial bone
of transplantation, fixed in 4% paraformaldehyde (PFA),
defects. The current findings may support the rationale for
and processed for histological analysis and SEM
the development of a cell-free biohybrid material for rapid
observation.
treatment of complex and large bone tissue defects.
Results: The results of the proteomic analysis revealed
References:
that the plasma membrane-anchored tissue non-specific
1. Hara ES, ACS Biomater Sci Eng. 2018;4:617-625.
alkaline phosphatase (TNALP) was a major phosphatase
2. Hara ES, J Mater Chem B. 2018;6:6153-6161.

Elucidating the Role of Hodgkin’s Lymphoma Cells on Macrophage Invasion Using an Engineered Cryogel
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macrophages invading into cryogels compared to M-CSF
media control (*p=0.0208) (Figure 1). HL CM
significantly upregulated genes CD206 (**p=0.0014) and
IL6 (**p=0.0070) compared to M-CSF media treated
macrophages. These two genes are associated with poor
HL prognosis. HL CM did not upregulate proinflammatory macrophage markers TNFA, IL1B, or
PDL1. Zymography experiments were run on media
samples from macrophages stimulated with HL CM or
control media, which showed that HL CM-treated
macrophages significantly increased gelatinase MMP9
secretion (***p=0.0005) compared to M-CSF control.
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Statement of Purpose: Hodgkin’s lymphoma (HL) is a
unique subtype of lymphoma defined by the presence of
multinucleated cancer cells, which account for <10% of
cells in the tumour microenvironment.1 Immune cells,
stromal cells, structural proteins and polysaccharides
dominate primary tumours. Of particular interest are
tumor-associated macrophages (TAMs): immune cells
that infiltrate tumours and are associated with poor
response to frontline chemotherapy and poor prognosis.2,3
Macrophages are broadly categorized into proinflammatory (M1) and anti-inflammatory (M2) states,
and TAMs tend to express M2-like phenotypes that
promote immune evasion and vasculogenesis. While it is
known that HL cells secrete macrophage colonystimulating factor (M-CSF), which is involved in
macrophage activation and differentiation, a lack of
models exist to elucidate the functional effects of HL cells
on macrophage behaviour in a relevant in vitro culture
system. Current and emerging treatment strategies focus
on HL cells and exclude macrophages, indicating an
unmet need for a suitable pre-clinical model to validate
macrophage-targeting therapeutics. To address this, we
have designed an HL tumour extracellular matrixmimicking hydrogel to study macrophage invasion in
lymphoma for preclinical testing.
Methods: We first formed cryogels with gelatin (i.e.,
collagen I) and hyaluronic acid (GELox-HAa4), two
components present in the HL extracellular matrix, as
previously described. Oxime click chemistry was used to
form cryogels, which were prepared using a freeze-thaw
technique to introduce porosity. Gelatin-oxyamine
(GELox) and hyaluronic acid-aldehyde (HAa) were
synthesized to form the crosslinked network, and
fibronectin-derived peptides functionalized with
oxyamine tags (ox-PHSRN-RGDSP) were synthesized as
adhesive ligands, as fibronectin is upregulated in the
tumour microenvironment. Primary human-derived
monocytes were isolated from healthy donors from
Canadian Blood Services over 5 days and seeded on
cryogels to invade over 5 days with control or HL
conditioned media (CM). Control media contained 5
ng/mL of M-CSF; conditioned media was prepared from
HL cells cultured for 48h. Confocal microscopy was used
in combination with a MATLAB algorithm to quantify
invasion. In short, a live stain was used to detect cells
(Calcein AM) and surface labeling polystyrene beads
were used to account for surface roughness. We
performed parallel experiments to evaluate the effect of
media on gene expression and matrix-metalloproteinase
(MMP) activity using quantitative real-time PCR (qRTPCR) and gelatin SDS-PAGE zymography, respectively.
Results: HL CM significantly increased the number of

Media conditions

Figure 1. Macrophage invasion into cryogels:
Hodgkin’s lymphoma (HL) conditioned media (CM)treated macrophage invaded into gelatin-hyaluronan
cryogels (GELox-HAa) to a greater extent than control
macrophages stimulated with M-CSF. Scale bar 100 μm.
Conclusions: HL CM treated macrophages invaded more
into GELox-HAa cryogels compared to control media
treated macrophages. HL-treated macrophages had
upregulated genes associated with poor prognosis, and
enhanced gelatinase (MMP9) activity. Overall, the HL
CM macrophages showed agressive invasion behaviour,
exhibited a TAM phenotype, and demonstrated superior
matrix remodeling characteristics. Future work will
involve using drug inhibitors to block HL CM-mediated
macrophage migration as a preliminary milestone for
finding better macrophage-targeting drugs for HL
patients.
References:
1. Scott, D. W. et al. J. Clin. Oncol. 31, 692–700 (2013).
2. Al-Maghrabi, J. et al. J. Solid Tumors 6, 9–17 (2015).
3. Zaki, M. A. A. et al. Virchows Arch. 459, 361–366
(2011).
4. Bahlmann, L. C. et al. Adv. Funct. Mater. 2008400
(2021).

Results: After the acid treatment, titanium hydrides
(TiHx) were formed on the CpTi sheet, which became
more hydrophobic (WCA, ~75°) as compared with nontreated sheets (WCA, 68°). On the non-treated CpTi
surfaces, biomolecule adsorption was higher than in the
acid-treated CpTi surfaces even at 1 min after
implantation (Fig. 1A). Nevertheless, at 30 min after
implantation, a more profound increase in biomolecule
adsorption could be observed (Fig. 1A). After 4 weeks of
implantation, newly formed bone was found on the acidtreated CpTi surfaces without a fibrous tissue between the
implant and the surrounding bone.2) On the other hand,
large amounts of white fibrous tissue appeared on the
non-treated titanium surface (Fig. 1B).
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Methods: Type 1 CpTi sheets were washed, dried in the
air and then used as non-treated samples. The acid-treated
samples were prepared by immersing the dried CpTi
sheets in a H2SO4/HCl mixed solution for 20 min1). X-ray
diffraction (XRD) was used to identify the crystal phases
of CpTi after the treatment. The CpTi surfaces were
observed with a scanning electron microscope (SEM). To
identify water hydration structure (e.g., intermediate
water and bound water), Fourier transform infrared (FTIR) spectroscopy was carried out. The adhesion and
growth of MC3T3-E1 osteoblastic cells were observed
with a confocal laser scanning microscope. SEM and FTIR were also used to detect biomolecule adsorption onto
CpTi surfaces. Non-treated and acid-treated CpTi sheets
(4 mm × 1.5 mm × 0.05 mm) were implanted in female
SD rats, and soon removed after a short period of
implantation time (i.e., 1, 5 and 30 min), as well as after 2
and 4 weeks. Histological sections of resin-embedded
samples were stained with hematoxylin-eosin for analysis
of the amount of the newly formed bone and its adhesion
on CpTi surfaces after the implant. Animal procedures
undertaken in this study were strictly in accordance with
the Guidelines for Animal Experiments at Okayama
University after approval of the experimental protocol by
Okayama University (OKU-2020530).

After 1 min

Before

Re-evaluation of Early Biomolecule Adsorption and Initial Osseointegration by an Engineering Perspective
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Statement of Purpose: Osseointegration can be
Conclusions: Adsorption of biomolecules was clearly
considered to start by the early (immediate) interaction of
observed at very initial stage (1 min) of implantation in
molecules (e.g., proteins) with the implanted metal
vivo. The initial adsorption behaviors of biomolecules
surface. Although the compositions and chemical states of
were different between non-treated and acid-treated CpTi
the surface films on metals, such as commercially pure
sheets, which reflected the osseointegration behaviors.
titanium (CpTi), have been well characterized, the
interactions of biomolecules and cell adhesion behavior
(A) SEM images of Ti surfaces before and after implantation
on the metal surface at very initial stages of in vivo
implantation remain unclear. The purpose of this study
was to re-evaluate the process of the initial stage of
osseointegration by comparing biomolecules, cells, and
minerals on acid-treated (i.e., osseointegrative) and nontreated (i.e., less osseointegrative) CpTi implant surfaces.

Ti
NB

Non-treated

Acid-treated

Figure 1. (A) SEM images of the non-treated and acidtreated CpTi sheet surfaces before and after 1- and 30min implantation in vivo. Adsorption of biomolecules was
clearly observed on the acid-treated CpTi at very initial
stage (1 min) of implantation. (B) Histological sections of
femur and tibia at 4 weeks after implantation of nontreated and acid-treated CpTi sheets. Ti: CpTi sheet. NB:
New Bone.
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Statement of Purpose: Inflammatory response, via proand murine origins, showed a substantial decrease in
inflammatory (M1) infiltrating and resident macrophages,
phagocytosis of labeled CD47-PSLip, compared to
plays an important role in the development of various
unconjugated neutral or PSLip, and IgG-PSLip controls
inflammatory cardiac pathologies, namely ischemic heart
(p<0.01, n=3-4), indicating their active self-marker signal.
disease, myocardial infarction, and heart failure.
Furthermore, anionic CD47-PSLip- a dual reprogramming
Conversely, reparative (M2) macrophages have a vital
system- induced substantial M2 reparative phenotype
inflammation resolution role following ischemia/
polarization, evident through high levels of secreted antireperfusion injury (IRI). In myocardial ischemia, the
inflammatory cytokines (IL-10 and TGF-β), concomitant
reparative M2 subtype becomes activated in the
with downregulation of pro-inflammatory markers (IL-12
elimination of injured cells and tissue components,
and TNF-α), following 24hr-treatment of M1-polarized
promoting angiogenesis, cell proliferation, matrix
human monocyte macrophages. Live animal imaging of
deposition, and overall tissue remodeling.
NIR-Lip formulations (Ave. 90-100nm) demonstrated
Therefore, instead of mere inactivation of pathogenic M1
significantly minimal accumulation of CD47-PSLip in
macrophages, as a general IRI treatment approach, we
liver and spleen (p<0.001 vs IgG-Lip control), 48hr-post
better designed to actively polarizing them into reparative
intravenous injection. Finally, non-compartmental
M2 phenotype - via bioengineering macrophage-specific
pharmacokinetic model analysis revealed marked increase
red blood cell (RBC) soluble receptor onto nanocarriers
in their mean residence plasma half-life (T1/2≈41.7hr), in
(NC). The RBC’s “self-marker” signal, CD47, acts as a
comparison to standard Stealth™ Lip (T1/2~15.6hr).
phagocytosis switch, through interactions with both
immuno-receptor signal regulatory protein (SIRPα) and
Thrombospondin-1 (TSP1) on macrophages, to suppress
and evade phagocytosis. Liposomes (Lip) targeted via
soluble recombinant CD47 immuno-modulatory ligand
for macrophages, can thus mitigate cardiac inflammation
following ischemia. Even more, when our CD47-Lip
nano-system also presents phosphatidylserine (PS)apoptotic cell signal - for further M2-macrophage
polarization, surrounding injury site.
Hence, we chemically coupled multiple recombinant
human CD47 proteins (rhCD47p) onto anionic PScontaining Lip surface, to yield novel hematopoietic and
apoptotic cell dual-mimicking CD47-PSLip nanosystem.
Methods: Direct bio-conjugation of CD47p, onto PSLip
surface was achieved using a sulfo-NHS-modified
reaction between the rhCD47p amino groups and a
corbodiimide (EDC)-activated glutaryl-end of DOPE,
already present in pre-formed unilamellar PSLip vesicles.
Following column purification and physico-chemical
characterization of developed CD47p-PSLip formulation.
Pharmaceutically, 76±11µg/mL of protein were
covalently attached on CD47-PSLip, which subsequently
reduced overall anionic surface potential by⁓9.3mV.
Qualitative and quantitative analysis, via western blots
and TSP1-ELISA respectively, following magnetic ferroConclusions: This is a novel report about CD47/PS
PSLip separation, confirmed dose-dependent binding of
presenting NCs, based on clinically approved Lip
human TSP1: CD47-PSLip. Immuno-modulation of
platforms, which can selectively target pathogenic
CD47-PSLip was confirmed in vitro via activated
macrophage
infiltration underlying inflammatory
macrophage phagocytosis assay, along with ELISA of
ischemic cardiac disorders. Our pre-clinical data illustrate
several cytokine markers for M2 polarization Vs. M1/M0
the potential of CD47-PSLip as a dual reprogramming
phenotypes. In vivo biodistribution was live-imaged in
nanomedicine, to induce M2 reparative macrophage
C57 mice, using near infrared-labeled (NIR) Lip, to
phenotype polarization, as a new therapeutic strategy to
evaluate RBC-mimicking properties of CD47-PSLip.
ameliorate exacerbated cardiac inflammation and heart
Results: Prototype immunomodulatory CD47-PSLip (av.
failure, under acute or chronic ischemic conditions.
particle size = 91±8.6nm) was confirmed to retain least
References:
85% of original CD47 protein activity. In addition,
1. Yao M., Biomedicines. 2021; 9(6):642.
classically LPS-activated macrophages, of both human
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Fabrication of a scaffold from novel tropoelastin-collagen electrospun yarn for skin tissue regeneration
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Statement of Purpose: As the largest organ of the body, the
skin’s primary function is to serve as a protective barrier
against the invasion of harmful substances from the external
environment. Therefore, the loss of integrity of skin due to
physical or thermal damage can result in wounds affecting
local and systemic tissue [1]. Collagen and elastin networks
build up most of the extracellular matrix in skin tissue. As the
precursor of elastin, tropoelastin (TE) is the main (>90%)
component of elastin (Figure1) [2]. It has been reported that
the existence of elastin and collagen-based scaffolds results in
a decrease in stiffness, modulation of collagen degradation,
enhancement of angiogenesis and elastin fiber formation.
Therefore, an ideal dermal substitute would be expected to
incorporate the mechanical and cell signaling properties of
both collagen and elastin to better mimic the native
composition and function of human skin [3]. Consequently,
this study uses textile technologies, such as knitting, to
provide the tools for the fabrication of 3D micro- and macroscale structures to be used as tissue engineering scaffolds.

Figure 2 Schematic illustration of the basic setup for
electrospinning nanofiber yarns and knitting pattern
electrospun human tropoelastin web had UTS values of 0.34 ±
0.14 MPa in the circumferential direction and 0.38 ± 0.05 MPa
in the longitudinal direction (K.A. McKenna et al., 2012). The
introduction of collagen into tropoelastin electrospinning to
increase the mechanical performance has been demonstrated
by A. C. Ford et al, who found that the low elastic modulus of
cross-linked tropoelastin (0.057 MPa) increased to 0.37 MPa
with a 1:1 tropoelastin-collagen blend[5].

Figure 3 Anticipated result for the electrospun yarn
morphology
Figure1 Composition of dermis containing collagen, elastin
and hyaluronic acid
Methods: Blended tropoelastin-collagen yarns are obtained
using an electrospinning technique. Tropoelastin and collagen
polymers are dissolved in HFIP at 4°C for 16 hours in 10:90,
20:80 and 0:100 (control) ratios to generate 10% w/v
solutions. Then the tropoelastin-collagen mixture is pumped
through two 18-gauge needles. The two nozzles connected
separately to positive and negative charges are placed on the
two sides of the rotating funnel collector. Under high voltage,
nanofibers are produced and deposited on the rotating funnel
forming a web. A plastic pipette is used to slowly draw the
web into a continuous yarn. To design the scaffold for tissue
repair, it is proposed to knit a rib structure on a Shima Seiki
double needle bed weft knitting machine. The schematic
illustration of the basic setup for electro-spinning of the
nanofiber yarn is shown in Figure 2.
Results: The structure of the highly aligned electrospun
twisted yarn will be visualized under SEM analysis and the
anticipated morphology of nanofibrous yarn is shown in
Figure 3. Previous studies have shown that the strength of

Conclusions: The blended yarn exhibits both relatively higher
Young’s modulus and elastic modulus, which provides
sufficient tensile resistance for fabrication of weft knitted
scaffolds. The elastic modulus of the scaffold for skin tissue
regeneration can be significantly improved due to the
existence of tropoelastin and a knitted structure with
stretchable loops.
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Statement of Purpose: The vascular system plays a
significant role in homeostasis and disease. While adult
vessels are generally quiescent, apart from wound
Figure 1: A) Exploded CAD view of the angiogenesis
healing and female reproduction, numerous pathological
platform. From the bottom, prototype carriage for
states rely on angiogenesis for the progression of disease
microscope stage adaptation with syringe sliders,
[1]. To investigate the molecular mechanisms and
hydrogel mold, coverslip, O-ring, mold slip, O-ring,
cellular response, various in vitro models have been
coverslip, and cover. B) Collagen gel set in mold C)
developed to induce angiogenesis and study the
Installation on a motorized microscope stage with
mechanisms of vessel progression.
perfusion tubing in place.
Commercially available angiogenesis assays are not
physiologically-relevant, being largely limited by their
Results: The goal of this work is to design and build an
inability to introduce flow into the system. Additionally,
in vitro platform that is a physiologically-relevant,
angiogenesis is a complex pathway that is orchestrated
serum- free in vitro angiogenesis model with
by numerous signals and cells that are necessary for
quantifiable growth factor exposure. Figure 1 shows the
endothelial sprouting, migration, and anastomosis. The
hydrogel mold that we are currently using for 3D
complex in vivo milieu is composed of both chemical
culture of human umbilical vein endothelial cells in a
signals and physical stimuli that impact the progression
collagen I hydrogel. The mold fully contains the
of angiogenesis, making physiologically mimicking of
hydrogel, reducing the risk of contamination. Collagen
angiogenesis in vitro challenging. However, in vitro
has been successfully cast into the mold, and perfusable
models are critical in advancing our knowledge of the
channels are maintained over time. The device has also
role of angiogenesis in homeostasis and pathology in a
proven to be compatible with our fluorescent
translatable fashion. The physiological environment of
microscope, where we have visualized fluorescent
the vascular system entails a 3D extracellular matrix,
nanoparticles. The carriage that contains the hydrogel
flow induced shear stress, chemical factors, and both
mold has been modified to attach directly to a
endothelial cells and mural cells. Our goal is to develop
motorized microscope stage. We are currently
a physiologically-relevant, serum-free in vitro
optimizing cell culture protocols, including cell seeding
angiogenesis model with quantifiable exposure of
number, incubation, and introduction of flow through
growth factors. The model will then be used to measure
the cellularized channel. After this optimization is
an inflammatory response of endothelial cells that are
complete, the endothelial cells will be transitioned to
exposed to nanoparticles, as well as efficacy and
serum-free, animal-free culture conditions laying to
mechanisms of nanoparticle drug delivery.
foundation for quantifiable growth factor introduction i
Methods: Computer aided design (CAD) software was
Conclusions: We have developed a custom platform
used to design a mold enclosure for hydrogel formation
that is capable of culturing endothelial cells three(Figure 1). The devices that will be discussed were built
dimensionally while inducing physiological stimuli on
using metal fabrication as well as 3D printing. The mold
the cells. Importantly, the final model will include
is cylindrically shaped, and it includes O-rings to seal
serum- free conditions, allowing more quantifiable
the device. A circular microscope slide fits into the
angiogenesis studies that investigate the dose dependent
bottom of the mold. Two syringe needles pass through
effects of various growth factors. Angiogenesis plays a
the walls of the cylinder, parallel to each other, and ~1.5
critical role during development, wound healing, and
mL of collagen is cast. A second microscope slide and
disease; therefore, further investigation of the pathway
lid are secured in place via bolts at each corner,
has broad implications. Also, the development of in
enclosing the collagen gel. The syringes can be retracted,
vitro vascularized tissue models via angiogenesis
leaving a perfusable, 3D channel through the collagen
provides the ability to investigate endothelial responses
gel after incubation. Endothelial cells are cultured to
after exposure to nanoparticles and mechanisms of drug
obtain a confluent hydrogel channel. The mold is
delivery.
attached to a custom microscope stand, and tubing is
References: [1] Carmeliet P. Nature. 2005;438:932-936.
attached to induce a flow rate of 13 mL/min and a shear
2
stress of 1.5 N/m . An in-line pressure transducer
located proximal to entry of the flow streams into the
hydrogel is used to calculate pressure.
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Statement of Purpose: Ectopic calcification (EC) is the
induce OC differentiation. On day 35, micro-CT scan was
abnormal deposition of mineral in soft tissues such as
performed in all mice and iRANK cells were delivered
blood vessels and valves (vascular calcification; VC) as
again as explained above in the cell deliver group. On day
well as joints, tendons, and amputation sites (heterotopic
42, micro-CT scan was performed, and the entire calf was
ossification; HO). VC is prevalent and a major risk factor
collected in all mice.
for cardiovascular mortality, with no non-surgical
treatment available. Likewise, the incidence of HO
Results: iRANK OCs reduced calcification in both VC
increases to over 90% in severe traumatic amputations1
and HO models in vitro. This inhibitory effect was
and current treatments can cause complications and
comparable to the one observed in RANKL-treated
recurrence of HO. Hence, new therapeutic approaches to
RAW264.7 OCs. In addition, GFP-positive iRANK OCs
prevent and/or treat VC and HO are greatly needed.
also resorbed HO lesions in vivo. HO lesions in the
Osteoclasts (OCs) are multinucleated cells capable of
iRANK cells + CID treated mice were decreased
bone resorption. OCs are also able to control bone
significantly in both bone volume (BV) and total volume
formation via released factors, but their ability to prevent
(TV) compared to the baseline. On the other hand, the
mineralization through release of inhibitory factors has
control group had relatively stable HO lesions in both BV
not been described. We developed engineered RAW264.7
and TV compared to the baseline (Fig. 1).
murine myeloid stem cells with an inducible intracellular
receptor activator of nuclear factor kappa-Β (iRANK)
construct to allow differentiation into OCs under the
control of a chemical inducer of dimerization (CID) drug.
Engineered OC differentiation was independent of RANK
ligand (RANKL) and macrophage colony-stimulating
factor (M-CSF) and resistant to osteoprotegerin (OPG).2
In the present studies, we investigated whether engineered
OCs could prevent EC in vitro or treat existing EC in
vivo.
Methods:
In vitro VC and HO model: Bovine valve interstitial cells
(BVIC) and C2C12 myoblastic stem cells were used for
VC and HO co-culture models respectively. RAW264.7
or iRANK cells were cultured on Transwell insert and
induced with either 40 ng/mL hRANKL or 50 nM CID
for 4 days to differentiate into OCs. Then, Transwell
inserts were transferred to a 6-well plate containing either
BVIC or C2C12 cells treated with 2.4 and 3.2 mM Pi
respectively, to initiate osteogenic differentiation and
mineralization. BVIC and C2C12 cells were collected for
calcium measurement on day 7 and day 5 of co-culture
respectively. iRANK cell delivery to in vivo HO model:
We tested the ability of iRANK OCs to prevent the
formation of HO lesions and resorb existing lesions.
Eleven nude mice were anesthetized and the mid-belly of
the gastrocnemius muscle was injected with a mixture of
BMP-2 and Cultrex Basement Membrane Extract (BME)
(2.5 µg BMP-2/20 µL BME) to induce HO formation. On
day 28, micro-CT (Scanco vivaCT 40; 21-µm voxel
resolution 55 kVP, 145 µA) was used to verify HO
formation and quantitate the lesion volume. Then, 5x106
iRANK cells in 0.5 mg/mL neutralized collagen hydrogel
were injected to six mice; the rest did not receive cells as
a control group. For the cell delivery group, CID was
administered intraperitoneally daily for three days and
then every other day throughout the whole experiment to

Fig. 1: (A) In vivo experiment timeline (B) micro-CT
images of day 28 and 42 (C) Quantitation of BV (D)
Quantitation of TV (*p < 0.05, **p < 0.01)
Conclusions: We developed in vitro VC and HO models
and showed that iRANK OCs reduced calcification in
these models through release of inhibitory factors.
Moreover, we further developed HO model, and iRANK
cell and CID delivery system in nude mice. The HO
lesions were significantly smaller overtime in the cell
delivery group. All these data support the hypothesis that
iRANK OCs can prevent EC and resorb existing EC.
Thus, iRANK OCs can potentially be utilized as a study
tool and therapeutic approach in the future studies of EC.
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Introduction: FG-4592, a small hypoxia mimicking agent
known for its ability to stabilize the hypoxia inducible
factor and activate downstream angiogenic pathways, was
utilized to develop the hydrogels that could promote the
angiogenic activities [1]. The proposed goal is to combine
these angiogenic hydrogels with bone scaffolds for the
improvement of vascularization activities at the scaffold
implantation or defect site. Bone tissue is a highly
vascularized tissue. Pertinent to its natural healing
mechanism, vascularization activities at the defect site are
imperative to the formation of well-remodelled bone. We
hypothesized that FG-4592 can enhance angiogenic
activities of endothelial cells and a temporally controlled
release of FG-4592 can potentiate the osteogenic activities
in the co-culture of mesenchymal stem cells and
endothelial cells. The pro-angiogenic role of FG-4592 was
assessed with both 2D and 3D-organoid culture of
endothelial cells before incorporating to the hydrogels. The
hydrogels were derived either from oligo[(polyethylene
glycol) fumarate] (OPF), laponite, or laponite-OPF as the
composites, and were developed either as the molded disks
or 3D-printed porous scaffolds. These biomaterials are
extensively studied for the development of hydrogel
platforms for myriad of biomedical applications due to
their excellent physical and relevant biological properties
[2]. In this study, we propose that FG-4592 functionalized
hydrogels, when combined with the bone scaffolds, can
complement well for the promotion of bone healing at the
defect site.
Methods: All the chemicals and reagents for biomaterials
development were purchased from Sigma Aldrich (St.
Louis, MO) and Thermo Fisher Scientific (Waltham, MA).
FG-4592 was purchased from BioVision Inc. (Milpitas,
CA) and laponite was provided by BYK USA. Laponite gel
was used at 5% (w/v) or combined with OPF at 2% (w/v)
for development of composite hydrogels. To develop the
hydrogel disks, the pre-hydrogel solution was injected to
the 1 mm thick molds placed between two glass slides and
subjected to UV-crosslinking. For the development of 3D
printed porous hydrogel scaffolds, LUMEN X digital light
processing bioprinter (CELLINK INC, MA) was used. A
range of FG-4592 concentration as 0 µM, 5 µM, 20 µM,
and 50 µM was studied for the angiogenic activities of
human umbilical vein endothelial cells (HUVEC) in 2D
culture and at 50 µM for 3D organoid culture. Human
adipose derived mesenchymal stem cells (AMSC) were
used for osteogenic co-culture with HUVEC at 75:25 cell
ratio for scaffolds. FG-4592 was loaded at 0.5 mM to the
hydrogels. In addition to in vitro studies, the scaffolds were
implanted onto ex-ovo chorioallantoic membrane (CAM)
to study the role of FG-4592 in promoting the
vascularization of the scaffolds.
Results: In vitro results showed that FG-4592 can
upregulate the gene expression of vascular endothelial
growth factor (VEGF) and the protein expression of

hypoxia inducible factor (HIF-1α) at all the concentrations
for 2D HUVEC culture. For 3D organoids culture,
however, the gene expression of HIF-1α was upregulated
and VEGF was downregulated by the drug treatment. No
differences in the protein expression of HIF-1α were
observed. Laponite gel scaffolds were used for AMSC
treatment and co-culture treatment of AMSC and HUVEC.
The results showed that initial one-time treatment of FG4592 had no effects on the improved osteogenic
differentiation of AMSC by laponite in both mono- and coculture system as indicated by the alizarin red staining.
However, prolonged treatment with the gel downregulated
the osteogenic differentiation of AMSC (Fig. 1). The CAM
implantation results showed no significant vascularization
of non-porous laponite gel or OPF disks after FG-4592
functionalization. However, 3D printed porous hydrogels
with FG-4592 showed significant vascular membrane
infiltration after 5 days of implantation, evidenced through
histology data (Fig. 2).
Control
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Figure 1. Alizarin red staining of AMSC with different treatment groups
of Laponite gel.
OPF

W/ Laponite

W/Laponite+FG-4592

Figure 2. Ex-Ovo CAM implantation of 3D printed porous OPF
hydrogels and the infiltration of vascular membrane to the pores.

Conclusions: In this study, we presented a strategy to
develop the hydrogels with angiogenic potential which will
be combined with bone scaffolds for the enhancement of in
vivo bone regeneration. The angiogenic factor FG-4592
can upregulate the angiogenic activities of endothelial cells
and when introduced in a temporally controlled manner can
have no inhibitory effects on osteogenic differentiation of
AMSC.
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Statement of Purpose: The rotator cuff muscle is one of
the most difficult muscles to repair due to its high retear
rate after surgery. Fatty degeneration is characterized by
muscle fiber atrophy, fibrosis, and fatty accumulation
within and surrounding the muscle, which in turn has a
significant influence on retear rate [1]. Skeletal muscle is
highly heterogeneous; therefore, functional crosstalk is
crucial for muscle repair [2]. While satellite cells (SCs) are
the primary source of myoblasts in response to an injury,
fibro-adipogenic progenitors (FAPs) differentiate into
adipocytes resulting in fatty infiltration. It is essential to
understand differentiation potential and gene expression
among these different cell types for the development of
new therapeutics. Therefore, we aimed to develop a simple
method to separate cell populations from the rotator cuff
muscle by using a specific coating and replating procedure.
Methods: Rotator cuff muscle tissue was harvested from
6-week-old rats. Then, the tissues were digested using
0.2% collagenase type I and 0.4% dispase II at 37ºC for 2
hours. The cell suspension was plated on a collagen coated
plate for the first two hours to collect fast-attaching
fibroblasts (FIBs) in which unbound cells were transferred
onto another collagen coated plate. After 24 hours the cells
were transferred to a Matrigel coated plate to collect
muscle progenitor cells (MPCs). MPCs were subcultured
on a collagen coated plate for another two hours to exclude
further fibroblasts, then plated on a Matrigel coated plate
suspension
Rotator cuff muscle
(Fig. 1).CellImmunostaining
was
utilized
to characterize the
(Infraspinatus,
Supraspinatus,
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Figure 1. Schematic procedure of cell separation.
To induce adipogenic differentiation, cells were cultured
for 9 days in high glucose DMEM supplemented with 0.5
mM 3-isobutyl-1-methylxanthine, 1 μM dexamethasone,
10 μg/mL recombinant human insulin, 100 μM
indomethacin, 10% FBS, and 1% pen/strep. Lipid droplets
were visualized when performing Oil red O staining. To
induce myogenic differentiation, cells were cultured for 9
days in high glucose DMEM supplemented with 5% horse

serum and 1% pen/strep. Formation of myofibers was
confirmed by immunostaining Myosin heavy chain(MHC).
Results: Cell morphology and measurement of metabolic
activity suggests that our isolation method could
successfully separate different cell populations. Cell
phenotype was characterized when immunostaining a
specific FAPs marker (PDGFRα), SCs marker (Pax7) and
myogenic marker (MyoD). FIBs had a higher percentage
of PDGFRα enriched cells, while MPCs consisted of a
higher percentage of Pax7 and MyoD positive cells (Table
1). FIBs and MPCs also showed different lineage
commitment between adipogenesis and myogenesis
(Fig.2).
% Positive cells
FIBs
MPCs
PDGFRα
66.00 ± 12.39
0.11 ± 0.12
Pax7
4.62 ± 2.08
76.12 ± 7.30
MyoD
10.48 ± 3.84
72.72 ± 11.65
Table 1. Phenotype of FIBs and MPCs. The data are mean
± SD. n = 4.
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Figure 2. (A) Adipogenic differentiation of FIBs and
MPCs. (B) Myogenic differentiation of FIBs and MPCs.
Scale bar: 100 μm.
Conclusions: FIBs and MPCs displayed distinct marker
protein expression and differentiation potential. We
concluded that we could successfully separate FAP-rich
cells (FIBs) and SC-rich cells (MPCs) from tissue samples.
Nanomaterial and biological agent use has exhibited great
potential for rotator cuff regeneration [3]. Our simple and
easy cell separation method can be used to evaluate
therapeutic candidates on cell type specific differentiation.
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Introduction: Critical size bone defects do not heal alone,
difference was not statistically significant. µCT
and no current medical intervention provides consistent
reconstructions demonstrated bone growth within the
healing. Previous studies in our lab have shown that 3D
scaffold pores (Figure 2).
printed polybutylene terephthalate (PBT) scaffolds coated
with beta-tricalcium phosphate (TCP) support bone
growth, and when used in combination with autologous
adipose derived stem cells are able to bridge a 4.2 cm
defect in sheep in 3 months. Although PBT scaffolds have
been effective in facilitating rapid bone growth, PBT is not
resorbable. To address this issue, composite resorbable
strand suitable for fused deposition printing was produced
from a blend of polylactic acid (PLA) and TCP. This blend
showed promising results in cell culture studies. The goal
of this study was to test whether scaffolds printed from the
composite material would support bone formation in vivo
using a rat model.
Methods: A total of 24 three-month-old male SpragueFigure 1. Mechanical coupling of the scaffold to bone as
Dawley rats were used in this IACUC approved study. Four
indicated by the % strain transfer in cantilever bend testing
types of scaffolds (6 of each type) were 3D printed and
with standard error bars. Testing was done in tension (black
trimmed to 0.9 x 0.35 x 0.25cm: 1) TCP coated PBT, 2)
bars) and compression (white bars).
pure PLA, 3) composite 75:25 PLA:TCP, and 4) composite
50:50 PLA:TCP scaffolds. Waterproof strain gauges were
attached to the superficial surface of the scaffolds, which
were sterilized using ethylene oxide prior to implanting one
scaffold per rat. After 3 months bilateral femora were
explanted, and a scaffold of the same type that was
implanted was glued on the control bone in the same
position. Femora were tested in cantilever bending 6 times
at a load rate of 6.0 N/s to peak load of 6.0 N with the strain
gauge in tension and then repeated in compression. Peak
strain values at 6.0 N were averaged and compared to the
Figure 2. 3D µCT image
contralateral control femur using the formula % strain
showing bone growth into
transfer = (peak strain experimental - peak strain control) /
the pores of a PLA scaffold
(peak strain control) *100%. After mechanical testing,
(arrow). A strain gauge can
bones were imaged using a Scanco 20 µCT at a resolution
be seen on the superficial
of 42µm. Quantitative µCT analysis included bone tissue
surface of the scaffold
3
volume (mm ) and bone volume normalized to tissue
(asterisk). The radiopaque
volume (BV/TV, %). All data was analyzed with SPSS
scaffold cannot be seen.
using ANOVA with a Tukey HSD post-hoc test.
Results: Following 3 months in vivo, 23 of the 24 scaffolds
were firmly attached to bone. One 75:25 PLA:TCP
Conclusions: This study demonstrates that composite
scaffold was grossly unstable and was included in the
PLA:TCP scaffolds have similar strain transfer through
mechanical test analysis, with a value of 0% strain transfer.
bone as PBT scaffolds in a rat model. µCT images have
Mechanical test results for both tension and compression
confirmed bone growth into the scaffold pores and
tests are shown in Figure 1, which demonstrates similar
quantitative analysis have confirmed that both composite
strain transfer between the TCP coated PBT scaffolds
materials show higher cortical bone volume and
(116+/-57%, 117+/-57%) and the 50:50 PLA:TCP
comparable BV/TV values to our previously used TCP
scaffolds (137+/-82%, 126+/-69%). 75:25 PLA:TCP
coated PBT scaffolds. At three months the composite
scaffolds showed the second lowest strain transfer (61+/scaffolds supported bone growth and bonding in vivo. The
24%, 62+/-26%), with pure PLA showing the lowest (51+/similar performance of these resorbable scaffolds to our
36%, 55+/-37%). Due to metal artifact, 4 out of the 24 bone
current non-resorbable TCP coated PBT scaffolds warrants
µCT images were not analyzed. Cortical bone volume was
additional evaluation in a large animal model.
higher in scaffolds produced from the polymer-ceramic
composites compared to the pure polymers (Table 1). This
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Statement of Purpose: Foamed calcium phosphate bone
cements (fCPCs) constitute a novel type of biomaterials.
For their preparation as foaming agents usually
surfactants are used [1]. In this study, we developed
fCPCs prepared with the use of two biosurfactants –
saponin from Quillaja bark and sucrose fatty acid ester
S0112. These compounds are characterised by many
interesting properties, such as antibacterial and anticancer
activity. To our best knowledge, these biosurfactants have
not been used as foaming agents for calcium phosphate
bone cements yet. The purpose of this study was to
determine the effect of biosurfactant additives in fCPCs
on the cytotoxicity and proliferation of MG-63 cells.
Methods: fCPCs containing the biosurfactants: saponin
(material fSAP) and sucrose ester (material fSuE) were
developed and investigated. Cement without added
biosurfactant (fCTRL) served as a control material. In the
case of fSAP, the liquid phase consisted of a 2% aqueous
solution of Na2HPO4 with the addition of saponin (SAP)
in the amount of 10g·L-1. After mechanical foaming of the
liquid phase, it was mixed with the solid phase, which
consisted of highly reactive alpha tricalcium phosphate
(α-TCP). The solid phase of fSuE consisted of α-TCP
mixed with sucrose ester at 7 mg per gram of α-TCP
powder, whereas liquid phase was 2% aqueous solution of
Na2HPO4. For all cements, the ratio of liquid to solid
phase was 0.7 g·g-1. Materials were sterilized with
ethylene oxide and subjected to indirect MG-63 cell
studies. Cell viability and proliferation were studied with
Alamar Blue assay, live/dead staining with calcein and
propidium iodide and hematoxylin/eosin staining.
Extracts from the cements were prepared according to
ISO 10993 with 1:10 sample to medium ratio. The series
of extract dilutions were prepared: 1 (undiluted), 2, 4, 8,
16, 32 times. Cells were seeded in 48-well plates at a
concentration of 1x104 cells/well and after 24 hours
prepared extracts dilutions were added. Live/dead staining
and Alamar Blue assays were done on days 1, 3 and 7.
Results: On day 1 (data not presented), for undiluted
extracts, cell viability was low - less than 50% of control
medium (MEM) for extracts from fCTRL and fSuE and
for fSAP was close to zero. Cell viability for fCTRL and
fSuE samples at 1:2 dilution was at similar level if
compared to the control (cells cultured in MEM medium).
The reduction of Alamar Blue in the case of fSAP twice
diluted extract was lower than for MEM. This suggests
that cells died after contact with saponin. On day 3 (data
not shown), reagent reduction increased for MEM,
suggesting that the cells were proliferating. Undiluted
extracts from all samples were lethal to MG-63 cells.
Lack of cytotoxicity (>70% MEM) was observed for
twice diluted extracts of fCTRL and fSuE materials, while
for fSAP when the extract was diluted sixteen times. On
day 7, the lack of cytotoxicity similarly affected cells
cultured in extracts from fCTRL and fSuE materials
diluted twice but in the case of fSAP, four times diluted

extract revealed no cytotoxicity (Fig. 1). This suggests
that the saponin is less toxic to cells over time. Cells
incubated in twice diluted extracts proliferated and their
number increased as compared to days 3 and 1. The
results were confirmed also by live/dead and
hematoxylin/eosin studies.

Figure 1. Viability (based on Alamar Blue assay) of MG-63
cells after contact with extracts from fCPCs on day 7 after
extract addition. Numbers (1, 2, 4, 8, 16, 32) stand for the
extract dilution level.

Conclusions: Cytotoxicity studies showed that among
two used biosurfactants, saponin was more cytotoxic.
Although cell viability was significantly lower for this
surfactant as compared to control, one should keep in
mind that in tissue environment there is a constant
exchange of fluids, so even harmful leached molecules
can be neutralized by the cells and the concentration of
the toxic substance locally decreases over time. Saponins
in several studies have shown promising cytotoxicity
profiles suggesting potential use in cancer treatment. The
MG-63 cell line is derived from osteosarcoma, a
representative of malignant tumours. Its cytotoxicity
towards MG-63 may be due to anticancer activity of
saponin. Four times diluted extracts from all obtained
cements with the surfactant addition resulted in the same
cell viability as compared to MEM. Cells incubated in
twice diluted extracts proliferated and their number
increased over time. Interestingly, the material with
sucrose ester addition (fSuE) increased the cell viability.
This fact can be taken into consideration when developing
novel foamed cements.
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strength (Figure 1B) and suture retention strength (Figure
1C) were both significantly improved compared to the pure
hydrogel samples (p<0.01), which noticeably exceeded the
required strength for a vascular application. As shown in
Figure 1D, the composite vascular graft also showed
significantly improved compliance compared to the textile
reinforcement under normotensive and hypertensive blood
pressure ranges (p< 0.001).
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Statement of Purpose: At the present time, there is no
successful off-the-shelf small-caliber vascular prosthesis
(<6 mm diameter) for the repair or bypass of the coronary
or carotid arteries [1]. Vascular prostheses fabricated from
synthetic polymers cause chronic inflammation and
fibrotic encapsulation which retards the healing process
[2]. Natural polymer-derived hydrogels have long been
considered as viable materials to promote tissue
regeneration and revascularization, but their use has been
limited by their inferior mechanical performance. In this
study, a composite vascular prosthesis has been designed
by combining a knitted poly(lactic acid) (PLA) textile
reinforcement with a gelatin methacryloyl (GelMA)
hydrogel matrix sealant. The textile reinforcement
provides the desired mechanical properties while the
hydrogel supports a pro-regenerative macrophage
response. The incorporation of the hydrogel also sealed the
large pores of the textile conduit and eliminated fluid
leakage through the graft wall during normal
hemodynamic pulsing. As a result, the vascular prosthesis
will be more clinically successful in the long term.
Methods: A PLA reinforcement conduit was knitted using
circular knitting technology [3]. The conduit was placed in
a specifically designed Teflon mold to make a conduit of 3
mm diameter. 10% GelMA precursor solution was injected
into the mold and infused in the knitted structure [4]. The
whole construct was cooled, and the hydrogel was
temporarily crosslinked at -20˚C for 5 min so that the mold
could be opened, and the conduit released. It was then
photo-crosslinked using a 365-nm ultraviolet lamp while
rotating on a circular rotor. After 20-min of crosslinking at
room temperature, a composite conduit was collected,
freeze-dried and stored at -20˚C until further use (Figure
1A). The mechanical properties were measured based on
the standard ISO 7198:2016 test method, including
bursting strength, suture retention strength and radial
dynamic compliance [5].
THP-1 cells were used to evaluate the macrophage
response to the composite materials in vitro. THP-1 cells
were expanded to passage 5-6 in a complete culture media
containing high-glucose RPMI media, 10% fetal bovine
serum and 1% penicillin streptomycin. The cells were
activated using 200 ng/mL phorbol 12-myristate 13-acetate
and seeded on the PLA and composite samples. The tissue
culture plate (TCP) was used as a control. Live Dead assay
was used to determine the viability of the cells 3 days after
cell seeding. The cell count, average cell size and cell
coverage was also analyzed from the acquired fluorescence
microscopies. Cell morphology was observed using a
confocal microscope by staining F-actin using Alexa
FluorTM 488-conjugated phalloidin and cell nuclei using
Hoechst stain.
Results: 1. Mechanical properties. Due to the
incorporation of the textile reinforcement, the bursting
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Figure 1. The composite conduit showed superior mechanical properties
and induced a pro-regenerative macrophage response. Black lines in BD refer to the general requirement for a vascular graft [5]. Scale bar:
E&F=200µm, G&H=5µm. *p<0.05

2. Macrophage response. As shown in Figure 1E-H,
macrophages induced from the THP-1 cells showed an
elongated morphology on the composite sample
(Figure1H), which resembled the morphology of a
polarized M2 macrophage [6]. Whereas on the PLA
sample, the cells showed a round morphology (Figure1G),
which indicates a pro-inflammatory M1 macrophage
phenotype. However, there was no significant difference in
cell viability, size and count between the PLA, the
composite and the TCP control, whereas the cell coverage
area on the PLA samples was significantly lower than on
the TCP control.
Conclusions: In this study, we engineered a fiber
reinforced composite conduit that provided the required
mechanical properties for use as a vascular graft. It was
also designed to mitigate an early inflammatory response
by providing a microenvironment that facilitated a tissue
regeneration process. The composite conduit showed
adequate mechanical performance by incorporating a PLA
knitted structure. Based on the cell morphology, the
GelMA hydrogel matrix was able to induce an antiinflammatory and pro-regenerative M2 macrophage.
Further study on the gene expression and protein secretion
will be undertaken to confirm the macrophage phenotype.
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Statement of Purpose: The ideal “off the shelf” tissue
engineered, small-diameter (< 6 mm inner diameter (ID))
vascular graft hinges on designing a graft structure to act
as a template that facilitates transmural ingrowth of
capillaries to regenerate a neointimal surface. The purpose
of this study was to design the next generation, small
diameter, bioresorbable vascular graft to support vascular
regeneration. The approach in this study utilized a NFES
device to semi-stable write novel, polydioxanone (PDO)
microfiber-based vascular conduit templates. The polymer
spinneret was programmed to translate in a stacking grid
pattern, which resulted in a scaffold with highly aligned
grid fibers that were intercalated with low density,
random fibers (hybrid structure design, Figure 1).
Because of this semi-stable process, increasing the grid
dimensions resulted in both a lower density of fibers in
the center of each grid in the template as well as a lower
density of “rebar-like” stacked fibers per unit area. Upon
fabrication, the acute neutrophil response to the templates
was evaluated using standard assays of neutrophil
extracellular traps (NETs) upon template interaction due
to the innate immune responses, neutrophil function, upon
rapid and robust response to such an implant.
Methods: A consumer 3D printer (Prusa 12” Basic
Pegasus, Maker Farm, South Jordan, UT, USA) was
modified by replacing the filament extrusion print head to
accommodate a custom NFES print head, modified from
our previous published NFES work [1]. Polydioxanone
(DIOXOMAXX 100, Inherent viscosity 2.13 dL/g,
Bezwada Biomedical, LLC, Hillsborough, NJ, USA)
solutions used were at a concentration of 112 mg/mL for
all templates. NFES grids were programmed with X- and
Y- grid spacing of 200 x 200 µm2 (NFES 2002), 300 x
300 µm2 (NFES 3002), 400 x 400 µm2 (NFES 4002), and
500 x 500 µm2 (NFES 5002), with constant template
thickness. Traditional electrospun templates of same
composition with 1-2 and 0.3-0.5 µm fiber diameter
served as controls. Scanning electron microscopy was
used to characterize fiber diameter and pore spacing.
Fluorescent microsphere (9.9 and 97 µm diameters (Cat
No. G100, 35-11, Fisher Scientific, Waltham, MA, USA))
filtration was used to ascertain the effective restriction
size of an object transiting the NFES and TES templates
[2]. Templates were mechanically evaluated using
uniaxial tensile testing. Finally, fresh human neutrophils
were seeded on templates and NETs quantified after 3and 6-hours using protocols previously published [3].
Statistical differences were tested between groups using

an ANOVA with Holm-Sidak’s multiple comparisons at a
significance of p < 0.05.
Results: These hybrid architecture templates resulted in
tailorable as well as significantly greater surface pore
sizes as given by scanning electron micrographs and
effective object permeability as indicated by fluorescent
microsphere filtration compared to TES scaffolds of
equivalent fiber diameter. Furthermore, these
programmable templates resulted in tailorability in the
characterized mechanical properties ultimate tensile
strength, percent elongation, yield stress, yield elongation,
and Young’s modulus independent of fiber diameter
compared to the static TES template characterization.
Lastly, the innate immune response as measured by NET
formation was significantly attenuated on NFES scaffolds
compared to TES scaffolds.

Figure 1. A representative scanning electron micrograph
of NFES 4002 illustrating the hybrid template fabricated
and evaluated (Scale bar = 200 µm).
Conclusions: Overall, the results of this study suggest
that this novel NFES template architecture and properties
of PDO can be highly tailored as a function of
programming for small diameter vascular graft templates.
Future studies will continue to understand neutrophil
functionality (e.g. angiogenic potential) of the NFES
templates as well as platelet activity upon blood
interaction.
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In Vivo Delivery of Macrophage Subtypes via Genipin-Crosslinked Collagen Biotextile
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Introduction: Developing strategies to control the
Mechanical testing: Samples were kept hydrated with PBS
immune response is a universal challenge in the clinical
until mechanical testing was performed within 24 h after
translation of tissue-engineered scaffolds [1].The objective
sacrifice. Load and displacement data were recorded
is now to develop smart scaffolds and materials for tissue
accordingly. Sample width and thickness were recorded
engineering applications that can exert an enhanced
along with this data to calculate stress, strain, and modulus
positive action on the implant integration and healing
values for each sample.
process. Genipin-crosslinked collagen scaffolds were
Statistical analysis: A Kruskal Wallis test was used to test
recently reported by our group to stimulate prothe differences in the mechanical properties with the
regenerative M2 macrophage subtype in vitro [2]. The
significance set at p<0.05.
establishment of advanced biomaterials to induce early
Results: Number of cells counts per unit area for the M2tissue remodeling and integration by preventing fibrous
subtype seeded scaffolds (GES+M2) group suggested a
capsule formation may be a beneficial application for tissue
greater degree of host cell attraction (Fig.1A).
GES
GES+M0
GES+M1
GES+M2
regeneration. Controlling or avoiding the initial phase of
the inflammatory response can provide a broad range of
advancements in the implantation of biomaterial or
engineered tissue scaffolds. Accordingly, the aims of this
study were: 1) to determine the polarization status of M0,
M1, and M2 macrophages in response to genipincrosslinked collagen biotextile in vivo, 2) assess the longM2 delivery induced greater amount of interstitial collagen
term tissue response and post-surgical mechanical
deposition while limiting fibrous encapsulation of the
properties of implanted genipin-crosslinked collagen
scaffold. Arginase-1 and Ym-1 have been classically
biotextile in comparison to M0, M1, and M2 seeded
considered M2 markers which were found abundant in
scaffolds in a subcutaneous rat model.
GES+M2 group. iNOS and IL-1, historically M1 markers,
Materials and methods:
were absent in all groups. Increased collagen type 1 to
Scaffold Fabrication: Electrochemical compaction was
collagen type 3 ratio in the interstitial matrix observed in
employed to convert collagen solutions (type I bovine
the GES+M2 group. Besides, alpha smooth muscle actin,
collagen, 3 mg/mL) to aligned threads (~100 μm) in
a marker of myofibroblasts, was more notably present in
continuous length on spools as we described previously
M2-seeded scaffolds (Fig.1B). Furthermore, GES+M2
[3]. Collagen scaffolds were crosslinked in genipin
group showed a higher modulus than that of cell-free
solution (2% w/v in 90% ethanol) for 72 h at 37°C.
scaffolds (GES) (p<0.05), whereas moduli of GES+M0 or
Allogeneic Rat Macrophage Culture: Macrophages were
GES+M1 did not differ significantly from that of cell-free
harvested from rat bone-marrow and polarized into M1 and
scaffolds (Fig.1C).
M2 macrophages. Primary antibodies against clusters of
Conclusions: This study demonstrates the improved
differentiation CD68, CD86, CD206, Arginase 1, and
biomechanical and histological effects following the
iNOS were used to identify the macrophage subtypes by
incorporation of M2 macrophage subtype into a genipin
flow cytometry, immunocytochemistry, and western
crosslinked collagen biotextile for tissue repair and
blotting. Cell-seeded, genipin-crosslinked collagen
remodeling despite being a preliminary assessment. M2
scaffolds were assessed for cell attachment and
macrophage delivery via genipin-crosslinked collagen
proliferation. Experimental groups included M0, M1, and
scaffolds may help address clinical applications that
M2 (N/group=8) macrophages.
requiring structural augmentation; applications such as
Surgery and Euthanasia: Cell-seeded scaffolds were
hernia repair, orthopedic soft tissue repair, or
implanted subcutaneously and harvested at three weeks
urogynecological repair for stress urinary incontinence or
and three months’ time points.
pelvic prolapse could benefit significantly from this
Histology: Dissected tissue blocks were trimmed and
approach. Future studies are needed to evaluate the
processed histologically. Hematoxylin-eosin and Masson’s
efficacy and safety of macrophage delivery for clinical
trichrome stains were utilized to visualize cells and
applications.
collagen deposition, respectively. Measurements of cell
Acknowledgments: NIH grant: R21HD095439
counts, thickness of fibrous capsule, and percentage of
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collagen thread and interstitial collagen were obtained
[1] M.M. Alvarez et al, J Control Release, 2016.
quantitively.
[2] I. Isali et al, 2021, Acta Biomater, 2021.
Immunohistochemistry (IHC): IHC was also performed for
[3] M. Younesi et al, Acta Biomater, 2016.
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Introduction and Statement of Purpose:
Extensive skeletal injury due to trauma, or resection of
cancerous bone often leaves a large, long bone defect
which will not heal without surgery. We developed a
technique utilizing biomimetic 3D printed scaffolds from
individualized µCT scans, then infiltrated them with
endogenous pluripotent cells and calcium particles that
have demonstrated extensive, rapid bone growth when
placed in a sheep femoral defect. On-board sensors were
used to monitor load changes during bone formation.
The purpose of this part of our study was to collect in
vivo loads as a predictive tool to assess when dynamization
and rod removal could safely be done and to show that bone
infiltrated scaffolds support a sheep’s full body weight.
Methods, materials and analytical procedures used:
Polybutylene terephthalate (PBT) scaffolds were printed
using an inverse trabecular pattern collected from µCT
images of sheep femoral heads. Scaffolds were 4.2 cm in
length (a critical sized defect in this model).
1000-ohm custom made rosette gauges (EK-06-125BZ10C/W; Vishay Measurements Group, Raleigh NC) were
assembled, waterproofed, and attached to scaffolds using a
published procedure (1). Gauges were used to assess
scaffold stiffness when compressed to 294 N at 294 N/s in
an MTS and stress-strain curves were used as calibration
curves for in vivo measurements.
Groups of four sheep received scaffolds infiltrated with
calcium phosphate ceramic (CPC) particles and
endogenous adipose derived pluripotent cells during an
IACUC approved surgery. Scaffolds were placed into a
4.2cm mid-femoral defect and stabilized using a modified
intramedullary humeral rod secured (i.e. locked) with 2
locking screws. Multiconductor cables attached to rosettes
were led to the back and exteriorized. A control sheep
received a locked rod but no scaffold. Radiographs and
blood draws were collected monthly. The experimental
group was exercised on a treadmill up to 3 times a week.
At 6 months rods were dynamized and load measurements
collected immediately pre- and post-op. At 9 months rods
were extracted. Activity of all sheep was monitored with
video and implanted sensors. Post-sacrifice µCT and
histomorphometry were used to examine bone formation.
Summary of the results: A scaffold stiffness of 2.8 GPa
was measured during pre-implant testing. Surgeries were
uneventful and sheep were fully load bearing by 1 month.
Three months after surgery, peak loads of ~ 35kg (~ 40%
body weight) were observed. Pre-dynamization x-rays at
6 months showed extensive bone formation in all sheep
with scaffolds and cells. The proximal screw was removed
to dynamize the construct. Prior to dynamization, peak
loads of 45kg (~ 50% body weight) were measured. Postdynamization loads did not change substantially. At 9

months, sheep with adequate bone had rod removal. Load
measurements during gait showed no significant pre- and
post-removal changes. Mechanical testing of bones from
experimental and contra-lateral intact limbs indicated
relative limb stiffness from 72% to 83% of intact.
Early radiographs showed complete anterior bone
bridging within a month. Post sacrifice µCT showed long
segment scaffolds infiltrated with cells facilitated rapid
bone growth through-out the length of the defect within 3
months suggesting sufficient growth to support
physiological loads. After 6 months, remodeled bone was
apparent. In vivo loads pre- and post-dynamization did not
change. At 9 months bone in and around scaffolds provided
sufficient support for sheep to fully load the experimental
limbs after rod removal and during gait (Figure 1).

Figure 1: Load comparison pre- and post-dynamization.
Discussion and Conclusions:
Calibrated strain gauges provided load measurements
following scaffold placement, prior to and following
dynamization and following rod removal. No significant
change was noted in measurements immediately following
dynamization and none following rod removal suggesting
no need for load sharing with the rods, which provided
initial stability. This indicated rods no longer provided any
support and demonstrated that remodeled bone in scaffolds
was able support the full body weight of the sheep.
Mechanical testing also indicated that bone formation by
9 months provided sufficient stiffness in the experimental
limb to support full load bearing on the that limb.
Significance: Developing an approach that ensures rapid
bone formation in a critical sized defect provides a first step
toward a clinical solution insuring rapid bone regeneration
in large bone defects. Utilizing a sensor to monitor loading
and the effect of exercise on bone regeneration, will ensure
an understanding of the best approach to induce rapid bone
healing in patients and a tool to monitor rehabilitation.
References: 1. J B Mater Res–B, 66B, 514-19, 2003.
Acknowledgements: Work supported by; DoD, Broad
Agency Announcement for Extramural Medical Research;
Award W81XWH-18-1-0490.
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Improving cardiomyocyte contractility beating by introducing oxygen releasing microparticles
Kalpana Mandal1*, Sivakoti Sangabathuni1, Reihaneh Haghniaz1, Marvin Mecwan1, Wei Huang1, Vadim Jacaud1, Mehmet
Dockmeci1, Ali Khademhosseini1*.
Terasaki Institute for Biomedical Innovation, Los Angeles, CA 90064.
Statement of Purpose: Hypoxia is one of the major
hypoxia, cells cultured without CPO microparticles
reasons for tissue damages in vivo, which occurs due to
showed higher expression levels of hypoxia-inducible
vascularization network destruction [1]. Inadequate
factor-1α expression (HIF-1α) than those cultured with
supply of oxygen (O2) in engineered tissue creates a
CPO microparticles (Figure 3A). We also performed
hypoxic core, especially when the tissue constructs are in
traction force microscopy (Figure 3B) to quantify cell
millimeter range in size. Another example is myocardial
contractility in hypoxia and with CPO particle.
A)
ischemia, which occurs when the heart does not receive
enough O2. As a result, cells in hypoxia are unable to
produce adenosine triphosphate (ATP). Low O2 produces
free radicals during heart or lung transplantation when
ischemic time is greater than 4hrs, which increases
mortality after transplantation. Heart preservation time
B) i)
iii)
ii)
*
could be longer by using a perfusion machine that
2
PLGA (mg)
4000
theoretical
CPO (mg)
supplies enough O2 and removes toxic metabolites, thus
1.5
experimental
3000
decreasing ischemic injury to the donors’ hearts.
1
2000
Therefore, it improves ventricular function and cardiac
0.5
1000
allograft vasculopathy after transplantation. We
0
0
previously reported O2-generating tissue constructs by
CPO1
CPO2
CPO3
PLGA CPO-1 CPO-2 CPO-3
Increasing concentration CPO
Microparticles
incorporating free calcium peroxide (CPO) in GelMAmicroparticles
Figure 1: A) SEM images of (i) PLGA and (ii) & (iii) CPO particles
hydrogel. The major concern is to supply O2 consistently
(20%,50%) B) (i) CPO and PLGA composition (ii) Encapsulated CPO
for long periods. Here, we designed CPO loaded PLGA
amount in microparticles (iii) Particle size distribution.
microparticles for sustained release of O2 for improved
A)
cardiac activity. We investigate the cardiomyocyte
metabolic activity, beating rates as well as contractility in
B)
ii)
Free CPO
i)
response to CPO particles during hypoxic culture
CPO-3
40
100
80
30
conditions.
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Methods: Oxygen releasing microparticle fabrication:
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Microparticles were prepared using a microemulsion
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encapsulation method where CPO (the O2 releasing agent)
Time (hrs)
Time (hrs)
iv)
in the concentrations of 9% (CPO1), 20% (CPO2), and
CPO-1
iii)
CPO-2
100
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33% (CPO3) (w/w) was added to Poly(lactide-co80
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glycolide) (PLGA). Alizarin staining was used to quantify
40
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the amount of encapsulated CPO in microparticles. Size
20
20
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and shape were characterized using scanning electron
0
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0
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Time (hr)
Time (hrs)
microscopy (SEM) and analyzed using ImageJ software.
Figure 2: A) Hypoxic chamber used for probing dissolved oxygen B)
O2 release kinetics: Respective concentration of free CPO
Oxygen release profile for (i)CPO1 (ii) free CPO2 (iii) CPO2 (iv) CPO1
and CPO particles were added in PBS containing 0.05%
catalase, and the amount of released O2 in PBS was
measured using an O2 sensor for 24 hrs. Cell study:
Primary rat cardiomyocyte cells were cultured for 48 hrs,
then placed in a hypoxic chamber with 1% O2, 5% CO2,
and 94% N2 for 24 hrs. CPO particles were added to transwell inserts for O2 release in the media with catalase.
Figure3: (A) Immunostaining of actin(green) and HIF-1α (red). (B)
Traction force measurement: 10kPa soft polyacrylamide
Bright field cell image, bead image, and traction force contour map.
substrates were prepared with 200nm fluorescent
Conclusions and future direction: Our CPO2 can
polystyrene beads. Using Fast Fourier Traction
release O2 in sustained manner. The HIF-1α expression
Cytometry, we measured the forces exerted by cells in
can be reduced by adding CPO microparticles to cells
hypoxia and with CPO particles.
cultured in hypoxia. Future studies will be performed in
Results: All three microparticles were characterized for
ex-vivo heart model using CPO particles with the aim to
size (Figure 1) and O2 releasing kinetics (Figure 2).
increase the heart transplantation window.
SEM results showed that the average size of CPO
References: 1) Ashammakhi N, et al. Biomacromolecules
microparticles were 50 ± 20 µm. CPO2 were chosen for
2020; 21(1): 56-72. 2) Camci-Unal, G, et. al. Polym Int
cell studies due to their stable release of O2 (~21% O2).
2013, 62 (6), 843-848.
We showed that our particles are not cytotoxic, and they
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increased cell metabolic activity (data not shown). In
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Substrate Stiffness Modulates Human Regulatory T Cell Induction and Metabolism
Lingting Shi, Jee Yoon Lim, Lance C. Kam.
Department of Biomedical Engineering, Columbia University, New York, NY, USA
Statement of Purpose: Immunotherapy using regulatory
of Treg induction on the soft sample but not on the harder
T cells (Tregs) has shown recent successes in the
sample (Fig. 2).
treatment of autoimmune diseases. Induction of the Treg
phenotype from conventional T cells is being explored as
a practical approach for producing stable and functional
Tregs, as induced Tregs have shown suppressive
capability in animal models of autoimmune gastritis and
type 1 diabetes [1]. Induction of Tregs from activated
CD4+CD25- T cells in vitro has been studied with regards
to chemical factors, most notably TGF-β and IL-2.
However, it is becoming clear that mechanical forces play
major roles in T cell activation. This report explores the
hypothesis that induction of human regulatory T cells is
also sensitive to the mechanical rigidity of an activating
Figure 1. Violin plot of genes that are differentially
substrate. The tremendous potential of single-cell RNA
expressed between Tregs induced on hard and soft
sequencing (scRNA-Seq) was deployed to elucidate the
samples.
underlying biological mechanism of mechanosensing in
Treg induction, potentially providing new insights to
AICAR Treatment
improve the production of stable and functional Tregs.
40
Methods: Tregs were induced with IL-2 and TGF-β on
n.s.
7.5 kPa
polyacrylamide gels of different stiffness (7.5 kPa, 50
140 kPa
kPa, and 140 kPa), which present activating antibodies to
30
+
**
CD3 and CD28. CD4 CD25 T cells isolated from human
peripheral blood were seeded onto substrates for three
20
days under standard culture conditions. Intracellular
FoxP3 expression was evaluated by a flow cytometer to
10
detect the rate of Treg generation. To further understand
this process, scRNA-Seq analysis was performed on cells
0
induced on 7.5 and 140 kPa gels. ScRNA-Seq data were
analyzed with Seurat package for clustering and
ted AR
ted AR
rea AIC
rea AIC
Unt
Unt
differential expression analysis, and SCORPIUS for
trajectory inference. The importance of metabolism in
Figure 2. Percent FoxP3+ cells induced on 7.5 kPa and
Treg induction was verified with small molecules
140 kPa gels with or without treatment of AICAR (t-test
oligomycin and AICAR.
comparing untreated and AICAR samples on 7.5 kPa and
Results: Treg induction increased significantly as rigidity
140 kPa separately, n =7 individual experiment and 2
increased, as measured by percent FoxP3 high T cells.
replicates each with 4 donors).
Treatment of cells with blebbistatin abrogated this effect,
Conclusions: The results of this study demonstrate that
demonstrating that force generation is central to sensing
substrate rigidity affects induction of human Tregs.
of these substrates. Clustering analysis of ScRNA-Seq
Furthermore, this modulation involves changes in cellular
data revealed two major clusters including conventional
metabolic activities. The next step is to study induced
CD4+ T cells and Tregs. Differential expression analysis
Treg stability and functionality for adoptive therapy.
comparing Tregs from hard and soft samples revealed that
Overall, these findings can contribute to the
genes in oxidative phosphorylation were upregulated in
understanding of mechanosensing in Treg induction and
Tregs induced with the harder gel shown in Fig 1. Those
improved design of biomaterials for Treg production.
genes are also significantly contributing to the trajectory
Being able to generate sufficient quantities of functional
of Treg induction, thus these genes could be important for
Tregs would make a significant advance for Treg adoptive
mechanosensing of Treg induction. Oxidative
therapy.
phosphorylation has been reported to affect the rate of
Acknowledgements: This work was supported in part by
Treg induction [2]. Various substrate stiffness could lead
the National Institutes of Health (R01AI10593), the
to different Treg metabolic activities that impact Treg
National Science Foundation (CMMI 1743420), and NSF
differentiation, which is confirmed by inhibitor studies.
GRFP.
Oligomycin, an ATP synthase inhibitor, inhibited the rate
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Effects of Endothelial Cell (EC) Seeding Density and Passage Number on Human EC-Mesenchymal Stem Cell (MSC)
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Figure 1. Spheroid formation rate. Higher passage
number of the ECs was associated with decreased spheroid
formation frequency in PL hydrogel.
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Results: Spheroid formation frequency depended both on
the passage number and the seeding densities (Figure 1).
Spheroid formation rate was 100% when the passage
numbers were low and the initial seeding density was high
(p3 and p5, 100k and 50k respectively). When the ECs
were at medium passage number (p7), all wells formed
spheroids when the seeding densities were high (100k and
50k), while the frequency decreased to 80% as the seeding
densities were lowered to 25k and 10k. However, the
difference was not significant (p=0.6808). At higher
passage number of p9, spheroid formation frequency was
significantly reduced even at higher seeding densities (80%
at 100k and 50k), and the frequency was further reduced
when the seeding density was lowered to 25k and 10k (40%
and 30% respectively; p=0.0044). Interestingly, low cell
density did not significantly alter the average spheroid
diameter across all conditions (data not shown).
Sprouting length was chosen as a metric for spheroid
robustness, and sprout growth progression was observed

Spheroid Formation Rate
Two-way ANOVA
Passage number effect: p=0.0028
Seeding density effect: p=0.1482
n=10

Sprout Length (μm)

Methods: Tibial MSCs from a diabetic patient undergoing
BKA at Atlanta VA Medical Center were isolated and
expanded. Spheroid formation of the MSCs, co-cultured
with the CFSE-stained commercial human aortic
endothelial cells at 1:1 ratio was induced in 50% crude
human platelet lysate (chPL) supplemented with 5U/mL
thrombin. Spheroids were allowed to form overnight at
37°C in 96-well plates, pre-coated with 2% human serum
albumin. MSC-EC spheroids were embedded in fibrin
hydrogel, supported by nylon mesh ring scaffolds, and
incubated in growth media supplemented with 10% FBS
and 2µg/mL aprotinin. MSC-EC sprouting was measured
at 24-hour interval for 3 days using Keyence BZ-X710
fluorescence microscope and BZ-X viewer software. To
evaluate the robustness of the spheroids, 4 serial passages
of the ECs (p3, p5, p7, and p9) were used to form spheroids
while MSC passage number was kept constant at 4 seeding
concentrations (10k, 25k, 50k, 100k per cell type; 20k, 50k,
100k, 200k total/spheroids). Spheroid formation %,
spheroid diameter, and sprout lengths were graphed and
analyzed as metrics for robustness using GraphPad Prism
software version 9.

for three days after embedding them in the 3D fibrin
hydrogel scaffold. EC contribution to sprouting was
captured with fluorescence. Contrary to our original
hypothesis, rate and magnitude of the sprout growth did not
differ significantly among all conditions, altering passage
number as well as the seeding density (Figure 2).

Sprout Length (μm)

Statement of Purpose: Regenerative medicine strategies
often use hydrogels for cell transplants. Endothelial cells
(ECs) in combination with mesenchymal stem cells
(MSCs) may be useful in forming new pods of vascular
regeneration. We hypothesized that the passage number
and seeding density of the ECs affect angiogenic capacity
of the human EC-MSC spheroids in 3D culture. We use a
human platelet lysate (PL) hydrogel for 3D culture to
provide sustained growth factors.
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Figure 2. Sprout growth progression. Sprout length at
early passage were quite similar in all conditions.
Conclusions: Altering the seeding density and the age of
the ECs while keeping the MSCs age constant affected the
frequency of spheroid formation. However, if the cells
were able to aggregate adequately to form spheroids, they
exhibited similar survivability and sprouting potential as
evidenced by the length of the sprouts and the comparable
sprout growth rates. Due to the scarcity of the primary
human MSCs, it is important to optimize the cell density
and their age. The results presented here will allow us to
conserve on the number of cells used in the 3D cultures.

Polymer Design & Glycosaminoglycan Ratio Modulate Physical & Bioactive Properties of GAG Hydrogels
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Statement of Purpose: Glycosaminoglycans (GAGs),
how degree of thiolation impacted cells’ ability to interact
including hyaluronic acid (HA) and chondroitin sulfate
with the gels, gels were both digested with hyaluronidase
(CS) have been widely used as materials for tissue
and also assessed for their ability to bind to HA and CS
engineering scaffolds due to their inherent bioactivity and
targeting peptides, with these tests acting as analogs for cell
ease of chemical modification. However, several properties
proteolytic remodeling of and protein binding to the
of these polymers, including their molecular weight and
engineered environment, respectively. As thiolation
degree of modification, have varied between published
percent increased from 17% to 30% in both HA-SH and
studies. While GAGs can suppress inflammation and direct
CS-SH, the enzymatic degradation rate and the amount of
cell fate, their ability to do so is dependent on the ability of
bound peptide-glycan decreased significantly, suggesting
the cells to interact with the polymer. These cell/polymer
limited bio-recognition of the more highly modified GAGs.
interactions may be hindered through chemical
The effect of molecular weight had a negligible effect on
modification of the GAGs, as cell receptors are no longer
the physical and biological effects of the hydrogel
able to recognize the polymer. To study the relationship of
scaffolds, with the exception of the hydrogels made with
polymer design and their contribution to the physical and
the 10 kDa HA-SH, which was weaker and degraded
bioactive properties of the GAG hydrogel, our group has
quicker than all other MW of HA-SH. For CS/HA-SH
synthesized a set of thiolated HA and CS polymers and
blend hydrogels, the addition of CS significantly reduced
tested several parameters relevant to tissue engineering to
the stiffness of the blend gels, but no significant difference
determine their effects on encapsulated cells, including the
was found between the stiffness of CSHA DPN gels.
polymer molecular weight and degree of thiolation. We
Enzymatic degradation was dampened in CSHA DPN
then combined CS and HA to form CS/HA-SH blend
hydrogels compared to CS and HA homopolymer gels
hydrogels to determine the effects of polymer ratio on the
(Fig. 1), with increasing amounts of incorporated CS
physical and biological properties of the hydrogel.
enabling increased water infiltration over time. Finally, the
Methods: Thiolated HA (HA-SH) and CS (CS-SH) were
inclusion of CS in the hydrogel, either by itself in a
synthesized by attaching dithio-bis(propionohydrazide)
homopolymer gel or as a CS/HA DPN significantly
(DTP) to the carboxylic acid groups of the polymers using
increased the percent of viable MSCs compared to the HA
aqueous carbodiimide chemistry, with subsequent
homopolymer gels.
disulfide bond cleaving with DTP. Degree of thiolation
was controlled through the molar ratio of DTP to polymer
carboxylic acid groups. HA-SH was synthesized with HA
of molecular weights (MW) of 10 kDa, 60kDa, 100 kDa,
200 kDa, and 500 kDa. Stiffness of the GAG hydrogels was
determined through oscillatory rheology. Enzymatic
degradation rate of the hydrogels was determined through
incubation with hyaluronidase. For homopolymer gels,
concentrations of free HA and CS in the supernatant
determined degradation rate. DPN hydrogel degradation
was determined through recording swollen and dry mass of
digested gels over one week. Bioactivity was further
assessed through the ability of HA and CS targeting
peptides’ ability to bind to the thiol modified GAGs. HA
binding peptide GAH (GAHWQFNALTVGSG) and CS
binding peptide YKT (YKTNFRRYYRFGSG) were
Figure 1: Degradation of CS/HA-SH Blend Hydrogels
conjugated to CS and HA, respectively, through aqueous
at Seven Days
carbodiimide chemistry forming CS-GAH and HA-YKT.
Conclusions: Increasing the percent thiolation of both HA
Peptide-glycans were pipetted atop HA-SH and CS-SH
and CS decreases biorecognition by HA and CS targeting
gels and adherent peptide-glycans were quantified using
biomolecules, namely hyaluronidase and GAG specific
intrinsic amino acid fluorescence. Viability of rabbit
targeting peptides. At 60 kDa and above, MW of HA-SH
mesenchymal stromal cells (MSCs) encapsulated in DPN
did not affect hydrogel properties. The blending of CS and
gels was quantified with a live and dead stain.
HA into DPN hydrogels provides control over properties
Results: Increasing degree of thiolation of HA-SH and CSsuch as swelling and enzymatic degradation while also
SH increased the stiffness of the gel, with minimum
increasing cell viability compared to HA homopolymer
degrees of thiolation required for gel formation being 10%
gels suggesting that the dual GAG signals impact cell
and 15% for HA-SH and CS-SH, respectively. Robust gel
function.
formation for both HA-SH and CS-SH occurred at around
17% thiolation for a 1.5 w/v% gel, with this percent
Acknowledgements: This work was funded by NIH
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40 µm Diameter Pore, Precision-Templated Scaffolds Promote Recruitment of Pro-Healing Circulating Monocytes
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morphologically exhibited an atypical FBR with a cellular
infiltrate and minimal evidence of cellular fusion. Both the
40 µm PTS implanted in monocyte-depleted mice and 100
µm PTS in untreated mice exhibited a collagen-rich foreign
body capsule at the implant surface and extensive porespanning cellular networks (Figure 2 top). Additionally,
high magnification SEM images confirmed the presence of
a fibrous cellular structure and a large amount of ECM
protein deposits adherent to the pore surface compared to
40 µm PTS implanted in untreated mice (Figure 2
bottom).
*
*
% of Myeloid+CD68+CD14+ Cells

Statement of Purpose: Porous precision-templated
scaffolds (PTS) are scaffolds with a spherical pore
geometry where every pore and interconnect diameter are
adjustable, uniform, and precisely controlled. Upon
implantation, PTS with pore sizes between 30 and 40 µm
have demonstrated remarkable healing characteristics,
regardless the polymer of construction, and an overall
reduction in the foreign body response (FBR) [1].
Macrophages have been identified as key mediators in
regulating implant outcome within the PTS, but the origin
and infiltration of scaffold-resident macrophages have not
been extensively studied. In response to inflammation,
monocytes exhibit tissue-specific effector functions and
rapidly differentiate into macrophages. Both monocytes
and macrophages display exceptional plasticity, which
allows for the expression of various phenotypes in response
to changes in the microenvironment. In the context of in
vivo biomaterial-mediated tissue regeneration, the
functional role of circulating monocytes recruited to the
PTS could be a critical contributor in regulating the host
immune response. Therefore, we hypothesize that 40 µm
PTS promote the recruitment and infiltration of specific
circulating monocytes essential for the regenerative, prohealing effects observed only in 40 µm PTS.
Methods: Poly(2-hydroxyethyl methacrylate) (pHEMA)
scaffolds were fabricated using a sphere-templating
method to create uniformly distributed pores and
interconnects throughout the scaffold. 40 µm PTS
(healing) or 100 µm PTS (non-healing) were
subcutaneously implanted in a fluorescently-labeled
myeloid reporter mouse line (LysM‐Cre+/0:mT/mG+/0)
and explanted at 3, 5, and 7 days post-implantation. To
determine the role of monocytes in the pro-healing
response,
LysM‐Cre+/0:mT/mG+/0
mice
were
intravenously injected with clodronate liposomes to
deplete circulating monocytes, and 40 µm PTS were
subcutaneously implanted. Cells recovered from explanted
PTS were stained with CD68+ and CD14+, and analyzed by
flow cytometry. Scaffolds for trichrome staining were
immersed in OCT compound, sliced into 5 µm thick
sections, and stained with hematoxylin, Biebrich scarletacid fuchsin solution, and Aniline blue solution. Scaffolds
for scanning electron microscopy (SEM) were fixed with
4% paraformaldehyde and 1% glutaraldehyde, stained with
0.2% osmium tetroxide, and dehydrated in graded ethanol
(50%, 70%, 80%, 90%, and 100%). Samples were critical
point dried in CO2, sputter coated with gold/palladium, and
imaged at 5 kV with a 1 mm working distance under high
vacuum.
Results: Analysis of 40 µm PTS explanted from
monocyte-depleted mice showed a significant reduction in
recruited monocytes at 3 days post-implantation (Figure
1). At 7 days post-implantation, 40 µm PTS showed a
greater number of circulating monocytes, and

*

*

Day 3

Day 5

Day 7

Figure 1. Flow cytometric analysis of scaffold resident cells recovered
from 40 µm PTS (green) or 100 µm PTS (orange) implanted
subcutaneously in LysM‐Cre+/0:mT/mG+/0 mice, and from 40 µm PTS
implanted
subcutaneously
in
monocyte-depleted
LysM‐
Cre+/0:mT/mG+/0 mice (blue).
40 µm PTS Implanted in
LysM‐Cre+/0:mT/mG+/0 Mice

40 µm PTS Implanted in
Monocyte-depleted Mice

100µm PTS Implanted in
LysM‐Cre+/0:mT/mG+/0 Mice

40 µm

40 µm

40 µm

10 µm

10 µm

20 µm

Figure 2. Representative trichrome staining (top) and SEM images
(bottom) of pHEMA scaffolds 7 days post-implantation. Collagen is
stained blue, cellular cytoplasm is stained red, and nuclei are stained
black in the trichrome staining.

Conclusion: As a function of both circulating monocytedepletion and pore size, PTS alters the recruitment kinetics of
circulating monocytes and exhibit unique morphological
changes. Scaffold-resident cells appear to be derived from
circulating monocytes with a statistically significant increase
of monocytes within the 40 µm PTS. This increase appears
to contribute to a pro-healing response. Future studies will
focus on identifying specific monocyte subpopulations that
give rise to a regenerative, pro-healing response in the 40
µm PTS and understanding the mechanisms that drive
these outcomes.
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Statement of Purpose: Increased use of intraosseous
Slc20a2
p Value
Wild Type
implants and bone grafting materials require an
Parameter
Knockout
(2-Sided t(n=9)
(n=6)
Test)
understanding of many factors influencing their success.
Inorganic phosphate (Pi) is an important factor in hard
Bone Volume (%)
11.9±2.56
8.84±1.29
0.0194*
tissue mineralization. Pi reacts with calcium to form
Mineral Apposition
1.78±0.13
1.17±0.05
<0.001*
Rate (um/day)
hydroxyapatite (HA), the mineral crystal giving bone its
Bone Formation
compressive strength. Pi can serve an important role in
Rate Relative to
tissue regeneration: increased Pi availability by alkaline
4.33±0.68
3.38±0.38
0.0084*
Bone Volume
phosphatase adhesion on a fibrin scaffold was shown to
(%/day)
significantly increase bone formation over an untreated
Bone Formation
fibrin scaffold in mouse calvarial defects (1). Slc20a2 is
Rate Relative to
0.31±0.09
0.29±0.03
<0.001*
the gene encoding type III sodium-dependent phosphate
Trabecular Volume
transporter PiT-2, the predominant phosphate transporter
(%/day)
in hard tissues. Our lab was the first to report that Slc20a2
# Osteoblasts /
95.6±23.3
56.9±17.2
0.0041*
Tissue Area (/mm2)
knockout (KO) mice exhibit stunted growth (vertebrae,
# Osteoclasts / Tissue
femurs, tibia, mandibles) and decreased bone mineral
24.6±2.59
23.6±4.71
0.5963
Area (/mm2)
density (mandibles, femurs, tibia) compared to WT (2).
Table 1: Histomorphometric analysis of bone parameters
Here we extend these studies to further investigate the
(3) of 16-week old female PiT-2 WT and KO mouse
role of Slc20a2 in regulating hard tissue differentiation
lumbar vertebrae.
and mineralization to provide tools for tissue engineering
Conclusions: Slc20a2 KO mice exhibit impaired
applications.
osteoblast
differentiation and osteogenesis, suggesting
Methods: Mice: C57Bl/6NTac-Slc20a2<tm1a
that Slc20a2 must play an important role in osteogenesis,
(EUCOMM)Wtsi>/Ieg (Slc20a2) mice were used to
supported by our data and other’s findings (4, 5). In vitro
generate Slc20a2 WT and KO littermates (0.98% Pi diet).
data on osteoblasts suggests that mineralization may not
Calcein was administered for histomorphometry.
be directly impaired by Slc20a2 KO, but that Slc20a2
Histomorphomtetry: Bone histomorphometric analysis
plays an important role in osteoblast differentiation. Our
was performed in the lumbar vertebra 400 μm away from
mice also exhibit blunted incisors. This observation is
the growth plate using open source semi-automated bone
supported by others showing Slc20a2 KO mice have
histomorphometry software. The structural parameters
impaired dentin formation (4).
were obtained by calculating an average of 2 separate
measurements of consecutive sections. The structural,
Future studies are required to better understand the
dynamic, and cellular parameters were calculated and
mechanisms of Slc20a2 signaling in bone and tooth
expressed according to the standardized nomenclature (3).
development. Our lab has shown that Pi availability
MicroCT: MicroCT scans were obtained at 34.42um
around a scaffold can aid in healing and that Slc20a2 KO
resolution and 60kV (SkyScan 1076, reconstruction:
leads to impaired bone formation and osteoblast
Bruker NRecon V1.6.9).
differentiation. A mechanistic understanding of Slc20a2
effects on hard tissue formation may lead to more
Results: Histomorphometric analysis of Slc20a2 KO
therapeutic targets for hard tissue engineering; modulating
mice showed significantly lower bone mass, mineral
the function of Slc20a2 could improve osteoinduction in
apposition, and osteoblast number without statistically
grafts,
osseointegration of implants, and regeneration of
significant changes in osteoclast parameters compared to
bone
and
teeth after injuries.
background matched WT (Table 1). Slc20a2 KO mice
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Figure 1: MicroCT of 10-week old Slc20a2 WT (left),
heterozygous (center), and KO (right) mice showing
blunted incisor morphology in KO.
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Introduction: Bone and soft tissue regeneration at
Extraction socket is characterized by fast rate of resorption
of the alveolar bone at the extraction site. This produces a
decrease in ridge volume, deformations of ridge contours,
and thus, difficulties in delayed placement of root-form
implants in an ideal position [1]. The objective of the
present study was to clinically evaluate bone response to
bioactive
silica-calcium
phosphate
composite
(Shefabone® SCPC), grafted in the extraction socket.
.Methods: Five clinical case reports (25 patients) are
presented for patients who required extraction of hopeless
teeth. The importance of bone grafting to support future
implant placement or to avoid acceleration of bone
resorption under certain medical conditions was explained
to the patients. The patients consent to socket
preservation surgical strategy as part of their treatment
plan to counteract post-extraction bone volume loss.
Atraumatic extraction was performed, after irrigation with
normal saline, the extraction sockets were filled with
SCPC bone graft granules. Cone Beam Computed
Tomography (CBCT), plain X-ray/digital radiography and
histology of bone biopsy were performed to check the
quality and quantity of the regenerated bone after 3 and or
6 months thereafter. Extraction sockets without grafting
in the same patients served as control. Endo-ossues
implants were placed in some of the reported cases.
During implant bed preparation, it was felt hard to drill
after 3 month of grafting and, initial stability was
achieved.
Results Results and discussion: The healing of the grafted
and ungrafted sockets was uneventful in all patients. The
covering mucosa showed normal colour and texture with
no signs of infection, allergic reaction, or ulceration. Plain
X ray film for all presented cases showed homogenous
radio-opacity(Fig1) in the apical and middle one third of
the extraction socket. At least one of four cortices is
obscured by new bone scores as grade 5. The inter radicular
bone could not be distinguished from the newly generated
bone. The radioopacity and bone density in grafted sockets
increased over time and matched that of the host bone due
to the stimulatory effect of SCPC on bone cell function and
new bone formation. In healthy patients, significant
increase in the alveolar ridge height was observed six
months post operatively. For Diabetic patients there was a
continuous increase in bone density with a rate comparable
to that of healthy patient. Histology analysis of a bone
biopsy showed formation of mineralized bone with
remnants of the SCPC particles and woven bone(fig 2). In

contrary, bone density and height decreased in non-grafted
sockets over the 6 months period of the study. In
conclusion, clinical evaluation, CBCT, X-ray radiology
and histology analyses indicated formation of mature and
mechanically strong bone that was able to fix the dental
implant in place after 3 to 6 months. Shefabone® SCPC
dental bone graft is biocompatible, osteoconductive and
resorbable.

Figure 1:Shows the grafted socket, the red arrow point to the buccal bone
at the crest of the ridge, the yellow lines shows typical measurements sites
for the height and the width of the regenerated bone inside the socket

Figure 2: Shows A) Shows H&E staining, blue arrows denoted
the reversal line, (B) shows Masson trichrome staining
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Introduction: Tissue regeneration and neovascularization
in major bone loss cases is a major challenge in
maxillofacial surgery. Decellurized Skeletal Muscle(DSM)
can serve as a scaffold to facilitate cell migration and tissue
growth. The hypothesis of present study is that addition of
resorbable bioactive ceramic to DSM can expedite bone
formation and maturation. The aim of the present study is
to evaluate bone regeneration in two different surgical sites
using DSM mixed with silica-calcium phosphate
composite. We report on bone regeneration and
conservation of 3D vascular network which can overcome
the problem of neovascularization of large bone defects.
Materials&Methods: Two surgical defect models were
created in 18 Nude transgenic mice. Group1 with 2 mm
decortication calvarial defect (n=6), treated with
DMSC/SCPC sheet over the corticated bone as onlay then
seeded with hMSC in situ. In Group 2 (n=6), critical size
(4 mm) calvarial defect was created and grafted with
DMSC/SCPC/in situ hMSCs. Control groups included
Group 3, (n=3) animals with 2 mm decortication defect
treated with onlay DMSC sheet and Group 4, (n=3)
animals with critical size defect grafted with plain DMSC.
Group 5 animal was used as negative control with no
treatment. After 8 weeks bone regeneration in various
groups
was
evaluated
using
histology,
immunohistochemistry and histomorphometry
Results: New bone formation and maturation was superior
in groups treated with DMSC/SCPC/hMSC than those
treated with DMSC. The newly formed bone in Group1
and Group 3 was highly vascularized showing mineralized
collagen and high expression of ostepontine (Fig1).
Interestingly, the newly formed bone was thicker and
contained twice as much bone marrow spaces compared to
control untreated bone.

Figure 1. Showing osteopontin staining for the newly
formed bone through the entire thickness of the onlay
DSM/SCPC/hBMSC sheet graft.

Conclusions: This novel surgical techniques using
DMS/SCPC scaffold has the ability to augment and
induce bone regeneration and neovascularization in cases
of major bone resorption and critical size defects
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Statement of Purpose: Urochordates are the closest
Results: We found the tunicate species with various color
invertebrate relative to humans and commonly referred to
morphs including brown, red, green, and honey-colored –
as tunicates, a name ascribed to their leathery outer tunic.
all belonging to the same species. This species has a jellySeveral ecological, economical, and public health hazards
like tunic consistency externally and more so internally.
are associated with tunicates. Tunicates are ‘invaders’ that
Predominantly made of cellulose, the cellulose fibrils are
travel from one region or port to other by attaching to the
visible on slicing the top layers of the tunic. The presence
ship bottoms. As a consequence of their filtration
of cellulose was confirmed by the material
dominant survival techniques, tunicates compete for food
characterization experiments. The SEM images revealed
with other filter feeders such as clams, mussels and
that the lyophilized tunic has a rough multi-layered
scallops. However, due to their high reproduction rate and
networked structure, with the presence of micro/nanotemperature and salinity tolerance they can quickly
fibrils and crystals. It is interesting to note that the nanoreplace such native species by overgrowing and taking
fibrillar cellulose networks remain intact even after the
over an area, making them a major threat to biodiversity.
process of decellularization and lyophilization. Tunic,
Invasive or fouling tunicates pose a great threat to the
being a natural ECM material, has a modulus of 4 MPa,
indigenous marine ecosystem and governments spend
which is much higher than other hydrogels reported so far
several hundred thousand dollars for tunicate
in the literature. The tunic, derived in this work, combines
management, considering the huge adverse economic
both excellent biocompatibility and mechanical strength,
impact it has on the shipping and fishing industries.
overcoming the limitations of most of the hydrogel-based
Harvesting the invasive tunicates for extraction of useful
constructs.
biomaterials offers a potential solution. The tunic, which
is the thick external skin from which the organism derives
its name, is mainly composed of tunicin, a cellulose
polysaccharide, in addition to some collagen and elastin
which act as a skeletal support structure, as well as the
tunicate’s first line of defense. Tunicate-derived cellulose
and nano-cellulose has been explored as a potential
polymeric material. However, the yield is only 5%,
leaving the rest as waste. We have attempted to use the
native tunicate extra-cellular matrix, after
decellularization and lyophilization, as a bioactive tissue
engineering scaffold in this work.
Figure 1. Bioactive tissue scaffolds from decellularized
Methods: Materials: Tunicates were collected from the
ascidian tunic
Zayed Port, Abu Dhabi, UAE. The species was identified
Conclusions: In this work, we have successfully
as Polyclinum Constellatum and submitted to NCBI
identified the environmentally destructive colonizing
(Accession # MW990087). Decellularization and
tunicate species of Polyclinum constellatum in the coast
Lyophilization: The outer rough layer was removed using
of Abu Dhabi and propose a method of using it as
surgical knife and the whole hydrogel-like tunic tissue
scaffolds for tissue engineering and regenerative medicine
was separated from the freshly harvested tunicate. The
applications. Detailed morphological analysis revealed the
tunic tissue pieces are stirred well in decellularization
intricate 3D nanofibrous cellulosic networks that remain
buffer (10mM Tris, 1mM of ethylenediamine tetra acetic
intact even after the multi-step process of
acid (EDTA), 0.2%V/V of Triton X-100, and 1.5% of
decellularization and lyophilization. The fact that the
sodium dodecyl sulfate (SDS); pH 7.5 all from Sigmalyophilized tunics are dry, can be easily transported
Aldrich, USA) for 48 hours. The buffer was changed
compared to other 3D culture systems such as hydrogels
every 2 hours. The decellularized tissue pieces were
and on rewetting, the 3D tunic structure is regained, is a
frozen in -80oC overnight and lyophilized (Christ Alpha
huge advantage for labs around the world trying to
1-2 LD Lyophilizer) for 48 hrs. The lyophilized scaffolds
establish sustainable 3D culture systems. The tunic
were sterilized with ethanol and UV radiation for further
showed excellent biocompatibility, high mechanical
characterization and analysis. Characterization: Extensive
properties (a modulus of 3.85±0.93 MPa compared to
characterization studies using SEM, Raman, FT-IR, XRD,
~0.1 – 1 MPa of hydrogels) and exhibited high fluidand AFM has been done. Cell culture: In vitro cell culture
absorption capability. Experiments with camel blood
studies using Mouse Embryonic Fibroblasts (MEFs) was
plasma as wound exudate and alginate-based artificial
performed and the cell viability was assessed using
wound proved the superiority of the tunic over the other
various assays including AlamarBlue, Picogreen DNA
commercially available wound-dressing materials, with a
quantification, BCA protein quantification and
capacity of absorbing 20 times its weight in the dry state.
Live/Dead.
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Statement of Purpose: Currently, melt extrusion additive
plasma treatment speed was fixed to 70 mm/s, due to a
manufacturing (ME-AM) also known as the fused
process time and consumption of gas. Then, layer-bydeposition modeling (FDM) is the most generally used at
layer treated scaffold as 70 mm/s treated speed was
3D printing techniques which is widely used to fabricate
fabricated to evaluate the effect of plasma treatment with
structures mimicking the extracellular matrix for tissue
non-treated scaffold (NT) and generally treated scaffold.
regeneration. Among used various materials, poly lactic
The results show that LBLT was enhanced with
acid (PLA) is a well-known biomedical polymer with
biocompatibility and cellular behaviors than NT. Fig 1E
biodegradable and mechanical properties [1, 2]. Despite,
shows that NT remains round shape of spheroid, GT and
it has a limitation such as low wettability and shows poor
LBLT shows loosing the round shape of spheroid.
cell attachment, because of its low surface energy. Plasma
Besides, LBLT was improved migration into inner part.
treatment is used to render the surface modification to
Also, protein absorption assay show LBLT the most
these drawbacks [3]. Generally, plasma treatment is
increased than others.
performed post-process, so inhomogeneous and
impossible to uniform surface modification on inner part.
To overcome this limitation, we converted one of two
nozzles in an FDM type 3D printer to a plasma device to
process each inner layer.
Methods: The extruder component was changed from the
one of two head ME-AM type 3D printer (BCN 3D Sigma
R19) to a plasma device (Piezobrush PZ2-i) for treating
plasma. The treated plasma volume is controlled by Gcode regulating plasma device movement. The samples
were prepared with disc type scaffolds (9 mm in diameter,
Figure 1. (A) Scanning electron micrography of the
6 mm height) and stored at room temperature in sealed
plasma treatment PLA scaffold, (B) water contact angle
container for overnight. SEM, non-contact surface
measurement after treatment by plasma at room
profiler, and contact angle, were utilized to observe
temperature, (C) in vitro characterization of cell
surface characterization of the plasma own effect. In
proliferation test of GFP-MSC for 5 days of culture by
addition to evaluate the in vitro biocompatibility of
treatment speeds, (D) cell proliferation test of GFP-MSC
plasma-treated scaffolds which were treated 70 mm/s, 20
spheroids on scaffold, (E) fluorescence cross section
mm/s, and 7 mm/s of treated-speeds, green fluorescent
images of GFP-MSC spheroids on top of scaffold after 7
protein-expressing human-derived mesenchymal cells
days, and (F) quantification of protein absorption of
(GFP-MSC) were seeded on the top of scaffolds.
scaffold
Subsequently, layer-by-layer treated (LBLT) scaffold (10
Conclusions: In this works, we presented a plasma-based
mm x 10 mm x 3.5 mm) was prepared for comparing with
3D printing system for fabrication of scaffold which
scaffold as generally plasma treatment way (GT) and
uniformly modified inner parts. In this regard, we
placed at room temperature for overnight, washed with
demonstrated easily apply to 3D printing system and each
Dulbecco’s phosphate-buffered saline (dPBS) and dried
layer
plasma-treated
scaffolds
were
enhanced
under the ultraviolet light. To assess cellular behavior of
biocompatibility.
Our
results,
indicate
that
(1)
developed
scaffolds with each plasma-treated system, fabricated
of homogeneous surface modified scaffold system, (2)
spheroids were seeded on scaffolds. Additionally,
enhanced topography, roughness, and hydrophilicity, (3)
scaffolds were assessed by protein absorption assay with
promoted higher protein absorption, cell proliferation, and
complete medium.
migration into scaffold inner part, and (4) easily apply to
Results: To apply the plasma-based 3D printing system,
all the two head deposition system. Therefore, our system
one of two nozzles in an FDM type printer converted to a
suggest that layer-by-layer treated scaffolds can fast
plasma device. The G-code was revised for plasma
fabricated and be a useful strategy for tissue engineering
movement and continuing stack of PLA filament using
in the future.
BCN3D.Cura-3.2.0-win64.
Surface
characterization
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Effects of Astrocyte Derived Extracellular Matrix on Axon Growth of V2a Interneurons
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Statement of Purpose: Spinal cord injury (SCI) is a
transplanted V2as was assessed with VgluT2 and NeuN
debilitating medical condition that affects approximately
and their presence determined using reporter TdTomato
291,000 people in the US that leads to a significant,
fluorescence.
lifelong healthcare burden, which can cost from $1 to 4.5
million. One major reason for the high cost of SCI is the
Results: Previously we have shown that astrocyte ECM is
limited of regenerative capacity of the adult mammalian
sufficient to support neuronal growth and that neurons
spinal cord.1 This lack of regeneration is due, in part, to a
exhibit more robust growth on protoplasmic versus
highly organized, predominantly astrocytic glial scar that
fibrous astrocyte-derived ECMs.3 Here we demonstrate
forms to limit the spread of secondary injury, but also
that HA hydrogels containing protoplasmic ECM support
represents a chemical and physical barrier to neuronal
increased host axonal growth into a SCI lesion.
growth. Interestingly, it has been observed that astrocytes
Furthermore, we found that the presence of V2a
are also present where axons are able to cross the injury
interneurons increased neuronal process area within the
site.2 This suggests that astrocytes are involved in both the
lesion (Figure 1). In addition to improving axon growth,
formation of the glial scar and the creation of bridges
protoplasmic ECM incorporation was also found to
across the scar and lesion environments. V2a interneurons
reduce astrocyte reactivity surrounding the SCI lesion and
are glutamatergic, ipsilaterally projecting cells that have
to reduce infiltration of macrophages into the lesion and
been found to be important for local rewiring following
surrounding tissue compared to HA alone and sham
SCI, particularly in the phrenic circuit. In this work, we
implant. In addition, the HA hydrogel itself was found to
present a novel hyaluronic acid (HA)-astrocyte
reduce staining for inhibitory CSPGs in the glial scar
extracellular matrix (ECM) hydrogel and demonstrate that
compared to the sham implant. By quantifying TdTomato
this hydrogel can be used to deliver V2a interneurons into
expression, we found that the transplanted V2a
the injured spinal cord.
interneurons survived in both HA and HA+Proto ECM
Methods:
Transgenic mESCs were generated that
gels. Furthermore, based on co-localization of TdTomato
contain the puromycin acetyltransferase gene (PAC),
with β-tubulin, transplanted interneurons could extended
which confers puromycin-resistance, under the control of
processes both within the SCI lesion and into the host
the aquaporin-4 (Aqp4) promoter. The Aqp4-Puroline
spinal cord.
allows for enrichment of protoplasmic astrocytes. The
transgenic mouse embryonic stem cell (mESC) line,
Olig2-Puro, was used to enrich for fibrous astrocytes
(though carefully timed selection). mESCs were cultured
in media containing retinoic acid (RA) and smoothened
agonist (SAG) for 5 days to generate ventral spinal
precursors. Exposure to bone morphogenic protein 4
(BMP4) produced protoplasmic astrocytes and exposure
to ciliary neurotrophic factor (CNTF) produced fibrous
astrocytes. Puromycin (2 or 4μg/mL) was added to
protoplasmic or fibrous astrocyte cultures for selection.
V2a interneurons were derived from Chx10-PAC CAGFigure 1: Presence of Protoplasmic ECM or V2a Interneuron
Increases Neuronal Process Area within SCI Lesion. Graph
TdTomato mESCs as previously described. This cell line
shows the percent of total pixels positive for β-tubulin. Error
expresses puromycin resistance under the control of
bars: std. error, n=7 for Sham, HA, and HA+Proto ECM, n=8
Chx10 promoter elements so, with selection, cultures
+
5
for HA + Cells and HA + Proto ECM + Cells, *: p<0.05
contain 80% Chx10 cells (V2a Interneurons). After
differentiation, V2a interneurons were aggregated using
Conclusions: We have developed a novel biomaterial
an AggreWell plate for 2 days. ECM was scraped off the
with potential as a treatment for central nervous system
plate surface into 50 mM trehalose and lyophilized. ECM
injury by harvesting ECM from ESC-derived astrocytes.
was then reconstituted in 1% HA-methylfuran prior to
This work shows that astrocyte ECM maintains
addition of PEG-bismaleimide crosslinker (3.4 kD) and
bioactivity and improves histological outcomes following
V2a aggregates. The resulting shear thinning gels were
SCI. In addition, these hydrogels can support cellular
then injected into Long-Evans rats 2 weeks after a T8
transplantation, in this case V2a interneurons. The
dorsal hemisection SCI. Following implantation animals
presence of these neurons also appears to have triggered
were immune suppressed with cyclosporine-A.
increased growth of the host axons into the SCI lesion.
Histological recovery was assessed 2 weeks after
Future work will focus on determining if transplantation
implantation with staining for Tuj1 (neurons), GFAP
of these HA:ECM hydrogels and/or the V2a interneurons
(astrocytes), CS56 (inhibitory chondroitin sulfate
results in any behavioral improvements following SCI.
(CSPGs)
proteoglycans),
and
ED-1
(microglia/macrophages). The phenotype of the

Connectivity

Organoid Diameter (!m)

Modeling 22q11.2 Deletion Syndrome Vasculopathy with Blood Vessel Organoids
Siyu He1, Cong Xu1, Shradha Chauhan2, Yeh-Hsing Lao1, Yang Xiao1, Moshe J. Willner1, Shannon McElroy1, Yinuo Jin1,
Joseph A. Gogo4, Sneha B. Rao4, Raju Tomer2, Elham Azizi1, Bin Xu5, Kam Leong1,6
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Statement of Purpose: The 22q11.2 deletion syndrome
VO for disease modeling. 2. The Voronoi algorithm was
(22q11.2 DS) is a genetic disorder caused by
able to quantify the colocalization of EC and mural cell
microdeletions in the chromosome 22. Patients experience
with Manders/Spearman’s coefficients. Our study
variable developmental dysfunction, such as abnormal
demonstrated the reduction of colocalization of EC and
vasculature, congenital heart disease, and skeletal
mural cells and indicated that the decreased cell contact
abnormalities1. However, how dysfunction endothelial
might induce the morphology change in 22q11.2DS. 3.
cells and pericytes contribute to the vasculopathy remains
Our single cell RNA sequencing confirmed heterogeneity
unknown. In this study, we used the 3D self-assembled
of vessel organoids by identifying EC, pericytes, smooth
human blood vessel organoids (VOs) generated from
muscle cells, and fibroblast in VO (Fig. 1C). We found
22q11.2 patients induced pluripotent stem cells (iPSCs) to
the diminish of kidney specific EC, and enhanced
model the vascular malformation and genetic
capillary in diseased VO, consistent with the finding of
dysfunctions. We found that the VOs with 22q11.2 have
decreased diameters. The gene set enrichment analysis
smaller VO size. The alterations in 22q11.2DS VO size is
suggested the dysfunction were related to ECM
the results of instability in vasculature network formation
enrichment and tight junction change. Further exploration
while increased angiogenesis/sprouting. Comprehensive
using CellChat confirmed the decrease of cell-cell
methodologies combining deep learning and single cell
contact, and enrichment of ECM related signal secretion
transcriptomics also indicated that alterations in EC and
(Fig. 1D), which associated with abnormality of EC as
mural interactions might contribute to the deficits in
signal receiver in VEGF pathway, and dysfunction of
vascular network formation. Our study verified the ability
pericytes in regulating the COLLAGEN pathways.
of VOs modeling vascular diseases and offered a
A
B
C
powerful patient specific biomaterial for studying disease
mechanisms and screening countermeasure drugs.
WT1
Methods: 1. Generation and characterization of VO
model. We followed the previously established protocols
D
to generate VOs2. To visualize vasculature structure with
high resolution, we performed immunostaining of
Del1
endothelial cells and pericytes with CD31 and PDGFRb,
respectively. The whole VOs were imaged by CLARITYoptimized confocal light sheet microscopy3. Then we
Figure 1. A) Organoids size and connectivity in 22q11.2
modified the fully convolutional networks (FCNs) base
DS and control VO. B) Density plot of vascular
deep learning architecture4 to recognize and segment the
centerlines in control (WT1) and diseased (Del1) VO.
EC tubes in our VOs, followed by a method for extracting
Red color: high density. C) UMAP of sequenced single
the parameters of blood vessels, including tubular
cells in 22q11.2 and control VO, colored by cell type. D)
diameter, bifurcation, and density. 2. Genetic analysis at
Circle plot of cell-cell contact and ECM differential
the single-cell level: single cell RNA sequencing was
strength among different types. Blue (red) edge
performed to reveal transcriptome defect in 22q11.2DS.
represents decreased (increased) signaling in the 22q11.2
Using multiple analysis, such as scanpy and scVelo, we
DS VO.
identified the cell type, RNA velocity and highly variable
Conclusions: Our vessel organoids successfully modeled
genes in 22q11.2DS. Then by implementing CellChat, we
22q11.2DS vasculopathy, with quantitative suggestion in
inferred the intercellular communications on vascular
morphology characterization and transcriptomics
related signaling pathways.
profiling. In conclusion, this study aspires to innovate the
Results: 1. Deep learning-based 3D segmentation
integration of stem cell engineering and novel analysis on
characterized the vascular morphology and demonstrated
modeling disease and screening drugs preclinically.
the diseased VO had smaller size, suggesting the
References: 1. Kobrynski, L.J. & Sullivan, K.E. The
prolonged cycles of cell division, proliferation, and
Lancet 370, 1443-1452 (2007). 2. Wimmer, R.A.,
apoptosis driven by 22q11.2 DS. Besides, we identified
Leopoldi, A., Aichinger, M., Kerjaschki, D. & Penninger,
the features of smaller vascular radius, enhanced density,
J.M. Nature Protocols 14, 3082-3100 (2019). 3. Tomer,
and weak connectivity in the diseased vessel network
R., Ye, L., Hsueh, B. & Deisseroth, K. Nature protocols 9,
(Fig.1AB), consistent with the clinical diagnosis. The
1682 (2014). 4. Tetteh, G. et al. Frontiers in Neuroscience
findings provided quantitative standard for diagnosing the
14 (2020).
vascular abnormality and demonstrated the capability of
ECM differential strength
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Polycaprolactone Electrospun Fibers to Modulate Basement Membrane Remodeling in Upper Airway Coculture
Solaleh Miar1,2,Ph.D., Rena Bizios2, Ph.D. Joo L. Ong2, Ph.D. Gregory Dion1,MD and Teja Guda2, Ph.D.
1U.S. Army Institute of Surgical Research, JBSA Fort Sam Houston, TX
2University of Texas at San Antonio, San Antonio, TX
Statement of Purpose: The functionality of the upper
airway mucosal layer is highly affected by the basement
membrane which is the spatially dense extracellular matrix
under the epithelium lining1, 2. Understanding the impact
of culture substrates on basement membrane regulation in
in vitro models and the impact of mechanical and
morphological cues on basement membrane function is
crucial for physiological microenvironment models. In this
research, we investigate the underlying physiology and
model the microenvironment of the epithelial-mucosal
lining of the trachea by establishing an in vitro
microphysiological model using Polycaprolactone (PCL)
electrospun fibers. In this model, PCL fibers were used as
a substrate for epithelial-fibroblast co-culture in order to
mimic the mucosal layer and the basement membrane of
the trachea and recapitulate the biophysical milieu of the
native tissue.
Methods: Polycaprolactone (PCL) fibers were electrospun
from PCL pellets dissolved in chloroform and ethanol
(98:2 v/v) in either an aligned or randomly oriented
configuration. The membranes were then assembled in a
transwell-like (Figure 1) configuration and cultured with
human tracheal fibroblast for 7 days followed by human
bronchial epithelial cells to generate a coculture (CC). To
induce epithelial differentiation, an air-liquid interface was
introduced at Day 14 and culture continued for 28 days.
Fiber morphology, local mechanical properties of the
Figure 2. (A) Histological Observation. Basement membrane
staining conducted using Jones’ staining on Random (RCC) and
matrix and cell-coculture, immunohistochemistry,
Aligned (ACC) coculture at day 21. (D) Local elastic modulus
histological analysis, and RNA sequencing were conducted
of cocultured groups at day 0, 7, 14, 21, and 28 in RCC and
to understand matrix and tissue evolution within the microACC.
environment.
Results: The development of the epithelial mucosa and
corresponding changes in mechanical stiffness in both
membranes could be identified by in situ indentation (Fig
1). Coculture systems upregulate matrix remolding genes
(mmp2, wnt and sox2) while it downregulates fibrotic
scarring in bmp and col1 signaling. In addition, the
system matures in 14 days and the exposure to the airliquid interface is immediately noticed in the TEER
measurements. Mature basement membrane with
functional mucosal membrane was produced using bilayer
membrane; however, there is no significant difference
observed in RCC group compared to ACC. The Random
fibers showed trends of not encouraging a fibrotic
phenotype, while the aligned fibers showed significantly
greater basement membrane stiffness as well as early
increase in trans-epithelial resistance.
Conclusions: A coculture system was developed to
model the tracheal mucosal microenvironment using
fibers that mimicked the basement membrane, leading to
functional 3D in vitro model that mimicked tissue
mechanics and transport function as well as cell-cell
Figure 1: (A) Schematic picture of the coculture at liquid-air
interface. (B) IHC images of fibroblasts, epithelial, and
communication.
coculture at day 21. (C) RNASeq demonstration.
References: 1. Tam, Anthony, et al. Therapeutic
advances in respiratory disease 5.4 (2011): 255-273.

Temporal dynamics of interpenetrating Collagen I:Fibrin hydrogels in supporting musculoskeletal remodeling
Gennifer Chiou1, Isaiah Arredondo1, Joo Ong1, Rena Bizios1 and Teja Guda1
1
Department of Biomedical Engineering, The University of Texas at San Antonio, San Antonio, Texas
Statement of Purpose: The temporal development of the
tissue extracellular matrix is necessary for sustained and
successful tissue regeneration. While there are vast
differences among tissues in regard to gross composition,
function, and mechanical characteristics, the local matrix
of these tissues contains some ubiquitous proteins, such as
collagen Type I in musculoskeletal tissues.. In tissues that
have undergone injury, fibrin clots are the first
substantive scaffolds that support cell infiltration and
remodeling and provide initial stability. Thus, to
investigate the temporal remodeling of the tissue matrix,
we investigate collagen I:fibrin (Col:Fib) interpenetrating
network blend hydrogels composed of differing ratios of
Col:Fib to be able to support the remodeling of the tissue
during regeneration. The objective of this study was to
evaluate the impact of musculoskeletal progenitor cells on
the mechanical stability of Col:Fib blended hydrogels and
to evaluate if the matrix degradation rate and cellular
remodeling rate equilibrated.
Methods: Hydrogel Synthesis: Briefly, fibrin gels were
prepared with a fibrinogen concentration of 20 mg/mL
and combined with thrombin at a ratio of 2:5,
respectively. Collagen type I gels were formed at a
concentration of 4 mg/mL according to manufacturer’s
protocol. Samples were allowed to gel at 37°C for 30
minutes. After gelation, appropriate growth media was
added. Col:Fib gels were formed at the follow ratios:
100C:0F, 75C:25F, 50C:50F, 25C:75F, 0C:100F. Gels of
50C:50F were seeded with both satellite cells (SC) and
mesenchymal stem cells (MSC) were isolated from rats
and seeded at 2 densities: 100,000 cells/mL (SC1 or
MSC1) and 200,000 cells/mL (SC2 or MSC2). Sample
Characterization: Samples were characterized using an
ElastoSens Bio (Rheolution, Quebec, Canada) daily over
a period of 14 days or until complete sample degradation
for storage modulus and sample height. Statistical
Analysis: Since the same hydrogel is measured over time,
paired statistical modeling was used for improved power.
A two-way ANOVA (across time and cell concentration
or material composition) for n=3/group/time and HolmSidak post hoc test for significance determined at p<0.05.
Results: Increasing amounts of fibrin content within gels
lead to increased rates of material degradation (Fig 1A
and B). With pure fibrin degrading by Day 2, 75% Fibrin
by day 10 and lower concentrations by Day 12. With the
addition of musculoskeletal cell populations, less
hydrogel degradation was seen with MSC populations
(Fig 1C and D) which tend to synthesize significant ECM
proteins, while the addition of SC populations let to
material consolidation and lack of volume (Fig 1E and F)
that is often associated with myotube formation. The
addition of MSCs increased the average storage moduli of
50C:50F gels, regardless of cell concentration; indicating

potentially that the cells were synthesizing ECM and
degrading matrix in a density agnostic manner driven by
reaching a metabolically stable density in situ.
Comparatively, the addition of SC appears to have little
effect on the average storage moduli even though the
modulus trends upwards indicating that it is not
degradation of the IPN hydrogel but potentially matrix
consolidation concurrent with myotube formation (as
opposed to degradation seen with volume loss in the cell
free constructs).

Figure 1. Average Storage Moduli of (A) Col:Fib blends
without cells; and 50:50 Col:Fib blend (C) with MSCs,
and (E) with SCs, respectively. Average Height of
corresponding (B) Col:Fib blends without cells; and 50:50
Col:Fib blend (D) with MSCs, (F) with SCs respectively.
Conclusions: Musculoskeletal cells remodel the
temporary matrix at the wound site during the
proliferative phase through both remodeling and matrix
deposition. Depending on skeletal muscle versus bone,
this sequence is impacted temporally by cell
concentration and native polymers such as collagen and
fibrin can be blended in interpenetrating hydrogels to
support this remodeling while continually providing
mechanically stable substrata.
Acknowledgment: Supported by NSF CBET#1847103.

Small Extracellular Vesicles from Precision Porous Templated Scaffold Resident Cells Modulate T Cell Inflammatory
Signaling via TLR4
Thomas Hady1, Dr. Billanna Hwang2, Dr. James D. Bryers1.
University of Washington Bioengineering1, University of Washington Department of Surgery2.
Statement of Purpose: Precision porous templated
scaffolds (PTS) elicit a pro-healing response exclusively
with pores 40μm in diameter. However, the specific
mechanisms driving this phenomenon remain unknown.
While T cells are present in implanted PTS, their role in
the host response to PTS remains poorly understood, and
cytokine signaling does little to explain their function. We
have previously demonstrated the role of small
extracellular vesicles (sEVs) derived from PTS resident
cells in adjusting CD4+ T cell homeostasis1. Our current
work investigates the signaling mechanism of PTS
resident cell-derived sEVs to naïve T cells. Herein, we
describe the proteomic characterization of sEVs derived
from 40μm PTS and use these insights to demonstrate
TLR4-dependent effects of sEV signaling on classical
inflammatory pathways of primary T cells.
Methods: sEVs were first harvested from explanted PTS.
Briefly, 40μm and 100μm PTS were synthesized using
previously described methods1, and subcutaneously
implanted into C57/BL6j mice for one week. PTS were
then explanted and placed into culture medium for 2 days,
and sEVs were harvested from the conditioned medium.
Figure 1: Expression of (A) IFNα in wild type T cells and
sEVs from 40μm PTS were then lysed, digested in
(B) STAT3α, (C) TRAF3, (D) TRAF6 in TLR4ko T cells
solution, and analyzed via LC-MS/MS for proteomic
treated with sEVs from 40μm and 100μm PTS explants.
characterization. Statistical enrichment analyses were then
Conclusions: Proteomic data indicate that sEVs from
performed using PANTHER 2,3. To investigate the role of
40μm PTS modulate broad inflammatory signaling
TLR4 in explanted PTS-derived sEV signaling to T cells,
processes. Moreover, the indicated integrin signaling and
splenic T cells from wild type, MyD88 knockout, and
Rho GTPase regulatory pathways identify parts of this
TLR4 knockout C57/BL6j mice were obtained via
larger inflammatory pathway that may be affected by PTS
immunomagnetic separation. These T cells were then
explant-derived sEV signaling. Taken together, these
treated with sEVs generated by explanted 40μm and
pathways specifically implicate NF-κB, STAT, and
100μm PTS. RT-qPCR was performed on the RNA from
NFAT as targets of PTS explant-derived sEV signaling3.
these T cells to assess sEV downstream TLR4 signaling.
Moreover, integrins and Rho GTPases play distinct roles
Results: sEVs from 40μm PTS contained 2042 identified
in TLR4 pathways that adjust these signaling modalities.
proteins, where 1575 were identified as EV proteins, and
Treatment with PTS explant-derived sEVs induced anti1030 were identified as exosome proteins (Vesiclepedia
inflammatory effects via IFNα downregulation in wild
and Exocarta databases). Upon statistical enrichment
type T cells in a MyD88-dependent manner. However,
analysis, these sEVs showed significant enrichment of
MyD88-independent signaling appears to be responsible
three pathways of interest; specifically containing 81
for STAT3 attenuation upon sEV treatment, which likely
proteins involved in “Inflammation mediated by
regulates pro-TH2, TH17, and Treg responses. While the
chemokine and cytokine signaling”, 94 proteins involved
MyD88-independent upregulation of TRAF3 and TRAF6
in “Integrin signaling”, and 50 proteins involved in
2,3
upregulation upon TLR4 knockout is initially
“Cytoskeletal regulation by Rho GTPase” .
confounding, TRAF3 is also involved in T cell receptor
Upon treatment with sEVs from 40μm and 100μm PTS,
(TCR) activation, and TRAF6 is involved in other TLR
wild type splenic T cells demonstrated a significant
signaling. We thus conclude that PTS explant-derived
reduction in IFNα transcription; these effects were ablated
sEVs modulate key inflammatory processes, triggering
in T cells not expressing MyD88 or TLR4, indicating
regulation of signal transduction through the MyD88MyD88 dependence (Figure 1). However, splenic T cells
independent TLR4 pathway and driving antifrom TLR4 knockout mice uniquely upregulated
inflammatory type I interferon attenuation through the
STAT3α, TRAF3, and TRAF6 expression upon PTS
MyD88-dependent TLR4 pathway.
explant sEV treatment, indicating MyD88 independence
References:
(Figure 1). Pore size-dependent effects in sEV signaling
1
Hady TF. J Tiss Eng Reg Med. 1-20-2021 Issue.
were also observed: sEVs from 40μm PTS caused the
2
Mi H. Nucl. Acids Res. 2021; 49 D1: D394-D403.
downregulation of mTOR in wild type T cells and an
3
Mi H. Methods Mol Biol. 2009; 563: 123–140.
upregulation of TRAF3 in MyD88 knockout T cells.

Designer Angiogenic Peptides for Tissue Regeneration
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Statement of Purpose: We have designed β-sheet
receptors over VEGF or angiogenic mimic QK alone.
forming self-assembling peptide hydrogels (SAPH)
Angiogenic peptides demonstrate robust revascularization
[based on a canonical K-(SL)6-K self-assembling unit]
in diabetic wounds (in mice and rats), healing ischemic
with robust angiogenic, neurogenic, dentinogenic, and
eyes (rats) and regenerating dental pulp (canines).
immunomodulatory signaling.
We have previously
Computational optimization of epitope presentation
demonstrated the therapeutic potential of these materials
shows targeted receptor binding assayed by ITC and SPR
via chemical modification with short terminal mimics of
similar to current constructs. Ongoing solid-state NMR
growth factors. Highlighting the tunability of our
and cryo-EM will help elucidate the structure of SAPH
platform, we synthesized a spike binding, self-assembling
and be used to model receptor binding interactions to
peptide using computational molecular design with nM
improve next-generation construct development.
IC50 against SARS-CoV-2. Our modular design is realized
via the terminal inclusion of interchangeable signaling
domains that maintains the β-sheet based self-assembly of
oligomers or hydrogels for synergistic targeting/tissue
engineering applications. We have demonstrated the
efficacy of our angiogenic hydrogels in rodent and canine
models for hind limb ischemia, diabetic wound healing,
ocular wound healing, and dental pulp regeneration. Indepth study of spatio-temporal signaling domain
presentation, and optimization for controlled and tunable
in vivo angiogenesis, are necessary for further systematic
progress. While promising, current design strategies are
limited by empiricism and exhibit only binary responses.
Receptor presentation, receptor clustering, and peptide
binding are often modeled in silico with contrived water
systems with inaccurate biomimetic folding. Further,
while displaying excellent bioactivity, these peptide
formulations lack foundational biophysical data necessary
to build a betting understanding of underlying
mechanisms of action. Molecular-level information
inferred in material designs can be probed directly by
high-resolution cryo-EM or solid-state NMR. Here we
Figure 1. Angiogenic potential of SLan. (A) Computational analysis
present a rationalized design approach for the generation
(Rosetta) of SLan binding to VEGFR1. (B) Scanning electron
of self-assembling peptides with a pro-angiogenic effect,
microscopy of SLan. (C) Circular dichroism spectra (~195 nm maxima
termed SLan.
and ~217 nm minima), indicating β-sheet formation. (D) Rheological
Methods: Chemical synthesis: Peptides are synthesized
analysis of 1% SLan, indicating thixotropic and resilient nature of
SAPHs. (E) Binding kinetics (SPR) of SLan binding to its cognate
using conventional Fmoc chemistry, purified (LC/MS),
receptor. (F) Regeneration of vascularized soft tissue in canine root
and characterized (circular dichroism, FTIR, SEM, AFM).
canals.
In vitro, peptides are assayed for canonical receptor
binding (surface plasmon resonance (SPR) and isothermal
Conclusions: Angiogenic SAPH shows remarkable
titration calorimetry (ITC)) and cytocompatibility (A549
potential for tissue engineering applications. Coupled
cells and HUVEC). In vivo, materials are evaluated for
with the ability to present growth factor mimics in an
efficacy in diabetic wound healing, treatment of wetoptimized or tunable spatial density to improve epitope
AMD, and dental pulp regeneration in mice, rat, and
mimicry and signaling, next-generation designed SAPHs
canine
models.
Computational
optimization:
will benefit from increased sophistication and systematic
GROMACS and Rosetta have been used to optimize the
molecular-level optimization as a platform for parenteral
SAPH peptide epitope structure for binding to vascular
injectable therapeutics.
endothelial growth factor receptor (VEGFr) and selfassembly - solid-state NMR and cryoEM.
References: 1) Siddiqui, Z. Acta Biomaterialia. 2021, 126,
Results: Peptides are synthesized at >85% purity and
109-118; 2) Siddiqui, Z. Chemical Engineering Journal. 2021,
self-assemble into β-sheet nanofibrous hydrogels. SAPHs
422, 130145.
bind at a super-stoichiometric proportion to target

Microribbon-based macroporous matrices enhance cartilage repair in rat osteochondral defect model
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Statement of Purpose: Injury of articular cartilage and subsequent
joint degeneration represents one of the leading causes of disability
with a huge socioeconomic burden. Current surgical treatments
such as microfracture result in undesirable formation of
fibrocartilage with poor long-term outcomes. Tissue engineering
approaches provide a promising alternative strategy to improve
cartilage repair. Hydrogels are particularly attractive matrices for
cartilage repair given their injectability. However, conventional
hydrogels are nanoporous, which require degradation to make room
for new tissue formation, resulting in a delay in neocartilage
formation. To overcome these limitations, we recently developed
macroporous gelatin-based microribbon (µRB) hydrogels for
accelerating stem cell-based cartilage regeneration. Compared to
nanoporous gelatin hydrogels (HG), the macroporous gelatin µRB
hydrogels substantially accelerated MSC-based cartilage
regeneration in vitro, with over 20-fold increase in Young’s
modulus in 3 weeks, approaching the range that mimics native
cartilage. However, the biocompatibility and efficacy of gelatin
µRB scaffolds for supporting cartilage regeneration in vivo remains
unknown. The goals of this study are to evaluate the
biocompatibility and efficacy of gelatin µRB scaffolds for
supporting endogenous cartilage regeneration in a rat osteochondral
model and assess if µRB scaffold mediated in situ delivery of
transforming growth factor beta (TGFβ) would further enhance the
speed and phenotype of hyaline cartilage regeneration.
Methods: To mimic the current clinical standard microfracture
procedure, a rat osteochondral defect model was used. The
untreated defect was used as a control. Three scaffold implant
groups were assessed including nanoporous gelatin hydrogel (HG),
microporous gelatin µRB hydrogels (RB), and gelatin µRB plus
TGFβ. Gelatin µRBs scaffolds were fabricated into sheet with
thickness of 1.5 mm as we reported previously (1). The formed
sheets were punched with a biopsy punch (ϕ2.0 mm) to obtain the
construct for implantation. The TGF beta was loaded using the
dopamine coated mesoporous silica nanoparticles (MSNs), which
has been recently reported by our group that supports the prolonged
release of growth factors in µRB scaffolds (2). The gelatin
hydrogel was made of methacrylated gelatin (7.5% (w/v)). All
animal procedures were performed following a protocol approved
by Stanford APLAC (APLAC33364). Briefly, a circular defect (1.5
mm in diameter and 1.5 mm in depth) was made on the patellar
groove of each knee joint, and scaffolds were press fit into the
defect. Animals were sacrificed at three time points (day 3, week 3,
and week 8). Articular joints were harvested for morphology and
histological analysis (n=3 for day 3, n=6 for week 3 and 8).
Results: By day 3, all implants remained in the defects, while the
highest number of pro-inflammatory macrophages (M1) was
detected in defect-only control, as shown by immunostaining of
iNOS, a marker for pro-inflammatory M1 macrophages (Fig. 1A,
B). Both HG and µRB groups significantly reduced M1 infiltration,
and TGFβ delivery further reduced M1 infiltration (Fig.1A, B).
Histological analysis of the patella of the joints revealed minimal
inflammatory response in the surrounding tissues for all groups. By
week 3, M1 macrophages were rarely seen in all groups and were
replaced by pro-regenerative M2 macrophages. All groups treated
with scaffold implants recruited more M2 macrophages compared
to untreated defects (Fig. 1A, C). By week 3, subchondral bone was
generally regenerated, which is required before subsequent
cartilage regeneration. By week 8, the µRB and µRB+TGFβ groups
showed complete filling of the defects with a smooth surface (Fig.
1A, D). Scoring the morphology of the joint defect using the

Niederauer system revealed that the µRB+TGFβ group, but not the
HG group, induced significantly improved cartilage regeneration
compared to untreated defects (Fig. 1D). Harvested joint tissues
were further assessed by histology and immunostaining. Among all
groups, the µRB+TGFβ treatment led to the fastest cartilage
regeneration with enhanced hyaline cartilage phenotype, as shown
by staining of sGAG (Safranin O) and type 2 collagen (Fig. 1A).

Figure 1. Microribbon-based macroporous scaffolds enhance
cartilage regeneration in a rat osteochondral defect model. A.
The biocompatibility was assessed by staining of inducible nitric
oxide synthase (iNOS) to probe pro-inflammatory at day 3, and
CD206 to probe regenerative response by week 3. The cartilage
formation by week 8 was further assessed by staining the crosssection of the knee joint by Safranin O (sGAG) and collagen type
2. (Scale: 1 mm). B,C. The iNOS and CD206 expression was
quantified by normalizing the positive area to defect area. D. The
microscopic morphology at week 8 was scored using Niederauer
system.
Conclusions: We report the first in vivo evaluation of the
biocompatibility and efficacy of macroporous gelatin microribbon
hydrogels for supporting endogenous cartilage repair using a
disease-relevant model. Compared to the defect-only control,
gelatin µRB significantly reduced the acute pro-inflammatory
response while supporting the recruitment of regenerative M2
macrophages. In situ delivery of TGFβ from microporous gelatin
µRB hydrogels further reduced inflammation and accelerated
endogenous cartilage regeneration with enhanced hyaline cartilage
phenotype. Given that the defect was created by drilling through
subchondral bone, which is close to the microfracture procedure,
our data suggests using of gelatin µRB could enhance the efficacy
of this current standard treatment for cartilage repair.
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Introduction:

Results:

 High internal phase emulsion polymerization yields highly porous materials.
 Pickering emulsions mediated by nanoparticles proven to be highly
stable than the conventional emulsions.
 Polyunsaturated fatty acids (PUFA) are known to induce bone regeneration.
 In the present study, oleic acid coated iron oxide nanoparticles (OA-IONPs)
were prepared and used for preparing Pickering emulsions.
 Acrylate based monomers were used in the oil-phase and polymerized
subsequently.
 Liposomal encapsulated PUFA were loaded into the porous scaffold post
fabrication and then lyophilized.
 This system is evaluated for physicochemical characterization and biological
characterization for bone tissue engineering applications.
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EDAX: Energy-dispersive X-ray spectroscopy
Emulsion
(W/O)

 GC-MS analysis showed that fish oil used for the study is enriched with PUFA
containing 80% of PUFA.
 DLS study showed that prepared liposomes were in nanometer size, however
liposomes were polydisperse in nature.
 Scaffolds prepared using emulsion polymerization technique yielded highly
porous scaffolds which is evident by the SEM analysis.
 SEM and EDAX analysis confirmed successful incorporation of liposomes into
the scaffolds.
 PUFA-liposome loaded scaffolds were further characterized for chemical
nature using FT-IR and thermal behavior using TGA analysis.
 Cell viability study conducted on the scaffolds up to 48 h showed that
scaffolds were highly cytocompatible .
 Alizarin red assay showed that there was significant calcium deposition
in the PUFA-liposome loaded scaffolds on 7th and 14th days .

SEM: Scanning electron microscope

FT-IR: Fourier transform-infrared spectroscopy
TGA: Thermogravimetric analysis
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Conclusions:

GC-MS: Gas chromatography-mass spectrometry
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DLS: Dynamic light scattering
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Evaluation of polymeric carriers for cell-labeling MRI contrast agent
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Introduction

Water-soluble polymeric MRI contrast agent

Stem cell transplantation is one of the major strategies in
regenerative medicine. However, the efficacy, the role, even
the fate of transplanted cells are still unclear. To track their
distribution and survival, we have been attempting to label
them with novel water-soluble polymeric MRI contrast agents.1)
Stem cell

Electric pulse

• PMPC-Gd
• 8-arm PEG-FGd3, Mw ≈ 17 kDa
(Eight-arm polyethylene glycol conjugated (PMPC conjugated with a Gd chelate)
with a Gd chelate and fluorescein )

[1] High Gadolinium content
[2] Excellent retentivity
[3] Quick diffusion in the tissue
[4] Urinary excretion
Long-term live cell tracking

The contrast
agents leak out
upon cell death.

Table 1. Previously reported carriers

Transferring
Gadolinium complex
Polymeric carrier
MRI contrast agent

➢Required properties

Carrier
PVA
Dextran
PEG

MRI-visible
stem cells

Challenge
No clinical usage in the blood
Slight liver accumulation
Limitation of Gd content

➢ Larger Gd content than linear PEG.
➢ Very low uptake by organs/cells.

➢ Larger Gd content by copolymerization.
➢ Can be used clinically in the blood.

Result & Discussion
Intracellular retentivity (in vitro)
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Figure 4. (a) CLSM images, (b) flowcytometric analysis of rho-PMPC labeled cells, and
(c) growth of labeled and unlabeled cells.

➢ All cells were successfully labeled with rho-PMPC (a, b).
➢ rho-PMPC does not adversely affect cell proliferation (c).
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8-arm PEG-FGd3 enables us to
visualize the living cell distribution with
information on cell survival.

Conclusion
8-arm PEG-FGd3
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➢ rho-PMPC was
excreted to the urine
1day post-injection.
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➢ 8-arm PEG-FGd3 gradually spread in the
muscle, moved to the bladder, and finally
excreted within 19 hours.
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00
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Figure 3. MR image (1.5T) of mouse injected with 8-arm PEG-FGd3 solution
(75 nmole Gd/ head) to intra femoral muscle.

Figure 2. (a) The intracellular retention of 8-arm PEG-FGd3 and Prohance2) relative to that on at one day
post-labeling. (b) growth of labeled and unlabeled cells.

~PMPC~ PMPC was labeled with rhodamine B methacrylate. (rho-PMPC)
Electroporated (b) ー:Control
ー:Electroporated

0h

➢ 8-arm PEG-FGd3 was retained even after 7 days (a).
➢ 8-arm PEG-FGd3 does not adversely affect cell proliferation (b).

Figure 1. (a) CLSM images and (b) flowcytometric analysis of 8-arm PEG-FGd3 labeled cells.
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Pharmacokinetics (in vivo, MRI)

Cell Number
(×104cells)

Intracellular delivery by electroporation (EP)

30

rho-PMPC possesses
the required properties
[3] and [4].

➢
➢
➢
➢

PMPC

High Gd contrast
➢ Quick diffusion
Excellent retentivity
in the tissue
Quick diffusion in the tissue ➢ Urinary excretion
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8-arm PEG-FGd3, PMPC is expected to
be highly potent as MRI contrast agent
in tracking transplanted stem cells.

Elution time (min)

Figure 5. Elution profile of urine of mouse injected with rho-PMPC (Mw = 88 kDa) solution References : (1) C. A. Agudelo, et al., Biomaterials. 2012, 33, 2439-2448.
(0.11µmole / head) to subcutaneous.(GPC eluent: Methanol:H2O=7:3, 10mM LiBr・H2O)
(2) Y. Tachibana, et al., Bioconjugate Chem. 2014, 25, 1243-1251.

Microfluidic chip for long-term cell co-culture
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Introduction

Chip design

Paracrine interactions are challenging to study in vitro, as
conventional in vitro cell culture techniques provide poor
models of cell-cell interaction. To address this, we have
developed a microfluidic chip designed specifically to coculture cells for signaling studies.

Fluid inputs

A

Control inputs

C

B

Control layer

Results

Flow layer
Plastic slide

Chip design (fig 1)
•

32 individually-addressable units

•

16 inputs, 2 outputs

•

4 chambers/unit, separated by short valved channels

•

Plastic substrate (Ibidi polymer coverslip)

Outputs

Metabolic modeling

• Media delivery by perfusion through chambers, or by
diffusion from adjacent chambers
• Small volumes ensure that autocrine/paracrine signals are
not diluted in media
• Validated with broad range of cells, including cell lines
(3T3, HeLa, RAW 264.7, Hep3B, HepG2) and primary cells
(neonatal rat cardiac fibroblasts and cardiomyocytes, human
skeletal muscle and motor neurons)
• Cells have been routinely cultured for up to 2 weeks,
enabling differentiation studies and other experiments
Read-outs
• Compatible with
fluorescent reporters)

optical

assays

(immunostaining,

• Cells/lysate/media can be recovered for off-chip analysis
(e.g. qPCR)

Conclusion

A

Open valve

B

Closed valve

Repeat
every 30 min

Fresh media
flowed to reservoir

Diffusion between
chambers

C

D

1
0.9
0.8
0.7
0.6
0.5
0.05 pmol/h/cell
0.15 pmol/h/cell
0.30 pmol/h/cell

0.4
0.3
0.2
0.1
0

Glucose concentration [g/L]

• Cells can be allowed to exchange secreted factors by
opening/closing valve between chambers

Glucose concentration [g/L]

Cell culture

Figure 1. A) Overview of the co-culture chip, featuring 16 fluidic inputs, two outputs, and 32 individually-addressable units. Multiplexers are used on
the inputs and channels to each unit, to minimize number of control lines needed. When flowing reagents to multiple units simultaneously, the
branched channel design guarantees equal flow rate everywhere. Scale bar: 5 mm B) Detail of one unit, comprising 4 chambers and a rinse channel.
Valves between chambers allow control over diffusion of media or cell-secreted signals. Scale bar: 500 μm C) Cross-section schematic. A standard 2layer design is used, with a plastic slide providing a gas-permeable, 180μm thick substrate enabling high quality, high resolution imaging
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Figure 2. A glucose consumption and diffusion model is used to ensure that media delivery frequency is sufficient to allow cell survival while minimizing
dilution of cell-secreted signals. The same model can also be applied to tracking paracrine signal secretion, diffusion and uptake. A) Media delivery by
diffusion scheme. B) Simulated glucose concentration over time and distance from the media reservoir, with fresh medium (4.5 g/L glucose) delivered
every 30 minutes. C) Effect of consumption rate on glucose concentration profile at the end of the chamber farthest from the reservoir, with 30 minute
supply period. D) Effect of media supply period on glucose concentration profile, with 0.13 pmol/h/cell consumption rate.

Long-duration experiments
Day 1

Cell co-culture

Day 4

The co-culture chip has been validated as a platform for longterm cell co-culture, with support for up to 128 different
conditions. Complex experiments and assays such as
immunostaining can be run autonomously using our
microfluidic control system.
Current and future directions include applying to chip to stuying
stem cell differentation, immune-cancer cell interactions, and
cardiac regeneration.

Day 7
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Figure 3. Primary mesenchymal stem cells (MSCs) expressing
aggrecan reporter and treated with differentiation medium show
stronger progression towards chondrogenic state compared to
control. Phase contrast/fluorescence overlay

Figure 4. Chondrocytes (top) and MSCs (bottom) in adjacent
chambers at day 7 of culture in a study on the effect of co-culture on
differentiation. MSCs express aggrecan dTomato reporter. Phase
contrast/fluorescence overlay. Scale bar: 500 μm

Macromolecular Architecture of Biomimetic Proteoglycans
Directs Tissue Micromechanics
and Cellular Mechanotransduction
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Introduction

Results and Discussion
BPG10 increases the micromodulus
of the PCM in normal bovine tissue
IT-ECM
T-ECM
PCM

Core length
(kDa)

CS
(22kDa)

Bristle-tobristle
spacing

Natural
Aggrecan

~200-250

~100

3-5 nm

~2,500

BPG10

10

~7-8

~3-4 nm

~160-180

Native Aggrecan

Total MW
(kDa)

BPG10
B

A

• BPG10 has CSGAG bristle-tobristle spacing
very similar to
what occurs on
native aggrecan

• Via AFM imaging,
BPG10 has more
of a star-shaped
structure
compared to native
aggrecan’s bottlebrush architecture

AFM imaging of A) native aggrecan B) BPG10, a star-like mimic

Experimental Methods
•

•
IF-guided AFM

•

MFS Set-up

•

Calcium Signaling ([Ca2+]i)

Osteochondral plugs from the femoral condyles
of bovine knee joints were suspended in
fluorescently labeled-BPG10 or 1×PBS (as
control) for 24 hours and sectioned by
Kawamoto’s film-assisted cryosectioning8
8 µm sections were stained with collagen VI
antibody to differentiate the PCM from the
territorial (T-) or interterritorial (IT-) ECM for IFguided AFM9
For molecular force spectroscopy (MFS),
surfaces were coated with thiolated BPG10 or
thiolated aggrecan. The surfaces were
compressed for 0 or 20 seconds dwell times in
1 × PBS and the maximum adhesion force (Fad)
and adhesion energy (Ead) were extracted from
the force-distance (F-D) curve10
4 mm x 2 mm fresh, adult bovine cartilage
explants were cultured for 24 hrs with or
without BPG10. Explants were assessed for cell
viability and intracellular calcium signaling
([Ca2+]i), a measure of the mechanosensing of
chondrocytes in situ.

b

Eind (MPa)
BPG10

aggrecan

• b) BPG10 demonstrates comparable Fad and Ead to itself as to aggrecan
with slightly elevated adhesion to itself at 20 sec dwell time. These
adhesive interactions directly with aggrecan may enable BPG10 to
localize to and integrate within the aggrecan-rich pericellular domain
These molecular adhesions may also increase the local fixed charge
density (via the highly negatively charged CS bristles) and provide
additional physical bonding with existing matrix molecules thus
contributing to an increase in the osmotic environment of the PCM

d

cc

%Rcell

•

A) Structure of
aggrecan vs. B)
BPG10 with its
natural chondroitin
CS-GAG Bristle sulfate (CS) bristles
coupled to an
enzymatically
resistant synthetic
polymer core (PAA)6,7

PAA core

e

c

• c) 24 hr incubation of explant cartilage with
BPG10 does not negatively impact cell
viability
• d-f) BPG10 increases %Rcell under both
physiologic (isotonic) and hypotonic
(osmotically-simulated mechanical
compression) conditions and alters other
spatiotemporal characteristics of [Ca2+]i
• Spontaneous [Ca2+]i is positively correlated
with chondrocyte anabolism11, indicating a
potential for BPG10 in mediating downstream
chondrocyte metabolic activities

Conclusions
• We have demonstrated molecular engineering of cartilage PCM resulting in
biomechanical and mechanobiological augmentation of the cellular microniche
• Localization of BPG10 to the immediate cellular microenvironment, and
integration therein, significantly increases PCM and T-ECM micromodulus
through enhanced molecular adhesion with aggrecan, facilitated by BPG10’s
macromolecular architecture12
• Anionic BPG10 also directly interacts with the aggrecan-rich PCM thereby
contributing to augmentation of osmotic environment and enhancing [Ca2+]i
• Collectively, BPG10 could potentially improve cartilage regeneration in OA

npeak

BPG10

BPG10 demonstrates direct adhesion with aggrecan, a major proteoglycan of
the PCM, and enhances mechanotransduction of the cellular microniche
a
• a) representative F-D curves of BPG10 against itself or against aggrecan
BPG10BPG10-

f
tpeak (s)

Biomimetic Proteoglycans (BPGs)

20 sec

A) The PCM helps translate biochemical and biophysical signals to cells B) PCM
has a unique molecular composition with C) collagen VI exclusive to the PCM

• Box-and-whisker plot of mean PCM and ECM values with matched pair averages of each of n = 5 animals
• BPG10 caused a significant 53±32% increase in the PCM modulus and a 44±32% increase in the T-ECM
• IF images show the localization of BPG10 (blue) to the PCM (green). Preferential, adhesive interactions of BPG10 with
PCM predominant molecules, such as aggrecan, could account for the observed localization and increased mechanics

Fad (nN)

50 µm

Natural
Aggrecan
Structure

BPG10

c

b

Ead (fJ)

a

Control

Osteoarthritis (OA) is a degenerative disease of articular cartilage
affecting more than 30 million Americans1. Perturbation of the pericellular
matrix (PCM) portends extracellular matrix (EMC) degradation and is
partially driven by perturbed cell mechanotransduction, contributing to
irreversible cartilage breakdown and proteoglycan (PG) loss2. A reduction
in PG content leads to a decrease in the biomechanics of both the PCM
and the ECM contributing to pathogenesis3. Novel biomimetic
proteoglycans (BPGs), enzymatically resistant synthetic versions of PGs,
localize to the PCM and molecularly engineer tissue in joints that have
been damaged by OA4,5. BPGs’ molecular architecture facilitates increased
interactions between aggrecan and increases the PCM micromodulus.
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Introduction

Method
Modification of gold nanorods and gold nanostars with FA-gelatin

Photothermal therapy (PTT) has been developed as a useful therapeutic method for cancer
treatment. Gold nanoparticles can convert near-infrared light into heat and they are good

Incubation for
12 h

photothermal conversion agents for PTT. Recently, porous scaffold have been used as an

Stirring
for 24 h

Mixing

effective carrier for localized delivery of photothermal conversion agents. Furthermore, it is
highly desirable to increase the capture ability of cancer cells in photothermal scaffolds while
Seed solution
(CTAB, HAuCl4,
NaBH4)

minimize their damage to healthy cells. Therefore, in this study, gold nanoparticles (AuNPs)
were prepared and modified with cancer cells recognition ligand, folic acid (FA). The FA-

Growth
solution

AuNPs in
water

FA-gelatin
modified Au
NPs

FA-gelatin solution

modified AuNPs were hybridized with FA-functionalized gelatin to prepare AuNPs/FA-gelatin
composite scaffolds for targeting cancer cells and photothermal therapy.
Preparation of AuNPs/FA-gelatin composite scaffolds

Purpose

Ice particulates
(425 μm ~ 500 μm)

Breast
tumor

Frozen

Water

Liquid nitrogen

Surgery

Implantation
of scaffold

Photothermal
ablation

Capture
Target

Characterization
Characterization of different gold nanoparticles

Characterization of different scaffolds

0 mM, 2.0 mM, 4.0 mM AuNPs /
4 (w/v) % gelatin mixture solution

Crosslinked
AuNPs-gelatin
composite scaffolds

In vitro therapy
Photothermal conversion of different scaffolds

FA-G/R40

Different sizes and shapes of gold nanoparticles has observed by TEM. (a to
c) gold nanorod with 40, 70, 110nm, (d to f) gold nanostar with 40, 70,
110nm, (g and h) UV-Vis spectrum of different gold nanoparticles.

Sieves

Freezedried

FA-G/S40

FA-G/R70

FA-G/S70

In vitro photothermal ablation capability

FA-G/R110

FA-G/S110

After irradiating different scaffolds with NIR laser for 10 min, the FA-G/R70
shows highest temperature change because of the highest photothermal
conversion capability of gold nanorod with 70 nm.

Cell capture capability of different scaffolds

FA-receptor positive
Porous scaffolds immobilized with different gold nanoparticles. (a) G, (b) FA-G,
(c to e), (f to h) FA-G with S40,S70,S110. FA-G with R40, R70, R110

FA-receptor negative

FA conjugated gelatin scaffolds are able to capture more FA-receptor
positive cancer cells compared to gelatin scaffolds, but there is no
difference when scaffolds are capturing FA-receptor negative cells.

Conclusion

In vivo therapy
In vivo photothermal conversion effect

The results show that scaffolds have good biocompatibility. With laser irradiation,
the FA-G/R70 scaffold shows inhibition effect to cancer cells.

In vivo photothermal ablation capability

1. FA-functionalized gelatin–AuNPs composite scaffolds were prepared by hybridizing FAconjugated gelatin and FA-modified AuNPs.
2. Porous scaffolds had been successfully prepared by ice particulates porogen method.
3. The composted scaffolds showed good photothermal properties and capture capacity for FA
receptor–positive cancer cells.
4. The in vivo animal experiments demonstrated that the FA-G/R70 composite scaffold could kill
cancers under NIR laser irradiation.
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Results and Discussion
2

Liver tissue engineering is an attractive method for the treatment of liver diseases, as well as an in
vitro tissue model for drug screening. Creation of liver tissues using hepatocytes is one of
promising methods for the treatment of liver diseases such as enzyme deficiencies and hemophilia.
Our laboratory developed temperature-responsive cell culture dish bound with growth factor,
heparin-binding EGF-like growth factor for the creation of transplantable hepatocyte sheets with
maintaining hepatic functions.1 Transplantation of hepatocyte sheets was able to be engrafted in a
pre-vascularized subcutaneous site, resulting in long-term secretion of hepatocyte-specific
enzyme.2 For effective engraftment of transplanted tissues, we focused on the fabrication of
hepatocyte sheet tissues secreting angiogenic factors using ex vivo non-viral transfection of pDNA
or mRNA encoding VEGF.

Methods

12

VEGF transgene was transfected into cultured hepatocytes on
collagen-coated surface. Transfected hepatocytes with VEGF
mRNA rapidly secreted VEGF within 24 hours, resulting in the
cumulative VEGF secretion of ca. 140 ng. By contrast, the
transfection of VEFG pDNA exhibited much lower secretion of
VEGF than that of mRNA. However, the hepatocytes
transfected with VEGF pDNA continuously secreted during 7
days of culture and the cumulative secretion of VEGF was
reached to ca. 3 mg. Thus, rapid expression of angiogenic
factors from non-proliferative hepatocytes can be achieved by
using mRNA transfection.

Rete of secreted hVEGF165 (ng/h)

Introduction

10
8

VEGF mRNA
6
4

pCAG-VEGF
2

Control

0

0

1

2

3

4

5

6

Incubation time after transfection (day)

結果・考察（MS
ゴシック／Arial、32
pt～）太字
Results and Discussion
3
VEGF gene-transfected hepatocyte sheet was able
to be transferred onto another culture dish using a
gelatin stamp. It was confirmed that the transferred
hepatocytes sheet secreted human VGEF.
FBS-coated UpCell

Secretion of albumin (ug/mL/day)

Affinity-bound HB-EGF

20

15

VEGF mRNA

Cell seeding
1.0x105 cells/cm2

Results and Discussion 1
The secretion of albumin from cultured hepatocytes on HB-EGF-bound
heparin-modified temperature-responsive surface was significantly
higher compared to that on PIPAAm-grafted surfaces with soluble HBEGF. The cultured cell sheets were detached from the surface through
the reduction of affinity binding between HB-EGF and immobilized
heparin with increasing the mobility of heparin and the swollen PIPAAm
chains by lowering temperature to 20 °C. Therefore, functional
hepatocyte sheets were fabricated using the heparin-modified
temperature-responsive surfaces.

I
K
M
H
J
L

Day -3

pCAG-VEGF

-2

-1

-4h

10

0

Type I collagen-coated
polystyrene dish

Sheet transfer Medium
by gelatin stamp

Medium Medium

7

VEGF mRNA

6

pCAG-VEGF
5
4
3

2
1
0

0
Transferred hepatocyte sheet

Collagen-coated TCPS

8
Rete of secreted hVEGF165 (ng/h)

Heparin-modified poly(N-isopropylacrylamide) (PIPAAm)-grafted surface was prepared as
described previously.1 HB-EGF was bound onto the heparin-modified temperature-responsive
surfaces by though affinity in PBS for 24 h at 37 °C. Rat primary hepatocytes were cultured on
the temperature-responsive cell culture surfaces with stimulation by soluble or immobilized HBEGF in medium containing 10% fetal bovine serum (FBS) at 37 °C in a humidified atmosphere
with 5% CO2. In addition, the expression of transgenes including enhanced green fluorescent
protein (EGFP) and human VEGF genes on cultured rat primary hepatocytes was analyzed after
the transfection of pDNA or mRNA using Lipofectamine 2000.

Day 0

1

2

3

1

2

3

Incubation time after transfection (day)

まとめ（MS
Summary ゴシック／Arial、32 pt～）太字

Soluble HB-EGF

5

0

0

1
2
3
4
Incubation time (day)

A heparin-modified temperature-responsive cell culture surface facilitated temperature-controlled
capture and release of HB-EGF and hepatocytes. A combination of the heparin-modified
temperature-responsive cell culture surface and mRNA delivery technology is considered to have a
potential to provide the engraftment of transplanted liver tissues with maintaining hepatic functions.

Acknowledgement: This work was supported by JSPS KAKENHI grant numbers JP18H03537 and JP18KK0415
References: 1) Y. Arisaka, J. Kobayashi, et al., Regen Ther 2016; 3, 97.; 2) K. Ohashi, et al., Nat Med. 2007; 13, 880.
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Photothermal Scaffolds of Black Phosphorus Nanosheets and Gelatin for Biomedical Applications
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Research background
Surgical intervention against breast cancer

3D porous scaffold

Injection of free nanoparticle against residual cancer cells
1. High intratumoral pressure
2. EPR effect
3. Non specific distribution

Residual cancer cells

4. Easy to leak from tumor site
It is desirable to develop a method that can completely
kill cancer cells and support breast reconstruction

Research objectives and methods

Black phosphorus (BP) attractive properties
Biodegradable
Freshly exfoliated
BP

?

After air exposure
for 1 week

It remains unclear whether
BP promotes adipose tissue
regeneration
Heat
Cell death

BP

NIR

Cancer cells

Huang Y. et al., Chem. Mater. 2016, 28, 8330−8339

BP

O2

Phosphate

After exposure to oxygen, the
BP flake decomposed
Kong N. et al., Nano Letters. 2020, 20,3943-3955

• Prepare gelatin/BP porous scaffolds
• Investigate their effects on the breast cancer cells and human mesenchymal stem cells (hMSCs) for
ablating cancer cells and promoting adipose tissue regeneration
Porous
structure Heat
Milli-Q
Cell
Sieve
water
death
Ice particle
Mold

BPNSs

Immobilization of BP to the
porous scaffolds should be
explored

SEM images
Gelatin

TEM images

DLS
P

100 µm

500 nm

100 nm

Crystal structure

100 nm

Size more than 2 µm

Average size 349 ± 129 nm
After exfoliation, there was a reduction both in size and number of layers

200 µm
BPNSs

500 nm

500 nm

500 nm

• All of the scaffolds had the high porous and well
interconnected structure
• The addition of BP made the pore surface rougher

• The gelatin matrix had protective effect
against the degradation of BPNSs

Effects on adipogenic differentiation

IVIS imaging

Adipogenic
medium
21 days

hMSCs
High

Adipocyte

Oil red O staining
Type of cancer cells:
MDA-MB231-Luc

Low

• Temperature change under NIR irradiation: BP2-gelatin > BP1-gelatin > gelatin
• Anticancer efficacy: BP2-gelatin > BP1-gelatin > gelatin

Conclusions and future perspective

Basal
medium

NIR irradiation: 805 nm
Laser intensity of 2.0 W cm-2
Irradiation time: 10 min

Gelatin

Adipogenic
medium

Without NIR
With NIR
laser irradiation laser irradiation

BP2-gelatin

200 µm

200 µm

Effects on breast cancer cells
IR images

BP1-gelatin

Degradation profile
Gelatin

Higher
magnification

SEM image

Adipogenic
differentiation

Characterization of scaffolds

Requirements:
1. Size ≤ 1 µm
2. Single or few layers

Exfoliation

Freeze dry

BP-gelatin
solution

Liquid N2

Lower
magnification

Ar

Cancer cells

Crosslink

Characterization of BP nanosheets (BPNSs)
Bulk BP

Cell proliferation
3D scaffolds are considered a platform for adipose tissue
regeneration

Scaffold is a promising novel platform for transporting
nanoparticles with decreased systemic toxicities

Previous studies
Photothermal

Nutrient diffusion
Waste transportation

Cell-cell
interaction

Breast defect

BP1-gelatin

Quantification of lipid
droplets in adipogenic
medium

PCR

BP2-gelatin

100 µm

100 µm

100 µm

100 µm

100 µm

100 µm

Significant difference: *p < 0.05; **p < 0.01; **p < 0.001; N.S. = no significant difference. n = 3.

Effects on adipogenic differentiation: BP2-gelatin > BP1-gelatin > gelatin

Reference and acknowledgement

• The composite scaffolds had a well-interconnected pore structure with the BPNSs homogenously
distributed on the pore walls.
• The composite scaffold with a high amount of BPNSs could effectively kill breast cancer cells.
Moreover, the composite scaffolds facilitated the adipogenic differentiation of hMSCs.

L. Sutrisno, H. Chen, Y. Chen, T. Yoshitomi, N. Kawazoe, Y. Yang and G. Chen*, Composite
scaffolds of black phosphorus nanosheets and gelatin with controlled pore structures for
photothermal cancer therapy and adipose tissue engineering, Biomaterials, 2021, 275, 120923.

• The composite scaffolds are anticipated to serve as a platform for ablation against breast cancer
cells and the reconstruction of adipose tissue.

This research was supported by JSPS KAKENHI Grant Number 19H04475
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Biomimetic Proteoglycans Increase the Indentation Modulus
Of the Porcine Aortic Valve Leaflet Spongiosa
M. Petrovic1, E. R. Kahle2, L. Han2 PhD, M. S. Marcolongo3 PhD
Department of Materials Science & Engineering, Drexel University1
School of Biomedical Engineering, Science, and Health Systems, Drexel University2
Department of Mechanical Engineering, Villanova University3

Introduction

Results and Discussion

Bioprosthetic heart valves (BHVs) are a valuable option for patients and
clinicians for the operative management of valve disease, which affects about
2.5% of the US population1. The primary disadvantage of BHVs compared to
mechanical valves is their poor durability2, which has been attributed to
deterioration of the prosthetic extracellular matrix (ECM) and the resulting
aberrant flexural behavior of the prosthesis leaflets3. The proteoglycan (PG)
and hyaluronan-rich middle layer of the leaflet, the spongiosa, is normally
responsible for mediating shear stresses between the outer layers of the
leaflet and is particularly susceptible to these changes4. Novel biomimetic
proteoglycans (BPGs), enzymatically resistant synthetic versions of PGs5,6,
have been shown to augment the mechanical properties of cartilage in animal
models of osteoarthritis and stress urinary incontinence7,8. In porcine aortic
valve leaflets, BPGs increase the tissue glycosaminoglycan content and
indentation modulus of the spongiosa without interfering with standard tissue
cross-linking protocols.

BPG10 distributes throughout the leaflet and increases tissues hexosamines
without compromising collagen crosslinking stability

a

b

Fresh
control

Fluorescently
labeled BPG10

c
Elastin fiber sheets
Elastin-collagen
network

•

•

Natural chondroitin
sulfate (CS) bristles
coupled to an
enzymatically
resistant synthetic
polymer core5,6
BPG10: ~160kDa

BPG10
a

b

c

BPG105

A) AFM imaging of
B) Chondroitin sulfate (CS) disaccharide
composed of N-acetyl-D-galactosamine and D-glucuronic Acid C) Schematic
representation of proteoglycans found in the porcine aortic valve leaflet 11

Experimental Methods
•
•
•

•

Fresh porcine aortic valves were were harvested and were fixed in 0.6%
glutaraldehyde (GA) with and without BPG10
Leaflets were dissected and embedded for Kawamoto’s film-assisted
cryosectioning12
Histology-guided AFM13 was performed on paired 12 µm sections (labeled I and
II below) – section I was stained with modified Movat Pentachrome to
differentiate the spongiosa from the fibrosa and ventricularis and section II was
evaluated using AFM
Leaflet glycosaminoglycan content was measured by hexosamine acid assay

• The thermal
denaturation
temperature
(Td) of the
fixed tissue
was measured
by differential
scanning
calorimetry on
hydrated
tissue
samples

Mann-Whitney U-test,
p** < 0.01, pns > 0.6,
N=6

• Fluorescently labeled BPG10 distributes throughout the leaflet and
demonstrates strong affinity for fibrous mesostructures
• Preferential interactions between BPG10 and elastin – similar to the supportive
role biglycan, decorin, and versican play in elastin microfibril organization –
may account this distribution
• Incorporation of BPG10 into the fixation solution resulted in a hexosamine
content, a proxy for GAG content, after seven days similar to that of fresh tissue
• Glutaraldehyde crosslinking significantly increases the collagen denaturation
temperature (Td) of the tissue and is not compromised by addition of BPG10

BPG10 increases the indentation modulus of the leaflet spongiosa
• Left: Scatter plot showing mean ± SD
effective indentation moduli (Eind) of the
leaflet spongiosa in each experimental
group. Each point represents a unique
animal.
Right: Eind heat map of a fresh leaflet
spongiosa, each pixel represents a unique
indentation
• BPG10 increases the Eind of the spongiosa
beyond the strength conferred by
glutaraldehyde crosslinking
• Heat map shows micromechanical
heterogeneity, possibly attributable to
molecular structures including collagenelastin bundles, hyaluronan-versican
complexes, and interstitial cells
• Further characterization is needed to
discern the effect of BPG10 on long term
prosthetic durability and performance

25

20

40
35

20
30
25

15

20
10
15
10

Eind (kPa)

Biomimetic Proteoglycans

Glutaraldehydefixed

Mann-Whitney U-test,
p** < 0.01, pns > 0.4,
N=8

Position (μm)

A) The spongiosa mediates shear produced by tension in the ventricularis and
compressive stresses in the fibrosa9 B) Loss of the spongiosa results in marked
buckling of the leaflet3 eventually leading to C) macroscopic tearing of the
prosthesis leaflets10 (L; tear at the leaflet base, R; tear in the leaflet body)

Collagen fiber
bundles

5

5

0

Mann-Whitney U-test,
p*** < 0.001
Mean ± SD
N=8
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25

30

35

Position (μm)

40

20

0

Eind = 15.46
kPa ± 3.603
N=1

Conclusions
• Demonstrated for the first time molecular engineering of porcine aortic valve tissue resulting functional
modulation of its nanobiomechanical and biochemical properties
• BPG10 increases the effective indentation modulus of the porcine aortic valve leaflet spongiosa
• BPG10 diffuses throughout the porcine aortic valve leaflet and offsets hexosamine losses typically seen during
glutaraldehyde-mediated fixation without compromising collagen cross-link stability
We would like to thank the state of
Pennsylvania CURE and NSF CMMI-1826202
for funding this project.
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Micropatterned Thermoresponsive Surfaces via Physical Block Copolymer Coatings
for Fabricating Cell Sheets with Designed Morphological Structures
Masamichi Nakayama†, Junichi Tonegawa‡, Akihiko Kikuchi‡, Teruo Okano†
† Institute of Advanced Biomedical Engineering and Science, Tokyo Women's Medical University, ‡ Faculty of Advanced Engineering, Tokyo University of Science

Materials & Methods [5]

Introduction
A sheet-like cell manipulation using thermoresponsive poly(N-isopropylacrylamide)
(PIPAAm)-immobilized culture surfaces has been developed for recovering the lost
functions of tissues and organs [1]. Nowadays, we focus on the creation of biomimicking cell sheets in which heterogeneous co-culture system or aligned cellular
structure, using micropatterned thermoresponsive surfaces (Figure 1) [2-4]. This
study developed the facile method for fabricating micropatterned thermoresponsive
surfaces via a two-step physically coating (spin-coating and subsequent
microcontact printing (μCP)) of different thermoresponsive and amphiphilic block
copolymers. Furthermore, we also investigated the effect of the difference in the
amount of the amphiphilic copolymers transferred on the thermoresponsive
surfaces on the morphological structures of the produced cell sheets.
2D co-culture [2]

TCPS: Tissue culture polystyrene

HC

Mn (polydispersity) a

PBMA-PIPAAm
PBMA-PAcMo

42000（1.31）
40500（1.18）

BMA: butylmethacrylate, IPAAm: N-isopropylacrylamide, AcMo: N-acryloylmorpholine
a Determined by GPC. b Determined by 1H-NMR.

Hepatocyte (HC) / Endothelial cells (EC)
EC

Code

Results and Discussion

（A）

Table 1 Characterization of polymer-coated surfaces.

Micropatterned
thermoresponsive polymer
co-grafted surface

Green: Albumin
Cell patterning [3]

PBMA-PAcMo
concentration (wt%)
for μCP

Controlled cell orientation [4]

0*
0.5
1.0
1.5
Fibroblasts or myoblasts
Endothelial cells

Figure 1 Micropatterned thermoresponsive surfaces for cell pattern, co-culture
and bio-mimicking structures.

Amount of Polymer segments
(PIPAAm or PAcMo) (μg/cm2)
PIPAAm a
0.99±0.02
ー
ー
ー

PAcMo b
ー
0.52 ± 0.05
1.12 ± 0.60
2.41 ± 0.41

Non-aligned
（Random）

Normal human dermal
fibroblast (NHDF),
Seeded cells: 2.0×104
cells/cm2,
100 μm Culture period: 7 days

Static contact
angle
at 37oC (degree) c
47.7 ± 1.6
41.8 ± 0.9
39.9 ± 0.9
38.1 ± 0.8

by ATR/FT-IR using *PBMA-PIPAAm spin-coated TCPS (n=3).
b Determined by ATR/FT-IR using PBMA-PAcMo stamped TCPS (n=3).
c Determined by the captive bubble method (n=3).

Before transport

1.5wt% stamped
Stripe patterned

0.5wt% stamped
Aligned

Aligned

（B）
Cell grew and broke into 0.5wt% PBMA-PAcMo stamped regions.

After transport onto other TCPS dish*

Day 1

Day 3

Day 7

Aligned

0.5wt%
stamp

Stripe patterned

Figure 2 (A) Controlled cell adhesion on micropatterned
PIPAAm/PAcMo domain surfaces and (B) time-dependent
cell growth on 0.5wt% PBMA-PAcMo stamped surface.

Stripe patterned

1.5wt%
stamp
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Figure 3 Cell sheet transport with maintaining the morphological structures.
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Non-stamped

a Determined

Summary
Micropatterned thermoresponsive/hydrophilic surfaces were prepared by
microcontact printing of amphiphilic block copolymers onto the thermoresponsive
block copolymer spin-coated surfaces. The properties of patterned surfaces were
successfully varied by changing polymer concentration for contact printing. In
addition, we investigated the effect of printed polymers on temperature-dependent
cell adhesion. Using 50 μm stripe-patterned surfaces, the shape of cell sheet
and/or cell alignment in sheet could be regulated by tuning the stamped polymer
amount. Thus, this method would be useful for the facile preparation of
micropatterned thermoresponsive surfaces to obtain functional cell sheets.
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Evaluation of Carbonate Apatite Bone Graft Substitute in the Beagle Dog 1-wall Peri-implant Defect Model
Nagomi Kitamura1), Katsuyuki Yamanaka1), Futoshi Fusejima1)
1) R&D Department, GC Corporation, Tokyo, Japan

1 INTRODUCTION

2 MATERIALS & METHODS
Materials
Sample : CO3Ap (granule size of 0.3-0.6 mm)
Control : Only defect
Implant : φ3.0 mm ×d 8.0 mm dental implant

According to studies of biological apatite, bone apatite is not pure hydroxyapatite (HAp) but contains about
3–8 wt% carbonate ions (CO3), hence should be rightfully called carbonate apatite (CO3Ap). We have
developed a synthetic carbonated apatite bone graft substitute (CO3Ap, CytransⓇ Granules). It was
fabricated using phase transformation based on dissolution-precipitation reaction1). It was confirmed the
efficacy and safety of CO3Ap through a clinical trial conducted in Japan2). A clinical trial using CO3Ap for
maxillary sinus surgery and immediate implantation have indicated that bone resorption does not occur at the
CO3Ap implantation site, that bone height is maintained. Long-term follow-up shows good results. However,
the therapeutic limits of using carbonated apatite are still unclear.

Methods & Timeline
Premolar extraction
After extraction of the bilateral
mandibular anterior molars of the
Beagle dog, it healed for 8 weeks.

In this study, we evaluate the efficacy of CO3Ap in a severe bone defect model.
Post OP

Cytrans Granules

The animal study protocol was approved by Institutional
Animal Care and Use Committee of Hamri Co., Ltd., which
has been approved by AAALAC International.

Surgical bone defect / Transplantation
1-wall peri-implant bone defect was prepared, and dental implants were
placed in distal side of the defect. The bone defect was filled with material.
Transplantation

Place implant

Bone defect

Post OP

Pre OP

Fig 3. Photographs of sinus floor augmentation
5M after OP

-8

5M after loading

0

4

8

12 (Week)

X ray Image analysis

Fig 1. Cytrans Granules

µ-CT analysis

Histological evaluation

Fig 2. Photographs of sinus floor augmentation

Statistical analysis
The Mann–Whitney U test were performed using BellCurve for Excel version 2.15. (*: p < 0.05, N.S. : Not Significant)

3 RESULTS & DISCUSSION
X-ray examination

µ-CT analysis

Analysis method
The new bone area in the defect was assessed
using Image J software.

a) Bone Volume
An opacity area of the bone
defect
① : 0%,
②(existing bone): 100%

②

6 mm
6 mm

0w
CO3Ap

4w

8w

Analysis method
The newly formed bone area was measured by using microscopic images of
undecalcified section and Image J (NIH).
Stain : Villanueva Goldner stain (Calcified bone : Yellow green)

Analysis method
Micro-CT (SMX-100CT, SHIMADZU, Tokyo, Japan) scans of the bone
biopsy specimens were obtained and stored using 3D Creator software
(VG Studio MAX, Volume Graphics, Heidelberg, Germany).

Bone defect : 6 × 6 mm

①

Histological evaluation

a) New bone area

a) New Bone Volume
b) New Bone Volume of the
upper part

(Yellow line)

b) Tissue regeneration area
(Yellow green)

c) CO3Ap area
(white area)

d) BIC(Bone-to-implant contact)
(Orange line)

12 w
CO3Ap

Control

Control

CO3Ap

Control

Fig 7. µ-CT image after a healing period of 12 weeks Bar : 5 mm

Cont
Control

CO3Ap
Cyt
0

2

4

6
8
10
week
Fig 6. Xray analysis of Bone volume (%)

12

X-ray image revealed a higher opacity of the bone defect for
CO3Ap groups compared to control overtime. CO3Ap showed good
regeneration especially in the upper part of the bone defect. These
results suggest that the CO3Ap and the control groups produce
similar bone healing at the lower part of the bone defect, but
CO3Ap granules showed faster bone formation at the upper part.

4 CONCLUSION
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7.7

10
8
6
4
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2
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0

60
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Control
3Ap
Fig 8. µ-CT analysis of Bone volume (%)

Cyt3Ap
CO

In the results of µ-CT analysis, the new bone volume after the healing period
of 12 weeks was 139 mm2 at CO3Ap, which was higher than the control 133
mm2. The new bone area of the upper part of the defect was 12 mm2 at CO3Ap
and 7.7 mm2 at the control and CO3Ap was higher than the control statistically.
Newly formed bone was maintained in the CO3Ap group at the upper part of
the bone defect which is difficult to heal. These results suggest that CO3Ap is a
reliable bone replacement material for bone defects and prevents significant
vertical bone loss.
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Bar : 2 mm

d) BIC

b) Tissue regeneration area

BIC (%)

160

133.3

12.0

70
New bone & CO3Ap area (%)

139.0

180

*p<0.05

16
Newly formed bone (mm3)

100
90
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70
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40
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20
10
0

N.S.

200
Newly formed bone (mm3)

An opacity area of the bone defect (%)

a) New bone Volume
a) Bone Volume

a, c) New bone & CO3Ap area

b) New bone Volume
of the upper part

Tissue regeneration area (%)

Fig 4. X ray image after a healing period of 4, 8, 12 weeks Bar : 5 mm

Fig 9. Histological image after a healing period of 12 weeks

Control
Con

CO
Cyt3Ap

Control
Con

CO
Cyt
3Ap

Fig 10. Histological analysis of Bone volume (%)

The result of histological evaluation, new bone area after 12 weeks of healing period at
histological evaluation was 46% at CO3Ap, which was higher than the control 39 %. The
remaining granules area was 7% at CO3Ap. The tissue regeneration area in CO3Ap group
was higher than that of the control group. It is considered that CO3Ap was covered with
newly formed bone, and trabecular structure like surrounding bone was regenerated as the
CO3Ap was resorbed. These results suggest that CO3Ap is gradually resorbed and
completely replaced with newly formed bone and surrounding tissue. CO3Ap promotes
faster bone healing at 1-wall defect dog model as a severe model.

Our finding indicate that volume of newly formed bone was higher in the CO3Ap than in the control at 1-wall peri-implant defect model, suggesting that CO3Ap is a useful bone
graft substitute for use in bone defects in severity.
References :1) K. Ishikawa et. al., J. Ceram. Soc. Jpn., 118, 341-344 (2010). 2) K. Kudoh et al., J of Oral and Maxillofacial surgery 2019, 5, 985.

Evaluation of elasticity and barrier function of synthetic resorbable membrane for Guided Bone Regeneration
1
1
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2 MATERIALS & METHODS

1 INTRODUCTION
Membrane is a key material for the GBR approach. We have developed a synthetic poly (Llactide-ε-caprolactone) bilayer membrane (PBM, Cytrans® ElaShield) with elasticity and
extensibility, and launched it in Japan in August 2020. PBM is composed of two-layer structure,
one is a solid layer , the other is a porous layer. A solid layer possesses a dense structure which
shows a barrier function. The porous layer allows the deposition of extracellular matrix and
promotes osteoblast proliferation and angiogenesis. Furthermore, the porous layer possesses a
sparse structure that exhibits the elasticity and extensibility of the membrane.
The barrier function of PBM has been evaluated, but the barrier function in the extended state
has not been evaluated. Therefore, the aim of this study was to evaluate the barrier function of
PBM in the extended state. In addition, we evaluated the elasticity of various membranes
including PBM.
Porous layer
Solid layer

Materials
Test sample:
Cytrans Elashield （PBM）

Control sample:
PLGA membrane（PM），Collagen membrane（CM）

Methods
【Tensile strength test】
Tensile strength was measured by using universal
testing machine (CR-500DX, SUN SCIENTIFIC
CO.,LTD) . Test specimen (2 mm × 15 mm) was
fixed with jig, tensile strength was measured at
cross head speed of 20 mm/min until the
specimen was broken.
Fig.2. Tensile strength test

Good compatible with
osteoblast and blood
A barrier to prevents
infiltration of fibrous tissue

【Micro-crack evaluation】
The barrier function was evaluated by observing
micro-cracks in the surface structure with
scanning electron microscope (SEM) when PBM
was stretched.
The stretched length is 2 to 5 times the original
Fig.3. SEM image of membrane surface structure
length.
（Left：Solid layer，Right：Porous layer）

Fig.1. CytransⓇ Elashield and its structure

3 RESULTS

【Micro-crack evaluation】

【Tensile strength test】

Table. 1. PBM surface structure and tensile magnification

Tensile strength [N]

2.5
Tensile
magnification

PBM

2

×1

×2

×3

×5

PM

1.5

CM

Solid
layer

1
0.5
0
0

50

100

150

200

Porous
layer

Distance [mm]
Fig.4. Tensile strength graph

PBM showed elastic characteristic and was broken at longer distance.
On the other hand, PM and CM was broken at short distance before
they were stretched twice, not showed elastic characteristic.

No micro-cracks were observed in solid layer even if PBM was stretched up to twice, suggesting that the barrier
function works. However, solid layer had cracks when it was stretched up to 3 times. In addition, when stretched up
to 5 times, large cracks were formed in solid layer. From this result，when PBM is stretched more than 3 times,
micro-cracks occur in solid layer and barrier function to prevent infiltration of fibrous tissue may not work sufficiently.

4 DISCUSSION
From the result of tensile strength test, it was considered that PBM can be used without broken even if it is
stretched according to the defect form. PM and CM may be broken when stretched according to the defect form,
and it is required for how to apply force when using.
From the observation of SEM images，no micro-cracks were observed when PBM was stretched up to 2 times.
It was thought that cells do not pass through PBM and PBM works as a barrier. Clinically, it is usual unlikely that
PBM will be used by stretching it more than 3 times. Even if it is stretched, it will be up to twice, and it can be
said that the barrier function of solid layer works sufficiently. However, since the barrier function such as cell
invasion has not been evaluated, it is required to evaluate the practical barrier function in the future.

5 CONCLUSION
PBM has more elasticity than other resorbable membranes. It shows
that PBM is hard to broke at clinically use. In addition, it was
demonstrated that PBM can exert sufficient barrier function even if it
is stretched to clinically use.

Intelligent Biosensor (iBiosensC) for Urine-Based Early Diagnosis of Breast Cancer
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INTRODUCTION

C) ML Risk Prediction – MMP-9 in PBS

Gamry Electrochemical Tests

• Breast cancer is the second most common cancer among women in the
United States. In 2020, 2.26 million new cases of breast cancer were
reported worldwide [1].
• Magnetic resonance imaging (MRI) and biopsies are costly and painful and
only provide a diagnosis in the later stages of cancer.
• Electrochemical biosensors can be used for early cancer detection [2].
• Challenges: (i) the involvement of multiple biomarkers, (ii) big data analytics,
and (iii) the accessibility of biosensors for a large population.
• Urgent need for an intelligent biosensor in breast cancer diagnostics
(iBiosensC), that uses machine learning (ML) and renders early results [3].

HYPOTHESIS & SPECIFIC AIMS
We hypothesize that (1) electrochemical biosensors can detect matrix
metallopeptidase 9 (MMP-9), a breast cancer protein biomarker, in urine and
(2) ML can make accurate predictions for early breast cancer diagnosis.
Aim 1: To detect MMP-9 in phosphate-buffered saline (PBS) and artificial
urine through electrochemical impedance spectroscopy (EIS) and cyclic
voltammetry (CV)
Aim 2a: To develop a Python module to automate EIS raw data modeling and
predict polarization resistance (Rp) and capacitance (C), Aim 2b: To develop
an ML algorithm for iBiosensC breast cancer risk prediction
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Figure 1:
(i) The control group has the lowest impedance (Z mod),
and the 500 ng/mL group has the highest Z mod.
(ii) There is an initial decrease in ΔZ, as well as a clear
increase for higher concentrations of MMP-9.
(iii) As MMP-9 concentration increases, a slight increase
in CV area can be observed.
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Figure 3: (i) and (ii) These figures show that the SVM had an accuracy of
63% in the classification of artificial urine data.
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Figure 2: (i) and (ii) These figures demonstrate that for PBS data, the SVM
had an accuracy of 94%.
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Aim 2b – Methods
A support vector machine (SVM), or ML algorithm, was developed to classify EIS data into
three levels: normal, low risk, and high risk. This was performed with respect to MMP-9
concentration.
• Four features – change in impedance (ΔZ), Rp, C, and
Rsoln – were used to train the SVM.
• 80% of our dataset was used to train the model.
• 20% was used for validation.

Z mod (Ω * cm^2)

Material

(i) Classification Outcome

Aim 2a – Methods
An equivalent electrical circuit with three elements – Rp, C, and solution resistance (Rsoln) –
was used to automate Gamry’s EIS model. The following procedure was used to create the
Python module.

MATERIALS AND METHODS
Aim 1 – Materials

CV (vs. Eref)
-1.5 – 1.5 Hz
Max Current:
25 mA

EIS (vs. Eoc)
0.01 – 104 Hz
AC Voltage: ±
10 mV

Phase Angle (θ)

1University

➢ In this experimental study, we observed an increase in both ΔZ and
CV area as MMP-9 concentration increased.
➢ Alharthi reported a linear increase in ΔZ with increasing concentration
of ECM-1, another protein biomarker for breast cancer. [4]
➢ As polymers of amino acids, MMP-9’s insulating nature likely
contributes to a decrease in current flow and increase in impedance.
➢ The machine learning study was performed using a limited dataset.
In fact, our experimental data was replicated to train the model.
➢ If the SVM was trained with more data and less features,
it could
B
have a higher accuracy and usability for patients in a clinical setting.

0.0
1

10

500

1000

Concentration (pg/mL)

1 ng/mL
MMP-9

500 ng/mL
MMP-9

B) Statistical Test
To compare Gamry and the Python module we developed, a two-tailed paired sample t-test
was conducted using the experimental data from the artificial urine study.
p = 0.010 for Rp – significant difference in Rp (p < 0.05)
p = 0.448 for C – no significant difference in C (p > 0.05)

CONCLUSIONS
❖ The electrochemical biosensors can be used in detecting the MMP-9 protein
biomarker in artificial urine. Our development of a Python module and SVM
demonstrate that ML can provide accurate predictions of breast cancer risk.
❖ More in vivo studies that involve urine samples from breast cancer patients are
needed to establish the clinical significance of an iBiosensC.
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Direct Injection of Hydrogels Embedding Gold Nanoparticles for Local Therapy after Spinal Cord Injury
Wan-Kyu Ko, Seong Jun Kim, Gong Ho Han,Yoon Jin Choi, Seil Sohn
CHA Univeristy Bundang CHA Medical Center, Yonsei Universiry Severance Hospital.
Background
There are few studies describing treatments of
inflammation following SCI using a direct injection
of drugs into a lesion.
Methods
In this study, we created a hydrogel composed of
glycol chitosan (gC) and oxidized hyaluronate
(oHA). Gold nanoparticles (GNPs) were conjugated
with ursodeoxycholic acid (UDCA). The GNPUDCA complex was embedded into gC-oHA (CHA)

and significantly improved the hindlimb function.

hydrogels to form a CHA-GNP-UDCA gel. This

The production of inflammatory cytokines following

CHA-GNP-UDCA gel was injected once into an

SCI was significantly inhibited in the CHA-GNP-

epicenter of an injured region in SCI rats. Near-

UDCA gel + NIR group.

infrared (NIR) irradiation was then applied to the

Conclusions

lesion as a means of local therapy. To optimize the

CHA-GNP-UDCA gels with NIR irradiation can

viscosity for injection into a lesion, several volume

therefore have therapeutic effects for those with

ratios of gC and oHA were investigated using

spinal cord injuries.

scanning electron microscopy (SEM) and a rotating
rheometer.
Results
The optimally synthesized CHA-GNP-UDCA gel
under NIR irradiation suppressed the production of
inflammatory cytokines in vitro. In addition, the
optimized

CHA-GNP-UDCA

gel

under

NIR

irradiation inhibited the cystic cavity of the lesion

JNK-2 Gene Silencing Lipid Nanoparticles for Elastic Matrix Regenerative Repair in
Abdominal Aortic Aneurysms (AAAs)
Shataakshi Dahal, PhD and Anand Ramamurthi, PhD
Department of Bioengineering, Lehigh University, Bethlehem, PA

Proposed Approach

Background
❑ AAAs : dilation of abdominal aorta due
to loss of elasticity

❑ Common approaches : pharmacologic inhibition and gene silencing
❑ Pharmacologic inhibition : e.g. DOX; inhibition at protein level; is temporary
and can have severe side effects

❑ Primarily caused by upregulation of
MMPs which breaks down an
extracellular matrix protein called
elastin

❑ Gene silencing using siRNA : silences target mRNA and protein expression ;
applicable for targeting undruggable protein
❑ We propose to use lipid
nanoparticles (LNPs) as carrier
for targeted delivery of JNK
silencing siRNA

❑ MAPK signaling pathways are critical
regulator of MMPs
❑ Major MAPKs are JNK, ERK 1/2 ,
ERK 5 and P38
❑ JNK is primarily involved in AAAs

Figure 1. JNK regulation of MMPs via TGF-β
signaling pathway.
Figure 2. Free siRNA delivery vs delivery
using carrier1

LNPs : Mechanism and Methods
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❑ LNPs advantages : excellent biocompatibility and biodegradability; low toxicity
and immunity; structural flexibility; ease of large scale preparation
❑ Composition: cationic lipid DOTAP; cholesterol domain; fusogenic lipid DOPE ;
DSPE-PEG2000 for escaping RES

Figure 3. Lipid nanoparticle structure2

Key outcomes and Conclusion

20
%

❑ Silencing of JNK has shown to
upregulate elastin and LOX expression
and downregulate MMPs expression
leading to AAA stabilization
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Figure 4. Lipid composition and mechanism
of internalization3

With siRNA

Figure 5. Hydration of lipid film method4
Blank LNPs

❑ Anionic siRNA interacts with cationic DOTAP; DOPE helps for cellular
internalization by fusing with cell membrane
❑ Lipid film hydration method for preparation of LNPs ; DOTAP : DOPE :
Cholesterol = 0.5 : 0.5 : 0.5 molar ratio to a final concentration of 5.6 mM ; PEG
from 0 to 40 mol% of DOTAP
❑ siRNA used at N/P ratio 2.5; Encapsulation assessed my gel retardation assay
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Overall, the preliminary data shows that size, charge and PDI of LNPs decreases
with increase in PEG percentage. siRNA encapsulation was verified using gel
retardation assay however, the size and charge of LNPs seem to increase with
siRNA encapsulation which requires further validation. LNPs can thus be a
potential siRNA carrier for targeted delivery to aneurysm. Future work will
surface modify the LNPs for targeted delivery.

In Situ Mineralized Nanocellulose-Alginate Bioink System for Injectable Bone Graft/3D Printing Applications
Sumit Murab1,2, William R. Collins3, Alexander G. Snyder1, Andrew E. Pelling3, Patrick W. Whitlock1,2
Division of Pediatric Orthopaedic Surgery, Cincinnati Children's Hospital Medical Center, 2 Division of Orthopaedic Surgery, College of Medicine, University of Cincinnati, 3 Department of Physics, University of Ottawa
Introduction

Results

Biopolymer-Mineral composite systems that can be both
injected and bioprinted, have great potential for clinical
applications in bone tissue engineering. The calcium
phosphate ink systems used for 3D printing purposes
can’t be used to suspend live cells as the solid and stiﬀ
matrix will destroy the cells while printing and limit
diﬀusion of nutrients during culture. The goal of the
present study was to develop a bone-mimetic bioink
where hydroxyapatite (HA) particles are synthesized in
situ in nanocellulose (NC) solution, using the
nanocellulose ﬁbers as a HA nucleation template thus
developing a bone like Cellulose-HA nanocomposite
system. The hypothesis was that HA synthesis within a
nanocellulose-alginate matrix would reduce shear on
encapsulated cells during printing/injecting while
facilitating nutrient exchange post printing.

The formation of HA crystals using nanocellulose as
template for crystallization was observed with SEM (Fig
1).

Methods
Nanocellulose was prepared from reagent grade cellulose
in 1M NaOH (3% w/v) using High Intensity UltraSonication (HIUS) for 20 minutes at ~1Hz to prepare
cellulose nanofibrills (CNF). 3% nanocellulose solution
was used to prepare 125mM of Ca(OH)2. The same
volume of H3PO4 (75mM) was added dropwise while
stirring at 700 rpm over 24 hr for HA nucleation and
crystallization. Sodium citrate (10% w/v) was used as a
dispersant during the reaction. The mineralized
nanocellulose solution was then mixed with a 25%
Alginate (ALG) hydrogel. SEM, XRD and ATR-FTIR were
performed to analyze the nanocomposite formation
between HA and Nanocellulose. An AR500 (TA
Instruments) rheometer was used to analyze the viscosity,
printability and injectability. Compressive mechanical
properties of the formulations in un-crosslinked and in
those crosslinked with CaCl2 (100 mM) were tested using
an Instron 5969 testing system with a 1kN load cell at a
crosshead speed of 1mm/min. A CELLINK BioX 3D
bioprinter was used to print the Nanocellulose-Alginate-HA
composite with/without human mesenchymal stem cells
(hMSCs), crosslinked with 100mM CaCl2, in a 1×1×0.3
cm, 4 layered structure with a 410 µm plastic nozzle at 6
mm/s speed and 200 kPa pressure. For degradation
studies, the printed structures (without cells) were
incubated in DMEM media for 28 days. Cell viability was
analyzed by live and dead cell assay till day 28.

Results

Results

A

B

The 2%NC-25%ALG-HA was thus chosen for degradation
study and was found to stable without any significant
change in dry mass (Fig. 5).

Figure 3. A) Viscosity measurements showing shear
thinning behavior of HA-NC-Alginate bioink. Compressive
modulus of NC-HA-Alginate composite was the highest.
Figure 1. HA crystal formation over NC polymer chains to
form a composite material system.

Peaks for PO43− at 564 cm−1, 603 cm−1 in the ATR-FTIR
analysis indicate HA crystallization which was enhanced
by the addition of nanocellulose (Fig 2), while alginate had
no effect. The 211 peak in the XRD spectra confirmed the
formation of crystallized HA deposits with nanocellulose
(data not shown).

The injectability test further demonstrated that the NC-HAALG bioink could regain its rheological properties within 5
minutes of injection and thus could be printed as
standalone structures (Fig. 4).

Figure 5. Degradation studies of 3D printed NC-HAAlginate structures over 28 days showed no degradation.
The cell culture studies demonstrated viable cells
(hMSCs) after printing as well as the ability of the system
to sustain them for 28 days under in vitro culture
conditions (Fig. 6).

Figure 6. Live/ Dead cell assay demonstrating cell viability
of hMSCs over a period of 28 days. The NC-HA-Alginate
bioink system can print viable cells without damaging
them with the shear pressure created by HA particles.

Figure 2. ATR-FTIR spectra showing HA crystal peaks
formed NC.
Rheological testing demonstrated the shear thinning
behavior in all the tested groups, which is a prerequisite
for 3D printing (Fig. 3A). The mechanical testing studies
demonstrated that the nanocellulose-HA composite with
alginate had a significantly (*p>0.01) higher elastic
modulus than both HA crystallized with alginate and
alginate alone (Fig. 3B).

Conclusion

Figure 4. Injectability testing studies demonstrating that
the of NC-HA-Alginate Bioink system is both injectable
and 3D printable

The current system can potentially promote regeneration
of bone tissue while providing mechanical support after
injury. It can be injected through a minimal invasive
surgery into complex, 3D voids, thus providing a potential
strategy for treatment of critical sized bone defects.

Nitric Oxide (NO) Donor Drug Delivering Nano Platforms for Elastic Matrix
Repair and Regeneration in Abdominal Aortic Aneurysms
Suraj Bastola, BE* and Anand Ramamurthi, PhD, FAHA
Department of Bioengineering, Lehigh University, Bethlehem, PA

Hypothesized Mechanism for Treatment

What are AAAs?

▪ Disorder

▪

▪ Gradual

▪
▪

characterized by chronic
enzymatic breakdown of the structural
framework (matrix) of the aorta wall
thinning and weakening of
aortic wall and loss of wall stretch and
recoil properties

▪ Grows slowly > 5 years
▪ Culminates in potentially fatal rupture

Risk Factors and Clinical Significance

▪

1,2

▪

▪

Rupture AAA has > 90% mortality rates3, emphasizing
need for early treatment

NO donor accelerates matrix synthesis and attenuates proteolysis
of elastic matrix via TGF-β dependent and/or independent pathway

Pendant cationic amphiphiles on the NP surface provide synergy to the
regenerative effects of drug by

▪ Inhibiting MMPs, elastases
▪ Stimulating activity of LOX, elastin cross-linker enzyme
▪ Facilitating NP binding to disrupted elastic fibers

Public health cost burden: $10 billion in 20114
Early surgical repair provide no benefit, there are no nonsurgical treatment available

Elastic Matrix: The ‘missing link’ in AAA Repair

Key Outcomes

and open surgery have high risk &
complications and so are performed only
on pre-rupture AAAs
EVAR Open Surgery

▪ No established drug treatments to slow,
arrest, or reverse growth of small AAAs
(<5.5 cm maximal diameter) and restore
healthy vessel structure during the 5-7
years leading to rupture
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Prospective Benefits

Why are new treatments needed?

▪ Endovascular aneurysm repair (EVAR)
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We hypothesize that local delivery of NO in aneurysmal
smooth muscle cells (SMCs) can inhibit elastic fiber
breakdown by MMPs and stimulate new elastic matrix
assembly to arrest AAA growth

Biodegradable polymer (PLGA) nanoparticles (NPs) enable localized and
sustained release of encapsulated NO donor drug, SNP, in the AAA wall

10
0

▪
▪

Prior work indicates Nitric Oxide (NO) inhibits MMP2.

Innovation: Matrix Regenerative Nanotherapeutics

▪ Afflict 9% of men & 3% of women in 50-84 age group
▪ Primary risk factors
▪

C-Jun N terminal kinase (JNK) is overexpressed in the
AAA wall and triggers downstream increases in matrix
degradative enzymes (MMPs) and decreases in elastin
synthesis and fiber assembly

Our treatment, intended as a simple IV injection-based administration of matrix regenerative NPs with NO
donor drug can potentially transform the current standard of care for small AAAs. Availability of a minimallyinvasive outpatient treatment to slow or arrest growth of small AAAs can potentially reduce/eliminate the
need for future surgery on larger, more rupture-prone AAAs in the mostly elderly patients who are at high risk.
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INTRODUCTION
Health effects?

Placenta

It is difficult to predict accurately what chemicals or viruses
can pass the human placental barrier.

?

Drug
Virus

The placenta is structurally different between
humans and experimental animals.

?
Fetus

Mother
Cytotrophoblast (CT)

How to make the placental barrier like the human placenta?

Placental Barrier

Trophoblast
stem cells
(TS cells)

CT cells

Syncytiotrophoblast (ST)

Villus

[Backgrounds]
The development of human ST barrier models has been desired to
predict the transfer of xenobiotics to the fetus through the barrier.
Recently, human trophoblast stem (TS) cells that have comparable
functions to CT cells and can be maintained for a long time were
established from our group [1]. In 2D cultures with conventional
plates, TS cells can differentiate into ST cells. However, it has not
been easy to construct a trophoblastic bilayer like the villi's surface
and use it to assess drug permeability.

Placenta

<Resin mixture>
・Poly(ethylene glycol)
diacrylate (PEGDA
・1%(w/w) photoinitiator
(Omnirad 819)
・1%(w/w) photosensitizer
(2-Isopropylthioxanthone)

200 μm

In this study

TS cells

ST cells

[The placenta and its structure]
The placental villus plays a critical role in the barrier function against
xenobiotics including drugs. The surface of the villus is directly
interacting with maternal blood. The villus consists of two kinds of
trophoblast linage cells: syncytiotrophoblast (ST) and cytotrophoblast
(CT) cells. CT cells can fuse and give rise to ST cells, which form the
outer layer of the villi and serve as the barrier.

MATERIALS & METHODS

2D cultures

In 2D cultures,
TS cells can
differentiate into
ST cells, but
they cannot
form the villi
structure.

ST cells were formed
inside organoids but
not outside.

Matrigel

Medium flow
TS cells
Cell seeding

Polyimide tape
QIDI TECH Shadow 5.5 S 3D Printer

Matrigel coating

PDMS

Tape
a’

Upper channel
TS cells
PDMS

Film

a’
Film

1. 100% ethanol, 1 min
2. UV, 2 min twice
3. 80℃ heating, over night
Soft lithography
Polydimethylsiloxane
(PDMS)
> 65℃ over night

Collagen
membrane

Lower channel

Negative pressure by
a syringe pump

Tube

Medium
flow
(30 μL/h)

TS cells

1 cm

RESULTS
Day 8

SDC1 Nucleus

Day 13
Flow (+)
SDC1

Nucleus

Medium perfusion enhanced differentiation of TS cells
into ST cells, which was confirmed by immunostaining
of syndecan-1 (SDC-1) (left figure). ST cells were
hardly observed in a microfluidic device without the
perfusion (center figures). The ST cells formed a
single layer on undifferentiated cells, resembling the
structure of the human placental villi (right figures).

Merged

SDC1

Cell cultures in a
microfluidic device
(nutrients/O2 supply,
shear stress)

CDH1

Flow (-)
SDC1

[Methods]
A microfluidic device was fabricated by soft lithography
with polydimethylsiloxane (PDMS). A 3D-printed mold
was made with a printer (QIDI TECH Shadow 5.5 S
printer), poly(ethylene glycol) diacrylate (PEGDA, Mn:
250) as a resin, 1%(w/w) photoinitiator (Omnirad 819),
and 1%(w/w) photosensitizer (2-Isopropylthioxanthone).
The mold was used to cast the PDMS device. This
PDMS device has the upper and lower channels to
perfuse culture media. A vitrified collagen membrane,
which serves as a permeable basement membrane,
was placed between the upper and lower channels. To
perform perfusion cultures, silicone tubes were
connected to the device. The upper channel was coated
with Matrigel to help cells to attach the upper channel.
TS cells were seeded into the microfluidic device
through an inlet of a silicone tube, and culture media
were flowed at 30 μL/h using a syringe pump. After cell
cultures, cells were fixed with paraformaldehyde,
stained with antibodies, and then analyzed by
fluorescence microscopy.

Summary
•

TS cells differentiated and formed a trophoblastic barrier
in a microfluidic device.

CT cells
(from chorionic villi)

Nucleus

Nucleus

Merged

For testing of
xenobiotic transfer

This study presents a microfluidic device with TS cells,
which can provide cell constructs with a structure like the
human placental villi.

TS cells
3D cultures in Matrigel

Collagen vitrigel membrane
(commercially available)

A placental barrier

Merged

Medium flow
Trophoblast
stem cells

Applications
• Drug screening
• Studying placental development
• Disease models

500 μm
<Protein marker>
SDC1(Syndecan-1) for ST cells .
CDH1 (E-cadherin) for undifferentiated cells.
Arrows indicate a single layer of ST cells.
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Materials and methods
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Articular cartilage is avascular, aneural and
alymphatic tissue with limited spontaneous healing
♦
Provide support for cell
capability.
adhesion and proliferation
Cartilage tissue engineering requires homogeneous
♦
Regulate the secretion of
3D scaffold extracellular matrix
cell distribution throughout the scaffolds to
guarantee the regeneration of functional cartilage
Homogeneous cell distribution
tissue.
In this study, PLGA sponges were used as sacrificial
Regeneration of functional tissue
templates to precisely control the interconnectivity Cell/scaffold construct
of collagen scaffolds.

Nuclear staining showed that cells were densely distributed on the scaffold surface of the control collagen
scaffold and fewer cells were distributed in the central regions. On the other hand, cells were more
homogeneously distributed in the PLGA-templated collagen scaffolds. From the top surface to the central
region and bottom region, cells were detected at almost the same frequency. The good interconnectivity
of the PLGA-templated collagen scaffolds facilitated cell penetration and resulted in homogenous cell
distribution throughout the scaffolds. Scale bar: 500 µm.

Cell/scaffold constructs

Introduction

1

1d

2w

4w

0

6w

1d

2w

4w

0

6w

1d

2w

4w

6w

100
80
60
40
20
0

PLGA/NaCl construct

PLGA sponge

PLGA-collagen construct

Collagen scaffold

Results
Morphology of PLGA templates, PLGA-collagen constructs and collagen scaffolds
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• The cell/scaffold constructs formed in the PLGA-templated collagen scaffolds had significantly higher
Young’s moduli than that formed in the control collagen scaffold.
• The PLGA-templated collagen scaffolds were favorable for cell proliferation and the production of
cartilaginous ECM.
• The expression levels of cartilaginous genes increased in the PLGA-templated collagen scaffolds.

Histological and immunohistochemical staining
Control

Col-10-150

Col-10-250

Col-10-355

Col-5-150

Col-5-250

Col-5-355

Cell distribution in the collagen scaffolds
Control

Col-10-150

Col-10-250

Col-10-355

Col-5-150

Col-5-250

Col-5-355

Collagen Ⅰ

The pores were the negative replicas of the NaCl particulates and their size and shape were
determined by the salt particulates. Pore size increased with increasing size of the salt particulates. The
pore walls became thicker when a higher PLGA ratio and larger salt particulates were used.
Hybridization with collagen resulted in the formation of collagen microsponges in the pores of the
PLGA sponges. After selective removal of the PLGA sponge templates, collagen scaffolds were
obtained. Removal of the PLGA templates left negative replica spaces (see the red highlighted regions
in the images) in the collagen scaffolds, which formed interconnecting channels in the scaffolds. The
interconnecting channels linked the pores of the collagen microsponges, making the whole pore
structures well interconnected. Scale bar: 200 µm.

Aggrecan

Col

Collagen Ⅱ

PLGA-col

Safranin O/light green

PLGA

3.5

Relative gene expression of aggrecan

Removal of PLGA sponge

Relative gene expression of collagen
type I

Hybridization with collagen

Young's modulus (kPa)

NaCl particle leaching

***

Relative gene expression of collagen
type II

*

120

Histological and immunohistochemical staining were carried out to investigate the secretion and
distribution of cartilaginous extracellular matrix after in vitro culture for 6 weeks. Safranin O staining
showed abundant cartilaginous extracellular matrix (ECM) throughout the PLGA-templated collagen
scaffolds and sparse ECM in the control collagen scaffold. Immunohistochemical staining showed that
collagen type II and aggrecan were more strongly stained and more homogeneously distributed in the
PLGA-templated collagen scaffolds than in the control collagen scaffold. Scale bar: 500 µm.

Summary
❖Collagen scaffolds with high interconnectivity were prepared using sacrificial PLGA sponge templates.
❖Chondrocytes adhered and distributed homogeneously in the collagen scaffolds and showed a high
proliferation rate, high expression of cartilaginous genes and secretion of cartilaginous extracellular
matrix.
❖The PLGA-templated collagen scaffolds facilitated the formation of homogenous tissue with high
compression strength.

Reference: J. Mater. Chem. B, 2021,9, 8491-8500.
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Self-assembling b-hairpin peptide hydrogel scaffold for meniscal defect

Yoshiaki Hirano1,2, Nobuhiro Okuno3, Shuhei Otsuki3, Jo Aoyama1, Kosuke Nakagawa3, Tomohiko Murakami3, Kuniaki Ikeda3, Tomohiro Okayoshi3, Hitoshi Wakama3, Yoshinori Okamoto3, Masashi Neo3
1

INTRODUCTION
Meniscal tear is the most common intraarticular knee injury. As it is poorly vascularized,
the inner portion of the meniscus has limited
healing capacity[1, 2]. Partial meniscectomy has
been a widely accepted therapy for meniscal
tear. However, biomechanical changes are
inevitable after meniscectomy. Multiple meniscal
repair techniques andscaffolds have been
developed. Therefore, new approaches are
required for meniscal repair and regeneration.
Significant progress in tissue engineering has
generated useful biomaterials. Self-assembling
peptide scaffolds (SAPS) are candidates for
meniscus repair and regeneration. Hydrogels are
preferred in meniscus tissue engineering studies
as they fill in meniscal lesions of various
shapes[3].
We had improved SAPS stiffness and
developed
KI24RGDS
(IKIKIKIKIK-RGDSKIKIKIKIKI), a β-hairpin peptide with the amino
acid sequence, RGDS[4,5].
The purpose of this study was to determine
whether KI24RGDS stays in a meniscal defect
and facilitates meniscal repair and regeneration
in a rabbit model.

Faculty of Chemistry, Materials and Bioengineering, 2 Kansai University Medical Polymer Research Center, Kansai University, Suita, Osaka 564-8680, Japan
3
Department of Orthopedic Surgery, Osaka Medical and Pharmaceutical University, Takatsuki, Osaka 569-8686, Japan
RESULTS

Figure 1 (A) Gross observation of KI24RGDS. It is readily injectable
by syringe yet viscous enough to stay at the site of injection.
(B) SEM image of 3% (w/v) KI24RGDS hydrogel. Scale bar = 1 μm.
(C) Mechanical properties of KI24RGDS hydrogel under several
solvent conditions.
(D) Relationship between modulus ratio (G’/G”) and frequency sweep
for 3% (w/v) KI24RGDS hydrogel in 5
PBS ( : G’;
: G”). (E)
Relationship between modulus ratio (G’/G”) and temperature for 3%
(w/v) KI24RGDS hydrogel in 5 PBS ( : G’; : G”).

METHOD

CONCLUSIONS

KI24RGDS peptide was synthesized on AlkoPEG resin using a standard manual Fmocprotocol
with a DMT-MM activation procedure. The crude
KI24RGDS peptide was purified and analysed by
high-performance liquid chromatography.
To prepare a KI24RGDS hydrogel, pure
KI24RGDS peptide was dissolved in MilliQ water,
then an equal volume of phosphate-buffered
saline was added to adjust the peptide
concentration. All rheological studies were
performed on a rheometer at 25 °C.
The design of the present study was
approved by the Animal Research Committee of
Osaka Medical College(No.30122). All medial
menisci were photographed before fixation with
paraformaldehyde. Each specimen was sliced in
the
radial plane and then stained with hematoxylineosin (H&E) and safranin O.

This in vivo study demonstrated that
KI24RGDS remained in the meniscal lesion and
facilitated the repair and regeneration of a rabbit
meniscal defect model. KI24RGDS is highly
biocompatible and biodegradable, has strong
stiffness, and is safe. Thus, it is feasible for
clinical use in meniscal repair and regeneration.
Future efforts to improve SAPS stiffness of SAPS
could broaden the scope of its clinical
applications in the treatment of human organ and
tissue injury and disease.
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Figure 2 A 2.0 mm-diameter cylindrical defect
was created by biopsy punch in the inner 2/3rds
of the anterior portion of rabbit medial meniscus
(left knee).
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Figure 3 Representative H&E (A, B) at 2 wks, 4 wks, 8 wks, and 12 wks
post-surgery. Microphotograph of the entire meniscus at 40 magnification.
Boxed areas are
200 magnification. Scale bar = 200 μm. In the control
group, there was no reparative tissue in the defect at 2 wks post-surgery (A1, 2). Cells migrated from the peripheral slowly , and regenerated at 4 wks
and 8 wks post-surgery (A-3–6). However, the meniscal defect was still only
partially filled even at 12 wks after surgery (A-7,8). In the KI24RGDS group,
the SAPS remained in the defect and was visible along with reparative tissue
at all evaluation time points (B). Cell migration from the peripheral tissue and
proliferation were observed at 2 wks post-surgery (B- 1, 2). Reparative tissue
gradually increased at 4 wks and 8 wks post-surgery (B-3–6).

Figure 4 Histology of the KI24RGDS group at 2 wks after implantation (A, B).
The cylindrical defect was filled with KI24RGDS, which served as a meniscal
scaffold for cell migration. (A) H&E staining, (B) safranin O staining, and (C)
schematic diagram of the meniscal scaffold and cell migration from the
peripheral tissue. Scale bar = 200 μm.

3D bioprinting of a photo-crosslinkable platelet lysate based bioink
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Introduction and Statement of Purpose:
Bioprinting systems are a suitable method to fabricate comp
lex structure with layer-by-layer deposition of cell-laden bioink
s, which mimic native organs and tissues. However, Bioinks h
ave several limitations, such as non-degradable, poor physical
properties and low stability. To overcome these limitations, we
used platelet lysate (PL), which was obtained from whole bloo
d through differential centrifugation, as a biomaterial. As autol
ogous materials, platelets play an important role in hemostasi
s, bone growth, cartilage repair, and wound healing through th
e release of growth factors and adhesion molecules during fre
eze–thaw cycles of platelet-rich plasma (PRP). Despite its tre
mendous potential, PL presents an inherent fragility and fast d
issolution, which hinders its application. To improve these pro
perties, we have developed a tunable bioink, which is made u
sing 3D-printable platelet lysate (PLMA)-based hydrogel that c
an simulate the 3D structure of tissues and can quickly place t
he crosslinked hydrogel layer-by-layer to build cell-laden hydr
ogel constructs through methacrylated photo-polymerization.

Figure 3. In vitro biocompatibility of 3D bio-printed constructs with
various cell types. (A) proliferation rate of various cells encapsulat
ed in PLMA hydrogel, (B) representative fluorescence images of
3D multi-layered bio-printed scaffolds encapsulated various cell ty
pes and, (C) Overall stack image on 14th days (Top-view), (D) ma
gnification images of cell proliferation in MH pattern for a long peri
od of time.

Methods, materials and analytical procedures:
Characterization of the PLMA hydrogel properties were exa
mined using rheology, porosity, swelling assay. It was confirm
ed that the stiffness of PLMA hydrogel can be adjusted accord
ing to the degree of photo-crosslinking. Cell viability and prolif
eration demonstrated that the PLMA-based scaffold is biocom
patible when applied as a bioink. To form multilayer cell-laden
scaffolds, cells were trypsinized, counted, and placed in Eppe
ndorf tubes (GFP-hMSCs and RFP-HUVECs [5 × 106 cells ml
−1]). Further, we developed multilayer cell-laden scaffolds with
the PCL–PLMA through photo-crosslinking to fabricate compo
site tissue. To improve printability of 3D complex shapes, PLM
A was blended with different additive materials. To confirm the
effect of UV treatment after degradation, the gelatin-PLMA ble
nd was soaked in DW at 50 ◦C, while the alginate blending PL
MA was tested using sodium citrate solution.

Figure 1. Characterization of PLMA hydrogels. (A) 1H NMR spectra of
PLMA as compared to a pristine PL, (B) optical images of cross-linked
PLMA hydrogels (top : non-crosslinked, bottom : crosslinked), (C) SE
M images of PLMA hydrogels with different concentration and UV irrad
iation time (magnification x 800), (D) quantiﬁcation of porosity from all
PLMA hydrogel groups by image analysis (n = 10), (E) the storage mo
dulus (G’) and loss modulus (G”) on the frequency of PLMA hydrogels
with various UV irradiation time and concentration, and (F) swelling an
alysis of PLMA hydrogels with various concentration.

Figure 4. 3D printing of multilayer frame-free scaffold with viscous
biomaterials. (A) representative optical images of 3D bio-printing wi
th PLMA/Gelatin and PLMA/Alginate ink, (B) the comparison of with
UV treatment effect at PLMA/Alginate ink, (C) the degradation of th
e effect of UV treatment after degradation at Gelatin/Alginate, PLM
A/Alginate ink over time.

Results:
We synthesized PLMA through methacrylation to enhance mec
hanical property and prepared hydrogels via photo-crosslinking.
We determined that the relationship between porosity, mechani
cal properties, rheological measurements were performed for v
arious PLMA concentrations and UV irradiation times (Fig 1). To
fabricate composite tissues, we used PCL as a frame for the pri
nting of PLMA, and also designed artificial blood vessel channe
ls to engineer vascularized complex tissues. As a result, we ob
served the internal microporous structure between the frames o
f the multilayer printed scaffolds, which enables penetration of
water and nutrients for cell growth. and we confirmed the prese
nce of encapsulated cells in PLMA bioink (Fig 2). We printed ce
lls into multi-layers which were organized by MSC, MH pattern.
The cells proliferated with no indications of damage for up to 14
days and presented a stretched morphology indicating good int
eractions with each other (Fig 3). We developed a frame-free s
ystem to form multi-layered structures and various shapes. To
increase viscosity, PLMA was blended with different additive m
aterials. With UV treatment for 90 s, 3D printed gelatin or algina
te/PLMA structure were well preserved in its original state witho
ut degradation.

Conclusions:

Figure 2. 3D printed microstructre composed of PLMA hydrogel and
PCL frame: (A) Schematic illustration of printing process of multilayer
cell-laden scaffolds with PLMA/PCL, (B) optical images of 3D printed
PLMA bioink with PCL frame (Ⅰ), multilayer printed scaffolds (Ⅱ), mul
tilayer cell-laden scaffolds (Ⅲ), (C) SEM images of PLMA hydrogels w
ith PCL scaffolds, (D) microscopic images of 3D printed PLMA ink wit
h PCL frame (Ⅰ), multilayer printed scaffolds (Ⅱ), multilayer cell-lade
n scaffolds (Ⅲ), (E) proliferation rate of hMSCs encapsulated in PLMA
hydrogel by CCK-8; * indicates a significant difference at p < 0.05, ***
indicates a significant difference at p < 0.001, (F) representative fluor
escence images of 3D bio-printed scaffolds with encapsulated with G
FP-MSC and RFP-HUVEC.

In this study, we confirmed that the multi-layer scaffolds fabric
ated by bio-printing not only have a stable structure but also a
porous 3D construct in which encapsulated cells in PLMA ink c
an growth. Finally, we suggest that the developed PLMA bioink
is considered to be a novel bioink with numerous potentials an
d can be applied in the field of tissue engineering. Finally, we p
re-sent photo-polymerizable hydrogels, which are based on PL
s derived from blood, as novel bioinks in tissue engineering.
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Extracellular matrix microparticles promote heart regeneration in post-myocardial infarction mice
Xinming Wang1, Samuel Senyo1
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INTRODUCTION

A heart attack can progress to heart failure in adult mammals in part
because low cardiac regenerative capacity. Lack of beating tissue
replacement from damage leads to a permanent scar that can impair
cardiac function. However, the damaged heart can fully regenerate within 3
weeks in neonatal rodents and lower vertebrates such as zebrafish[1-2].
We hypothesize that the biological features of fetal microenvironment can
reduce ventricular wall thinning and fibrosis, and improve heart recovery.

RESULTS

dECM microparticles preserve cardiac function at week 3
post-MI

dECM microparticles preserve ventricular wall thickness and
reduce fibrosis

dECM microparticles promote angiogenesis

Injectable biomaterials are a promising methodology for improving heart
post-injury responses[3]. We have shown in a previous study that
delivering cardiac extracellular matrix (dECM) hydrogel into the injured
non-regenerative heart reduces wall thinning and preserves cardiac
output[4]. In this study, we processed the liquid dECM hydrogel precursor
to injectable microparticles that retains the bioactive macromolecules and
exhibits increased stability and retention in tissue. The therapeutic efficacy
of the slide dECM microparticles were tested in a mice myocardial
infarction model. The results demonstrate that dECM microparticles
improve heart recovery.

METHODS

Extracellular matrix microparticle preparation

Fetal porcine ventricles were decellularized in SDS solution and Triton X100 solution and washed in water. Acellular tissue was lyophilized and
pulverized in liquid nitrogen to improve enzymatic digestion. dECM powder
was digested in pepsin for 4 to 36 hours to generate homogenous dECM
solution. Digestion was terminated by adjusting pH to 8. Solubilized dECM
was processed to microparticles by electrospray and heat-induced
polymerization.

Figure 4. (A) Angiogenesis was examined by immunostaining at week 3
post-MI. (B) The density of small vessels was increased only in dECM
microparticles treated hearts. (C) The density of all vessels was not
significantly modulated by the treatments though dECM microparticles
treated hearts showed a trend of increased vessel density. (n=4, one-way
ANOVA and tukey’s test, *p<0.05.)

Myocardial infarction (MI) on mice

dECM microparticles exhibit increased collagenase resistance

MI induced by permanent ligation of coronary artery. dECM hydrogel
precursor and microparticles were injected to myocardium immediately
after ligation. Echocardiography conducted on week3 post-MI.

Figure 5. (A) dECM microparticles and hydrogels were digested in
collagenase digestion buffer for 24h. (B) dECM microparticles exhibit
increased collagenase digestion resistance compared to hydrogels.

CONCLUSION

Figure 1. (A) Schematic of dECM microparticles preparation. (B)
Experimental setup.

Figure 2. (A) Cardiac function and dimension was examined by
echocardiography at week 3 post-MI in a mice MI model. dECM
microparticles treated hearts exhibited significantly lowered (B) diastolic
diameter and (C) systolic diameter compared to the MI control. Liquid
dECM hydrogel precursor treatment showed a trend of reducing ventricular
dilation. Both liquid dECM hydrogel precursor and solid dECM
microparticles increased (D) ejection fraction and (E) fractional shortening
compared to the MI control. (n=4, one-way ANOVA and tukey’s test,
*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.)

Figure 3. (A) Ventricular wall thickness and fibrosis were examined by Masson’s
Trichrome staining at week 3 post-MI. (B) Solid dECM microparticles treated
hearts exhibited significantly increased wall thickness in the infarct zone
compared to the MI control. Liquid dECM hydrogel precursor treatment resulted
in a trend of increased wall thickness though not significantly higher than the MI
control. (C) Both dECM microparticles and hydrogel precursor reduced fibrosis
compared to the MI control. (D) Fibroblast activation was examined by
immunostaining for α-smooth muscle actin (α-SMA) and platelet derived growth
factor receptor-α (Pdgfr-α). (E) The density of activated fibroblasts was
significantly lowered by dECM microparticles but not by liquid dECM hydrogel
precursor compared to the MI control. (F) The ratio of α-SMA+ fibroblasts to
total fibroblasts was lowered by both dECM microparticles and hydrogel
precursor compared to the MI control. (n=4, one-way ANOVA and tukey’s test.
*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.)

Solubilized extracellular matrix can be processed to microparticles. The solid
dECM microparticles exhibit increased stability compared to dECM hydrogel.
Delivering dECM microparticles into post-MI mice hearts preserves cardiac
function and ventricular wall thickness, lowers fibrosis and fibroblast
activation, and stimulates angiogenesis. Together, the results demonstrate
that solid dECM microparticles can be developed as a therapy for cardiac
injury.
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Results and Discussion

Introduction

Figure 2(a):
Peptide modification and modification area were
evaluated by using fluorescence-labeled PCSi. The
fluorescence signal was observed in the luminal and
medium layer of the graft.

REDV-peptide modified acellular grafts were developed for small
diameter long-bypass graft [1,2]. When the grafts with the length of
20-30 cm and the diameter of 2 mm were transplanted to the femoral
artery as a bypass graft, the grafts were patent without thrombus
formation. From these experiments, we found that thrombus
suppression and cell capturing on the graft surface would have
contributed to the graft patency.
To prove this concept, we developed peptide-conjugated silane
coupling agents (PCSi) for modifying the acellular graft in the
peptide density-controlled manner in this study. The REDV
immobilized acellular tissue with various REDV densities was
prepared using PCSi, and endothelial cell adhesion and platelet
adhesion were evaluated in vitro and ex vivo experiments.
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REDV-modified acellular graft
(φ2.0-4.0 mm, L=90 cm)

Transplantation to
minipig bypass model

Peptide-Conjugated Silane Coupling
Agents (PCSi)

REDV-modified acellular grafts were prepared by
silane coupling reaction with PCSi. The carotid artery
was decellularized by HHP treatment. Decellularized
graft (DC-Artery) was dried under vacuumed
condition. The Freeze dry graft (FD-Graft) was
treated with PCSi, and the REDV-modified acellular
graft was acquired.

Fibrin clot
Nucleus

Ex vivo evaluation of fibrin clot deposition on the surface of DC-Artery, FDartery, and PCSi-modified graft for 1 h. (a) Fluorescence images indicate the
cross section of the graft. Scale bars indicate 200 μm. (b) Fibrin deposition volume.

(b)

Figure 2(b):
The peptide density was quantified. The density was
controlled by the feed concentration of PCSi. The
density was ranged from 0.89×10-4 to 100×10-4
molecules / nm3.

Abbreviation

Figure 1. Preparation of peptide-modified acellular graft by PCSi. (a) Gross images of the native carotid
artery, decellularized artery (DC-Artery),and PCSi-modified graft. (b) Modification process of peptidemodified acellular graft by silane coupling reaction of PCSi. HHP; high hydrostatic pressure treatment.

Thrombus was not observed on the REDV-modified
acellular graft, although the surface without the REDV
modification was covered with the thrombus.
↓
Thrombus adhesion was suppressed independent of the
peptide density.

(a)

DC-graft: Decellularize graft
FD-graft: Freezing dried DC-graft
REDV(X)-graft: PCSi-modified FC-graft
(X; REDV peptide density ( x 10-4 molecules /nm3))

The PCSi-modified grafts were connected to the
following blood circuit system, and blood was
circulated during 1, 3, and 18 hours.

Figure 2. Peptide modification of acellular graft with PCSi. (a)
Fluorescence cross-sectional images of DC-Artery and
REDV(100)-Graft. White dotted lines indicate the boundary of
the tissue. Asterisks indicate the luminal side. Scale bars
indicate 200 μm. (b) Immobilized peptide density in PCSimodified grafts was plotted. (*: p<0.05, n = 5)

The cells were observed on the REDV modified surface
with increasing the peptide density and blood flowing
time.
Blood circulating cells were captured by REDV peptide.

Ex vivo evaluation of blood response to luminal surface of the grafts using a
cardiopulmonary bypass circuit system. (a) Eight grafts were connected directly, and the
sample circuits with 16 grafts were constructed by connecting two lines in parallel. (b)
Cardiopulmonary bypass circuit system connected with the sample circuit. Arterial and
venous lines were inserted to the right ventricle and ascending aorta, respectively. The blood
flow was controlled by a roller pump. Circulating blood temperature was controlled as
37 °C by heat exchanger. (c) Blood flow and the velocity at the sample circuit were
monitored by echocardiography.

Ex vivo evaluation of fibrin clot deposition on the surface of DC-Artery, FDartery, and PCSi-modified graft for 1 h. (a) Fluorescence images indicate the
cross section of the graft. Scale bars indicate 200 μm. (b) Fibrin deposition volume.

Conclusion

REDV peptide

We developed the peptide-conjugated silane coupling agents for a surface modifier of acellular tissues, and REDV-peptide density-controlled acellular
grafts were prepared for evaluation in an ex vivo blood response study. We successfully showed cell capture and suppression of fibrin clot deposition on
the REDV-immobilized surface under ex vivo blood perfusion conditions. To the best of the authors’ knowledge, our finding is the first to show the blood
response on an REDV-immobilized surface, and the data are important for the future development of blood-contacting implantable acellular devices.
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Effect of interlobular septa on
stress-strain characteristics of pleura
Hirosane Hayashi (Kanazawa Institute of Technology), Hitomi Sakai (International College of Technology), Noriyuki Takano (Kanazawa Institute of Technology),

1. Introduction
Pleura Structure

Pleura Characteristics
・General

Anisotropic

Isotropic

→ Isotropic

Pneumonitis

・Some previous study include
anisotropic data.
Any factor affect
pleura characteristic ?

Pneumonitis

Interlobular Septa

Pleura

Affected to
Pleura Characteristic

Inner Elastic Membrane
Sub Mesothelium
Pleural Mesothelium

Fig.1 Humphrey’s canine pleura data 1)

Fig.2 Structure Model of Pleura

2. Methods
Sample

Tensile Test

・Pleura were removed from
the lungs of pigs.

CROSS

1. RIB Direction Stretch

Rotate 90°

2. CROSS Direction Stretch

・Pig lungs are similar in volume
and thickness to human lungs.

40mm

RIB
40mm

・The pigs were processed at the
slaughterhouse on the test day.
・Dimension of a specimen size is
40 x 40 x 0.040 mm.

Fig.3 Sample Pictures

Fig.4 Tensile Test Model (RIB)

Fig.5 Tensile Test Model (CROSS)

3. Results & Discussion
Stress - Strain Diagram Analysis
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Fig.6 Example of Isotropic Results
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Fig.8 Example of Anisotropic Results

Relationship between Septa and Anisotropic
Anisotropic

1

RIB

β
σ=α(ε-εs)

0

1

Fig.7 Example of Anisotropic Results

Fung’s equation2)
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Anisotropic
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Pleura
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Residual Interlobular Septa Analysis

CROSS

Stress - Strain Diagram

・
・
・

Length ratio of residual
interlobular septa by direction / -

Fig.9 Septa Analysis Model

Residual Interlobular Septa
2

1

0.8
0.6

0.4

R  0.9952

Pneumonitis

Pneumonitis

Exfoliation
Line

0.2
0
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Length ratio of residual interlobular septa
by direction / -

Fig.10 Relation between the ratios of
the effective length of interlobular septa and
the factorial β in Fung’s eq. by direction.

Pleura

Strongly Effect

Interlobular Septa

Exfoliation

Fig.11 Sample Model

・No residual septa had been
noticed in the past report.

5. Conclusion

6. Future Prospects

・The residual interlobular septa on the pleura strongly affect the stress-strain characteristics.

・Measure the distribution of interlobular septa on lung.

・ The stress is higher when pulling in the direction of the residual interlobular septa.

・ Establishment of a new analysis method that includes the lobular interventricular septa.

References 1) J.D. Humphrey, D.L. Vawter, R.P. Vitoi, Ann. Biomed. Eng. Bold. 14 (1986) 451.

2)Y.C. Fung. Biomechanics : Mechanical Properties of Living Tissue. Springer. 2010. 277p.

Simultaneous spheroid formation and nanoparticle encapsulation by acoustic microstreams
1
1,2
Reza Rasouli and Maryam Tabrizian
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Introduction
3D cell spheroids are attractive constructs with numerous applications in
biomedical research, from tissue engineering to drug screening. Recently, we
reported an acoustic platform with the ability to rapid production of spheroids as
fast as 10 s.1 In this method, cells are trapped in a controllable microstream
which is generated by an acoustic source and are adhered together with type I
collagen which is a natural ECM. Since the acoustic spheroid formation relies on
the physical agglomeration of particles, inorganic particles can also be
encapsulated in the spheroids.

Spheroid formation and nanoparticles encapsulation mechanism
Upon activation of the acoustic platform via radio frequency signals, the
bubbles and sharp-edges embedded in the microfluidic channel oscillate and
create strong boundary-driven acoustic streaming. The hydrodynamic forces
induced by acoustic microstreams can trap and enrich the cells in the vortex eye.
Figure 1 represents the schematic of cells and nanoparticles trapping process and
enrichment in the microfluidic platform.

The fluorescent analysis by Image J showed the Cy-5 fluorescent intensity in
spheroids was 51.783±18.402 while the number outside the vortex was
15.633±7.181, showing approximately 3.2 times increase in the concentration.

Objective
In this study, we exploited the acoustic spheroid formation to encapsulate
nanoparticles in the spheroids too. Poly β-amino ester (PBAE):pDNA complex
nanoparticles, which are widely used for introducing genes to cells2 , are used as
a proof of concept to show the potential of the method for simultaneous spheroid
formation and gene delivery.

Method

ms
a
e
r
t
s
o
r
Mic

cells

Spheroids

Device fabrication and setup: The mold was produced by standard
photolithography of negative photoresist (SU-8 2050) on a silicon wafer. For
replication, PDMS was poured on the master mold treated with silane and was
incubated at 70 degrees Celsius overnight. After liftoff, the channel was bonded
to a glass substrate by oxygen plasma surface treatment. A piezoelectric
STEMiNC (SMBA4510T05M) was attached next to the channel and was
controlled by a function generator (AFG3011C, Tektronix, USA).
Cell culture: MCF-7 were cultured in Dulbecco’s modified Eagle medium
(DMEM), supplemented with 10% FBS and 1% penicillin/streptomycin.
Cell-Collagen preparation: 8 volumes of type I atelocollagen solution, 3 mg/ml
(PureCole) were gently added to one volume of 10X culture media and the
solution was neutralized by 0.1 M NaOH. The solution was diluted in serum-free
media and Methylcellulose (MC) was added to reach the concentration of 0.42
mg/ml Collagen+ 0.4 w/v MC.
Nanoparticle synthesis:
Cy5 labelled pDNA and PBAEs were diluted in 25 mM sodium acetate buffer
(pH = 5.2 ± 0.2) to reach the concentration of 60 μg/mL for pDNA and 1.8
mg/mL for PBAE. 30 w/w, one part of PBAE solution was added to 1 part of
pDNA solution to reach 30 w/w nanoparticles, and vortexed for 10 s, and
incubated for 10 min.
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Figure 1. Acoustic Microfluidic platform for simultaneous spheroid formation and
nanoparticle encapsulation.

Figure 2.a) Acoustic trapping of cell and. b) An acoustically formed
spheroid/NP composite c) cell nuclei stained by is Hoechst 33342 d)
nanoparticles.

Results
As the suspended particles such as cells and nanoparticles are exposed to
acoustic microstream, the drag forces from the vortex trap the particles. The
presence of collagen I allow for rapid attachment of cells to form coherent
spheroids. Moreover, the drag forces from the microstream can also enrich
nanoparticles in the vortex, which leads to a higher concentration of
nanoparticles in the spheroids. Figure 2 a shows the cell-nanoparticles spheroids
formed in the microfluidic channel using acoustic waves. To visualize and
quantify the nanoparticle enrichment and encapsulation in the spheroids,
fluorescently labeled plasmid were complexed with PBAE polymer to form
nanoparticles. Figures 2 b,c,d show a spheroid that was retrieved and incubated
overnight. The cyan color illustrates the nuclei stained with Hoechst 33342 while
the red is representative of the (PBAE):pDNA complex nanoparticles which are
labeled by Cy5. As it can be seen, the spheroid shows a compact structure after
24 hours, and the nanoparticles are homogenously distributed throughout the
spheroid.

Conclusion
In this study, we report on the rapid formation of spheroids and the simultaneous
addition of concentrated nanoparticles throughout the spheroids which lay the
groundwork for efficient gene delivery into the spheroids. The system showed
not only the ability to homogeneously encapsulate nanoparticles in the spheroids,
but also more than a 3-fold increase in the nanoparticles concentration in the
spheroids by trapping them in the vortex.
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hMSC osteogenic response as a function
of scaffold type and inflammatory state
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hMSCs exhibit increased metabolic activity on anisotropic scaffolds regardless of
``
inflammatory status
hMSCs secrete the greatest amount of OPG under basal conditions in response to
Heparin scaffolds
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Overall Hypothesis: Primed hMSCs will display heightened
immunomodulatory potential and decreased osteogenic
potential in a scaffold dependent manner.
Aim 1: Examine the effects of priming hMSCs on their osteogenic potential.
Aim 2: Examine the effects of priming hMSCs on their immunomodulatory
potential.

Experimental Layout
Will assess osteogenic and
immunomodulatory potential
of basal (N) and primed (T)
hMSCs as a function of
scaffold type:
Isotropic pores (Iso)
Anisotropic pores (Ani)
Heparin (Hep)
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Influence of inflammatory stimulation on mineral formation
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Figure 3: Select osteogenic, immunomodulatory, and angiogenic gene expression measured via NanoString
(n=1) of basal and primed hMSCs seeded on isotropic, anisotropic, or heparin containing scaffolds.
- Anisotropic scaffolds display an increase in osteogenic gene expression in late stages for both basal and primed
hMSCs
- Seeding primed hMSCs on mineralized collagen scaffolds decreases expression of immunomodulatory genes
- Anisotropic scaffolds increase angiogenic gene expression in both basal and primed hMSCs
V. Kolliopoulos, M. Polanek, Influences of scaffold structure and composition on hMSC immunomodulatory potential. (in
preparation)
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Figure 2: Calcium and phosphate content measured via ICP. Symbols indicate significance at a level of p <
0.05. * Significance between indicated groups, ^^ significance between indicated group and all other
groups of other treatment
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Figure 1: (left) hMSC metabolic activity measured via AlamarBlue over 21 days. (N) indicates basal
conditions, (T) indicates inflammatory stimulated conditions. (right) Cumulative release of osteoprotegerin
(OPG) over 21 days. Symbols indicate significance at a level of p < 0.05. *: significance between indicated
groups of same treatment, ^: significance between indicated groups of different treatment, **: significance
between all groups of same treatment, ^^: significance between indicated group and all other groups of
other treatment, #: significance between indicated groups and all other groups
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CMF bone defects can arise from congenital, post-oncologic, and traumatic
injuries that cannot heal naturally due to their overwhelming size, and thus require
surgical intervention. Recent studies examining battlefield injuries experienced by
U.S. Soldiers in Iraq and Afghanistan found 26% of all survivable battlefield
injuries localized to the maxillofacial area. There is an extraordinary unmet need
for regenerative strategies for CMF bone defects. Our goal is to design a
biomaterial that can promote hMSC osteogenesis while temporally
modulating the inflammatory environment.

Influence of scaffold type and hMSC
Inflammatory stimulation on
metabolic activity and osteogenesis
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Metabolic
Activity
(Fold Change)

Craniomaxillofacial (CMF) bone defects

hMSC gene expression influenced by
priming in a scaffold dependent manner
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Creating biomaterials for
craniomaxillofacial repair
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Our goal is to design a
biomaterial that can promote
hMSC osteogenesis while
temporally modulating the
inflammatory environment.
Therefore, future experiments
will elucidate the crosstalk
interactions of hMSCs and
immune cells like
macrophages and how these
interactions can be modulated
via biomaterial influences.

Enhancing cell behavior on 3D scaffolds by plasma-based
3D printing system
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Melt extrusion additive manufacturing (ME-AM) also known
as the fused deposition modeling (FDM) is the most generally
used at 3D printing techniques which is widely used to fabricat
e structures mimicking the extracellular matrix for tissue regen
eration. Among used various materials, poly lactic acid (PLA) i
s a well-known biomedical polymer with biodegradable and m
echanical properties . Despite, it has a limitation such as low
wettability and shows poor cell attachment, because of its low
surface energy. Plasma treatment is used to render the surfac
e modification to these drawbacks. Generally, plasma treatme
nt is performed post-process, so inhomogeneous and impossi
ble to uniform surface modification on inner part. To overcome
this limitation, we converted one of two nozzles in an FDM typ
e 3D printer to a plasma device to process each inner layer.
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Figure 3. Evaluate of the plasma treatment effect ;(A) scanning electro
n micrograph (SEM) image of the plasma non-treatment PLA and plas
ma treatment PLA scaffold, (B) non-contact roughness measurement r
esults, and (C) water contact angle measurement after treatment by pl
asma treatment at room temperature.
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Figure 5. Demonstrate of effect of layer-by-layer treatment system ;
(A) amount of adsorbed serum proteins to the scaffolds, (B) prolifer
ation rate of GFP-MSC spheroids on scaffold by Ez-cytox, (C) repre
sentative fluorescence images of GFP-MSC spheroids on scaffold a
nd image of cross-section after 7 days, and (D) a photograph of the
immersed in PLA scaffold after 24 hours on DPBS.
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Figure 1. Schematic illustration of the plasma-based 3D printing system.
(C)

Methods, materials and analytical procedures:
The extruder component was changed from the one of two h
ead ME-AM type 3D printer (BCN 3D Sigma R19) to a plasma
device (Piezobrush PZ2-i) for treating plasma. The treated pla
sma volume is controlled by G-code regulating plasma device
movement. The samples were prepared with disc type scaffold
s (9 mm in diameter, 6 mm height) and stored at room temper
ature in sealed container for overnight. SEM, non-contact surf
ace profiler, and contact angle, were utilized to observe surfac
e characterization of the plasma own effect. In addition to eval
uate the in vitro biocompatibility of plasma-treated scaffolds w
hich were treated 70 mm/s, 20 mm/s, and 7 mm/s of treated-s
peeds, green fluorescent protein-expressing human-derived m
esenchymal cells (GFP-MSC) were seeded on the top of scaff
olds. Subsequently, layer-by-layer treated (LBLT) scaffold (10
mm x 10 mm x 3.5 mm) was prepared for comparing with scaf
fold as generally plasma treatment way (GT) and placed at ro
om temperature for overnight, washed with Dulbecco’s phosph
ate-buffered saline (DPBS) and dried under the ultraviolet light
. To assess cellular behavior of scaffolds with each plasma-tre
ated system, fabricated spheroids were seeded on scaffolds.
Additionally, scaffolds were assessed by protein absorption as
say with complete medium.
NT

GT

LBLT

Figure 2. Schematic illustration of printing scaffolds by plasma-bas
ed 3D printing system.

Figure 4. In vitro characterization of cell proliferation ratio of GFP-MSC
for 5 days of culture. (A) cell proliferation test of plasma treated scaffol
ds, (B) fluorescence microscopy overview images, and (C) fluorescenc
e images after 4 hours and 3 days of culture.

Figure 6. SEM image of GFP-MSC spheroids adhered on top layer
of scaffold ;Con (ⅰ), LT (ⅱ), LBLT (ⅲ), and LBLT cross section (ⅳ).

Results:
To apply the plasma-based 3D printing system, one of two nozz
les in an FDM type printer converted to a plasma device (Fig 1).
The G-code was revised for plasma movement and continuing st
ack of PLA filament using BCN3D.Cura-3.2.0-win64.
Surface characterization results for confirm of plasma treatment
effect show that the plasma treated scaffolds were induced roug
hness and hydrophilicity (Fig 3A-C). In addition, plasma treated
scaffolds show remarkable proliferation and the more plasma is t
reated, the better cell proliferation was increased (Fig 3D-E). Th
erefore, plasma treatment speed was fixed to 70 mm/s, due to a
process time and consumption of gas. Then, layer-by-layer treat
ed scaffold as 70 mm/s treated speed was fabricated to evaluate
the effect of plasma treatment with non-treated scaffold (NT) an
d generally treated scaffold (Fig 2).
The results show that LBLT was enhanced with biocompatibility
and cellular behaviors than NT. Fig 4C shows that NT remains ro
und shape of spheroid, GT and LBLT shows loosing the round s
hape of spheroid. Besides, LBLT was improved migration into in
ner part. Also, protein absorption assay show LBLT the most incr
eased than others. Similarly, Fig 5 indicate that SEM analysis to
evaluate changes in spheroid morphology and confirm migration
of cells into inner part.

Discussion and Conclusions:
In this works, we presented a plasma-based 3D printing syst
em for fabrication of scaffold which uniformly modified inner pa
rts. In this regard, we demonstrated easily apply to 3D printing
system and each layer plasma-treated scaffolds were enhance
d biocompatibility. Our results, indicate that (1) developed of h
omogeneous surface modified scaffold system, (2) enhanced t
opography, roughness, and hydrophilicity, (3) promoted higher
protein absorption, cell proliferation, and migration into scaffol
d inner part, and (4) easily apply to all the two head deposition
system. Therefore, our system suggest that layer-by-layer trea
ted scaffolds can fast fabricated and be a useful strategy for tis
sue engineering in the future.
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aortas for the development of a biomimetic vascular graft
GIOVANNIELLO
1

1
FRANCESCO ,

TABRIZIAN

2,3
MARYAM , AMABILI

1
MARCO

2

Department of Mechanical Engineering, Department of Biological and Biomedical Engineering,
3 Faculty of Dentistry; McGill University, Montreal, Quebec, Canada.

INTRODUCTION

RESULTS AND CONCLUSION

The thoracic aorta has a specific elastic behavior that allows for cyclic diameter
expansion of about 10 % during the heart beating for healthy individuals of young
age. The stiffness increase of the aortic tissue with age causes a reduction of this
expansion [1,2]. This cyclic deformation has the function to accumulate blood during
the systole and to release during the diastole, with a positive effect of decreasing the
pulsatile nature of the blood flow improving the perfusion to organs. This function is
known as Windkessel effect. An increase in the aortic stiffness in addition to a
decrease in the Windkessel effect is as a risk factor for clinical hypertension [3]. The
grafts that are currently used for aortic repair, after 50 years from their introduction,
are showing several complications that are widely documented [4]. The development
of biomimetic grafts, mimicking the complex arterial structure, is required urgently.
Tissue decellularization aims to remove all cells and cell remnants while preserving
the 3D structure of the native Extracellular Matrix, this way the natural conformation
and chemical composition of the specific tissue is retained. The objective of the
present study is to optimize a decellularization protocol in order to minimize
mechanical and structural changes in the ECM.

METHODS

Figure 1 - SHG and TPF signals together with DRAQ5 staining for the control tissue and the decellularized ECM (dECM), sample PA1; the two images show collagen (green), elastin (red) and
cell nuclei (blue).

Sample

PA1

PA2

PA3

PA4

PA5

PA6

Thickness ratio (%) Circ.

88

92

85

85

89

72

Thickness ratio (%) Long.

90

77

95

81

88

83

Table 1 - Thickness ratio (%), defined as the ratio between the thickness of the
decellularized strip over the thickness of the original strip.

Figure 2 - Quasistatic uniaxial results for six porcine specimen in circumferential and
longitudinal direction, for both the control tissue (thick line) and the dECM (thin line).
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Decellularization was successfully achieved, Figure 1 shows
SHG and TPF signals together with DRAQ5 staining for the
control tissue and the decellularized ECM (dECM); it is clear
that cell removal was successful and the effect of the
decellularization protocol on the structure was minimal, in
fact it is possible to see a cross-linked network of collagen
and elastin fibers in the treated ECM.
Figure 2 shows quasi-static uniaxial results, the dECM still
possesses similar anisotropic hyperelastic behavior compared
to the native tissue, with the circumferential direction being
stiffer than the longitudinal direction. Moreover, a decrease
in compliance can be noted in the vessel after the
decellularization process.
This study shows promising results towards the development
of a new generation of aortic grafts; decellularization was
successful and has the potential to provide “off-the-shelf”
scaffolds that mimics the natural tissue ECM and can be then
re-populated with cells from the patient. Additional
experiments assessing the viscoelastic properties of the
dECM are currently being conducted.
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Statement of Purpose
• Microfluidic devices that manipulate fluids in channels at the micron scale have been used
widely to mimic the physiological environment and dynamic interactions within
organs[1,2,3].
• Bone-on-a-chip platforms are a relatively recent development in the field[4,5,6].
• Devices commonly have a poly-dimethyl-siloxane (PDMS)-on-glass configuration.
• Strategies to improve the chemical similarity of bone-on-a-chip microchannels to bone
involve the insertion of loose particles/scaffolds after PDMS bonding to glass slide[7,8,9,10].
• There is opportunity to incorporate a contiguous layer of carbonate-rich hydroxyapatite in
the microchannels of bone-on-a-chip platforms to enhance similarity to bone mineral[11,12].

Results

Objective

Develop a low-temperature method to incorporate a micro-deposit of hydroxyapatite in a
microchannel of a microfluidic device

Methods

Fabrication
• Device fabrication: A microfluidic device designed by Middleton et al.[6], which consists
of three parallel and interconnected cell culture channels (Width: 1 mm, Height: 60 µm),
was used in the present work. PDMS was poured onto a silicon wafer with the device
design, degassed in a vacuum chamber, and cured in an oven at 60°C.
• CaCO 3 deposition[13,14] (Fig.1): A glass slide was covered/masked with polypropylenebased tape and CaCO 3 nanoparticles (CaCO3-NP) were deposited on exposed areas by
convective self-assembly.
• Conversion to hydroxyapatite[14] (Fig.1): The CaCO 3 was converted to carbonate-rich
hydroxyapatite by dissolution-recrystallization in phosphate buffered saline (PBS).
• Mineralized microfluidic device: The micro-deposit was aligned/incorporated within a
microchannel when the underlying glass was bonded to a PDMS structure with the device
layout.

• Advantages: 1); Low temperature method that enable incorporation of biologics to
further enhance similarity to bone; 2) Ability to be tailored to different design
layouts/areas; and 3) Can form carbonate-rich hydroxyapatite or hydroxyapatite.
Characterization
• Thickness was characterized by 3D laser confocal microscopy (3D-microscopy).
• Morphology was characterized by scanning electron microscopy (SEM)
• Crystallography was characterized by X-ray diffraction (XRD)
• Chemical composition was characterized by laser Raman micro-spectroscopy (Raman)
and Fourier-transform Infrared Spectroscopy (FTIR)
• In vitro characterization with monocultures and co-cultures of osteoblast-lineage
(MC3T3-E1 (P7) or MG63 (P118)) and preosteoclast-lineage (RAW 264.7 (P16)) cell
lines was performed to determine the effect of the micro-deposit on:
cell
chemotaxis/proliferation (crystal violet); growth patterns (optical microscopy and SEM);
5
and mineralization (alizarin red). Seeding density: 4 × 10 cells/mL.

Results and Discussion
• 3D-microscopy indicates that the micro-deposit was 19 ± 1.4 μm thick (Fig. 2a).
• SEM shows the micro-deposit consist of randomly oriented rod-like nanoparticles (Fig.
2b). The XRD pattern indicates that the micro-deposit is comprised of nanocrystalline
carbonate-rich hydroxyapatite (Fig. 2c). Raman and FTIR spectra (Fig. 2d,e) exhibit the
key phosphate and carbonate peaks characteristic of carbonate-rich hydroxyapatite.
• Materials characterization results indicate that the micro-deposits were comprised of
nanocrystalline Type B carbonate-rich hydroxyapatite. The phase change from precursor
CaCO 3 nanoparticles was through dissolution-recrystallization in PBS.
• The cell chemotaxis/proliferation assay (Fig. 3) showed that there was no statistical
difference between the groups with and without the micro-deposit.
• The mineralization assay (Fig. 4a) showed that there was significant Alizarin red staining
was observed on the micro-deposit and inlet wells of samples, but limited mineralization
elsewhere in the microchannels.
• SEM micrographs show that cells are distributed across the micro-layer relatively
uniformly (Fig. 4b), there is a high level of cell-matrix interaction on the mineral layer
may (Fig. 4c), and a dense network of nanofibrils on cells (Fig. 4d), suggesting
deposition of an extracellular matrix.
References [1]Shrestha+ Crit. Rev. Biotechnol. 2020. [2]Musah+ Nat. Biomed. Eng. 2017. [3]Jalili-Firoozinezhad+ Nat. Biomed.
Eng. 2019. [4]Mei+ Integr. Biol. 2019. [5]Xu+ Integr. Biol. 2020. [6]Middleton+ J Biomech 2017. [7]Lee+ Biomater. 2012. [8]Sieber+
J. Tissue Eng. Regen. Med. 2018. [9]Ahn+ Front. Bioeng. 2019. [10]Bahmaee+ Front. Bioeng. 2020. [11]Ishikawa J. Ceram. Soc.
2019. [12]Rey+ Osteoporos. Int 2009. [13]Lui+ Adv. Mater. Interfaces 2021. [14]Lui+ J. Colloid and Interfaces Sci. 2021.
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Fig. 1 Schematic diagram of the low-temperature deposition method to form a micro-layer of carbonate-rich
hydroxyapatite and incorporate it within a microchannel of a multichannel microfluidic device by Middleton et al.[6].

Fig. 2 Materials characterization of the micro-deposit; a) 3D laser confocal micrograph; b) SEM micrograph; c) XRD pattern (Top right: XRD pattern
after subtraction of the amorphous glass background; reference used for phase identification: 04-007-2837); d) Raman spectra; e) Fourier-transform infrared
spectra.
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Fig. 3 Chemotactic and proliferative effect of the micro-deposit on
osteoblast-lineage cells. Bars represent the mean of n = 3 replicates with
standard error. However, the mean migration ratio for samples with and
without a micro-layer was not statistically different (p = 0.21).

3 μm
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Fig. 4 a) Significant Alizarin red staining in the MG63 inlet well; b) MC3T3E1 on the micro-layer - dark regions represent cells; c) High magnification
image of MG63 cell-matrix interaction; d) High magnification image of a
MC3T3-E1 cell on the micro-layer

Conclusions and Future Work
• A contiguous/conformal micro-layer of carbonate-rich hydroxyapatite was incorporated in a microfluidic device.
• The results provided preliminary indication of suitability for further development for bone-on-a-chip and tissue-engineeringon-a-chip platforms.
• There is opportunity to build on the present work by forming micro-deposits that correspond to larger areas of a microchannel
and different device layouts. Specific phases and thicknesses of the micro-deposit could be achieved by altering CSA
parameters and reagents in the dissolution-recrystallization conversion process.

Significance
• Application to bone-on-a-chip microfluidic platforms used to study bone biology and skeletal diseases as the microdeposit has much closer similarity to bone mineral than glass (chemical composition and crystallography)
• Medical-devices-on-a-chip are in the nascent stages of development and the micro-deposit represents orthopedic implant
coatings for a model implant-on-a-chip.
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Statement of Purpose: Development of new biomaterials
with reductions in microbial infections and
thromboembolic events is important for successfully
implementing blood contacting medical devices.
Polyphosphazenes (PPs) are hybrid inorganic – organic
high polymers and have great potential uses in medical
devices, and have different properties by changing side
groups on the P-N backbones. Previously we developed
fluorinated crosslinkable poly[bis(octafluoropentoxy)
phosphazenes] (X-OFPs) that reduced bacterial
adhesion/biofilm formation and blood coagulation
responses.1,2 In this study we incorporated fluorophenoxy
and trifluoroethoxy side groups to X-OFP based polymers
to further improve the properties of X-OFPs on resistance
to bacterial and blood coagulation responses for the
purpose of application in medical device coatings.

Platelet adhesion experiments show no significant
reduction in adhesion on polyphosphazene coatings,
however, results show that platelet activation was
significantly reduced on fluorinated PP coatings. Plasma
coagulation responses show that all polyphosphazenes
slowed plasma clotting comparing to 316SS and PU
2080A. Both LS02 and LS03 exhibited longer coagulation
time than TFE and X-OFPs, suggesting that incorporation
of fluorophenoxy side groups in X-OFPs might reduce
thrombosis.

Methods: New PPs were synthesized with incorporation
of side groups (4-fluorophenoxy, termed LS02) and 4(trifluoromethyl) phenoxy, (LS03) based on the X-OFP
platform. OFP and X-OFPs with different crosslinking
densities (X-OFP3.3, X-OFP8.1, and X-OFP13.6) and
poly[bis(trifluoroethoxy) phosphazene] (TFE) were also
synthesized for comparison. All polymers were dissolved
in Methyl Ethyl Ketone for casting on 316 stainless steel
(316SS) surfaces to fabricate coatings. Bacterial adhesion
experiments were carried out in petri dishes with the
bacteria S. epidermidis and S. aureus for 1h at 37°C under
shaking. Biofilm formation experiments with the same
strains were carried out in a CDC biofilm reactor at 37℃
over the course of 10 or 14 days, respectively. All
samples were fixed in 2.5% glutaraldehyde, stained with
appropriate fluorescence labels and examined using
fluorescent microscopy. Blood thrombosis responses were
characterized by platelet adhesion/activation on surfaces
and plasma coagulation time measurement after contact
with samples. 316SS and polyurethane (PU2080A) were
taken as controls.

Figure 1. Bacterial adhesion on biomaterials surfaces.

Results: Bacterial adhesion was significantly reduced on
all polyphosphazene polymers compared to 316SS and
PU2080A controls. LS02 and LS03 polymers containing
fluorophenoxy side groups exhibited significantly lower
bacterial adhesion compared to other X-OFP and TFE
polymers for both S. epidermidis and S. aureus strains
(Fig. 1). All polyphosphazene coatings also showed
significant inhibition of biofilm formation compared to
316SS and polyurethane (Fig. 2). LS02 and LS03 had
lower percentages of biofilm coverages compared to other
PP polymers, suggesting fluorophenoxy side groups are
effective in reducing bacterial adhesion and biofilm
formations.

Figure 2. Biofilm coverages on biomaterial surfaces
with S. epidermidis for 10 days and S. aureus for 14
days.

Figure 3. Plasma coagulation time of biomaterials.
Conclusions: Fluorinated polyphosphazenes with
fluorophenoxy side groups decrease bacterial adhesion
and biofilm formation and also inhibit plasma coagulation
and platelet activation. Fluorophenoxy side groups appear
good candidates for incorporation into X-OFP structures
for generating improved resistance to microbial infection
and blood thrombosis.
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Thermoresponsive shear-thinning biomaterial for the treatment of infections associated with external hemorrhages
Marvin Mecwan, Reihaneh Haghniaz, Vadim Jucaud, and Ali Khademhosseini.
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Statement of Purpose: Hemorrhage is responsible for
Results: PolyNIPAM (N) and Laponite (L) based STB
nearly 30-40% of trauma-related mortality and is the
formed hydrogels at RT. Due to the thermoresponsive
leading cause of death on the battlefield [1]. This research
nature of these STBs, at 37℃, we observe an increase in µ
aims to develop a hemostat to treat external hemorrhages
(Table 1) and a more pronounced recoverability (data not
and infections associated with traumatic injuries. We
shown). The STBs were easily injectable through a 3mL
intend on making this hemostat thermoresponsive so that
syringe with no needle and a 23G blunt needle. While there
once the hemorrhage has been stabilized, the hemostat can
was no difference in IF with no needle (~2.5N), the IF
be easily washed away to remove any debris (bullets or
through a 23G blunt needle increased from ~4N to ~11N
shrapnel). Here, we engineered a shear-thinning
as PolyNIPAM concentration increased (Figure 1A).
biomaterial (STB) consisting of polyNIPAM and silicate
Furthermore, all STB showed similar degradation (~15%)
nanoplatelets to function as a hemostat plug at
after 48h (Figure 1B) and were non-cytotoxic over 7 days
physiological conditions (37℃). Subsequently, we loaded
(data not shown). Also, all STB exhibited hemolysis values
these STB with doxycycline (DOXC), a broad-spectrum
comparable to gelatin and silica nanoplatelet-based
antibiotic, and tested their antibacterial activity against
hemostats [2].
both S. aureus (gram-positive) and E. coli (gram-negative).
Table1: Summary of STB compositions and their viscosities
Methods: STB formulations: Stock solution of
Total (g/dL)
N (g/dL)
L (g/dL)
µ25℃ (Pa.s)
µ37℃ (Pa.s)
2.5N3L
0.55
0.25
0.3
10.0±3.8
16.1±6.0
polyNIPAM [20% w/v; 535311, Sigma] and silicate
5N3L
0.80
0.50
0.3
47.5±9.6
153.0±142.9
7.5N3L
1.05
0.75
0.3
52.5±14.1
391.1±303.7
nanoplatelets [12% w/v; Laponite XLG, BYK] were made
10N3L
1.30
1.00
0.3
57.1±22.5
364.6±210.7
in Milli-Q water and mixed to generate 4 different STBs
A
B
C
(Table 1) with the general formula xNyL where x= 2.5, 5,
5N3L
2.5N3L
7.5 and 10% w/w, and y=3% w/w. Rheological analysis:
10N3L
7.5N3L
STB shear rate sweeps and recoverability were analyzed
2.5N3L
5N3L
according to developed protocols [2]. Injection force (IF):
7.5N3L
The injectability of STBs was analyzed using an Instron
10N3L
(Model 5542) with a 100N load cell and recorded using
No needle
23G blunt needle
Time (h)
Bluehill version 3 software. The STB was added to a 3mL
Figure 1: A) Injection force, B) Degradation, and C)
syringe and injected either with no needle or a 23G blunt
Hemolysis Ratio of thermoresponsive STB
needle (BD biosciences) at an injection rate of
A
B
33.33mL/min. Degradation: STB degradation was
100
performed in 1x PBS in a 37℃ incubator. At 1, 3, 6, 10,
80
2.5N3L
24, 28 and 48h, PBS was removed, and the remaining STB
5N3L
60
7.5N3L
was weighed. The STB was then replaced in fresh PBS.
40
10N3L
Cytotoxic studies: STB cytotoxicity was determined using
20
NIH 3T3 fibroblasts seeded in a 24-well plate
0
0
5
10
15
20
(2x104cells/well). 0.2mL of STB was injected into
Time (days)
transwell inserts, and cytotoxicity was assessed at days 1,
Figure 2: A) Cumulative DOXC release from STB and B)
3, 5, and 7 using PrestoBlue™ Cell Viability Reagent
Antibacterial activity against S. aureus after 24h.
(A13261, ThermoFisher). Hemolysis: Citrated blood was
DOXC-loaded STB showed sustained release of DOXC,
diluted 50x with 0.9% (w/v) saline solution. Equal volumes
with ~85% of the drug released from 10N3L by day 18
(0.25mL) of STB and blood were incubated at 37℃ for 2h
(ongoing experiment) (Figure 2A). Lastly, ZOI assays
under agitation (100rpm). Samples were centrifuged, and
showed effective antibacterial activity against both S.
the absorbance of the supernatants was read at 542nm.
aureus (ZOI ~ 43mm) (Figure 2B) and E. coli (ZOI ~
Saline and Milli-Q water were used as negative and
38mm) (data not shown) after 24h.
positive controls, respectively [3]. DOXC release study:
Conclusions: Injectable and thermoresponsive STB were
~1g of STB loaded with DOXC (1mg/g) were placed in
successfully prepared and exhibited temperatureamber vials, filled with 10mL 1xPBS (sink conditions), and
dependent material properties. These STBs were able to
placed in a 37℃ water-bath at 75rpm. At specific time
clot blood and maintained sustained delivery of DOXC,
points (0.5, 1, 2, 3, 4, 5, 6, 10, 24, 48, 72, 96, 120, 144, 168,
demonstrating their effectiveness in treating infections
216, 264, 336, and 432h), 0.2mL of PBS was collected and
associated with external hemorrhages. Future studies will
replaced with fresh PBS. The amount of DOXC released
determine clotting times, followed by in vivo validation in
was determined using UV-vis spectroscopy at 270nm.
an infected, bleeding animal model.
Zone of inhibition (ZOI) assay: Either S. aureus or E. coli
References: 1) Kauvar DS et al. J Trauma Inj Infect Crit
(OD600 ~0.1) was spread evenly over sterile agar plates,
Care 2006; 60(6):S3-S11. 2) Gaharwar AK et al. ACS
and 0.1mL of STB containing DOXC was injected into
Nano. 2014; 8(10): 9833-42. 3) Avery RK et al. Sci Transl
holes bored at the center of the plate and incubated at 37℃.
Med. 2016; 8: 365ra156.
The diameter of the zones was recorded after 24h.
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Sliding Hydrogels with Tunable Molecular Mobility Enhance Cartilage formation by
Chondrocytes and Stem Cells in a dose-dependent manner
Xinming Tong1, Manish Ayushman2, Fan Yang1.2.
1
Department of Orthopaedic Surgery, 2 Department of Bioengineering, Stanford University, Stanford, CA.
Statement of Purpose: Cartilage defects are leading cause of
disability, yet effective regenerative therapies remain elusive.
Hydrogels are attractive scaffolds for cartilage repair and cell
delivery given their injectability and ease for filling cartilage
defects in a minimally-invasive manner. Using viscoelastic alginate
hydrogels as 3D cell niche, it has been shown increasing stress
relaxation promotes chondrocyte-based cartilage deposition in 3D.
To allow studying the effect of molecular mobility alone on MSC
chondrogenesis in 3D without the confounding factor of
viscoelasticity, our group has previously reported sliding hydrogels
(SG) as 3D cell niche. Unlike alginate hydrogels, SG is elastic due
to the covalent crosslinking, but retains molecular mobility as the
crosslinks in SG are attached to sliding rings threaded on linear
polymer chains (Fig. 1A). While our previous studies have shown
the benefit of SG in enhancing MSC chondrogenesis in 3D
compared to non-mobile covalently crosslinked hydrogels (CG),
only SG with one level of molecular mobility was reported, and the
underlying mechanisms through which SG enhanced MSC
chondrogenesis remain unknown. The goal of present study is to
synthesize sliding hydrogels with tunable molecular mobility to
assess the effect of increasing molecular mobility on MSC-based
cartilage regeneration in a dose-dependent manner. We further aim
to assess how mobility impact cytoskeletal organization in
mesenchymal stem cells (MSCs) and associated cartilage
deposition.
Methods: To synthesize sliding hydrogel precursors, αcyclodextrins (CD) were mixed with polyethylene glycol (PEG) in
aqueous solution. This allows threading of CD rings onto linear
PEG chain, followed by endcapping and modification to allow
crosslinking. The mobility of the SG was tuned by varying the
coverage of αCDs on the PEG chain (70%, 20%, and 5%), resulting
in SG with increasing molecular mobility (low, medium and high)
(Fig. 1A). To quantitatively characterize the level of molecular
mobility, atomic force microscopy was used to record the force in
response to locally applied strain. Under the same strain, hydrogels
with increasing molecular mobility is expected to reorganize the
hydrogel network, leading to a slower increase in force (Fig. 1B).
To assess the effect of molecular mobility on MSC chondrogenesis
and cartilage formation, human MSCs (passage 6, Lonza) were
encapsulated in CG and SG with varied molecular mobility (10
million cells/ml). Cartilage formation was assessed by histology
and biochemical assays after 3 weeks of culture in chondrogenic
medium. To assess the effect of cytoskeletal organization on MSC
chondrogenesis, samples were treated for three days with various
inhibitors including cytochalasin D, nocodazole and blebbistatin,
which respectively disrupt F-actin, microtubule formation and
myosin activity. After three days, samples were cultured in
standard chondrogenic medium for up to 21 days. MSC
chondrogenesis was assessed by western blotting (SOX9) at day 3
and cartilage formation was assessed using histology at week 3.
Results: When subject to stain, CG hydrogels with non-mobile
crosslinks exhibited the fastest increase in force. In contrast, all SG
groups with mobile crosslinks exhibit a delay in force increase at
the same strain, suggesting the mobile crosslinks allow SG to
reorganize its network. Increasing mobility from SL to SH resulted
in further delay in stress ramping, as shown by the shift of stressstrain curve to the right, confirming the increased molecular
mobility (Fig. 1C). We further confirmed SG with tuning mobility
do not exhibit stress-relaxation like the alginate hydrogel control

(Fig. 1D). After 3 weeks of culture in chondrogenic medium,
hMSCs in SG demonstrated enhanced cartilage matrix formation in
a dose-dependent manner, as shown by histology (Fig. 1E) and
quantitative assays for sGAG and collagen (Fig. 1F). To
characterize the effects of mobility on cytoskeletal organization in
3D, immunostaining was performed for F-actin, microtubule and
myosin. Compared to CG, SG showed enhanced intensity or
organization of all three cytoskeletons (Fig. 1G). Treating the cells
with cytoskeletal inhibitors largely abolished mobility-enhanced
chondrogenesis in SG to a level comparable to CG, as shown by
SOX9 expression (Fig. 1H) and cartilage formation (data not
shown). These results suggest enhanced cytoskeleton organization
is one key mechanism through which SG enhances MSC-based
cartilage regeneration in 3D.

Figure 1. Sliding hydrogels enhance MSC-based cartilage
matrix deposition in 3D in a dose-dependent manner, which is
mediated through enhanced cytoskeleton organization. (A)
Design of sliding hydrogels and tuning molecular mobility; (B)
AFM measuring molecular mobility and (C) the stress-strain curve;
(D) Stress-relaxation test confirms SG is elastic; (E,F) Assessing
cartilage formation by hMSCs by histology for sGAG and
quantitative biochemical assays for sGAG and total collagen. (G)
Immunostaining of cytoskeleton markers in SG vs. CG, with and
without inhibitor treatments; (H) Western blotting of SOX9 in SG
and CG, with and without inhibitor treatments.
Conclusions: Here we report synthesis and characterization of SG
with tunable molecular mobility as 3D niche for enhancing MSCbased cartilage regeneration. Using AFM, we showed SG with
increasing molecular mobility exhibit delayed force increase in
response to the applied strain. Upon encapsulation in SG, MSCs
exhibit enhanced cartilage matrix deposition as mobility increases
in a dose-dependent manner, which was accompanied by the
enhanced cytoskeletal organization. Inhibitor treatments that
disrupt the cytoskeleton tension abolished the enhanced
chondrogenesis in SG, indicating mobility-enhanced cartilage
formation by MSCs in 3D is mediated through cytoskeletal
organization.
Acknowledgements: The authors would like to thank NIH
5R01DE024772, NIH1R01AR074502 and Stanford Coulter
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Novel Short Chain Fatty Acid Delivery Platform Poly(ethylene glycol)-b-poly(vinyl ester)s Attenuates Diabetic
Pathology
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Introduction: Short chain fatty acids (SCFA) such as
propionic acid (PA) and butyric acid (BA) are produced by
microbiota in gastro-intestinal tract, which exhibits healthy
benefiting effects. SCFA are known to exert anti- diabetic, fibrotic, -cancer, and -obesity [1]. However, due to chemical
characteristic of SCFA that leads to poor pharmacokinetic
properties such as low bioavailability and non-specific
internalizing into the healthy cells, their clinical translations
are limited. In addition, low molecular weight (LMW) SCFAs
have unpleasant odor and acrid taste that gives rise to
administration problems. Hence, to overcome the
aforementioned issues, we newly designed enzyme
metabolizable block copolymers, [poly(ethylene glycol)-bpoly(vinyl ester)s], covalently conjugated with propionic and
/or butyric acid (PA/BA) as an ester moiety. Under the
physiological conditions, these polymers self-assemble into
pH stable micelles with a diameter of several tens in nanometer (NanoSCFA) (Figure 1a). Enzymes such as esterase in the
gastro-intestinal tract interact with micelles and catalyze the
cleavage of ester bond binding polymer backbone and SCFA.
Such characteristic leads to a controlled and sustained release
of SCFA into the systemic circulation, which promotes higher
efficacy and prevents adverse effects. In our study, we
evaluated the ability of NanoSCFA to regulated glucose
metabolism in a mouse model of diabetes. Adverse effects and
pharmacokinetic properties were also assessed as compared to
LMW SCFA.

Animal study: NanoBA, NanoPA, LMW SCFA (BA and PA)
(BA=60 mM) were available as free drinking and exenatide
(1-2 µg) was subcutaneously in C57BL/6J db/db mice
(male, 7-8 weeks). After 5 weeks of the treatment, a
glucose tolerance test was conducted by orally
administering 2 g/kg of glucose. Glucose concentration
was measured using a FUJI DRI-CHEM 7000V (Fujifilm,
Japan). The adverse effects were assessed by hematology
and organ function biomarker measurement.

Methods:
Synthesis of PEG-b-PVRs and nanoparticle preparation:
PEG-b-PVRs (R=PA/BA) were prepared via RAFT
polymerization of vinyl ester monomers using CH3O-PEGSC(=S)OCH2CH3 as a polymer chain transfer agent and
dialyzed against water to form suitable size Nano SCFA due to
its amphiphilic characteristics (Figure1a).

Conclusion: The aforementioned data confirms that
NanoSCFA exerts higher efficacy and negligible adverse
effects making them more a suitable choice for the
treatment of diabetes over their LMW counterparts [2].
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Results: A glucose tolerance test confirmed that NanoBA
showed comparable effect as commercially available
exenatide to regulate glucose hemostasis (Figure 1b). Note
that exenatide was administered not orally but
subcutaneously due to the unstable peptide, indicating the
orally administered NanoBA showed comparable
therapeutic effect with the daily subcutaneous injection of
commercially available drug. LMW BA and PA failed to
show an anti-diabetic effect which was attributable to the
short systemic presence (t1/2 = ca. 30 min) as compared to
nanoparticles (t1/2 = ca. 360 min). The decrease in glucose
tolerance corroborated with the large-sized islets of
Langerhans, which were degenerated in the control and
LMW SCFA-treated groups. In addition, negligible
adverse effects were exerted by NanoSCFA, whereas LMW
SCFA exerted adverse effects on the kidney, liver and
intestine.
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Figure 1. Anti-diabetic effect of Nano SCFA. (a) Chemical structure of PEG-b-PV(R) and its
micelle formation, driven by the hydrophobic and hydrophilic characteristics of the polymers.
(b) Therapeutic effect of NanoSCFA in a mouse model of diabetes (db/db) evaluated by glucose
tolerance test (1 h) after challenge with 2 g/kg of glucose via oral administration (n=7).
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Low Temperature Plasma Processing for 3D printed Polymeric Biomaterials’ Interfaces
Vineeth Vijayan, Gerardo Hernandez-Moreno, Vinoy Thomas*
Department of Materials Science and Engineering, University of Alabama at Birmingham (UAB), Alabama 35294.
Statement of Purpose: Traditional wet chemistry offers a
great magnitude of methods for surface modification and
surface coatings for nanostructured materials. However,
most methods require solvents, additional purification
steps, and generate waste and byproducts. An interesting
alternative set of methods involves the use of non-thermal
or low-temperature plasmas (LTP) toward making and
modifying prefabricated polymeric biomaterials [1].
Additive manufacturing (AM) has evolved in the last
three decades from bench-to-bedside biomedical
applications [2]. Recently we have developed plasma
methods for surface engineering of 3D printed tubular and
other tissue-scaffold geometries [3, 4]. Using appropriate
plasma feed-gases, it is possible to modify the surface 3D
printed biomaterials and scaffolds suitable for bioactive
interfaces for mineralization, better cell-materials
interactions and anti-bacterial properties. Here we have
melt-extrusion printed poly(lactic acid), PLA, a wellknown biodegradable tissue scaffold polymer and surface
modified via plasma reduction/oxidation for bioactive
interfaces.
Methods: As PLA is a FDA approved polymeric material
for different biodegradable applications, we have selected
PLA as our model scaffold material. Firstly, we 3D
printed PLA scaffolds using a melt extrusion 3D printer
(MakerBot Method). Subsequently, different
nanoparticles such as silica, calcium doped silica and gold
nanoparticles were utilized to in situ modify the surface of
the PLA scaffolds using low temperature plasma. More
specifically silica and calcium doped silica onto PLA
were deposited via a previously reported silane plasma
method [4] and gold or silver nanoparticles were
deposited using plasma reduction method. The scaffolds
were characterized by surface spectroscopic (using IR and
XPS), wettability (by water contact angle), and
microscopic morphology (using SEM and confocal
microscopy) methods. The scaffolds were then subjected
to study in vitro for biomineralization, cellularity, celldifferentiation into osteogenic lineage and anti-bacterial
properties.
Results: As a part of the optimization process, we have
deposited nanoparticles at different plasma exposure
times such as 1, 3 and 5 minutes on the surface of the
PLA scaffolds. The surface of the nanoparticles modified
PLA scaffolds at different time points were systematically
studied using 3D confocal laser surface Scanning
Microscopy. It was found that there was a time dependent
deposition of these nanoparticles on PLA scaffolds which
suggests that the deposition can be controlled by using
plasma deposition time as a variable. Very interestingly
the calcium doped silica nanoparticles batch has shown a
glassy like structure formation. We have also noted that
there is concentration (0.25M to 0.075M) dependent
nanoparticles deposition in the case of gold and silver
modification onto scaffolds. Bioactivity studies showed

cellularity and antibacterial properties depending on the
nanoparticles deposition onto the scaffolds.

Figure 1. Fluorescent microphotograph of cellularity onto
control PLA (left) and plasma processed gold-nanosurface
PLA (right)
Conclusions: Non-thermal low temperature plasma
processing a robust green-method (solvent-free) for
surface engineering 3D printed biomaterials and
polymeric tissue scaffolds. We were able to deposit
nanoparticles of silica, gold and silver onto 3D printed
PLA using respective feed gases and concentration. The
surface modification depends on the plasma irradiation as
well as the concentration of solution and volume of the
solution. It can be evident that nanoparticles engineered
surfaces improved the bioactivity. In Figure 1, the cellproliferation of human Osteosarcoma (MG63) cell line
(which is a human bone cell line) is higher in gold
nanoparticles plasma-deposited PLA in comparison to the
control PLA. Similarly, antibacterial properties were
shown to be higher in silver nanoparticles plasmadeposited PLA. It could be concluded that both the
chemistry and nano-surface engineering by low
temperature plasma reduction offer viable alternatives to
wet chemical reduction for modifying biomaterials for
biological interfaces.
Acknowledgement: The authors would like to
acknowledge the funding from NSF-EPSCoR OIA1655280. Any statement, opinion, recommendation, or
conclusions shared are those only of the authors and do
not necessary relay the official positions of the National
Science Foundation.
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Optimal Orientations for Exciting the L and TV Ultrasonic Waves in Polyvinylidene Fluoride
Guigen Zhang
F. Joseph Halcomb III, M.D. Department of Biomedical Engineering, University of Kentucky, USA
Statement of Purpose: Polyvinylindene fluoride (PVDF)
section planes, as marked by the labels of the axes. In
has been used for biomedical applications including
these graphs, the red curves are for the L waves, the blue
intraocular lenses and surgical meshes among others.
curves for the TV waves and the brown curves for the TH
Aside from its biomedical usages, PVDF is also a
waves. Apparently, in all cases the L waves travel the
piezoelectric polymer that has been extensively
fastest: at 1424 m/s (in XY plane, along X), 1326 m/s
investigated as a transducer material in medical
(XY-Y), 1424 m/s (XZ-X), 957 m/s (XZ-Z), 1424 m/s
ultrasound. Though its piezoelectric constants are not as
(YZ-Y), and 928 m/s (YZ-Z).
high as many ceramics, its combined piezoelectric,
pyroelectric, polymeric and biocompatible properties
make it attractive for possible embedded ultrasonic
excitation and transduction in medical applications. This
study examined the acoustic characteristics of PVDF in
the form of bulk acoustic (ultrasonic) waves.
Fig.3 Piezo coupling coefficient of PVDF in the XZ and YZ sections.
Methods: PVDF is a semi-crystalline polymer which take
Fig.3 shows the variation of piezoelectric coupling
several different crystalline structures including the α, β,
coefficient for PVDF in the XZ and YZ planes. The L
etc. polymorphic phases. Of these phases, the β phase is
wave reaches a peak value at 90° (along the Z axis) and
typically obtained by mechanical deformation and
zero in the X direction in both cases, and the TV wave
electrical poling to induce dipole polarization and yield
reaches its peaks at 52° and 128° in the XZ plane and at
piezoelectric characteristics. In
0° in the ZY plane.
the β phase, PVDF can be
regarded
as
having
orthorhombic 2mm crystal
symmetry. Referring to [1] and
Fig.1 A piezo PVDF sheet.
the coordinate system shown
in Fig.1, its anisotropic material properties including the
mechanical stiffness [c], dielectric permittivity [ε],
piezoelectric stress constants [e] matrices and mass
density ρ are given below [1, 2]):
Fig.4 Poynting angle of PVDF in the XZ section.

With these material constants, propagation of bulk
acoustic waves including the longitudinal (L), transverse
vertical (TV) and transverse horizontal (TH) waves in
terms of wave velocity, slowness (inverse of velocity),
piezoelectric coupling coefficient, and Poynting angle in
each of the three orthogonal orientations were
characterized.

Fig.2 Velocity (upper) and slowness (lower) curves for the
propagation of the L (red), TV (blue) and TH (brown) waves in
three orthogonal section planes, XY, XZ, YZ.

Results: Fig. 2 shows the obtained results for the velocity
and slowness curves for PVDF in the XY, XZ and YZ

Fig. 4 shows the variation of Poynting angle for PVDF in
the XZ plane. At 90° (Z axis) the angle is zero for all
cases. Since that a direction having zero Poynting angle is
one in which acoustic waves propagate with the maximal
energy transfer, this fact suggests that all three waves will
travel with maximal energy transfer in the Z direction.
Interestingly, the TV wave possesses zero Poynting angle
at 52° and 128° in the XZ plane, the same orientations
where the piezoelectric coupling is the highest.
Conclusions: Though the L wave has the highest velocity
in the X direction (hence offering a higher frequency), it
possesses peak piezoelectric coupling and acoustic energy
transfer in the Z direction. The TV wave possesses peak
piezoelectric coupling and energy transfer at 52° and
128°. These results suggest that when PVDF is used for
ultrasonic wave excitation and transduction, it is
beneficial to excite the L wave along the Z axis and the
TV wave at 52° and 128° in the XZ plane.
References: [1] G Zhang, Bulk and Surface Acoustic
Waves: Fundamentals, Devices, and Applications, Jenny
Stanford Publishing. (2022) ISBN 978‐981‐4877‐73‐2.
[2] Y Roh, V Varadan, and V Varadan, Characterization
of All the Elastic, Dielectric, and Piezoelectric Constants
of Uniaxially Oriented Poled PVDF Films, IEEE
transactions on ultrasonics, ferroelectrics, and frequency
control, Vol. 49, No. 6, 2002.

Evaluation of acyl-modified chitosan membranes loaded with cis-2-decenoic acid and bupivacaine for infection
prevention
Landon R. Choi1, Zoe L. Harrison1, Joel D. Bumgardner, PhD1, Tomoko Fujiwara, PhD2, J. Amber Jennings, PhD1.
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University of Memphis Department of Biomedical Engineering, Memphis, TN
2
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Statement of Purpose:
C
A
Burn injuries cause complex wounds that can lead to
multifaceted complications. Burn wounds are incredibly
susceptible to infection, with approximately 51% of burn
victim deaths resulting from wound infection1. The state
of infection becomes more severe after formation of
multi-drug resistant bacterial community termed biofilms.
Therefore, establishing coverage during early wound
D
management is necessary to reduce likelihood of infection
and subsequent patient trauma. Chitosan nanofibrous
membranes are well suited for tissue healing and drug
B
delivery applications due to their increased surface area,
high degree of biocompatibility, and ability to mimic the
extracellular matrix. Previous work has demonstrated that
E
acylation using short chain fatty acids protects chitosan
nanofibers from swelling, resulting in hydrophobic
D
characteristics that provides extended drug release of
hydrophobic therapeutics,2 such as anti-biofilm molecules
and local anesthetics. In this study, we fabricated and
acylated electrospun chitosan membranes (ESCM) and
Figure 1. Antimicrobial results for (a) planktonic and (b) biofilm
loaded with anti-biofilm agent cis-2-decenoic acid
significant difference (p<0.05) less than control sponge, # significant
(C2DA) and the local anesthetic bupivacaine (BUP). We
difference (p<0.05) greater than control sponge. Scanning electron
then investigated antimicrobial of loaded (ECSM) against
microscopy results for (c) DA without bacteria, (d) DA/Bup with bacteria,
and (e) DA/C2DA.
common burn pathogen A. baumannii.
Methods: Membranes were electrospun using a high
hours. Membranes were dried and kept for scanning
molecular weight chitosan (ChitoLytic) with a 86.5%electron microscopy analysis.
degree deacetylation. Chitosan was dissolved overnight at
Results: Although there were no significant differences
5.5 (w/v) %, of 70% (v/v) trifluoroacetic acid & 30%
between groups at either time point for planktonic
(v/v) dichloromethane then centrifuged to remove
bacteria, most planktonic growth at 48 hours showed
particulates and transferred to syringe to be electrospun at
signs of decreased viability. Finally, all membrane groups
a rate of 0.03 ml/min and a range of 14-26 kV.
decreased A. baumannii biofilm viability at 24 hours
Membranes were spun to 15 cm diameters and ~ 0.7 mm
compared to sponge controls, with even higher biofilm
thickness. 10 mm membranes were treated with pyridine
viability for all groupsalthough at 48 hours this effect was
and anhydride solutions with varying acyl lengths of acid
not detected. Significant differences were determined by
anhydrides (Hexanoic (HA), Octanoic (OA), and
ANOVA with Holm-Šídák post-hoc tests (α<0.05,).
Decanoic (DA)) at ratios of 1:1(pyridine:anhydride).
Conclusions: Results from the planktonic studies
Membranes were washed, frozen, and lyophilized before
displayed a trend in all DA membranes showing signs of
loading with therapeutics. Membranes were loaded with
decreased A. baumannii viability in comparison to the
either 1.5 mg C2DA, 1.5 mg BUP, or a combination of
first 24 hours. Results from the biofilm studies showed
both therapeutics (C2/BUP). Commercially available
resistance to biofilm formationefficient sterilization for all
chitosan sponges and gauze were used as controls. For
DA groups up toafter 24 hours, though this was not the
antimicrobial studies, wells of a 48-well plate were
case for 48 hours. Although the presence of C2DA
inoculated with 0.5 mL tryptic soy broth containing
facilitates the inhibition of biofilm for other common burn
106 colony forming units (CFU) of A. baumannii and
pathogens, planktonic A. baumannii did not appear to be
incubated for at 37° C for 24h to allow for biofilm
as sensitive to C2DA as other pathogenspathogens such as
growth. At 24 and 48 h, membranes were removed from
S. aureus and P. aeruginosa3 . Future studies will entail
wells, rinsed twice with sterile PBS, and sonicated for 5
revaluation of antimicrobial studies with varying
minutes at 40 to remove biofilm-associated bacteria.
concentrations, as well as 24- and 48-hour biofilm and
Quantification of biofilm was determined using BacTiterplanktonic study for P. aeruginosa.
Glo® Microbial Cell Viability Assay (Promega).
Acknowledgements: Research is supported by the Military Burn
Supernatant from wells containing membranes and
Research Program (MBRP) under Award #: Number W81XWH-20-10430.
bacteria was removed and added to a new 96 well plate,
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A Novel Modified Chitosan PEG Bio-ink for use in Additive Manufacturing
Andrew Blass Watson, Joel D. Bumgardner, PhD. Tomoko Fujiwara, PhD.
University of Memphis
Statement of Purpose:
The solution will be made into 5 mm cubes to obtain test
Chitosan is a cationic polysaccharide having two types of
specimen for compression mechanical properties in a
functional groups (-NH2 and -OH) that are capable to be
Instron mechanical tester.
selectively used for the addition of therapeutics and postResults:
crosslinkers to achieve smart biofabrication. The 3D
N-MAC NMR Evaluation. The chemical structure of CHIprinting of chitosan hydrogels has attracted wide interest
MA was confirmed by NMR spectrum (Fig. 1), in which
because of their excellent biocompatibility,
different peaks represent protons of different chemical
biodegradability, and low cost. [1] Chitosan has been
groups. The signals at 5.22 and 5.54 ppm represent vinyl
shown to be able to be chemically modified with photoprotons, which was introduced by methacrylic anhydride.
polymerizable methacrylate (MA) group . However,
It was calculated that 35% of chitosan monomer unit had
printed chitosan scaffolds lack mechanical strength,
a MA group. However, reagent methacrylic anhydride
limiting their use in tissue engineering. [1] Polyethylene
residue was seen to still be present.
glycol (PEG)-based hydrogels have proven extremely
versatile for tissue engineering applications with superb
mechanical strength. [2,3] In this study, we created a
methacrylate modified chitosan (N-MAC), for use in
additive manufacturing, and by cross-linking chitosan
with difunctional polyethlene glycol dimethacrylate
(PEGDMA) we plan to create a double-network gel with
improved strength characteristics over that of chitosan
hydrogels. The aim of this work is to create a composite
photopolymerizable N-MAC-PEGDMA bio-ink for use in
additive manufacturing.
Methods:
N-MAC Synthesis. A 1.25 weight % solution of 80%
DDA chitosan is made using 1% acetic acid. The
Figure 1. NMR of methacrylate modified chitosan
Chitosan solution is added to round bottom flask with a
Bioink
testing.
condenser and constantly stirred. The solution is then
Photopolymerization of the curing time to print and a
brought up to a constant temperature between 60-65 C.
stable hydrogel layer is within a reasonable short time
Nitrogen gas is added to the flask to have the environment
period (less than 10 s). This partial bonded the glass slides
to remove ambient O2 possible. Methacrylic anhydride is
together.
added dropwise to the chitosan solution to a concentration
The mechanical testing of the hydrogel is currently on
of 2.7 vol%, giving a molar ratio of chitosan to
going.
methacrylic anhydride of 1:4. After adding the
Conclusions:
methacrylic, the system is covered to keep out light, and
The current method of N-MAC synthesis produces a
allowed to stir for 12 hours. Next, a 1M solution of
photopolyrimerizable chitosan. However, the presents of
NaHCO3 (sodium bicarbonate) is used to bring the pH to
MA residue show a need for increased dialysis of the N6. DI water is used to double the volume. The N-MAC
MAC. To remove the possible Irgacure/methanol toxicity,
was dialyzed in DI water for 7 days to remove the
lithium phenyl-2,4,6-trimethylbenzoylphosphinate (LAP)
unreacted reagent. After dialysis the solution was frozen
photoinitiator will be used in its place for further
at –80 C and lyophilized.
development. The successful photopolymerization of the
The N-MAC product was evaluated using Nuclear
shows that the composite gel is possible. After refinement
Magnetic Resonance (NMR).
of the hydrogel’s mechanical properties,
Bio-ink preparation. To create the bio-ink, a 3 wt%
cytocompatibility of hydrogels will be evaluated.
solution of N-MAC is made with DI water. Once the
References:
chitosan has dissolved, 8 wt% of PEGDMA is added to
(Dodd LG. Am J Clin Pathol. 1990;93:141-144.)
the solution. Then 0.2 wt% of Irgacure 2959 in methanol
1. Dang, J M., Advd drug delvry rvws. 2006; 58.4:
is added to act as a photoinitiator.
487-499
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Lin, CC., Pharm Rsrch. 2009; 26.3: 631-643.
To measure the curing time, a light with a 365 nm
3.
Killion, J A., J of Mech Behavior of Bmed
wavelength was used to irradiate onto the hydrogel proMats. 2011; 4.7: 1219-1227
polymer solution which was sandwiched between two
Tomoko Fujiwara, Ph.D., University of Memphis
glass slides. After a time period, a hydrogel pattern can be
visually observed, and the time for light irradiation is
recorded as the curing time.

Design and Characterization of Cationic Nanoparticles for miRNA Delivery in the Treatment of Glioblastoma
Multiforme
Deidra M Ward, Nicholas A Peppas.
The McKetta Department of Chemical Engineering, The Institute for Biomaterials, Drug Delivery, and Regenerative
Medicine, The University of Texas at Austin, Austin, TX 78712, USA
Statement of Purpose:
were promising, with a negligible reduction in cell growth
In this work, we are proposing a microRNA (miRNA)
after exposure to nanoparticles at concentrations up to
delivery system as a means to suppress tumorigenesis in
0.125 mg/mL. Results of miRNA loading studies showed
cancer patients. By carefully developing a nanoparticulate
high concentrations of miRNA present in the supernatant
miRNA delivery system with incorporated stealth agents
after
miRNA-nanoparticle
complexation
and
and cationic and lipophilic character to bypass the
centrifugation (Figure 2). These results warrant further
blood-brain barrier, we can protect synthetic miRNA
investigation into the miRNA loading strategy for
mimics from degradation, rapid renal clearance, and, in
effective nanoparticle-mediated miRNA delivery.
turn, improve the likelihood of clinical translation. pHand redox-responsive cationic nanoparticles were
prepared for miRNA delivery in the treatment of
glioblastoma multiforme. The pH-responsive behavior of
the nanoparticles allows for a triggered miRNA release in
the acidic endosome of cancer cells. Further, disulfide
bond incorporation throughout the polymer network
imparts a redox-responsiveness that allows the
nanoparticle to degrade upon exposure to glutathione
present in cancer cells. This stimuli-responsive release is
associated with increased levels of cellular uptake and a
more selective release near tumor sites. We propose the
development of nanoparticle-mediated delivery systems
Figure 1. Hydrodynamic diameter as a function of pH for
of a combination of miRNA mimics for GBM treatment.
various nanoparticle formulations. Each point is the
Methods:
average of 3 runs. Error bars are present, but some are too
Nanoparticles were synthesized using the pH-responsive
small to be seen.
monomers, diethylaminoethyl methacrylate (DEAEMA)
and diisopropylaminoethyl methacrylate (DPAEMA), the
degradable crosslinker, bis-(2-methacryloyl) oxyethyl
disulfide (DSDMA), and the hydrophobic comonomers,
tert-butyl methacrylate (tBMA), hexyl methacrylate
(HMA), and cyclohexyl methacrylate (cHMA). To
achieve highly monodisperse formulations, nanogels were
synthesized via the ARGET ATRP controlled
polymerization
technique.
Nanoparticles
were
characterized and analyzed using FTIR spectroscopy and
NMR to characterize their chemical structure, dynamic
light scattering to establish nanoparticle size distribution,
and zeta-potential analysis to determine surface charge
Figure 2. RNA Concentration present in the supernatant
properties of the nanoparticles. Formulations with
of
various nanoparticles after miRNA complexation and
favorable characteristics were assessed for toxicity to
centrifugation.
human malignant glioblastoma cell line, U251.
Conclusions:
Non-cytotoxic formulations were then incubated with
Synthesized nanoparticles have favorable characteristics.
synthetic miRNA mimics to allow for complexation.
Particularly, nanoparticles remain collapsed in basic and
miRNA loading efficacy was determined via NanoDrop
neutral conditions and begin to swell in more acidic
spectrophotometry.
conditions. Initial biocompatibility studies of blank
Results:
nanoparticles are promising, showing minimal toxicity to
Nanoparticle compositions were assessed using NMR and
cells
at
high
nanoparticle
concentrations.
FTIR to ensure proper functional group incorporation.
pH-responsiveness
will
be
optimized
to
ensure
swelling at
Results of hydrodynamic swelling tests had favorable
endosomal
pH
and
miRNA
loading
procedures
will be
behavior with nanoparticles remaining collapsed in basic
optimized
to
ensure
effective
complexation
of
anionic
conditions and beginning to swell in more acidic
miRNAs
to
cationic
nanoparticles.
conditions (Figure 1). Preliminary biocompatibility tests
of nanoparticles to human malignant glioblastoma cells

Stimuli Responsive Dual Nanogel System for Dendritic Cell Modulation and Immune Checkpoint Blockade
Dennis Huang1,4, Brandon Chau Matthews2, Nicholas A. Peppas1,2,3,4
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Introduction: The American Cancer Society estimates
149,500 new cases of colorectal cancer (CRC) along with
52,980 CRC related deaths in the US in 2021, ranking 4th and
2nd respectively among all cancers. Most of these deaths can
be attributed to the 14% 5-year relative survival rate when the
cancer has metastasized, indicating a key unmet need for
improved metastatic cancer therapeutic treatments. Recent
advanced treatments including targeted therapy and
immunotherapy have shown higher specificity over classical
treatments such as chemotherapy, radiation therapy, and
surgery by significantly reducing severe side effects.
Nanotechnology-based strategies have been explored to
facilitate the in vivo delivery of antigens and/or adjuvants to
improve the potency of cancer vaccines, however, they have
not seen as much clinical translation success due to a
sequence of biological barriers that the nanocarriers face
during delivery including short blood circulation time, lack of
specificity, low drug loading efficiency, and premature drug
release. In this work, we present a dual delivery platform for
more effective immunotherapeutic treatments by combining
intelligent pH responsive biomaterials for DC activation with
targeted immune checkpoint blockade treatment.
Materials and Methods: Intelligent pH-responsive
nanogels were synthesized using a co-polymer of 2(diethylamino)ethyl methacrylate (DEAEMA), cyclohexyl
methacrylate (CHMA), bis(2-methacryloyl) oxyethyl disulfide
(Disulfide XL), and poly(ethylene glycol) methyl methacrylate
(PEGMA). The nanogels are synthesized using an oil-inwater emulsion UV-initiated polymerization technique. The
pH swelling behavior was characterized by dynamic light
scattering and further characterized for surface charge,
composition, pKa, and surface morphology. The DC-targeted
and tumor-targeted nanogels were functionalized with antiDec-205 Ab and carcinoembryonic antigen (CEA) Ab
respectively, and loaded with toll-like receptor adjuvants and
PD-L1 siRNA respectively. Both nanogels were
functionalized using carbodiimide chemistry and loaded by
imbibition in acidic conditions. Encapsulation efficiency and
loading capacity were characterized, and in vitro experiments
will be performed to observe cellular uptake and endosomal
escape.
Results and Discussion: Stable, pH-sensitive nanogels
were successfully synthesized after a series of experiments
modifying multiple variables including cationic monomer,
hydrophobic comonomer, crosslinking density, PEG graft
density, and surfactant concentration. The inclusion of a
hydrophobic comonomer, CHMA, and a ratio of DEAEMA
and 2-(diisopropylamino)ethyl methacrylate (DPAEMA)
cationic monomers served to lower the polymer pKa to
relevant endosomal pH values, resulting in a shifted pH
swelling behavior as shown in Figure 1. This modification
allows the pH responsive swelling of the nanogel to occur
inside the endosome and avoid swelling under physiological
conditions to minimize premature release. These preliminary

results along with modifications to the other variables
previously mentioned allows for the fine tuning of the size,
swelling behavior, surface charge, hydrophobic content, and
critical swelling pH to obtain optimized cationic
nanoparticles. Confocal microscopy with MC-38 cells will
demonstrate the improved cytosolic delivery of swollen
nanogels for the release of TLR agonists and tumor
sensitizers. Flow cytometry and western blot will be used to
monitor the modulation of DCs and checkpoint blockade
expression to confirm the efficacy of the nanoparticle
formulation.

Figure 1. (A) pH swelling behavior for different
hydrophobic comonomer ratios. (B) pH swelling behavior
for different cationic monomer ratios.
Conclusions:
We have developed an intelligent pH
sensitive nanogel platform that overcomes many of the drug
delivery biological barriers for improved cytosolic delivery of
sensitive cargo. The ability to expose exogenous antigens in
the cytosol will upregulate cross presentation to potentially
improve the CD8 killer T cell response for an improved
immunotherapeutic treatment response. Further in vitro and in
vivo studies will be required to confirm therapeutic efficacy
and the ability for the dual delivery platform to work
synergistically and stimulate an antitumor immune response
for complete tumor eradication.
Acknowledgements: The work was supported in part by a
grant from the National Institutes of Health (R01-EB022025), the Cockrell Family Regents Chair, and the UT
Austin Portugal Program.

Tackling Oral Cancer and Associated Pain with Therapeutic Nanocarriers
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Statement of Purpose: Oral cancer, a common form of
cancer in men and women, metastasizes and leads to death
in nearly 40% of its patients. [1] Up to 70% of oral cancer
patients also endure high pain levels, affecting their dayto-day activity and quality of life. Oral cancer pain worsens
with disease progression and responds poorly to opioids.
[2] Oral cancer tumor cells release their contents, including
damage-associated molecular patterns (DAMPs) in the
form of fragmented nucleic acids and associated proteins.
We postulate that these DAMPs stimulate the immune
system, promoting inflammation and pain. [3] Recently
PAR2 has been implicated in oral cancer pain. [2] Here, we
explore the use of nucleic acid-binding nanoparticles as
anti-inflammatory agents to scavenge DAMPs, deliver
PAR2 receptor antagonists to the endosome, and
simultaneously delivering chemotherapeutics as a new
therapeutic strategy to manage tumor progression and pain
in oral cancer.
Methods: PAMAM-G3 was purchased from Sigma
Aldrich Inc. PAMAM-G3 was functionalized with
cholesterol to form PAMAM-Cholesterol(5) (PAMAMChol) nanoparticles assembled by esterification.
Nanoparticles were tagged using Cy5-NHS for fluorescent
signal. The cytotoxicity of both PAMAM-G3 and
PAMAM-Chol nanoparticles was measured by cck8 assay.
The size and zeta potential of nanoparticles were
characterized using dynamic light scattering. The uptake of
fluorescent nanoparticles was studied using confocal
microscopy and flow cytometry. Next, PAMAM-Chol
nanoparticles were loaded with the drug via probe
sonication and rotary evaporation. Loading and release of
the Paclitaxel and I560 were quantified using HPLC. The
agonists of toll-like receptors (TLRs), including PolyI:C
(TLR3) and CpG ODN (TLR9), were also used to activate
the TLR pathway-response in HEK BlueTM reporter cells,
to test the nucleic acid scavenging ability of the
nanoparticles.
Results: PAMAM-Chol nanoparticles are under 200 nm in
size and over +50 mV in zeta potential both with and
without drug loading. We demonstrate that Proteaseactivated receptor 2 (PAR2) inhibitor, I560, can be loaded
to 40% by mass with 99% efficiency and shows extendedrelease of over 48 hours. Additionally, paclitaxel can be
loaded 40% by mass with 70% efficiency and shows
extended-release of over 48 hours. (Table 1). The results
show that PAMAM-Chol nanoparticles can effectively
deliver paclitaxel and PAR2 antagonist, I560, in an
extended-release fashion (Figure 1A) while inhibiting TLR
activation from nucleic acids.
Studies
show
that
Cy5-tagged
PAMAM-Chol
nanoparticles uptake into the cell within 2 hours. Confocal
imaging shows that the PAMAM-Chol nanoparticles can

Table 1. Characterization and loading of Pamam-Chol NPs

also target early endosomes, the site of PAR2, within 2
hours. (Figure 1B)
In a pilot study involving a cohort of patients with oral
tongue squamous cell carcinoma (OTSCC), tissue
supernatants, plasma, and saliva were tested. The OTSCC
tumor supernatants, on average, showed increased levels of
cfDNA (1.43 µg/mL) and miRNA (26.93 ng/mL)
compared to healthy tongue tissue (0.68 µg/mL and 4.33
ng/mL respectively). Saliva samples from patients with
OTSCC also showed high levels of RNA, miRNA, and
cfDNA at 47.98 ng/mL, 74.13 ng/mL, and 4.75 µg/mL,
respectively. When 100 ng/mL of tumor and normal tissue
supernatants were used to activate TLR 3, and 9 HEK
reporter cells, we found that PAMAM polymer was able to
mediate the overactivation of the TLR 3 and 9 pathways.
These initial findings show that these nucleic-acid binding
materials could effectively inhibit cfDNA-mediated cell
inflammation through the TLR pathways. Preliminary
studies into migration and invasion show that these
polymers may be effective in slowing down the rate of
tumor growth and invasion.
A

B

Figure 1. A) Release of I560 from Pamam-Chol NPs. B) Uptake of
Cy5 tagged Pamam-Chol NPs into Rab-5a-GFP tagged endosomes
in HEK cells at 40x magnification.

Conclusions: Our results suggest a new nanomedicine that
combines pain relief, scavenging of pro-inflammatory
cfDNA, and efficient chemotherapeutic delivery may
positively impact pain management and oral cancer
treatment. Our findings suggest that this may be a
promising therapeutic strategy for combating oral cancer
and a vast number of other painful inflammatory diseases.
References: 1. Noguti J, et al. Cancer Genomics
Proteomics. 2012;9(5):329-35. 2. Tu N, et al. J. Neurosci.,
2021; 41(1)193-210.; 3. Bhansali et al, Nano Today,
2021;39(1).

Evaluation of Ethyl Salicylate as a Plasticizer for Vascular Bioresorbable Stent Application
Hugh Zhao, Hanqing Feng, Siliang Wu and Qing Liu
Beijing Advanced Medical Technologies, Beijing China
mechanical strength to keep iliofemoral artery patent and
supported arterial remodeling and endothelialization.
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Statement of Purpose: Interventional vascular stenting is one
of the most widely used therapy for arterial atherosclerosis
treatment. The development of bioresorbable stents (BRS) has
drawn much attention in the past decades with the hope that BRS
could overcome the limitations of traditional permanent stents,
such as chronic inflammation. Biodegradable polymers,
including poly-l-lactic acid (PLLA) and poly(lactic-co-glycolic)
acid (PLGA), are among the most widely studied materials for
BRS application because of their good biocompatibility.
However, these materials have poor fatigue resistance, therefore,
they are vulnerable to fracture, which limits their applications in
peripheral vascular disease treatment. Using plasticizers is an
effective way to improve the mechanical properties of a
biomaterial. The goal of this study is to evaluate the
effectiveness and biocompatibility of ethyl salicylate (ES) as a
plasticizer for BRS application.
Methods: Both fibers and stents made from Poly(l-lactide/εcaprolactone, 95:5) copolymer (Corbion, Amsterdam, NL) were
used in this study. PLC fibers were melt extruded from an
extruder (Ø0.23mm) and collected at room temperature. PLC
fibers were annealed at 150 °C for 1h followed by immersing in
ES (TCI, Tokyo, Japan) for 0, 10, 30 or 60 mins at 50°C. Excess
ES on the surface of the fibers was blotted with tissue paper. The
amount of ES in each group were determined by a HPLC method.
Tensile tests were performed for each group at a strain rate of
10% by length per minute. A custom-made multi-axial 3D
printer was used to fabricate closed-cell structured stents from
PLC raw material as reported previously [1]. The PLC stent or
BRS was annealed and incorporated with ES (2-3% by weight)
by a method similar to the one described above. The BRS
samples with or without ES treatment (sized 6mm x 76mm, n=5
each) were subjected to a flexural fatigue test with bending
angles ranging from 0 to 60 degrees at 1 Hz for up to 3.5 million
cycles in PBS at 37 oC. To evaluate stent performance in vivo,
the BRS samples (5.5mm x 36mm, n=8) were mounted on
balloon catheters and implanted in the iliofemoral arteries of
pigs for up to 3 months.
Results: ES could be incorporated into PLC fibers by diffusion.
The amounts of ES incorporated were measured to be
approximately 1, 3 and 5 percent by weight at the soaking times
of 10, 30 and 60 mins, respectively. As shown in Fig. 1, a higher
ES content resulted in an increase of strain at break but a
decrease in both Young’s modulus and tensile strength of PLC
fibers. The result of bending fatigue test showed that PLC stents
or BRS with ES had significantly higher bending cycles before
the onset of strut fractures, indicating an improved fracture
resistance compared to BRS without ES (Fig. 2). When ES
incorporated BRSs were implanted in the iliofemoral arteries.
No in-stent thrombosis was observed at 1 and 3 months post
implantation. Full stent endothelialization was observed at 1
month and the neointima remained thin at 3 months (Fig. 3). No
significant inflammatory response was observed demonstrating
excellent biocompatibility for the ES incorporated PLC device.
Conclusions: Results of this study demonstrated that ES was an
effective yet biocompatible plasticizer for enhancing ductility of
PLC devices. ES incorporated PLC BRS retained sufficient
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References: H. Zhao, J. Zhang, X. Weng, N. Yu, Q. Liu, B.
Liu, Z. Chen. Evaluation of Multi-Axial 3D Printed
Bioresorbable Vascular Scaffolds for Peripheral Vascular
Interventional Application. Society for Biomaterials Annual
Meeting, Atlanta GA, 2018.

Biomimetic Engineered Corneal Surface on Silicone Hydrogel Contact Lens
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Statement of Purpose: In biological tissue, biomolecules
are highly complex and are organized to express unique
functions. They are responsive to the surrounding
environment and capable of adapting to changing local
conditions. It is clear that elucidating the process by
which these complex molecular structures are derived and
artificially reproducing it will be useful for creating
materials. In particular, medical devices contacting living
tissue need to have properties at the surface similar to
those in living tissue. Biomimetic concepts for material
design are predicated on the idea of reproducing the
chemical and mechanical characteristics of biomolecules
with artificial compounds.
The cornea of the eye is transparent to light, wet with
tears, exposed to the air, and in mechanical contact with
the eyelids. The anatomy on the surface of the cornea
plays an important role in maintaining a wettable surface,
mechanical strength, and dynamic lubricity. On the
corneal surface, a soft hydrogel-like matrix called the
glycocalyx containing a
complex
matrix of
glycosaminoglycan provides the necessary wettability and
lubricity by the aqueous medium and covers the collagen
rich layers beneath which provide the mechanical strength
and optical properties of the cornea (Figure 1).

transmission electron microscope (STEM). Also, the
surface modulus was determined by AFM. All evaluations
were done under 100% humidity or in water.
Results: It was confirmed that the surface of the silicone
hydrogel contact lens was covered with a PMPC layer.
The PMPC layer was hydrated and swollen similar to a
natural corneal surface (Figure 2).

Figure 2. STEM image of biomimetic engineered surface.

Figure 1. Illustration of biomimetic engineered surface.
We have researched a biomimetic material design to form
an artificial corneal structure on the surface of a silicone
hydrogel material. A phospholipid polymer, poly(2methacryloylethyl phosphorylcholine) (PMPC) was
applied to create a biomimetic surface on the contact
lens1. The PMPC layer shows super-hydrophilicity, a low
elastic modulus and high lubricity similar to those of the
natural soft tissue. Therefore, we created a unique surface
through biomimetic engineering that can be applied to an
ophthalmic medical device.
Methods: The reactive PMPC was used for surface
modification of silicone hydrogel contact lens2,3. The
interface of the PMPC-modified contact lens was
observed by an environmental scanning electron
microscope, atomic force microscope (AFM), scanning

In the natural eye system, surface wetting and lubricity is
dominant by the characteristics of the hydrated
glycocalyx, which binds to the corneal tissue surface and
functions at the tear-contact interface. A glycocalyx-like
structure of PMPC was strongly immobilized to the
silicone hydrogel substrate. Such a soft PMPC-modified
surface like a natural cornea exhibited robustness and
could not be removed by mechanical rubbing, surfactant
cleaning, or high temperature treatment such as autoclave
sterilization. Even after 30 days of daily wear on eye,
after almost a million blinks, 30 cycles of cleaning by
finger rubbing and over-night soaking in surfactantcontaining lens care solutions, the PMPC layer remained
without change in the morphology on the contact lens
surface.
Conclusions: Comparing the properties of the biomimetic
engineered cornea surface with that of natural cornea, it
became clear that the mechanical properties are similar in
the living environment and that they exhibit low modulus
and frictional properties comparable to natural tissues.
These results showed the validity of material creation by
biomimetic methods. These analytical methodologies may
contribute to future development of novel biomimetic
engineered medical devices.
References: (1) Ishihara K. J Biomed Mater Res.
2019:105A;933-943 (2) Shi X. et al. Colloid Surf B.
Biointerface. 2021;199:111539, (3) Ishihara K. et al. ACS
Omega. 2021:6;7058-7967.

Quantification of Patterned Biodegradable PCL Fiber Orientation by Electrospinning with the Surface Wettability
and Cell Behavior
Jiahui Chen, Martin W. King.
North Carolina State University, Wilson College of Textile.
Statement of Purpose: Purpose of the study is to design
follows with static water contact angle and in-vitro cell
scaffolds for future tissue engineering applications. The
culture experiment.
study is aiming at studying the electrospun
Concentration: Based on the preliminary data and
polycaprolactone (PCL) fiber orientation and diameters
literature [1,2], increasing the concentration of PCL/
based on the parameters of concentration, voltage, and
(DMF: DCM =3:7) solution increases the fiber diameter.
topography of the collectors. Different pore sizes of wire
Adjusting the voltage for electrospinning process affect
mesh have been used as the collectors. Followed with the
the number of charges applied for of PCL/ (DMF: DCM
Fourier transform quantification analyzing methods to
=3:7) solution. As the voltage increases, the smaller and
investigate the parameter of concentration, voltage and
less stable Taylor cone might be formed to reduce the
topography between fiber orientation and fiber diameter.
fiber diameters. Patterned Collector: The topography of
Surface wettability of electrospun PCL will be measured
patterned collectors influences the fiber orientation of
by static and dynamic water contact angle. The 3D
electro spun PCL webs. Comparing to the samples on
architecture and NIH 3T3 cell attachment of PCL
aluminum foil, electro spun webs obtained on the
electrospun mats will be observed by confocal fluorescent
patterned collectors should indicate an oriented orders
microscopy. The results could have a better understanding
rather than random [4].
of PCL electrospun mats with its surface wettability and
cell adhesion behavior to design future tissue engineering
applications.
Methods: PCL (Average Mn=80,000g/mol),
Dichloromethane (DCM) and N,N-Dimethylformamide
(DMF) were provided by Sigma-Aldrich, USA, which
will be used for electrospinning the PCL mat in different
conditions. Two different pore sizes of collectors with
5*5 cm2 dimension wire mesh will be used as collectors
as well as aluminum foil paper. The three variables of
Figure 1. SEM images of oriented nanofibers and random
parameters including concentration, voltage, and
nanofibers [1]
topography of the collectors. Total 27 samples (Table 1)
Water contact angle of PCL electro spun mats shows the
will be produced and analyzed. A homemade horizontal
hydrophobicity of the surface, which is around 130 o and
electrospinning device with a single needle has been used.
will be considered and evaluated for future surface
The device consists of an automatic pump to deliver the
treatment development [3].
polymeric solution through a syringe needle to the
Electro spun PCL webs will also be sterilized and
collector. SEM images of total 27 samples will be
followed with the procedure of seeding NIH3T3 mouse
obtained by Hitachi TM-4000 PlusXL and analyzed by
embryonic fibroblast cells on the 24-well plates. The cell
Image J.
proliferation will be observed in both control and
Table 1 Variables of samples (Concentration, Voltage, and Collector pattern)
No.
1
2
3

ES parameters
Concentration
Voltage
Collector pattern

Units
wt%
kV
Pore size

Levels
13,15,17
20,22,24
No pore, size 1, size 2

Surface wettability will be measured using static angle
method with Goniometer FDS corp. Mouse embryonic
fibroblast cell line (NIH-3T3) will culture in DMEM
(Dulbecco modified eagle’s minimal essential medium)
supplemented with 10% FBS (fetal bovine serum) and 1%
penicillin/streptomycin at 5% CO2 and 37oC, respectively.
When the cells reach 90% confluency, they will be
trypsinised with 0.25% trypsin/0.02% EDTA. The
medium will be changed every other day. The samples
will cut circular at 14 mm diameter to cover bottom of 24well plates, sterilized with 70% Ethanol overnight and
rinsed three times with PBS.
Results: PCL/ (DMF: DCM =3:7) solution has been
electro spun on aluminum foil firstly to observe the
effects of different parameters (concentration, voltages,
and topography of the collectors) on diameters and
orientation of PCL electro spun webs. Future experiment

experiment groups when they were cultured one and three
days. The cell viability of all groups should reach 95%
after one and three days [3]. There should be no
significant difference between the control group and
experimental group. The good biocompatibility of electro
spun PCL webs should be addressed by in-vitro cell
culture experiment.
Conclusions: The aiming of this study is to fabricate
scaffolds for tissue engineering applications and
understanding how the parameters of electrospinning
influence the electro spun fiber orientation, surface
wettability and cell behavior. The results demonstrate an
efficient method for creating biocompatible tissue
engineering scaffolds. Future experiments will involve
surface treatment for enhancing the surface property as
well as in depth cell couture for different cell lines.
References: [1] Neda SH. J Biomed Mater Res Part A
2018;106A-2963-2972; [2] Menemse G J Biomed Mater
Res Part A 2011;98A:461-472; [3]Ying M App Surface
Sci 2020;146104; [4]Jinshan C.RSC Adv 2020;10,20155

Incorporation of nerve growth factor-loaded microspheres into chitosan/polycaprolactone hybrid implants to enhance
peripheral nerve tissue regeneration
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Statement of Purpose: Major efforts for the
advancement of tubular-shaped implant fabrication
focused recently on the development of 3D printing
methods that can enable the fabrication of complete
devices in a single printing process. However, the main
limitation of these solutions is the use of nonbiocompatible polymers. Therefore, a new technology for
obtaining hybrid implants that employs polymer extrusion
and electrophoretic deposition was developed in our
laboratory [1]. The fabricated structures were made of
two layers: polycaprolactone (PCL) skeleton and chitosan
(CH) hydrogel deposit. The aim of the presented study
was to develop a method of incorporation of active agentloaded
microspheres
into
the
structure
of
chitosan/polycaprolactone hybrid implants. In order to
characterize the incorporation efficiency, scanning
electron microscopy was employed. Next, the kinetics of
active agent release was determined. Tubular structures
are a matter of great importance for peripheral nerve
tissue engineering; therefore, nerve growth factor (NGF)
was used in these studies. Finally, in vitro
biocompatibility of implants was proven after assessing
their action towards mHippoE-18 embryonic hippocampal
cells.
Methods: Chitosan (type 85/500) was purchased from
Heppe Medical Chitosan GmbH (Halle, Germany).
Polycaprolactone (Mn 80000 mol/wg), dopamine
hydrochloride, and poly(lactide-co-glycolide) (PLGA,
Resomer® RG 503 H) were purchased from Merck
KGaA (Darmstadt, Germany). Nerve growth factor (NGF,
recombinant mouse protein with an initial Met at the Nterminus) was acquired from Life Technologies,
Waltham, MA, USA).
The CH/PCL hybrid implants were prepared according to
the methodology established in our laboratory [1].
The obtained implants were placed in a solution of 0.4%
dopamine hydrochloride in Tris buffer (0.183 g Tris in
150 ml deionized water with pH adjusted to 8.5 using 0.5
mM hydrochloric acid) [2]. Then, the solution was stirred
for 24 h in the dark. Afterward, the implants were
removed and washed 3 times with deionized water. For
adsorption of NGF-loaded PLGA microspheres (prepared
by the double-emulsion method described in [3]) onto the
structure of CH/PCL hybrid implants, implants were
gently shaking in a 2.34% aqueous solution of NGFloaded PLGA microspheres for 2 h. Next, the structures
were analyzed by a Hitachi TM-1000 microscope
(Hitachi, Ltd., Japan). NGF release studies were
performed in a solution of phosphate-buffered saline (pH
7.4), bovine serum albumin, streptomycin and penicillin.
In vitro biocompatibility towards mHippoE-18 embryonic

hippocampal cells was assessed according to the protocol
established in our laboratory [4].
Results: NGF-loaded PLGA microspheres were
successfully incorporated to the structure of CH/PCL
hybrid implants (Figure 1).

Figure 1. SEM photographs of implants. (A) Outer and
(B) inner surface. (a) 30x and (b) 1000x magnification.
A sustained release of NGF was observed for more than 4
weeks. The results obtained in MTT reduction assay
showed that the obtained implants did not cause
statistically significant drop in cell viability of mHippoE18 embryonic hippocampal cells. The viability of
hippocampal cells cultured in the environment of the
obtained hybrid implants was equal to 93.53 ± 7.59%
calculated in reference to control cell cultures (100 ±
9.67%) and 104.18 ± 8.46% calculated in reference to the
control biomaterial (collection Set tubes, 100 ± 7.57%).
These results were further confirmed in experiments
enabling the observation of cellular interaction with
CH/PCL hybrid implants by confocal microscope.
Conclusions: The CH/PCL hybrid implants incorporating
NGF-loaded PLGA microspheres exhibit sustained
release and good biocompatibility. The presented
implants, fabricated by a technology combining polymer
extrusion and electrophoretic deposition, shall find a
broad scope of applications in customized peripheral
nerve tissue engineering.
References: 1. Nawrotek K. Polymers, 2021, 13(5), 775; 2.
Zhou Z. Med Sci Monit. 2018, 24, 6934-6945; 3. Nawrotek K. J
Tissue Eng Regen Med. 2021 15(5), 463-474; 4. Nawrotek K.
Carbohydr Polym. 2016, 152, 119-128.
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Statement of Purpose:
Postoperative tissue adhesions occur with a probability
BAAm/PVA solution
BAAm/PVA hydrogel
BAAm
of more than 90% and cause serious complications such
as intestinal obstruction and chronic abdominal pain.
Gelation
OH
Various anti-adhesion barriers including solutions, films
B
B
HO
O
HO
O
OH
HO
OH
O
and hydrogels have been developed so far. With the
O
e
OH
os
D-glucose
uc
l
g
OH
increasing number of laparoscopic surgeries, in vivo
DOH
PVA
OH
gelation system that is easy to operate and can be used
OH
OH
Diffusion to the soft tissue
in any shape is expected as an adhesive barrier. In Japan,
a two-component spray type adhesion barrier
Figure 1. Schematic illustration of gelation system
R
(AdSPray ○
) became available in 2016. The gelation
measured. Furthermore, the inner surace of dialysis
process initiated by mixing two components requires
membrane was observed by SEM.
severe control of the reaction rate. When the gelation is
Results: The BAAms with different molecular weights
too slow, the components diffuse out of the target site,
containing 1.0, 3.0 and 5.0 mol% PBA units were
conversely, when the gelation is too quick, the needle
successfully synthesized. In the case of BAAm with 1.0
becomes clogged. Thus, an alternate system of sol-gel
mol % of PBA units, it was in sol state at both glucose
transition at the target site is an attractive approach.
concentrations of 0.1 and 1.0 wt%, and BAAm with 5.0
mol% of PVA was in a gel state at both concentrations.
We focused on the reaction between the phenyl
Interestingly, the BAAm with 3.0 mol% of PBA units
boronic acid groups and diol groups. Polymers
became a sol at a 0.10 wt% of glucose concentration and a
containing phenyl boronic acid groups are widely used
gel
at 1.0 wt%. The molecular weight of BAAm did not
for gelation with polyol compounds such as poly(vinyl
affect
gelation. In the dialysis test, the glucose
alcohol) (PVA) and polysaccharides. Herein,
concentration
decreased to half of the initial concentration
poly(acrylamide-co-N-acryloyl-3in
20
min.
And
the transmittance of the solution became
aminoprophenylboronic acid (PBA)) (BAAm) was
80%.
This
result
indicates that BAAm and PVA were
synthesized with different monomer compositions and
crosslinked
and
formed
gel due to the decreased glucose
molecular weights. BAAm binds to PVA giving
concentration. Furthermore, the gel adhered to the inner
hydrogel and to glucose as well. That is, the binding
surface of the dialysis membrane 2 min after dialysis and
between BAAm and PVA can be inhibited by adding
the area spread over the entire membrane in 30 min (Figure
glucose at high a concentration, resulting in a sol state.
2 (A)). The mixed solution without PVA did not get turbid
Our novel strategy is as follows: when this solution is
nor form hydrogel on the dialysis membrane. (Figure 2 (B)).
contact with soft tissue, the glucose immediately
From these results, it is considered that the glucose
diffuses out to tissue, and BAAm binds to PVA to form
concentration decreased by dialysis, which leads gel
a hydrogel (Figure 1). In addition, BAAm might be bind
formation on the surface of the dialysis membrane by
to sugar chain molecules on the tissue surface, which is
cross-linking BAAm and PVA.
advantageous for forming an “adhesive” anti-adhesion
barrier. We investigated the gelation behavior in in vitro
model experiment that reproduces the soft tissue
surfaces. Also, we report a pilot experiment on the
prevention of rat cecal adhesions.
Methods: The BAAms were synthesized by free radical
polymerization. Sol-gel state at both in vivo glucose
concentration (0.10 wt%) and 10 times higher
Figure 2. SEM image of formed gel on dialysis
concentration (1.0 wt%) as confirmed by a test tube tipping
membrane after 30min (A) with or (B) without
method. BAAm, PVA (saponification degree: 98%,
PVA. (Scale Bar 20 µm)
polymerization degree: 580) and glucose were dissolved in
phosphate buffer (pH 8.0, 0.15M) at the final concentration
Conclusions: We demonstrated the gelation induced by
of 1.0, 0.20 and 1.5 wt%, respectively. As a model system
contact stimulation with soft tissue using in vitro model
for the decrease in glucose concentration during tissue
experiment that reproduces the soft tissue surfaces. The
contact, the mixed solution was dialyzed against to 0.10
novel gelation system doesn’t require any artificial
wt% of glucose solution using a dialysis membrane. After
stimulation. We believe that this system will enable a novel
a predetermined time, the solution was taken from the
type of postoperative adhesion prevention.
dialysis membrane and the glucose concentration was
ー

ー

Synthesis and biological characterization of 3D polyhydroxybutyrate-tricalcium phosphate scaffolds.
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Statement of Purpose: Biopolymers are promising
materials for tissue engineering. One of such examples is a
group of polyesters synthesized by microorganisms,
namely polyhydroxyalkanoates (PHA). These biomaterials
are completely biocompatible with mammalian tissues,
which makes them appropriate for tissue engineering
purposes. Depending on the (R)-3-hydroxyacid that
constituents the polymer chain, the PHAs tend to vary in
their physicochemical and mechanical properties (i.e.,
brittle, hard to elastic), offering a wide range of potential
applications. Combined with calcium-phosphate ceramics
(e.g. tricalcium phosphate, TCP) 3D scaffolds these
biopolymers can serve as a component that nourishes
surrounding tissues. Moreover, PHAs can be applied as
platforms for controlled drug release which occurs locally
only in the implantation site. Here, we present a complete
preparation route of 3D TCP scaffolds infiltrated by
polyhydroxybutyrate (PHB) polymer along with their
biological characterization to assess their applicability in
bone and cartilage regeneration.

purified PHB was used to infiltrate 3D macroporous TCP
scaffolds. Ceramic sinters were uniformly covered with the
biopolymer which were evidenced by SEM observations.
Preliminary studies revealed no cytotoxicity of TCP as well
as TCP/PHB scaffolds. hMSCs adhere, grow and
proliferate on both materials (viability over 85% at 7 and
21 DIV). Both types of scaffolds led to an increase in the
number of cells inin 21 DIV if compared to 7 DIV. It was
found that for TCP scaffolds the average number of cells
in the field of view increased from 61 to 165 at –, from 70
to 80 and from 54 to 105 for material with small, medium
and large pores, respectively. In case of TCP/PHB
scaffolds with small pores a decrease in the number of cells
from 46 to 13 was observed. While for materials with
medium and large pores an increase in the number of cells
from 29 to 38 (medium) and from 28 to 38 (large) was
noticed. What is more, in the case of scaffolds with large
pores (both TCP and TCP/PHB), the cells penetrate easily
the materials (even 650-700 µm into the scaffold) The
results prove appropriate material architecture.

Methods: Materials synthesis Through microbial
fermentation a PHA polymer was synthetised in 5L
fermenter. Z. denitrificans converted glycerol to
polyhydroxybutyrate (PHB). PHB was extracted form
dried biomass, purified over charcoal, precipitated in
methanol and resuspended in CHCl3. TCP powder was
synthesized by a wet chemical method. Next, a ceramic
slurry was prepared and 3 types of polyurethane sponges
(with small medium and large pores) were thoroughly
covered with it. Then ceramic specimens were dried and
sintered at 1150 °C. The 3D TCP scaffolds were infiltrated
with 5% PHB solution in CHCl3 and air-dried. Materials’
characterisation. For biological studies two types of
materials were used: TCP scaffolds and these covered with
PHB (TCP/PHB). Scaffolds were tested using human
Mesenchymal Stem Cells (hMSC). hMSC adhesion,
growth
and
differentiation
were
assessed
(immunocytochemistry, IHC and gene expression by RealTime PCR, qPCR) as well as material cytotoxicity
(Live/dead™ Viability/Cytotoxicity Kit). Therefore, we
conducted long-term cell culture (21days) during which
both the penetration of scaffolds by the cells, their viability
and changes in the differentiation genes expression profile
were assessed. Obtained materials were also characterised
by SEM.

Conclusions: Fermentation process allows to obtain a
wide range of PHA polymers, here a PHB polymer. This
material can serve as a component of ceramic-polymer
composites which can be obtained by the infiltration of
ceramic TCP scaffolds with PHB. These composites act as
substates for cell attachment and growth, as evidenced by
preliminary studies employing human Mesenchymal Stem
Cells. In future, the developed materials can serve as
substitutes for bone regeneration purposes.

Results: Fermentation processes led to accumulation of
PHB polymer. PHB was accumulated within 48 hours,
biomass reached 96 g L-1 with 28% polymer content. A
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Delivery of Hepatitis B vaccine via a Self-Boosted System
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Statement of Purpose: Vaccination in the developing
world is challenging due to limited patient access and
compliance, resulting in patients missing booster shots
necessary for protective immunity. Herein, a singleinjected system is described based on core-shell
microparticles fabricated via the novel Stamp Assembly
of Polymer Layers (SEAL) process1 and optimized to
release booster dose for Hepatitis B vaccine in a pulsatile
manner. The particles are co-delivered with the prime
Figure 1. A) Optical imaging of microparticles, B) Release profile for
various PLGA polymers
dose via single injection and the booster dose is released 1
month apart, adhering to the accelerated vaccination
schedule for individuals ≥18 years approved by CDC.
Methods: The PLGA polymers for microparticle
synthesis were purchased from Evonik and PolySciTech.
PLGA core-shell microparticles were fabricated through
the SEAL process1. The unique structure of these
microparticles, composed of a base and a cap allow filling
the PLGA bases with the excipients, the antigen and the
Figure 2. A) HBsAg stability after 23 days of incubation in vitro at 37 oC
adjuvant using a BioJet Ultra picoliter dispensing
and pH 7.4, B) HBsAg self-stability after storage at 4oC for 2 months
instrument (BioDot). The aqueous solutions of cargos
Furthermore, the self-stability of this vaccine system was
were dispensed for multiple 15-drop cycles of 180- to
investigated after 2 months storage at 4 oC, where it is
230-pl drops. Filled particles were then aligned and
evident that the stability did not decrease (Figure 2B).
sintered with corresponding PLGA caps using a
Accounting for the vaccine recovery after dispensing
microscope. Sealed particles were then separated from
process and stability mitigation after 1 month incubation,
glass slides and used to perform antigen stability and
20 microparticles loaded with excipients’ blend (4.5
release tests in vitro or evaluation of the humoral response
μg/particle), HBsAg (0.146 μg/particle) and CpG adjuvant
with the elicitation of anti-Hep B antibodies in vivo
(11.2 μg) were injected subcutaneously in 5 Balb/C 6through enzyme-linked immunosorbent assays. Hepatitis
weeks old mice along with the prime dose and the
B surface antigen (HBsAg) serotype adw was purchased
produced antibodies were compared to equal amount of
from Creative Biomart. A Toll-like receptor 9
liquid formulation for prime dose and booster dose that
immunostimulatory CpG sequence from Integrated DNA
was administered 28 days after the prime dose.
Technologies was used as adjuvant, since a CpG sequence
is also contained in the commercial vaccine Heplisav B
which is approved for the accelerated vaccine program.
All animal procedures were approved by the
Massachusetts Institute of Technology Committee on
Animal Care.
Results: The use of base-cap microparticles (Figure 1A)
is a novel approach and allows for tuning the pulsed
release profile, based on the PLGA used to fabricate the
Figure 3. Log10 anti-Hep B titers produced after prime and booster dose
microparticles, resulting in a library of polymers with
at 28 days (week 4)
different molecular weights, monomer ratios and end
Conclusions: A fully biodegradable system is optimized
groups to choose from. Herein, the 1-month release is
for the co-delivery of Hepatitis B boost dose along with
achieved by using caps made of PLGA ester with
the injectable prime dose, permitting the pulsatile release
monomer ratio 50:50 and molecular weight 12kDa
with 1 month interval in compliance to the accelerated
(Figure 1B). Initially a screening test of sugars, salts and
vaccination schedule for adults. This system could help
polymers was performed, and trehalose was chosen as the
alleviate issues of under-vaccination due to missed
best excipient to be coloaded in the microparticles to
appointments pertaining to patient adherence or poor
enhance the antigen stability upon drying in the particle.
vaccination records in low-resource settings. Future work
The addition of the CpG adjuvant required for further
will include self-life study at 4oC and 25oC for 6 months
optimization of the excipient system using sodium
and fabrication and application of microparticles with
chloride and disodium hydrogen phosphate in order to
release profile tuned at 6 months to adhere to the
achieve 60 % recovery of the loaded antigen after
traditional vaccination schedule for infants (boosters at 1
incubation at 37 oC and pH 7.4 for 23 days (Figure 2A).
and 6 months).
1)

McHugh KJ. Science.2017;357, 1138–1142.

Electrospun Wound Healing Devices Containing Antibacterial Ionic Liquids/Deep Eutectic Solvents Resist Biofouling
Marjorie A. Nguyen,1,2,3 Tatum A. Bardsley,2,3 Amber Whitaker,1,3 Rico E. Del Sesto,4 Zachariah Bess,1,3 Cindy C.
Browder,1,3 Robert S. Kellar,2,3 & Andrew T. Koppisch 1,3
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Figure 1. SEM images of WHDs. Human dermal fibroblasts (hDFn) are
Statement of Purpose: Diabetes and prediabetes affect
denoted with red arrows. Image on the left reflects a control scaffold
over 100 million people in the US (CDC). Complications
with no IL treatment or hDFn cells present. Image on the right reflects
with peripheral vascular disease and resulting neuropathy
treatment of IL/DES and growth of hDFn cells.
often result in non-healing diabetic ulcers or wounds that
Figure 2. Microbial corruption
require significant time to heal. Theses wounds can be
assay. A solution (20 mL) of
further hindered by infections caused by antibioticactively proliferating CA was
resistant pathogens and compromised blood circulation.1
introduced to scaffolds
containing various
In the current study, biomaterials consisting of dermal
concentrations of IL/DES and
proteins (e.g. gelatin, collagen) were prepared by
incubated for 30 minutes (blue)
electrospinning. These proteins have been shown to
or 2 hours (yellow). (* = p <
stimulate dermal healing comparatively to conventional
0.05).
wound coverings.2 Novel antimicrobial ionic liquids/deep
Structural integrity of the IL/DES was confirmed via 1H
eutectic solvents (IL/DES) were incorporated into these
NMR spectra. Spectra neat IL/DES and a CDCL3
wound healing devices (WHD) such that the dressings
extraction of a 40% (w:w) IL/DES scaffold were
may resist biofouling. In the creation of the IL/DES
identical, which indicated no chemical alteration of the
infused protein scaffolds, a solvated protein solution was
IL/DES during or after incorporation into the WHD. SEM
electrospun into a fibrous sheet. The IL/DES, containing
images of IL/DES containing scaffolds depict the
antimicrobial properties,3 were cholinium-based eutectic
materials becoming less porous as the IL/DES
solvents with similar properties as choline geranate (or
concentration increases. SEM images also depict
CAGE) were synthesized and impregnated into the
scaffolds with IL/DES were able to serve as a support for
electrospun protein scaffolds.
the growth and proliferation of hDFn cells. The
Effectiveness of the novel biomaterial was assessed
antimicrobial activity of the IL/DES was measured
through antimicrobial assays against the fungal pathogen
through the microbial corruption assay using CA, which
Candida albicans (CA). qPCR was used to determine
showed a significant (p < 0.05) decrease of cellular
gene inhibitory activity when exposing pathogens to
viability upon introduction to the IL/DES containing
various concentrations of the IL/DES. This study aims to
scaffold in a dose-dependent manner.
examine the use of these new eutectic solvents within
WHD as well as to explore their utility in to combat
Conclusions: Using novel eutectic solvents containing
microbial contamination in other areas of regenerative
antimicrobial properties within electrospun scaffolds
medicine (e.g. candidate for medical decontamination
potentially offers novel biomaterial advantages. These
solutions.
processes maintain the integrity of the scaffolds while
providing unique antimicrobial activity that can be
Methods: IL/DESs were synthesized via salt metathesis
customized to bioburden risk level. In the current study,
with choline bicarbonate and acid reagents using a
novel IL/DES was synthesized and incorporated into
previously described procedure and chemical structure
electrospun scaffolds. NMR results demonstrate the
1
verified through H NMR. WHD made of gelatin,
chemical structure of IL/DES was preserved after the
hexafluoro-2-propanol,
and
various
IL/DES
electrospinning and crosslinking process. SEM imaging
concentrations were synthesized using high voltage
indicated scaffolds with IL/DES are able to allow the
electrospinning. SEM imaging was used to identity
growth of hDFn cells, which could be beneficial for future
structural integrity of the WHDs. Verification of
studies utilizing the novel IL/DES. Antibacterial data
incorporation of the IL/DES into scaffolds was confirmed
suggest scaffolds with IL/DES are capable of resisting
with by extracting impregnated scaffolds with deuterated
biofouling of microbial pathogens common to chronically
acetone, followed by NMR analysis. Antibacterial
infected wounds, such as CA. Also, these antimicrobial
properties were determined through a microbial
properties support the exploration of future studies
corruption assay.
evaluating the novel IL/DES against other common
Results:
pathogens associated with wound infections and
additional decontamination applications in the medical
field.
References:
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The Effect of Uremic Conditions on Smooth Muscle Cells Cultured on PEG Hydrogels
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Statement of Purpose Vascular smooth muscle cells
(SMC) are an important part of controlling and maintaining
healthy vasculature. SMC are not terminally differentiated;
that is, the cells can alternate between a contractile and
synthetic state, which is beneficial for vascular remodeling.
This phenotypic switching is a response to biochemical and
biomechanical cues from the extracellular environment, and
it is characterized by a reduction in expression of SMC
markers such as αSMA and SM22.1
Chronic kidney disease (CKD) can initiate SMC
differentiation. Uremic concentrations of molecules such as
inorganic phosphate (Pi) may force SMC into an osteogenic
state. Arterial stiffening is another condition of CKD; many
methods have been proposed to explain the mechanism of
arterial stiffening, including the impact of calcification. 1
High levels of Pi (>3.5 mM) can induce osteogenic behavior
in SMC and lead to calcification of arterial walls. Pi donor
β-glycerophosphate (β-GP) is used to induce
osteogenesis.2,3 The first goal of this study was to develop a
physiologically-relevant poly(ethylene glycol) (PEG)
hydrogel platform to study the interactions of SMC with
healthy (5 kPa) and diseased (60 kPa) substrates.4 Then, we
investigated the impact of uremic levels of β-GP on the
ability of SMC to induce mineralized deposits.
Methods haSMC (ATCC, CRL-1999) were cultured in
growth media (F12K supplemented with 10% FBS, 1%
Pen/Strep, and 0.3 mg/mL ECGS) until 70-90% confluent.
Cells were seeded onto either TCPS or PEG thiolnorbornene hydrogels of varying stiffness. Stiff hydrogels
(12 wt% 8-arm PEG-norbornene macromer (20 kDa) (PEGNB) and PEG-dithiol crosslinker (1 kDa) (PEG-dSH) at
0.95 thiol:ene with 5 mM RGD tethered) and soft hydrogels
(7 wt% PEG-NB (10 kDa) and PEG-dSH (1 kDa) at 0.6
thiol:ene with 5 mM RGD tethered) were swollen in PBS,
placed into 96 well plates, and seeded with haSMC (180,000
cells/cm2) in osteogenic media (F12-K supplemented with
10% FBS, 0.3 mg/mL ECGS, 1% Pen/Strep, 50 μg/mL
ascorbic acid, 1% ITS+, 10 mM sodium pyruvate, and
varying concentrations of β-GP) and healthy media. Cells
were analyzed for gene expression via qPCR, stained with
alizarin red to visualize calcium deposition, and stained with
Phalloidin/DAPI, and TGFβ1 was measured in the media
using a DuoSet ELISA kit.
Results SMCs interact with the surface of both soft (5 kPa,
healthy tissue) and stiff (60 kPa, diseased tissue) PEG
hydrogels with tethered RGD. During culture, cell
spreading in both conditions was apparent; however, there
appeared to be more cells spreading on the soft substrate
(Fig 1A).

To confirm the vascular
nature
of
the
cells,
expression
of
SMAA
TAGLN was measured via
qPCR (Fig 1B). The means
of
overall
relative
expression levels of SM22
gene increase from 12 to 24
h but stabilize 3 days after
seeding. Also, the ability of
the cells to produce TGFβ1
was analyzed (Fig 1C).
Active
TGFβ1
was
produced from cells seeded
on soft and stiff substrates;
mean levels were higher on
the soft but was not
statistically
significant
Figure 1. A) Phalloidin (green) staining of
(p=0.6).
cells seeded on 5 and 60 kPa hydrogels.
To test the effect of
Cell nuclei are stained blue (DAPI). Scale
bar 100 μm. B) Overall relative expression
phosphate on SMCs, cells
of SM22 over time. C) Activated TGFβ1
were grown in healthy
levels in media.
media then exposed to βGP at healthy (1.4 mM) and uremic (10 mM) concentrations
for seven days.3 No positive staining for calcification was
observed (Fig 2).
Conclusions
SMC interact with
hydrogel substrates
simulating healthy
Figure 2. Representative images of cells stained
with Alizarin Red after 7 days of culture with 0,
and diseased tissue.
1.4, and 10 mM β-GP. Scale bar 200 μm.
There were no
significant differences in gene expression or TGFβ1
production with stiffness, but there were more cells attached
to the soft substrate.
Interestingly, immortalized cells respond differently to
media with uremic levels of β-GP compared to previously
published studies with primary cells.2,3 Follow-up studies
are ongoing to identify longer-term effects of β-GP and also
urea, and additional studies are in progress to investigate the
combined effect of substrate stiffness and uremic toxins on
genetic expression of osteogenic markers.
Acknowledgements This work was supported by NIH
R01HL119371.
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Improving Facial Skeletal Muscle Regeneration using Surface Modified Collagen-PCL Knitted Textile Scaffolds
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Statement of Purpose: Hemifacial microsomia is
characterized by underdevelopment of head and neck
tissues on one side of the skull causing facial asymmetry
[1]. It results in several functional and psychological
difficulties, such as problems in chewing, breathing,
hearing, and smiling [2]. Current surgical treatment, mostly
carried out in infants and children, requires use of
autografts, increasing donor site morbidity, or allografts,
associated with a higher risk of rejection [3,4]. The
proposed study provides an alternative approach by
developing synthetic, biocompatible, and biodegradable
textile scaffolds with the ability for in vitro regeneration of
facial skeletal muscle using mature autologous precursor
cells.
The study includes fabrication of novel auxetic designed
weft knitted scaffolds using elastomeric biodegradable
poly-ε-caprolactone (PCL) multifilament yarn, and
evaluation of their physical properties, mechanical
characteristics, and biological performance in a static and
dynamic cell culture system. To improve the cell
attachment on the scaffold, surface modification of the
scaffolds using plasma treatment is proposed which will
maintain the mechanical properties of the backbone PCL,
such as strength and elasticity, and simultaneously reduce
the inherent hydrophobicity of the PCL surface and impart
hydrophilicity.
Methods: To fabricate an auxetic and highly porous
biodegradable scaffold, we used elastomeric PCL
multifilament yarn and weft knitting technology with two
auxetic designs. Three narrow-width scaffolds were
fabricated and evaluated for physical and mechanical
properties. To improve the cell attachment, the scaffold's
surface was modified with radiofrequency plasma
activation and type I bovine dermal collagen
immobilization. Biocompatibility in terms of the extent of
cell proliferation and metabolic activity was evaluated by
in vitro cell culture with C2C12 mouse myoblasts and PC12 rat nerve cells.
The ability to regenerate a functional skeletal muscle tissue
will be determined through a series of mono- and coculture studies involving the above cell lines and a uniaxial
intermittent straining bioreactor assembly. The extent of
tissue regeneration will be measured through cell viability,
metabolic activity and migration assays, and quantitative
PCR for the expression genes specific to muscle tissue.
Results: Table 1 shows the elemental composition on the
surface of the untreated and surface modified scaffolds as
obtained from x-ray photoelectron spectroscopy (XPS).
The values here show evidence of the presence of nitrogen
(N) on the surface as a result of effective collagen
immobilization. Figure 2 shows the cell culture results

from the alamarBlue™ assay measuring cell metabolic
activity of C2C12 cells over 10 days and PC-12 cells over
7 days. The higher fluorescence in the treated scaffolds
compared to untreated scaffolds is an indication of the
higher cell metabolic activity for collagen treated scaffolds.
Figure 3 shows comparison of confocal images of collagen
treated cell culture which shows higher number of viable
cells and higher live to dead cells ratio in treated scaffolds
compared to untreated.
Table 1. Elemental composition of untreated PCL and collagen-PCL
treated scaffolds (XPS spectroscopy).
Elements
C
O
N
Na
90.9 %
9.2 %
Untreated PCL
85.8 %
11.7 %
2.2%
0.2%
Collagen-PCL

Figure 2. Cell metabolic activity of C2C12 (left) & PC-12 (right) cells
obtained from alamarBlue™ fluorescence assay.

Figure 3. Live/Dead™ staining images on Day10 of cell culture of the
untreated (left) and collagen-treated (right) PCL scaffolds.

Conclusions: This study has demonstrated the potential in
providing an alternative approach to the use of biological
grafts for facial reconstruction by developing a synthetic,
biodegradable textile scaffold which has the ability to
regenerate facial skeletal muscle and brain tissue in vitro
using autologous primary cells. The surface modification
using plasma treatment and type I collagen immobilization
has shown significant improvement in the cell attachment
and cell metabolic activity in the in vitro cell culture.
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Statement of Purpose Although commonly used,
polyurethane biomaterials still need improvement in terms
of their affinity to microorganisms [1]. Biomaterial
surfaces can be contaminated during surgery, mostly by
bacteria strains that are harmless for healthy people e.g.,
species of the genera Staphylococcus and Pseudomonas.
Biomaterial-cantered infection (BCI) may lead to
secondary complications i.e. amputations, morbidity, and
even mortality. The most important aspect that has to be
taken into consideration while designing new biomaterials
surfaces is the competition for the surface between
eukaryotic cells and microorganisms, which is called
‘race for the surface’. The outcome of this contest is
critical for the patient since if bacteria attach to the
medical device, they colonize it and produce biofilm.
Therefore, the biomaterial surface has to be adequately
prepared to increase biocompatibility and at the same
time, limit the risk of bacterial infection. The most
common functionalization to increase the surface
biocompatibility of polymeric materials is the formation
of oxygen-containing groups by plasma modification.
Such treatment indeed increases biocompatibility, but at
the same time significantly higher bacteria affinity to such
surfaces is observed [2]. The mechanism of this effect
remains unsolved so far, mostly because the studies are
performed in the microscale. The study aimed to use
combined in vitro (AFM, XPS, SIMS, biological tests)
and in silico (MD) experiments and provide the basis for a
better understanding of the complex interplay between
biomaterial surface properties and early steps of BCI.
Methods: Polyurethane films (American Polyfilm) were
surface modified by plasma treatment (Diener electronic).
The morphology was investigated using SEM (Hitachi S4700). The changes in chemical composition were
followed using XPS (XPS-UHVS) and SIMS (TOFSIMS
5). For biological tests (A549 human lung carcinoma; S.
aureus, P. aeruginosa) fluorescent microscope (BX63
Olympus). The MD simulations were carried out in an
NVT ensemble using GROMACS 5.1.x [3,4].
Results: The strong effect of oxygen plasma treatment on
PU films on its chemical composition was observed. The
XPS and SIMS results revealed the insertion of oxygencontaining groups into the PU surface (–COOH, –COH, –
OH). The observed changes have a significant impact on
the wettability and surface free energy of PU. The water
contact angle (θw) of the parent material was 99° (SFE =
37.3 mJ/m2) and immediately after the plasma treatment
(50W, 0.14 mbar, 6 min) the surface turned hydrophilic
θw =0.1º. After 24h it slowly grows up to θw=40° (SFE =
63.4 mJ/m2), never reaching the value of the untreated,

hydrophobic samples, even after 21 days. To evaluate the
biological response of the obtained surfaces, A549 cells
and microbiological tests were carried out. There was an
increase in the number of adhered cells on the oxygen
plasma modified PU. It was found, that the most suitable
for cells adhesion is the surface exposed to oxygen
plasma with the optimized parameters (50W, 6 min). The
microbiological results indicate no significant changes in
the number of adherent bacteria, but bacteria exhibited a
lower ability to produce biofilm on the plasma-modified
surfaces, observed by fluorescence microscopy and SEM.
The experimental results were supplemented by MD
simulations helped to gain a unique insight into molecular
interactions at the water−polymer interface. The
calculated values of interaction energy components
(electrostatic and dispersive) correspond well with the
experimentally determined values of surface free energy
components (polar and dispersive), revealing their
optimal ratio not only for cells adhesion, but also
reduction of biofilm formation.

Figure 1. XPS spectra of the parent and oxygen-plasma
modified polyurethane (left panel) and a top-view
representative fragment of decorated polymer surface
showing the interaction of -OH surface groups with SBF
ions (right panel).
Conclusions: We presented a combined theoretical and
experimental approach for evaluating the role of
functional groups at the water−polymer interface in
biocompatibility and early stages of BCI. Understanding
the factors affecting bacterial adhesion to surfaces is
crucial for the design of novel and safe biomaterials.
References: 1. ACS Biomater. Sci. Eng. 7,4 (2021), 1403
2. Mater Sci Eng C 113 (2020): 110972.
3. ACS ami 12.11 (2020): 12426.
4. ACS ami 9.19 (2017): 16685
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Nitric Oxide-Releasing Therapy for Infected Catheter Salvaging
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Statement of Purpose: Despite their commonplace use in
medical treatments, central venous catheters (CVCs) are
often associated with frequent infections. This
complication, which affects the use of many biomaterials,
poses considerable issues to patient morbidity and
mortality as well as costs to the healthcare system.
Currently, there is a lack of treatments to salvage
CVCs once they become infected, necessitating the
removal and replacement of the device. However, CVC
replacement is not always a viable option for neonates
and critically ill patients. Here, we present a novel therapy
using nitric oxide (NO) as a potential treatment for
salvaging catheters. NO is a potent antimicrobial agent
and notably is able to disperse biofilms, the formation of
which greatly reduces the efficacy of antibiotic
treatments.
Methods: Solutions containing various concentrations of
the NO donor molecule, S-nitrosoglutathione (GSNO),
were used to demonstrate the antimicrobial assessments.
These methods included time kill assays and treatment of
established infections (24 h infections and 72 h biofilms).
All assessments were performed with methicillin-resistant
Staphylococcus aureus (MRSA) and multidrug resistant
Pseudomonas aeruginosa (MDR PA). Vancomycin
(VAN) or gentamycin (GEN) solutions were also tested
for comparison of treatments currently clinically
available. In addition to antibacterial experiments, the
treatments were also were tested for hemolysis and
cytotoxicity.
Results: 20 mg/mL of GSNO and 5 mg/mL GEN were
both shown to efficiently kill planktonic bacteria within 2
h, indicating their ability to prevent catheter-related
infections. However, 20 mg/mL significantly
outperformed GEN when treating MRSA infections (4.4vs 2.5-log reduction) and 5, 10, and 20 mg/mL GSNO
again proved more effective when treating MDR PA
infected tubing. VAN was effective against planktonic
bacteria after 24 h but had no effect on established
infections. Moreover, treatment with 20 mg/mL GNSO
showed exceptional biofilm reduction: 94.73  6.51 %
and 94.21  5.90% reductions in MRSA and MDR PA
biofilms, respectively (Figure 1). All treatments were
found to be nonhemolytic and cytocompatible.

Figure 1. 72 h biofilm reduction after 24 h of treatments.
A) MRSA biofilm reduction, B) MDR PA biofilm
reduction.
Conclusions: NO-releasing therapies have exhibited
excellent potential as treatments for biomaterial-related
infections such as CVC salvaging. GSNO solutions have
been shown to outperform currently used antibiotic
therapies, GEN and VAN, in both killing bacteria within
established infections and dispersing microbial biofilms.
Additionally, they have been established to be both
nonhemolytic and cytocompatible, demonstrating the
safety of their potential use in catheter salvaging.

Surface Modified PLGA Microspheres for Improved Intra-articular Corticosteroid Injection Efficacy
Nathaniel MyersG and Noelle Comolli1
Biomaterials and Drug Delivery Lab, Villanova University 1
Statement of Purpose: In recent years, unmodified
PLGA microspheres have become an extended-release
cornerstone in anti-rheumatic medication formulations,
resulting in the first approved extended release
formulation for intra-articular injections called Zilretta®.
Increased efficiency and duration of therapeutic drug
delivery mitigates the most limiting aspect of current antirheumatic intra-articular injections; dosing frequency.
Even still, current treatments can only be administered 34 times a year due to local and systemic toxicity, while
patients report the disappearance of therapeutic effects
Figure 1. Fractional release of HCB over time from
after just a few weeks, resulting in uncontrolled
unmodified,
avidinated, and fully PEGylated PLGA MSs
discomfort and stiffness. Therefore, a targeted PLGA
gels
were
found
to degrade 17.21% faster over a 6-day
based microsphere formulation is required to mitigate
period
in
the
presence
of PC3 cells as compared to just
drug clearance, improve therapeutics localization, and
media,
and
concentrations
of MSs under 1 mg/mL were
combat cytotoxic effects of the corticosteroid payload.
found
to
have
less
than
a
5%
cytotoxic effect on PC3 cell
Methods: Hydrocortisone-17-butyrate (HCB) and/or
replication.
Batimastat (BAT) loaded PLGA 50/50 microspheres were
Fluorescently modified MSs displayed a bright red glow
produced using a modified oil/water emulsion procedure,
from their surface (Biotin-PE) and a uniform green glow
washed in DI water via centrifugation (x3), and freezethroughout (entrapped FLU). Two single channel images
dried. Modified MSs incorporate an avidin-based
and their merged product are shown in Figure 2.
conjugate in the water phase. Post-synthesis biotin
conjugation was quantified via fluorescent activated cell
sorting (FACS). Collagen type 1 gels were set for in-vitro
cartilage models prior to PC3 cell-seeding. Degradation
experiments were 6 days with media replacement on day
3. Entrapment efficiency of synthesized MSs were
Fluoresceine
+
Biotin-PE
=
Merged
calculated by dividing the entrapped drug weight by the
total feed weight of drug in each formulation.
Figure 2. Single channel and merged confocal image of
Computational modeling was completed using MATLAB
FLU (green) and BPE (red) labeled PLGA MSs
with a two-part (desorption and diffusion) release system:
Further confirmation of biotin/avidin surface conjugation
(A. Messaritaki et al.)
on loaded MSs was obtained via FACS, where over

where M(t)/M(∞) is the fraction of total entrapped drug
released, φ is the fraction of surface loaded drug, Kd
represents a mass transfer coefficient related to a
diffusivity and radius of the sphere (r), and D is the
effective Fickian diffusion coefficient for all time after the
drug induction time (td). Fluorescent MS imaging was
completed via inverted confocal microscopy.
Results: Corticosteroid release from varying stages of
surface modified PLGA MSs over a 19-day period is
shown in Figure 1. (n=6) Resultant computational model
parameters were shown to follow several trends including
surface loaded-drug fraction decreases, surface desorption
coefficient increases, Fickian diffusion coefficient
increases, and drug induction time decreases with
increasing surface modification of the PLGA MSs. All
computational model fits were found to be significant.
(R2>.95) PLGA MSs loaded with BAT were found to
display similar release characteristics, however
entrapment efficiency is diminished at just over 50%
(n=1) compared to HCB MSs (71.98%, n=6). Collagen

96.5% of BPE-modified spheres were fluorescently
distinguishable from unmodified PLGA MSs for over 75
hours before consistent biotin/avidin dissociation for the
remainder of the fourth day. Such surface conjugation
implies PEGylated MSs will function properly in
reducing overall immunogenicity compared to
unmodified MSs. Fluorescein-loaded MSs were
fluorescently distinguishable from unloaded MSs for over
6 days before becoming too small to count using FACS.
Conclusions: Modified HCB/BAT MSs provide a novel
and efficacious platform to improve intraarticular
corticosteroid injection therapeutic effect while mitigating
both local and systemic cytotoxic effects of large steroid
dosages. Additional work is ongoing to quantify and
model co-release of HCB and BAT from co-loaded PLGA
MSs at varying stages of surface modification before
introducing those MSs to the in-vitro collagen
degradation model. Lastly, BAT’s broad-spectrum antidegradation effect on cartilage-like collagen gels in the
presence of synovial macrophages will be studied to
further demonstrate the increased efficacy of this
proposed alternative extended-release injection.

High-Performance Biosensors Based on Two-Photon Polymerization of PEGDA-PEDOT:PSS
Omid Dadras-Toussi and Mohammad Reza Abidian*
University of Houston, Houston, Texas, 77204
Statement of Purpose: Precise monitoring of hydrogen
peroxide (H2O2) concentration in body is crucial as its
excessive amounts can potentially induce pathological
events such as neurodegeneration and cancer [1]. Among
various biomaterials, conjugated polymers such as
poly(3,4-ethylenedioxythiophene) polystyrene sulfonate
(PEDOT:PSS) have garnered tremendous attention in a
wide range of biomedical applications [2,3], specifically
in development of high-performance biosensors [4].
Additionally, advanced micro/nano fabrication techniques
have become progressively popular in the field of
biosensing to surpass the existing technological
limitations such as low sensitivity and specificity [5].
Direct laser writing based on Two-Photon Polymerization
(TPP) is a unique fabrication method since it can generate
complex structures in sub-micron resolution [6]. Herein,
we introduce a photosensitive ink which can be fabricated
into highly conductive microstructures via TPP. These
conductive microstructures made of poly(ethylene glycol)
diacrylate-PEDOT:PSS (PEGDA-PEDOT:PSS) have
been utilized for highly sensitive amperometric detection
of H2O2. The outcome of this work paves the way towards
sensitive detection of H2O2 in physiological and
pathological studies.
Methods: Photosensitive ink was prepared by mixing
PEDOT:PSS (0.5 wt%), dimethyl sulfoxide (25 wt%),
ethyl (2,4,6-trimethylbenzoyl) phenylphosphinate (2
wt%), and poly(ethylene glycol) diacrylate Mn=700 (72.5
wt%). During TPP fabrication, irradiation of ultrafast
Ti:Sappphire laser (Mai Tai Deepsee, Spectra Physics) at
wavelength of 780 nm and laser power of 1.7 mW,
coupled with 3D movement of XYZ stages (Newport)
crosslinked the resin at the focal point, and
microstructures were fabricated on a glass coverslip.
BioStatTM (ESA Biosciences, Inc.) was used to record the
amperometric response at polarization potential of 700
mV vs. Ag/AgCl, which was applied to the biosensor in a
stirred solution of phosphate buffered saline solution
(pH= 7.4) while successive injections of H2O2 were added
(cumulative concentration ranging from 0.1 mM to 20
mM) to the system.
Results: To reinforce the structural integrity and prevent
delamination, an array of 5 by 5 cubes were fabricated
right next to each other via TPP to create a cubic structure
with total dimensions of 500 µm × 500 µm × 2 µm
(length × width × height) (Figure 1-A). Although the nonconductive microstructures (i.e. PEGDA) did not show
significant current changes, conductive microstructures
(i.e. PEGDA-PEDOT:PSS) exhibited peaks to successive
addition of H2O2 (Figure 1-B). Calibration curve was
plotted to quantify the amperometric response which
correlated the current changes to H2O2 concentration
(Figure 1-C). While concentration ranged from 0.1 mM to
20 mM, the biosensor had a linear response up to 1 mM
of H2O2 concentration (Figure 1-D). Using the linear

response range, the sensitivity and lower limit of
detection were calculated to be 6.848 E-06 µA (mM µm2)1
and 0.243 mM, respectively (AVG ± SEM, n=5).

Figure 1. Fabrication and characterization of TPPgenerated PEGDA-PEDOT:PSS biosensors for sensitive
detection of H2O2. A) Upright micrograph of cubic
biosensor microstructure. B) Current response of nonconductive (black) and conductive (red) microstructures
to successive addition of H2O2. C) Calibration curve. D)
Linear range.
Conclusions: We have successfully demonstrated a
strategy for development of high-performance H2O2
biosensors via TPP. The effect of geometry of the
microstructures on sensitivity of biosensors will be further
investigated. In the future, we aim to develop TPPfabricated biosensors for detection of other biomolecules.
References:
[1] Y Zhang. Anal. Chem. 2014; 86, 9459-9465.
[2] O Dadras-Toussi. IEEE/EMBS Conference on Neural
Engineering (NER). 2021; 395-398.
[3] OD Toussi. 2021.biomaterials.org. 2021.
[4] G Yang. Adv. Mater. 2014; 26, 4954-4960.
[5] S Chakraborty. Biosens. Bioelectron. 2009; 24, 32643268.
[6] W Xiong. Adv. Mater. 2016; 28, 2002-2009.

A Predictive Mechanistic Model of Drug Release from Acetalated Dextran Particles
Rebeca T. Stiepel1, Erik S. Pena2, Matthew D. Gallovic3, Christopher J. Genito4, Eric M. Bachelder1, Kristy M.
Ainslie1,2,4
[1] Division of Pharmacoengineering and Molecular Pharmaceutics, Eshelman School of Pharmacy, University of
North Carolina, Chapel Hill, NC 27599 [2] Joint Department of Biomedical Engineering, University of North
Carolina at Chapel Hill and North Carolina State University, USA [3] IMMvention Therapeutix, Durham, NC 27701
[4] Division of Microbiology & Immunology, University of North Carolina School of Medicine, Chapel Hill, NC
27599
Statement of Purpose: Acetalated dextran
to fit drug release data, and NN predictions appear
(Ace-DEX) has been utilized as a microparticle (MP)
accurate for DXM release (Fig. 2).
drug delivery platform, allowing for triggered release
in acidic environments, such as the endosome of
phagocytic cells, tumor microenvironments, and sites
of inflammation. Ace-DEX has tunable degradation
rates based on cyclic acetal coverage (CAC). In this
work, the effect of CAC on the release of various drugs
from Ace-DEX MPs was evaluated in vitro. The goal
Figure 1: Blank MP deg kinetics at A) pH 5 & B) 7.4.
of this work is to develop a mathematical model to
predict drug release from Ace-DEX MPs even while
varying polymer CAC and MP cargo.
Methods: 20, 40, and 60 CAC Ace-DEX was
synthesized according to the standard protocol.1 MPs
were made by homogenization, an emulsion
technique. Blank MPs were made as well as MPs with
the following drug cargos: 1% and 5% Paclitaxel
(PTX), 1% Rapamycin (Rapa), 1% Doxorubicin
(DXR), 1% Resiquimod (R-848), and 1%
Dexamethasone (DXM). PTX, Rapa, and DXM
loading were determined by high performance liquid
chromatography (HPLC). DXR and R-848 loading
were determined via plate reader fluorescence (ex/em:
480/580 and 260/370 respectively). Drug release and
MP degradation were evaluated at neutral pH and pH
5 under sink conditions. Drug release was determined
via HPLC or fluorescence reading. Blank MP
degradation was evaluated with a bicinchoninic acid
assay and imaged via scanning electron microscopy. A
mathematical model was developed based on the
Figure 2: Release data (points) and model results
predicted release mechanism – unsteady state
(lines) for A) R-848 and B) DXM. DAB parameter
diffusion2 coupled with surface erosion:
values for DXM release are NN predictions.
𝑴𝒕
𝟔
𝟏
𝑫𝑨𝑩 𝒏𝟐 𝝅𝟐 𝒕
Conclusions: Ace-DEX MPs appear to
∞
(1)
= 𝟐 ∑𝒏=𝟏 𝟐 𝒆𝒙𝒑 (−
)
𝑴𝑨𝟎
𝝅
𝒏
𝑹𝟐
degrade via surface erosion and first order kinetics.
𝒅𝑹
Each drug demonstrated distinct release kinetics,
(2)
= −𝒌𝒅𝒆𝒈 ∗ 𝑹
𝒅𝒕
likely due to varied properties. The mathematical
Where Mt=mass of drug remaining in MPs at time
model was successful in modeling drug release
t, MA0=initial mass of loaded drug, R=total MP radius,
behavior for various Ace-DEX MP systems, and new
DAB=diffusion coefficient,
and
kdeg=polymer
diffusion coefficients can be accurately predicted.
degradation coefficient. Model simulations were
With further work, this model can aid in the
evaluated against drug release data. R0 and kdeg were
optimization of drug delivery kinetics from Ace-DEX
determined empirically. DAB was estimated by least
formulations. Future work is planned to conduct in
squares regression analysis to curve fit PTX, Rapa,
vitro to in vivo extrapolation and to adapt the model to
DXR, and R-848 release data. A neural network (NN)
additional geometries and drug cargos.
machine learning algorithm was developed to predict
References: [1] Kauffman KJ. ACS Appl
DAB values for DXM.
Mater
Interfaces.
2012, 4 (8), pp 4149–4155. [2]
Results: Blank MP degradation fits a one
Siepmann
J.
Biomacromolecules,
2005, 6 (4), pp
phase decay model (Fig. 1). Model simulations appear
2312–2319.

Comparative Effect of BMP-2 and BMP-9 for Bone Regeneration by Mesenchymal Stem Cells in a Biomimetic Hydrogel
Sarah A. Schoonraad, Arjun Singh, Alan Jaimes, Stephanie J. Bryant.
University of Colorado, Boulder

Statement of Purpose: Although bone morphogenetic protein 2 (BMP-2) is a well-established osteogenic cue, it has been
shown to have confounding effects as it is able to stimulate
chondrogenesis, osteogenesis, and endochondral ossification all
within the same culture system1. Additionally, investigation into
the osteogenic potential of various members of the BMP family
of growth factors (GFs), have found that a somewhat lesser
investigated member, BMP-9, may be the most potent
osteoinductive BMP2,3. Therefore, in this work we sought to
compare the osteogenic response elicited by BMP-2 or BMP-9
on encapsulated human MSCs (hMSCs), when tethered into an
enzyme degradable bone mimetic PEG-hydrogel, over a range
of tethering concentrations.
Methods: GFs, BMP-2 and BMP-9, were thiolated by reacting
four molar excess of Traut’s reagent in buffer for 1 hour.
Thiolated GFs were tethered to 8-arm-10kDa PEG-norbornene
(PEGNB) via thiol:norbornene photoclick reaction. Human
mesenchymal stem cells (hMSCs) were encapsulated in vitro in
a bone-mimetic hydrogel containing 6% w/w PEGNB tethered
with either BMP2-SH or BMP9-SH (0, 10, 100, or 500 nM), an
enzyme
degradable
MMP-sensitive
crosslinker
(GCVPLSLYSGCG; 1:0.80 thiol:ene ratio), an adhesion peptide
(GCRGDS, 2 mM), hydroxyapatite nanoparticles (1% w/w), and
0.05 wt% I2959 at a concentration of 50 million cells per mL of
precursor solution. There were three replicates per condition.
Cell‐laden hydrogels were cultured in chemically defined
osteogenic differentiation medium containing MEM-α, 1% ITS
+ premix, 100 nM dexamethasone, 50 μg mL-1
ascorbate‐2‐phosphate, 1% MEM non‐essential amino acids,
10mM β‐glycerophosphate, 50 U mL-1 penicillin, 50 μg mL-1
streptomycin, and 0.2% fungizone. Cell survival and
morphology of encapsulated hMSCs at week one was evaluated
by Live/Dead imaging. Differentiation was determined by
mRNA expression of the osteogenic markers ID1 and OPN.
Groups were compared using a two-way ANOVA with
significance determined as p<0.05. Cell-laden hydrogels were
assessed for mineralization by von Kossa stain.
Results Live/Dead staining of cells at week one indicates that
the hMSCs survived the encapsulation procedure across all
conditions as evidenced by an abundance of green staining and
minimal red staining in the representative images (figure 1).
Additionally, assessment of the morphology of the cells suggests
that the inclusion of tethered BMP-2 may be more effective at
inducing cell spreading than the gel alone or with tethered BMP9, particularly at higher concentrations. Results from qPCR
indicate that the higher concentrations of BMP2-SH and BMP9SH (i.e., 100 nM and 500 nM) enhance the gene expression of
two osteogenic markers (ID1 and OPN at weeks 1 and 8,
respectively), relative to the bone mimetic hydrogel alone
(figure 2A). Additionally, results show that the 500 nM tethered
BMP-2 condition resulted in significantly higher gene
expression for both of these genes relative to 500 nM tethered
BMP-9. Representative images from von Kossa stained samples
at week 8 show that both tethered conditions result in an
increased mineralization, relative to no BMP, suggesting that the
presence of the GF in the hydrogel network enhances the
osteogenic response of the encapsulated hMSCs (figure 2B).
Additionally, there appears to be an increase in mineralization

for the condition with 500 nM BMP2-SH relative to 500 nM
BMP9-SH.

Figure 1. Representative images show the range of morphologies within
each condition at week 1. Live cells are stained green and dead cells are
stained red. Scale bar = 200 µm

Figure 2. (A) ID1 and OPN expression of hMSCs in an enzymedegradable hydrogel at weeks 1 and 8, respectively. Data are shown as
averages with standard deviation error bars (n=3) (B) Representative
images show the range of mineralization observed within each condition
at week 8. Scale bar = 50 µm

Conclusions: Overall, this study shows that the osteogenic
response elicited by a bone-mimetic PEG-network, can be
further enhanced through the addition of a matrix-bound BMP.
Both BMP-2 and BMP-9 resulted in increases in gene
expression of osteomarkers ID1 and OPN and increased mineral
deposition. Counter to previously cited literature, BMP-2 proved
to be a more potent osteogenic cue, particularly at higher
concentrations, as compared to BMP-9. Ongoing studies are
investigating the effects of tethered BMP-2 and BMP-9 on
alkaline phosphatase activity and collagen I deposition.
References: 1. Zhou, N., Cell Tissue Res 2016, 366 (101-111),
2. Lamplot, J. D., Am J Stem Cell, 2013, 2 (1-21), 3. Zhao,X.,
Am J Trans Res 2021, 13 (4233-4250)
Acknowledgments: Funded by NIH R01AR069060 and NIH
T32 GM065103 and Department of Education GAANN to SAS.

Optimized Loopable Translation as a Platform for the Synthesis of Repetitive Proteins
Sea On Lee1, Qi Xie1, Stephen D. Fried1
1
Department of Chemistry, Johns Hopkins University, Baltimore, Maryland, USA 21218
Statement of Purpose: The expression of long proteins
with repetitive amino acid sequences often presents a
challenge in recombinant systems. To overcome this
obstacle, we report a genetic construct that circularizes
mRNA in vivo by rearranging the topology of a group I
self-splicing td intron from T4 bacteriophage, thereby
enabling “loopable” translation. Using a fluorescencebased assay to probe the translational efficiency of
circularized mRNAs, we identify several conditions that
optimize protein expression from this system. Our data
suggested that translation of circularized mRNAs could
be limited primarily by the rate of ribosomal initiation;
therefore, using a modified error-prone PCR method (Lee
et. al., 2021), we generated a library that concentrated
mutations into the initiation region of circularized mRNA
and discovered mutants that generated markedly higher
expression levels. Combining our rational improvements
with those discovered through directed evolution, we
report a loopable translator that achieves protein
expression levels within 1.5-fold of the levels of standard
vectorial translation. In summary, our work demonstrates
loopable translation as a promising platform for the
creation of large peptide chains, with potential utility in
the development of novel protein materials.
Methods: The negative control (pBAD-GFP1-52) and the
positive control (pBAD-GF52-DVFLGLPFNI-P)
constructs were made by PCR via QuickChange using
GFP containing pBAD plasmid as a template. The
negative control is a construct that would be made if
circularization does not happen, and the positive control is
a construct that would be made if circularization happens,
with a 10 amino acid scar between residue 52 and 53
arising from the natural exonic sequences of td. The
circular translator construct (pBAD-tdTEVDB) was made
by PCR via Gibson assembly. pBAD-tdTEVDB has a
permuted self-splicing Group I td intron that is designed
to circularize an mRNA via its natural two phosphoryl
transfer reactions, instead of generating linear exonic
products. We chose GFP as the reporter to track the
translational efficiency of our constructs. Polymeric GFP
is known to be non-fluorescent, thus we installed a TEV
protease cleavage site at the end of GFP, which can
liberate GFP monomers from the protein chain. Each
construct was co-expressed in E. coli with TEV protease,
and the resulting fluorescence signal was measured with a
plate reader (Spectra iD3; Molecular Devices). After
finding the optimal condition for expression (20 mM
Mg2+; expression at 30 °C), we sequentially truncated the
exonic context by QuickChange to minimize the scar.
Then we generated a library via error-prone PCR using
GeneMorph II Random Mutagenesis kit (Agilent).
Results: In initial condition, our fluorometric read-out
data showed that pBAD-tdTEVDB synthesized
significantly less GFP (4.2%) compared to the positive
control. The construct showed a significant improvement

(16% compared to the positive control) at 30 °C with 20
mM Mg2+ (P <0.0001 by Student’s t-test). We reduced the
exonic scar to only two amino acids (G on 5’ and L on
3’). The best-performing construct obtained from directed
evolution (C-15A/G4C) achieved a total of 14-fold
increase (background-subtracted mean RFU: 75000) in
the fluorescence signal compared to pBAD-tdTEVDB
expressed in the initial condition (background-subtracted
mean RFU:5260).

Figure 1. Fluorescence Read-out
Additionally, the GFP concatemer made by pBADtdTEVDB in the absence of TEV protease was confirmed
by Western blot (28% compared to the positive control;
data not shown). In the presence of TEV protease, the
GFP concatemer was cleanly cleaved into GFP monomers
(Western; data not shown). Our northern blot (data now
shown) indicated that 50-70% of the total mRNA was
circularized, indicating that the translational efficiency
could be limited by the rate of ribosomal initiation.
Conclusion: Loopable translation has several traits that
could make it an attractive option for making highly
repetitive proteins. The absence of repetitive DNA
sequences renders the plasmids amenable to many more
synthetic biology manipulations. The feature also allows
researchers to ‘swap out’ the GFP sequence in pBADtdTEVDB with an arbitrary sequence via a single Gibson
assembly with only two amino acids as a scar. Due to the
universal nature of the autocatalytic circularization, we
expect that our optimized loopable translation system
should be functional in a range of microbial hosts.
Finally, the repeat number (loop count) from our system
was high and generated long protein concatemer. The
next major direction of our study is to deploy the loopable
translator to create long repetitive fibrous proteins, such
as poly-Curli proteins (e.g., E. coli CsgA), that can
potentially have enhanced materialistic properties.
References: References to published literature. If it is
necessary to cite references, refer to the information
below: Current work: ACS Central Science, Accepted
Rna 4, 1047–1054 (1998)
Methods Mol. Biol. 183, 69–85 (2001).
Anal. Biochem. 628, 114266 (2021).

Biomimetic Scaffolds Capture Anti-Tumor Immune Cells in the Early Breast Cancer Metastatic Niche
Sophia Orbach, Michael Brooks, Scott Campit, Ryan Rebernick, Grace Bushnell, Sriram Chandrasekaran, Max Wicha,
Jacqueline Jeruss, Lonnie Shea.
University of Michigan.
Statement of Purpose: One in eight women will be
Although the percentage of classical monocytes increased
diagnosed with breast cancer. Although therapeutic
from 23% to 70% from days 0 to 14, tumor-associated
advances have drastically improved outcomes for localized
monocytes (Chi3l3+ classical monocytes) were undetected
disease, treatments for metastatic cancer focus on
until day 21 (36%). These day 21 monocytes were enriched
prolonging life rather than curative therapy. By the time
for genes (e.g. Tgfbi, Lcn2, S100a4) and pathways
secondary tumors are detected, millions of tumor cells have
correlating to extracellular matrix remodeling. Pseudotime
colonized the tissue and often compromised organ
analysis suggests that the neutrophil phenotypic shift was
function. Early detection provides an opportunity to
a result in changes in recruitment. In contrast, the
intervene while tumor burden and heterogeneity are low.
phenotypic shift in the monocytes was due to localized
Our research group has developed a biomaterial scaffold
changes in signaling.
that can be used as a surrogate metastatic niche and readily
accessed. We previously demonstrated their utility in
Figure 1:
detecting early metastatic disease and recruiting tumor
Neutrophil (A)
cells that are phenotypically identical to those at the native
and monocyte (B)
metastatic niche. We aim to dissect the heterogeneity and
phenotypes in the
temporal transitions of the lung metastatic niche to
lung and scaffold
investigate how changing phenotypes influence tumor cell
converge as
behavior. The combined findings from the native (lung)
metastatic disease
and surrogate niche (scaffold) can be used to identify
progresses.
diagnostic markers and actionable targets for the treatment
of early metastatic disease.
Methods: Polycaprolactone (PCL) porous scaffolds were
implanted subcutaneously in female BALB/c mice two
weeks before orthotopic inoculations of 4T1 triplenegative tumor cells. Tumors were allowed to progress for
7, 14, or 21 days (pre-metastatic, early metastatic, and
metastatic niche, respectfully). Lungs and scaffolds were
collected, with healthy mice serving as controls (day 0).
Tissues were broken down to a single cell suspension,
library preparation was completed using Drop Seq, and
samples were analyzed by single cell RNA sequencing.
The Seurat pipeline identified cell types, phenotypes, and
differential gene expression. Pseudotime analysis was
completed with Monocle3. Enrichment of signaling
pathways was determined with Gene Set Enrichment
Analysis. Receptor-ligand interactions, transcription factor
expression, and metabolic pathways were assessed with a
combination of CellPhoneDB, DoRothEA, NicheNet, and
COBRA.

The temporal dynamics in the lung were compared to the
scaffold to determine paralleled trends, which would
highlight the use of the scaffold as a diagnostic.
Neutrophils collected from the healthy scaffolds had an
inherently anti-tumor phenotype relative to the lung
(Figure 1A). The scaffold cells were more proinflammatory due to their behavior in the foreign body
response. Yet, as disease progressed, the phenotypes of the
neutrophils in the lung and scaffold converged, becoming
increasingly pro-tumor, and were identical by day 21.
Monocyte phenotypes were more comparable between the
two tissues at all time points (Figure 1B). At day 21,
monocytes collected from the lungs and scaffolds were
enriched for the same extracellular matrix-associated
genes. These data show incredible promise for the
scaffolds to model the specific phenotypic changes
associated with the progression of metastatic breast cancer.

Results: We initially characterized the lung, the native
metastatic niche, to understand the physiological dynamics
in metastatic development. We identified key phenotypic
shifts in the lung as disease progressed. Specifically, days
7 and 14 exhibited increased anti-tumor signaling, while
day 21 was highly pro-tumor. The enrichment of pathways
indicative of metastasis-associated immune dysregulation
drastically decreased between days 14 and 21. Neutrophils
and monocytes acted as the primary drivers of this
phenotypic shift. The percentage of pro-tumor neutrophils
increased from 21% at day 7 to 74% at day 21. Moreover,
day 7 and day 14 neutrophils correlated to pathways
associated with T cell activation and interferon gamma,
further identifying their role in suppressing tumor cells.

Conclusions: We have identified anti-tumor immune cells
at the metastatic niche in early-stage metastatic disease.
Anti-tumor neutrophils and monocytes could be leveraged
to pursue new therapeutic strategies and improve our
understanding of the early events in metastatic breast
cancer. Markers derived from such cells may also stratify
metastatic disease to help direct providers to the best
course of treatment, specifically in the context of
immunotherapies. Importantly, the recapitulation of these
phenotypes in the accessible biomaterial scaffold could
allow us to identify potential cases of metastasis prior to
the formation of macroscopic secondary tumors. Earlier
detection and treatment of metastatic breast cancer has the
potential to revolutionize patient outcomes.

Development of Decoy CD47-Nanomedicine as Novel Therapeutic Strategy for Targeted Amelioration of
Thrombospondin 1-Induced Vascular Dysfunctions
1,2
Tamer Elbayoumi, 1Samayita Ganguly, 3Aren Ebrahimi, 3Jane Hae Soo Shin, and 1,2Molly Yao
1
College of Pharmacy-Glendale Campus, 2College of Graduate Studies, 3Arizona College of Osteopathic Medicine,
Midwestern University, Glendale, Arizona.
Statement of Purpose: Thrombospondin 1 (TSP1), a
specific binding of rh-CD47p-NanoLip to human TSP1,
multifunctional matrix protein, influences a range of
in cell free settings, was confirmed qualitatively via
functions such as platelet activation, angiogenesis,
western blots, and quantitatively using modified TSP1
programmed cell death and tumor progression. Its innate
ELISA, showing linear dose-dependent binding of
trans-membrane receptor, integrin-associated protein
monomeric human TSP1: rh-CD47p-NanoLip across the
CD47, is considered a central relay of TSP1-mediated
tested 1:2-1:10 molar ratio range.
responses in human tissues, mostly involving impairment
of endothelial vasoreactivity and vascular remodeling.
Based on molecular modeling, combined with our
positive pre-clinical in vitro and ex vivo data, dosimetric
TSP1 binding with soluble decoy human recombinant
CD47 protein (rh-CD47p) have been established. Starting
at 3x molar excess of rh-CD47p amount effectively
abolished all TSP1/CD47 endothelial receptor
communications and restored of vascular tone.In current
pharmaceutical prototype, multiple rh-CD47p ligands
successfully cross-linked onto FDA-approved liposomes
(NanoLip), can avoid opsonins and mononuclear cells in
blood, while specifically binding many circulating TSP1
molecules. Resulting TSP1 scavenging CD47-NanoLip
complexes are then eliminated by the mononuclear
phagocyte system (MPS). Therefore, our newly developed
rh-CD47p-nanomedicine (rh-CD47p-NanoLip) can lower
excessive plasma TSP1 concentration, which are often
implicated in pulmonary arterial hypertension (PAH),
ischemia-reperfusion injury (IRI) in several organs, and
In vitro, activated human blood macrophage, showed
left ventricular heart failure, back to normal or even subsubstantial decrease in phagocytosis of rh-CD47pnormal serum values.
NanoLip, compared to plain- and IgG-NanoLip controls
Methods: Direct bio-conjugation of rh-CD47p, onto
(4.5x and 4.0x folds reductions, respectively), indicating
NanoLip surface was achieved using a sulfo-NHSretention of self-marker function. Conversely, binding of
modified reaction between the rh-CD47p amino groups
exogenous human TSP1 caused significant recovery of
and a corbodiimide (EDC)-activated glutaryl-end of
phagocytosis of rh-CD47p-NanoLip (p<0.05, n=4), due to
DOPE, already present in pre-formed NanoLip. Following
scavenging complex formation and final elimination.
column purification and physico-chemical analysis of
Therapeutically, utilizing ex vivo model of isolated mouse
developed rh-CD47p-NanoLip formulation prototype,
thoracic aorta, here, mimicking pathological high plasma
CD47 and modified TSP1 ELISA were used to quantify
levels of TSP1 in PAH/IRI patients, rh-CD47p-NanoLip
specific binding of rh-CD47p-NanoLip to human TSP1 at
treatment completely neutralized TSP1-mediated
various ratios, in addition to qualitative western blot
inhibition of vasodilation, back to the same level as
analysis. Immuno-modulation of rh-CD47p-NanoLip was
controls (p<0.001, vs. TSP1, n=4), exhibited at titrated
confirmed via human macrophage phagocytosis assay,
molar dose ratios vs. TSP1.
along with immuno-mediated elimination of TSP1 bound
Conclusions: Altogether, our pre-clinical data represent
to rh-CD47p-NanoLip scavenging complex. Pathological
successful early-stage development and evaluation of a
ex-vivo model of isolated mouse thoracic aorta (postunique CD47-based immunomodulatory nano-therapy,
TSP1 administration of rh-CD47p-NanoLip) was used to
specifically targeting TSP-1. The extracellular domains of
evaluate the efficiency of rh-CD47p-Nano Lip in
native CD47 receptors of TSP1 were successfully “nanomitigating TSP1-impaired vasodilation, at different doses.
engineered” into a systemic decoy pharmaceutical
Results: Prototype anti-TSP1 nano-formulation (av.
prototype, rh-CD47p-NanoLip, capable of neutralizing
particle size = 86±6.0nm) was pharmaceutically
pathological TSP-1 plasma levels, to abrogate TSP1characterized, following successful surface coupling of
induced cardiovascular disorders.
rh-CD47p onto NanoLip, yielding 67±16µg/mL of protein
References:
(congruent with 8.2 mV reduction in NanoLip’s negative
1. Elbayoumi T., Biomedicines. 2021; 9(6):642.
surface potential, compared to plain NanoLip). The
2. Yao M, J Am Soc Nephrol. 2014 ;25(6):1171-86.
activity of rh-CD47p-NanoLip was estimated as 86% of
3. Hayat, S, Pept. Lett. 2020, 27, 1029–1037.
native/unmodified rh-CD47p control, using ELISA. The

Targeting cancer-associated fibroblasts within a microtumor environment via liposomes with arginine-based surface
modifiers
Tanzeel Ur Rehman1, Kaitlin M. Bratlie 1,2.
1) Department of Materials Science & Engineering, Iowa State University, Ames, Iowa 50011
2) Department of Chemical & Biological Engineering, Iowa State University, Ames, Iowa 50011
Statement of Purpose: Fibroblasts are critical in wound
to fibroblasts, making them more toxic towards the
healing as they synthesize extracellular matrix. Moreover,
myofibroblasts (Figure 1). For myofibroblasts, liposome
fibroblasts support the wound healing process by
E resulted in the highest toxicity with an IC50 value of 0.1
differentiation into a myofibroblast phenotype, which can
± 0.02 µM, while for fibroblasts, liposome I gave the
occur due to transforming growth factor-β (TGF- β),
highest toxicity with an IC50 value of 0.19 ± 0.04 µM.
among other inflammatory mediators. Myofibroblasts also
Furthermore, a significant increase in cell internalization
promote wound healing and wound closure. However, in
was also observed for myofibroblasts compared to
the presence of cancer, myofibroblasts can act as cancerfibroblasts. No significant difference was seen between
associated fibroblasts (CAFs) and enhance tumor
the IC50 values predicted from the regression model and
progression and metastasis. Furthermore, various studies
the measured values for fibroblasts for all three
have shown that CAFs can develop resistance to chemomodifications. For myofibroblasts, modification O did not
and radiotherapy drugs mediated by CAF-secreted soluble
show a significant difference between the predicted and
factors, promoting cancer stemness and modulating
measured values.
metabolism.[1] Therefore, there is an urgent need to
synthesize a drug delivery vehicle that can differentiate
between CAFs and fibroblasts to actively target CAFs and
being more toxic towards CAFs compared to regular
fibroblasts. In this study, we used 17 different arginine
derivatives to modify the surface of the DOPE: DOPC
liposomes. The modified liposomes showed increased
drug targetability and cell internalization to
myofibroblasts in contrast to fibroblasts.
Methods: The liposomes were synthesized using the thinfilm hydration method.[2] Briefly, 1, 2-dioleoyl-snglycero-3-phosphoethanolamine (DOPE, Avanti Polar
Lipids, Inc., Alabaster, AL) and 1, 2-dioleoyl-sn-glycero3-phosphocholine (DOPC, Avanti Polar Lipids, Inc.) were
dissolved in chloroform at a 2:1 ratio. The solution was
evaporated, and the resulting film was rehydrated using
PBS. The solution was then dialyzed against DI water
overnight. Afterward, the liposomes were lyophilized and
Figure 1. IC50 concentrations for fibroblasts and
kept at -20 oC for further use. Seventeen different
myofibroblasts. (*) and (†) indicates p < 0.05 for values
molecules were used as surface modifiers for the
compared to their respective UM liposome (pairwise
liposomes. Carbodiimide chemistry was used to modify
comparison) and myofibroblast compared to fibroblast for the
the surface of liposomes. Doxorubicin (DOX) was
same modification, respectively.
encapsulated in the liposomes. Zeta potential and dynamic
Conclusions: The 17 surface modifications did not affect
light scattering were used to measure the surface charge
the size and drug loading efficiency of the liposomes.
and size of the liposomes. To perform the toxicity studies,
Significant differences were observed for the zeta
fibroblasts and myofibroblasts were seeded in a 96-well
potential, which influences cell internalization. For
plate, and cell viability and half minimal inhibitory
myofibroblasts, 15 out of 17 modifications showed
concentration (IC50) were calculated. Furthermore,
significantly lower IC50 values compared to fibroblasts.
cellular uptake was measured using fluorescently loaded
These modifications resulted in a significant increase in
modified liposomes to investigate the targetability of the
cell internalization, improving targeted delivery to
modified liposomes. Finally, a novel regression model
myofibroblasts in a tumor microenvironment (TME).
was constructed to predict the IC50 values for different
Furthermore, the IC50 prediction model was used to obtain
modifications using their physicochemical properties.
a reasonable estimate for the IC50 values for unknown
Data are expressed as the means ± standard deviation.
modifiers using their physicochemical properties. This
Results: All liposomes resulted in a negative zeta
study demonstrates that the tested modified liposomes are
potential and a mean size of <120 nm. Cell viability
suitable drug delivery vehicles for myofibroblasts in a
remained unchanged for all liposomes (>86%). DOX was
TME. This work attests to the significance of
encapsulated in the liposomes with an encapsulation
investigating the interactions of modified and unmodified
efficiency of >94%. The toxicity towards myofibroblasts
liposomes with fibroblasts and myofibroblasts.
increased as there was a significant decrease in IC50
References: [1] Bu L. Cancer Sci. 2020;111(10):3468.
values for these liposomes for myofibroblasts compared
[2] Ma L. Integr. Biol. 2017;9(1):58–67

A Study on the Ability of an Organo-Selenium Attached to a Cotton Dressing, to Inhibit Candida
albicans Biofilm Formation
Phat Tran, Unique Jacob1, Noureddine Abidi2, Nicholas Bergfeld1, Ted Reid1
Texas Tech University Health Sciences Center, Lubbock, TX; 2Fiber and Biopolymer Research Institute, Texas Tech
University, Lubbock, TX
Statement of Purpose: Candida species are fungal
pathogens known for their ability to cause superficial and
systemic infections in the human host. These pathogens
are able to persist inside the host due to the development
of pathogenicity and multidrug resistance traits, often
leading to the failure of therapeutic strategies. One
specific feature of Candida species pathogenicity is their
ability to form biofilms, which protects them from
external factors such as host immune system defenses and
antifungal drugs. The following research was carried out
to determine the ability of organo-selenium compounds
attached to a cotton dressing, to block the attachment and
potential biofilm formation of Candida albicans onto the
dressing.
Particular attention should be given to products or
Figure 2. CFU
equipment that bear registered trade names. Provide the
Assay.
company name and its city and state address
Scanning electron microscopy was also carried out on the
parenthetically following the first mention of the product.
dressing samples to confirm the results obtained with the
Methods: Cotton wound dressings were prepared by
CFU assays.
covalently attaching organo-selenium (OS) to the
dressing. It was shown that this OS treated dressing can
catalyze the formation of superoxide formation by the
utilization of a luminometer.
1

Figure 3. Scanning Electron Microscopy analysis
of Candida albicans biofilm formation on untreated (A),
and OS-coated (0.5%, B; 1%, C; and 8%,C; selenium)
cotton dressings. Representative fields of view are shown.
Bars, 20 μm.

Figure 1.
Equation showing the catalytic mechanism of superoxide
production by selenium.
Superoxide formation in the dressing, is what is required
to block the biofilm formation of the microorganisms.
These dressings were then treated with a multi-antifungal
drug resistant Candida albicans in vitro. After 48-hours of
growth, the amounts of bacteria growing in the cotton
wound dressings were determined by a colony forming
unit (CFU) assay. and imaged by scanning electron
microscopy. The dressings were soaked for over 2 years
in phosphate buffered saline (PBS) and then tested by the
CFU assay.
Results: Utilizing colony forming unit (CFU) assays,
over 8 logs of inhibition (100%) were found for the
Candida albicans strain 3147 on the OS materials
containing 1% and 8.0% concentrations of selenium
compound. The dressing containing 0.5% selenium
showed over 4 logs of inhibition when compared with the
control (untreated) dressing. These results are shown in
Figure 2.

Figure 4. CFU assay,
stability study of dressing with selenium after soaking for
2 years in PBS.
Conclusions:
1.Cotton textile materials can be incorporated with
selenium monomers.
2. Textiles attached with 1.0% and 0.8% Selenium
inhibits over 8 logs of C. albicans biofilm formation.
3. Attaching Organo-Selenium to textiles is stable for
over 2 years soaking in PBS and still exhibits inhibition of
biofilm formation.

Improving selective targeting to mouse macrophage subpopulations through altering the polyethylene glycol
composition of liposomes.
Vittal G. Kamath1, Tanzeel Ur Rehman2, Kaitlin M. Bratlie 1,2.
1) Department of Chemical & Biological Engineering, Iowa State University
2) Department of Materials Science & Engineering, Iowa State University
Statement of Purpose: Liposomes are spherical vesicles
Results: A general trend of increasing IC50 concentrations
that consist of one or multiple phospholipid bilayers. Due
(Figure 1) was observed as the composition of PEG
to their minuscule size as well as their hydrophobic and
increased in the liposomes when delivered to naïve
hydrophilic character, they can be used as an excellent
macrophages. This trend demonstrates a decreased level
drug delivery vehicle since they can effectively
of toxicity that DOX has with increasing PEG since a
encapsulate a drug. Over the years, several liposomes
higher IC50 concentration reflects that more DOX is
have been approved to selectively target specific tissues in
required for 50% of the cells in the well plate to stay alive
the body as liposomes reduce the toxicity of the
and metabolize. The same trend is expected to occur when
encapsulated drug while also improving the efficacy and
the DOX encapsulated liposomes are delivered to M1 and
therapeutic index of the drug. [1] One downside of
M2 macrophages. The IC50 value for the liposome with a
conventional liposomes is that they are often detected
ratio of 2:0:1 (DOPE:DOPE-PEG:DOPC) is 3.60 ± 0.79
quickly by the reticuloendothelial system (RES), leading
μM. In addition to this ratio, the IC50 values for the
to their early and unfortunate blood clearance. [2] Studies
liposomes with ratios 1.5:0.5:1, 1:1:1, 0.5:1.5:1, and 0:2:1
show that liposome PEGylation (the covalent linking of
resulted in 1.69 ± 0.51 μM, 4.46 ± 1.42 μM, 6.87 ± 0.91
polyethylene glycol (PEG) chains) effectively improves
μM, and 5.51 ± 0.82 μM, respectively. As seen from the
the circulation time of liposomes as it increases the
above values, there is an increasing trend in IC50
hydrophilicity of the liposome. Therefore, it is essential to
concentrations as the composition of PEG increases.
study how PEGylation can improve selective targeting to
macrophage subpopulations as new formulations may
enhance the delivery of existing chemotherapy drugs. In
this study, we used 5 different ratios of DOPE: DOPEPEG: DOPC liposomes to study the effect that PEG has
on the toxicity of entrapped Doxorubicin (DOX).
Methods: The liposomes were synthesized using the thinfilm hydration method. Concisely, 1,2-dioleoyl-snglycero-3-phosphoethanolamine (DOPE, Avanti Polar
Lipids, Inc., Alabaster, AL), 1,2-dioleoyl-sn-glycero-3phosphoethanolamine-N-[amino(polyethylene
glycol)2000] (DOPE-PEG(2000), Avanti Polar Lipids, Inc.) and
1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC, Avanti
Polar Lipids, Inc.) were dissolved in chloroform 5 times
in varying ratios of (i) 2:0:1, (ii) 1.5:0.5:1, (iii) 1:1:1, (iv)
0.5:1.5:1 and (v) 0:2:1. The solution was evaporated and
then dialyzed using DI water. After this, the liposomes
were lyophilized at -38°C for 72 hours. Later,
Doxorubicin (DOX) was encapsulated in the liposomes.
Photo spectroscopy was used to determine the
encapsulation efficiency of DOX. To perform toxicity
studies M0, M1, and M2 macrophages were seeded in a
96 well plate. M1 macrophages were activated by a
microbial stimulus known as lipopolysaccharide (LPS).
M2 macrophages were activated by interleukin (IL)-4.
Finally, DOX encapsulated liposomes we added to the 96
well plates containing either M0, M1, or M2. MTT assay
was carried out, which allowed the reduction of (3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide
(MTT) to purple formazan crystals by metabolically
active cells. The intensities of formazan in each well were
recorded using a photo spectroscopy meter, and the
toxicity was measured in terms of the half-minimal
inhibitory concentration (IC50) values. Data are expressed
as the means ± standard deviation.

Figure 1.

IC50 concentrations for naïve macrophages at
different lipid ratios.

Conclusions: Fabricating 5 different liposomes with
varying PEG compositions did influence the cytotoxicity
of DOX. This is evident through the increasing trend of
IC50 values observed as the composition of PEG increased
in the liposomes. A liposome with a higher composition
of PEG allowed for less naïve macrophages to die when
they were exposed to DOX encapsulated liposomes. This
study has connections to various other studies involving
targeted drug delivery. As it is becoming increasingly
important to design drug delivery vehicles that target
specific cells only, this study shows that increasing PEG
can potentially reduce the toxicity that DOX has on
macrophages in our bodies. This work attests to the
significance of improving selective targeting to
macrophages through the chemical alteration of
liposomes.
References: [1] Akbarzadeh, Abolfazl, et al. “Liposome:
Classification, Preparation, and Applications.” 22 Feb. 2013
[2] Mohamed, Marwa, et al. “Pegylated Liposomes:
Immunological Responses.” 26 June 2019

Antimicrobial Hernia Mesh: Plasma Activated Diallyldimethylammonium Chloride Coating
Ziyu Wang1*, Ahmed El-Shafei1, Ashley C. Brown2, Jessica M. Gluck1, Frank Scholle3, Martin W. King1,4
1 Wilson College of Textiles, North Carolina State University, Raleigh, NC, 27695
2 Joint Department of Biomedical Engineering, UNC-Chapel Hill & NC State University, Raleigh, NC, 27695
3 Department of Biological Science, North Carolina State University, Raleigh, NC, 27695
4 College of Textiles, Donghua University, Songjiang, Shanghai, 201620, China
Statement of Purpose: Hernias can be classified into
many different types depending on their anatomical
locations and their etiology. According to a global
research, in 2015, inguinal, femoral and abdominal
hernias resulted in 60,000 deaths. The death rate is
increasing compared with 55,000 deaths in 1990 [1].
There are several alternative repair methods, such as open
tissue repair, laparoscopic technique, and tension-free
approach. Hernia recurrence, seroma, persistent pain,
tissue adhesions, and wound infection are common
complications following hernia repair surgery. A tensionfree repair reduces the recurrence rate because it uses a
prosthetic mesh to repair the hernia without applying any
tension to the suture line. Although most hernia meshes
are biocompatible, complications can occur when
synthetic meshes are implanted. For example, the
frequency of complications associated with inguinal
repair ranges from 2.3% to 20%. Infection is the third
major complication after hernia mesh implantation [2]. In
order to reduce the incidence of late infections, meshes
with anti-bacterial properties need to be developed.
Antibacterial finishes such as silver, chitosan and
triclosan have previously been studied with limited
success. The main objective of this study was to develop a
hernia mesh with a diallyldimethylammonium chloride
(DADMAC) coating to avoid the incidence of late
bacterial infections.
Methods: In this study, monofilament knitted
polypropylene meshes supplied by C.R. Bard Inc. were
exposed to radio frequency plasma to activate their
surfaces. DADMAC was then grafted onto the mesh
surface with the use of the crosslinker pentaerythritol
tetraacrylate (PETA). The DADMAC grafted
polypropylene hernia mesh and the untreated control were
characterized by mechanical, chemical, biological and
bacterial analysis. The antimicrobial activity was
evaluated using a viable cell counting technique against
Escherichia coli (ATCC #25922) and Staphylococcus
aureus (ATCC #33591). Live and dead assay was applied
to test the in-vitro biocompatibility of the grafted
polypropylene mesh.
Results: The pore size, fiber diameter, weight and
thickness increased significantly after the DADMAC
treatment. Acid dyeing, TOF-SIMS analysis and SEM
showed that the DADMAC was successfully grafted onto
the mesh surface. Meanwhile, the experimental results
showed that the DADMAC grafted hernia mesh had a
significantly superior antimicrobial performance
compared with the untreated mesh when exposed to
Escherichia coli and Staphylococcus aureus with a 0.9

and 2.9 log reduction respectively. Figure 1 shows that in
both cases, the DADMAC treated mesh showed
significant antimicrobial activity (p<0.05). This confirms
that the plasma treatment enabled the DADMAC to be
grafted to the PP mesh surface through the presence of the
PETA crosslinker.

Figure 1. Antimicrobial results for the DADMAC treated
and untreated mesh samples against (A) Escherichia coli
and (B) Staphylococcus aureus.
To test the biocompatibility of the DADMAC treated
mesh, live and dead assay was undertaken, and the result
showed the treated mesh has positive biocompatibility.

Figure 2. Live and dead assay image for DADMAC
treated polypropylene mesh. Magnification: (10X)
Conclusions: In conclusion, a novel antimicrobial
DADMAC finish has been successfully applied to a radio
frequency plasma activated polypropylene knitted mesh
for use in hernia repair applications. The DADMAC
coating provides the mesh with superior antimicrobial
performance which will reduce the incidence of late
infections following hernia repair surgery.
References:
[1] Dicker D. Lancet. 2018;392:1684-1735.
[2] Deysine M. Surg Clinic N Amer. 1998;78:1105–1115.

I ntroduction

Numerous fetal diseases are one of the most significant causes of high fetal mortality rate nowadays. There are two common approaches to fix the fetal diseases before birth. Fetoscopic surgery is a nascent
minimally invasive surgical approach for repairing fetal diseases. Nevertheless, due to its limited surgical vision, it’s technically very difficulties. Amongst all fetal diseases, sacrococcygeal teratoma (SCT) as one
of the most common fetal tumor, grows on the coccyx part of the fetus Large, solid, highly vascular SCTs are associated with high mortality and morbidity due to a vascular-steal phenomenon, which may lead
to high output fetal cardiac failure and fetal demise.[1] On the other hand, shape-memory polymers (SMPs), as a representative of smart polymers, could change their shapes in response to external stimuli.
Our lab have been developing novel SMPs for biomedical applications using crosslinked poly(ε-caprolactone) (PCL).[2] Therefore, in this research, we designed a novel shape-memory polymeric string (SMP
string), of which the mechanical, shape-memory properties and contraction force could be adjusted simply by the manipulation of polymer molecular weight and crosslinking thickness. Assisted by
fetoscopic surgery, the SMP string could be expected to compress the feeding vessel into SCT. In turn, decrease even obstruct the blood flow and help deliver the babies safely to term.
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• Optimal condition of the SMP string was achieved with an average stretchability over 1300%, and a high modulus and strong toughness.
• Contraction forces of the SMP strings correlates to their storage energies, which could be manipulated by the string thickness and stretched strain.
• Strong shape-memory contraction effect was proved, fetal blood pressure could be completely obstructed by the contraction of SMP strings.
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Design of Smart Nanocapsules and Gel Particles Using W/O Emulsions
for Drug Delivery Carriers
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• Lu, Y.F. et al. Nat. Nanotech. 2010, 5, 48.

W/O Emulsion Formation by Water-soluble Emulsifier
Ø Design of water-soluble block copolymer emulsifier

ü Biocompatible polymer
ü Soluble in water and alcohol

PMPC-b-POEGMA

PMPC-b-POEGMA
Fluorescein
Phosphate buffer soln.
(pH 7.4, 20 mM: PB)

10 µm

10 µm

Phase contrast

Fluorescence

sonication

3

10

0
0
10

4

1

10

2

10
10
Diameter (nm)

3

Gel capsules
SDS

10

0.05

Oil

Nakaura, H.; Kawamura, A.; Miyata, T. Langmuir 2019, 35, 1413-1420.

In this study

Relative release of FITC-Dex (%)

PMPC-b-POEGMA stabilized a water-chloroform interface to form W/O emulsions.
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Fig. Viability of L929 cells treated with gel capsules (●) and sodium dodecyl sulfate
(SDS) (●). Viability was expressed as the percentage to the untreated control cells.
The data were presented as averages of three experiments ±SD.
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Colloidally stable PMPC gel particles were successfully prepared by inverse
miniemulsion RAFT polymerization in the water droplet of W/O emulsion.
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Fig. Change in transmittance (650 nm) of the PMPC gel particle dispersion as a function of temperature.
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Colloidally stable amphiphilic gel capsules were successfully prepared by
amphiphilic gel layer formation at the surface of W/O emulsion.
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Table. Characterization of P(OEGMA-co-MEO2MA)b-PMPC by 1H NMR and GPC

PB addition

2,2'-Azobis(4-methoxy-2,4-dimethylvaleronitrile)
(V-70)

500 : 100 : 1 : 0.5

• Allen, T.M. et al. Adv. Drug
Deliv. Rev. 2013, 65, 36.

+

Bis(methacryloyloxyethy) disulfide
PEGMA (Mn: 950)
(BMOD)

Table. Synthetic conditions and cumulant diameters of gel capsules.

Ø DDS carriers
Liposomes

n

S

Transmittance (%)

Time

O

O

Requirements
ü Stimuli-responsive drug release
ü High drug loading efficiency
ü Good biocompatibility
ü Good stability in physiological condition

O
O

Scattering intensity (%)

Therapeutic range

O

Scattering intensity (%)

Drug

Drug conc.

Drug
carrier

S
C
S
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Controlled release
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Ø Drug Delivery System (DDS)
Targeting
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Leakage from
gel capsule

FITC-Dex release was enhanced under reducing environment owing to the
decrease in the cross-linking density of gel capsule layer.

ü The water dispersible gel capsules were obtained by the amphiphilic gel layer
formation on the surface of W/O emulsion.
ü The drug release from gel capsules enhanced in response to a reducing
environment owing to the decrease in crosslinking density resulting from the
dissociation of disulfide cross-links.
ü Temperature-responsive core-shell gel particles having hydrophilic PMPC core
were successfully prepared by inverse miniemulsion RAFT polymerization.
Nakaura, H.; Kawamura, A.; Miyata, T. Langmuir 2019, 35, 1413-1420.
Sasaoka, M.; Kawamura, A.; Miyata, T. in preparation.
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Results and Discussion

Introduction
Hydrodynamic radius
of 8-arm PEG-FGd3:
1400 nm at 200 mg/mL
40 nm at 10 mg/mL
8 nm at 1mg/mL

Magnetic resonance angiography (MRA) is used clinically for
diagnosis of the brain diseases. In our previous work, we succeeded
in visualizing the superfine cerebrovasculature using Gd conjugated
8-arm polyethylene glycol bearing small amount of the fluorescein
molecules as MR contrast agent1. Interestingly, the images were not
The radius was depended on
acquired when Gd-conjugated 8-arm PEG without fluorescein the polymer concentration.
conjugation was used.
In this study, we synthesized the 8-arm PEG having 15 kDa of
molecular weight which was conjugated with one fluorescein and
three Gd-chelate (Figure 1). We investigate the self-assembled
structure of the polymer at different concentrations by AFM and
spectroscopic analysis. MR images of rat cerebrovasculature is also
indicated and will be discussed its imaging resolution2.
References:
1. Mahara A. et al., MacloBiosci, (2018) e1700391.
2. Mahara A. et al., Chem. Commun. (2020) 11807.

At the low concentration of 5
mgl/mL, the 8-arm PEG-FGd3 formed
particle structure. The fluorescein was
located at the core in core-shell

nanoparticles,

which was revealed
by spectroscopic analysis.

Figure 2. (a) Chemical structure and hydrodynamic radius of
fluorescein and Gd-chelate conjugated 8-arm PEG. (b: 8-arm
PEG, c: 8-arm PEG-F, d: 8-arm PEG-FGd3). (e, f)
Hydrodynamic radius of 8-arm PEG, 8-arm PEG-F, and 8-arm
PEG-FGd3 in R1 (e) and R2 (f).

At the high concentration of
200 mg/mL, the images revealed a
fibrous structure with a selfassembled continuous lining.

Figure 3. Core–shell nanoparticles, self-assembled tetramers,
and supramolecular fibers on SPM images. Polymer
concentration is (a-c) 5mg/mL and (d-f) 200 mg/mL.

The 8-arm PEG-FGd3 forms core–shell nanoparticles due to π-stacking interactions of
the fluorescein. As the concentration increases, these particles form self-assembled
tetramers and fibrous structures. We speculate that the supramolecular self-

assembly of 8-arm PEG-FGd3 occurs in a multi-step process.
200 mg/mL
injection

http://www.jnj-assoc.com/Healthcare/
Sanders/Research/anatomic/anatomic.html

Although the MRA visualizes the main cerebral artery
without any contrast agents, it is hard to visualize the
microvasculature and entire vascular network due to low
MR signals.

8-arm PEG-FGd3
Figure 5. Capillary MR imaging in the rat brain using 8-arm PEG-FGd3. (a and b) Sagittal images of the rat are

Molecular weight: 17kDa
Figure 4. Illustration of the supramolecular fibre formation process.

Relaxivity rate
-3
-1
-1
r1: 10.5 × 10 M s
r2: 13.5 × 10-3 M-1 s-1
Figure 1. Chemical structure of 8-arm PEG-FGd3

shown as maximum intensity projections before (a) and after (b) administration of 8-arm PEG-FGd3. The red dotted line indicates the brain region. (c)
Volume-rendered MR images of brain regions. Three positions of interest were set as lines 1, 2, and 3. (d) Signal intensity on lines 1, 2, and 3 was plotted
against position. The signals were fitted as a Gaussian distribution, and the half-width was used to determine the resolution.

Conclusion
We developed an 8-arm PEG-FGd contrast agent for MR imaging, which enabled us to visualize microvessels and capillaries at a resolution of 45 mm.
Our findings also indicated that 8-arm PEG-FGd3 formed self-assembled supramolecular fibres via a multi-step structural transition process. Notably,
these agents allow for continuous, in vivo monitoring of capillaries throughout the brain in realtime. As such, they are expected to be highly useful in
further studies of brain disease and vascular function.
This work was supported by JSPS KAKENHI Grant Numbers JP18H03527, JP21K19940.

Development of debondable dental resin cements containing photodegradable
polyrotaxane as a cross-linker
Atsushi Tamura, Yoshinori Arisaka, Nobuhiko Yui
Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University (TMDU)
2-3-10, Kanda-Surugadai, Chiyoda, 101-0062 Tokyo, Japan

Introduction

Results and discussion

Various dental materials, including metals,
ceramics, and polymers are often fixed onto
tooth surfaces for the treatment, such as
metal and ceramic alloys in fixed
prosthodontic treatment, resin composites in
caries treatment and crown restorations, and
dental brackets in orthodontic treatment. To
achieve the current progress in adhesive
dentistry, numerous researchers made
efforts over the past several decades to
fabricate durable dental materials adhesion
on tooth surfaces. In some dental treatments,
dental materials are temporarily adhered
onto the tooth using adhesive resin cements,
such as orthodontic brackets. However, the
removal of adhered materials from the tooth surfaces still relies on the mechanical detachment or
destruction of the materials. The mechanical removal of the adhered materials potentially causes irreversible
damage and fracture of enamel layers, such as in the debonding of orthodontic devices. It is envisaged that
the development of adhesive materials that can be removed from tooth surfaces provides non-invasive and
simple debonding methods in current dental treatments.
Our group developed photodegradable polyrotaxanes (PRXs), a
supramolecular interlocked polymer
composed of α-cyclodextrin (α-CD)
threaded along a linear
poly(ethylene glycol) (PEG) chain
capped with bulky stopper molecules.
The photodegradable PRXs
containing an o-nitrobenzyl ester at
the internal chain of the axle polymer,
wherein the o-nitrobenzyl ester
linkage are cleaved via ultraviolet
(UV) light irradiation. The cleavage
of the o-nitrobenzyl ester linker leads to the degradation of PRXs and the release of threaded α-CDs. Note
that the stimuli-induced dissociation of PRXs occurs through the cleavage of only one side of the cleavable
linkers, which is beneficial for reducing the number of photolabile components in the resins compared with
small-molecular photolabile cross-linkers. The UV irradiation is advantageous for oral microenvironment
applications, because light irradiation is widely used in current dental treatment (e.g., photo-polymerization of
resin cements and resin composites). Using the designed internally o-nitrobenzyl ester-introduced PRX (iNBPRX) as a cross-linker, we prepared adhesive resin cements containing iNB-PRX-based cross-linkers and
investigated the adhesive force of poly(methyl methacrylate) (PMMA) blocks adhered with the resin cement
cross-linked with the iNB-PRX.

●Photodegradability of MB-iNB-PRX

Figure. SEC charts of MB-iNB-PRX (A) and nondegradable MB-PRX (B) after irradiation of UV light. (C) Time
courses of the degradation rates of MB-iNB-PRX and nondegradable MB-PRX under UV irradiation. Upon
irradiation with UV light, approximately 60% of MB-iNB-PRX degraded within 5 min.

●UV-Induced Embrittlement of Adhesive Resin Cements

Figure. (A) Schematic illustration of the adhesion of PMMA blocks with adhesive resin cements. (B) Tensile
bond strength of the non-irradiated and UV-irradiated specimens comprising PMMA blocks adhered with the
adhesive resin cements containing MB-iNB-PRX or MB-PRX (5 or 10 wt %).The tensile bond strength of the
resin cement containing 10 wt% MB-iNB-PRX was significantly decreased by UV irradiation. For the resin
cement containing 5 wt% MB-iNB-PRX, the tensile bond strength was not changed by UV irradiation. In
addition, the tensile bond strength of the resin cements containing the nondegradable MB-PRX was not
significantly changed by UV irradiation.

●Adhesion of Bovine Dentin

Materials

Photodegradable PRX (MB-iNB-PRX)

Mn = 85,200 (Mn of axle PEG = 10,000)
Number of threading α-CD = 31.0
Number of methacryloyl group = 49.9
Number of n-butyl group = 382

Nondegradable PRX (MB-PRX)

Mn = 92,400 (Mn of axle PEG = 10,000)
Number of threading α-CD = 33.6
Number of methacryloyl group = 52.3
Number of n-butyl group = 415

Figure. (A) Schematic illustration of the adhesion of a PMMA block onto a bovine teeth dentin surface with
the adhesive resin cement and the preparation of the specimens for the tensile bond strength test. (B)
Tensile bond strength of the non-irradiated and UV-irradiated specimens adhered with Super-Bond C&B and
the adhesive resin cement containing MB-iNB-PRX (5 and 10 wt %). Two sides of the specimens were
irradiated with UV light for 1 min each. The tensile bond strength of the resin cement containing 10 wt% MBiNB-PRX was significantly decreased by UV irradiation. For the resin cement containing 5 wt% MB-iNB-PRX,
μTBS was not changed by UV irradiation. In addition, the μTBS of the resin cements containing the
nondegradable MB-PRX was not significantly changed by UV irradiation.

Conclusions
The adhesive resin cement containing the MB-iNB-PRX cross-linker was prepared by dissolving MB-iNB-PRX into a clinically utilized resin cement and used to adhere two PMMA blocks. The tensile strength of the PMMA
specimens decreased significantly upon UV irradiation for 2 min owing to the UV-induced degradation of the MB-iNB-PRX cross-linker. Additionally, adhesive resin cement containing the MB-iNB-PRX cross-linker was used
to adhere PMMA blocks on the bovine dentin surface. The tensile bond strength of PMMA–dentin specimens decreased significantly upon UV irradiation. Fine-tuning MB-iNB-PRX would resolve these issues to contribute
toward the development of clinically applicable light-embrittled dental adhesive resin cements.
S. Matsunaga, A. Tamura, M. Fushimi, H. Santa, Y. Arisaka, T. Nikaido, J. Tagami, N. Yui. ACS Appl. Polym. Mater. 2, 5756–5766 (2020)

Nanoparticle Rigidity Influences the Uptake by Human Glioblastoma Cells
Chung-Fan Kuo, Fereshtehsadat Mirab , and Sheereen Majd
Department of Biomedical Engineering, University of Houston

Background and motivation

Results: Elasticity of PEGDA bulk gels

• Intrinsic properties of nanoparticles (NPs) are known as
strong determinants of NP’s biological interactions
during the delivery.
• NP rigidity has shown an influence on particles’
association with and internalization into few different
sources of the tumor cells.
• The role of NP rigidity on brain glioma tumor cells has
not been studied and may present an opportunity to
improve the NP-based treatments for brain cancer.

• The elastic modulus of PEGDA gel with increasing volume
percentage (Fig. 2A) increased significantly, from 0.1 to 8
MPa (Fig. 2B).

A

• This study aims to investigate the importance of NP
rigidity for its interactions with glioma cells in vitro.

B

Poly(ethylene glycol) diacrylate
(PEGDA)
Figure 1. (A) Chemical structure of PEGDA. (B) AR2000EX
Rheometer.

2. Using a simple extrusion method to encapsulate
different percentages of PEGDA (0, 10, and 30%) within
nano-liposome’s lumen to vary rigidity levels.

10%

20%

30%

40%

C

B
A: 0% Gel/Liposomes
B: 10% Gel/Liposomes
C: 30% Gel/Liposomes

Figure 2. (A) Schematic of different PEGDA volume ratios.
(B) Elastic modulus of different ratio of PEGDA bulk gels.
n=5, ****< 0.0001

Experimental approach

A

B

• All NPs were incubated with U87 cells for 6 hours at
37°C.
• Fluorescence images were taken using a confocal
microscope (LSM800) with a 63x oil lens.
• All NPs were seen accumulating inside the cytoplasm of
U87 cells.

A

Goal

1. Examined the rigidity of poly(ethylene glycol) diacrylate
(PEGDA) (Fig. 1A) in bulk form using compression test
by a rheometer (TA Instruments AR 2000EX) (Fig. 1B) to
determine their elastic moduli with different PEGDA
volume ratios. These gel solutions contained a
concentration of 1 v/v% photo-initiator.

Results: Confocal imaging of U87 uptake

PEGDA
percentage
Elastic modulus
(MPa)

10%

20%

30%

40%

0.27 ± 0.37

1.17 ± 0.10

4.08 ± 0.18

8.05 ± 0.11

Results: Size distribution and zeta potential
of gel/liposomes
• Inclusion of PEGDA hydrogel in liposomal lumen did not have
an impact on their size distribution (Fig. 3A), showing a similar
particle size within 114 to 119 nm with polydispersity index
(PDI) <0.14 based on dynamic light scattering data.
• All these liposomes had similar zeta potential (-1.9 to -2.7 mV)
further confirming their surface similarities (Fig. 3B).

Results: FACS analysis of U87 uptake

• No differences between liposomes with 10% and 30% gel
core after 1- and 9-hour incubation periods were found.
• The liposomes with a PEGDA hydrogel core presented a
significantly higher uptake compared to the liposomes
without a PEGDA core.
• Liposomes with 10% and 30% gel cores had about 2.5
and 2 times higher uptake by U87 compared to
liposomes with 0% gel at 9 hours.
• This result suggests that U87 are more partial to uptake
NPs with a supporting structural core than their much
softer counterparts.

B

A

PEGDA solution (0, 10, 30%)
0% Gel/Liposomes

Lipids

Extrusion

30%
Gel/Liposomes
Lipid
mPEG-Lipid
10% PEGDA

10%
Gel/Liposomes

30% PEGDA

3. The size distribution and zeta potential of gel/liposomes
were measured using a Zetasizer (Malvern Panalytical).
4. Qualitative analysis and quantitative analysis of NP
uptake by human glioblastoma cells (U87) were carried
out by confocal imaging and flow cytometry (FACS
analysis), respectively.

Figure 3. Particle size and PDI (A), and Zeta potential (B) of 0, 10, and 30%
of gel/liposomes. n=3, NS: non-significant

Gel/Liposomes

0%

10%

30%

Gel/Liposomes

0%

10%

30%

1 hour

1.00 ± 0.00

3.32 ± 0.97

3.39 ± 0.65

Size (nm)

119.47 ± 2.64

111.73 ± 6.60

118.73 ± 8.46

9 hours

4.28 ± 0.93

10.36 ± 3.48

9.23 ± 1.73

PDI

0.08 ± 0.03

0.14 ± 0.06

0.19 ± 0.10

Zeta potential
(mV)

-2.20 ± 0.90

-2.70 ± 0.47

-1.93 ± 0.85
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Conclusions
• All NPs had a similar particle size distribution (mean ~117
nm, PDI <0.14), and zeta potential (~ -2.3 mV).
• FACS data suggested harder NPs are more favorable by U87
than soft ones.
• Confocal imaging confirmed that these liposomes were uptaken by U87 cells where NPs were seen at the cytoplasm.

Transport of Gel-Filled Liposomes across a Blood-Brain Barrier Model
Fereshteh Mirab, Chung-Fan Kuo, and Sheereen Majd, Ph.D.
Department of Biomedical Engineering, University of Houston, Houston, TX
Background

Results and Discussion

 This study aims to unravel the role of particle rigidity, without changing other
particle properties, in their BBB transport using an in vitro BBB model. Towards
this goal, we utilize nanoliposomes to encapsulate hydrogels of various
compositions and to form particles with different rigidity levels while maintaining
the particle size, shape, and surface chemistry unchanged. The resultant
nanoliposomes are characterized and examined for their transport across a
transwell BBB model.

Materials and Method
 Hydrogel-filled nanoliposomes were prepared by encapsulating poly(ethylene
glycol) diacrylate (PEDGA) in the lumen of liposomes using a previously reported
technique with some modifications [1].
30% PEGDA Core (Hard)
Non-encapsulated
PEGDA

Removing nonencapsulated PEGDA

Extrusion

And adding
photoinitiator

Lipid hydration by
PEGDA solution

UV 10% PEGDA Core (Medium)
crosslinking

 The measured value of TEER for the BBB model
was ~162 Ω.cm2, indicating proper formation of
tight junctions within the endothelial cell layer.
 When introduced to top side of the BBB model, all
three groups of soft, intermediate, and hard
liposomes were able to cross the BBB.
 While higher level of liposomal rigidity led to an
increase in their transport percentage across the
BBB model, the difference was not substantial.
 This finding suggests that the rigidity changes
within the range examined here had no significant
impact on the ability of liposomes to cross the
BBB.
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 The impact of nanocarriers’ rigidity on their transport across BBB has, however,
not been studied independent of other physical and chemical characteristics.

 Notably, all three liposome groups showed similar size
distribution with an average particle size of ~117 nm.
Zeta potential measurements also revealed similar values
of ~2.3 mV in all liposome groups, indicating similar
surface properties.

Transport (%)

 BBB is one of the most exclusive barriers in the body and nanocarrier’s
physicochemical properties (e.g. size, shape, and surface chemistry) are known as
key factors for their transport across BBB.

 Increasing the PEGDA gel volume ratio from 10 to 30%
led to an increase in its Young’s modulus of the bulk
PEGDA hydrogel from 0.1 to 4 MPa.

Transport

 Nano-scale carriers have emerged as a promising platform for delivery of
therapeutic molecules to diseased sites in the body. Despite significant progress in
application of nanotechnology in medicine, the success of these nanocarriers in
addressing brain diseases remains limited, mainly due to the limited transport
across the blood-brain barrier.

Aqueous Core (Soft)

Porous membrane

 The size and zeta potential of liposomes were assessed using dynamic light
scattering and laser Doppler electrophoresis techniques, respectively.
 The Young's moduli of bulk PEGDA hydrogel at concentration of 10 and 30 v/v%
were evaluated using uniaxial compression testing.
 The BBB model quality was evaluated by trans-endothelial electrical resistance
(TEER) measurements. The gel-filled nanoliposomes were introduced onto the
BBB model and their ability to cross this barrier was assessed by screening the
particle concentration across the barrier.

Acknowledgement
This Research was supported by National Science Foundation (DMR-1753328, DMS1953535) and Univ. of Houston GEAR (Grants to Enhance and Advance Research).

Conclusions
 Utilizing nanoliposomes filled with PEGDA hydrogel, this study examines the role
of nanocarrier rigidity in their transport across a simple BBB model.
 The results showed that liposomes with all three rigidity levels were able to cross
this BBB model. However, the rigidity differences among liposome groups did not
have a significant effect on their BBB transport.
 Future studies will focus on widening the range of elasticity of liposomes to further
explore the role of particle mechanical properties in transport across BBB.

References
[1] F. Mirab, et al., 2019 41st Annual International Conference of the IEEE (EMBC),
2019, pp. 3935-3938

Transformable Supramolecular Materials for Reversible PEGylation of Protein Drugs

Urea-functionalized poly(trimethylene carbonate) derivative for
biological function
Lee Yae Tan, Nalinthip Chanthaset*, Hiroharu Ajiro*
Nara Institute of Science and Technology (NAIST, Japan)

Introduction

This work

Biomaterial applications
Biodegradable polymers

Suture

Scaffold

(I) Synthetic ester-free TMC derivatives

Drug release

✓ Biodegradability
✓ Flexible
✓ Low toxicity
✓ Functionalities
Cardiac stent
O. Guillaume, et al., eCM
Periodical & eCM Conferences .,
2017, 20

Two steps of syntheses

(II) Urea-functionalized PTMC derivatives
❖ Investigate the interaction with
potential drug (Cilostazol).

K. Fukushima, et al., Biomater.
Sci., 2016, 4, 9

S. Theiler, et al., Biotechnol.
Bioeng. 2011, 108, 694.

Poly(trimethylene carbonate) (PTMC)
Biodegrability
Free from retention implant material in the
body after healing period

Trimethylene carbonate
(TMC)

Merits of PTMC
➢ Biodegradability
➢ Flexibility
➢ Low toxicity

❖ Wettability of coating surface.
❖ Protein adsorption on coating
surface.

Poly(trimethylene carbonate)
(PTMC)

Challenge/development
of PTMC

Y. Haramiishi, et al., Poly Degra &
Stability. 2016, 130, 78.

➢ Lack of functionalities for
practical use in biomaterial

Low toxicity of degradation
product

• Biodegradability
• Hydrogen bonding
• Hydrophilicity

General structure of ester-free of PTMC design for
various derivatives

Results ＆ Discussion
Synthesis procedures

(c) 100% modification
(a)

(b)

Scheme 1. Synthesis of (a) TMCM-VB monomer, (b) polymerization of PTMC-VB and (c) post-polymerization modification of PTMCM-SU.

Cilostazol drug/polymer interaction
Drug-urea interaction

Urea : Drug

1H

Figure 1.
NMR spectra (CDCl3, 400 MHz, r.t) of (a) PTMCM-SU and (b)
PTMCM-VB.

Polymer coating film (Roughness)

Figure 2. FTIR spectra of (a) PTMC (b) PTMCMVB (c) PTMCM-SU.

Hydrogen bonding

Contact angle (Wettability)

Figure 3. FTIR spectra of (a) PTMC-SU (b) Cilostazol (c)
Precursor SU/Cilostazol (d) PTMCM-SU/cilostazol..

Protein adsorption (Interaction)
Incubation
(2hr, 37℃)

45°

56°

48°

Proteins
adsorbed on
surface
(4hr, 37℃)

Proteins
elucidated by SDS
(4hr, 37℃)

Surface morphology

Figure 4. Surface morphologies of (a) non-coated glass (b) PTMC-coated (c) PTMCM-SUcoated .

Figure 5. Contact angles of (a) non-coated glass (b) PTMC-coated (c) PTMCMSU-coated .

Conclusions
1. Ester-free PTMC with urea derivative have successfully
synthesized for biomaterials such as drug delivery
control.
2. Hydrogen bonding induced between polymer PTMCM-SU
and drug cilostazol could be useful for prolong drug
release rate.
3. PTMCM-SU possessed hydrophilicity and high protein
affinity, improved bioactivity of PTMC derivatives.

Figure 6. Protein adsorptions of non-coated glass, non-coated PET, PTMC-coated
glass, PTMCM-SU-coated glass .

Future Work
1. Perform in-vitro drug release
experiment with cilostazol.
2. Study biodegradability
behaviour of polymer.

Poly(β-amino ester)-Based Heat-Stable Microparticle Platform for Micronutrient Encapsulation and Delivery
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Results: Micronutrient

Method: Microparticle

Background
• Globally, two billion people are suffering from micronutrient deficiencies,
predominantly in low- and middle-income countries.[1]
• Dietary diversification and micronutrient supplementation are effective
solutions, but these strategies are too costly to implement in the targeted
regions.
• Alternatively, fortification of foods with micronutrients can be a cost-effective
and globally applicable intervention to address this worldwide crisis.
Technical challenges
• Heat and moisture from common cooking and storage conditions can trigger
vitamin degradation and mineral oxidation due to their intrinsic fragility.
• Protected micronutrients need to be released upon oral consumption, also
bringing challenges to the delivery system design.
Solution: poly(β-amino ester)-based microparticles for micronutrient
protection and delivery
• Poly(β-amino ester) (PAE) is used to formulate microparticles which can be
mixed with common foods (e.g. bouillon) to achieve food fortification.
• This microparticle platform provides multiple hydrophobic and hydrophilic
micronutrients with:
1. individual or collective encapsulation
2. robust protection under exposure to boiling water
3. efficient release upon treatment of gastric fluid
• As a biodegradable polymer, PAE used as an encapsulant for microparticle
formation can degrade into two natural product-based small molecules in
boiling water
• Vitamin A (VA) was selected as a model micronutrient because it is thermally
labile and addressing its deficiency is one of the most pressing global
healthcare crises.
• Other micronutrients were also studied, including vitamin D (VD), vitamin E
(VE), ferrous sulfate (Fe), and zinc sulfate (Zn).
*Microparticle is abbreviated as MP in sample labeling.

Microparticle formulation
• Hydrophobic and hydrophilic micronutrients were encapsulated into
microparticles by modified oil-water and water-oil-water emulsion methods,
respectively.[3]
• Centrifugation and lyophilization were followed for microparticle collection.
Hydrophobic micronutrients (e.g. VA)
• VA was dissolved with PAE in dichloromethane (DCM) and then dispersed in
the water phase to obtain PAE-VA MP.
Hydrophilic micronutrients (e.g. Fe)
• Fe was first dissolved with a selected excipient, dextran (Dex), in water,
followed by dispersion in the mineral oil phase to form the first-step
microparticle, Dex-Fe MP.
• Dex-Fe and PAE was dissolved in DCM and dispersed in the water phase,
giving the second-step microparticles as the final product, PAE-Dex-Fe MP.

Method: Polymer
PAE synthesis
• PAE is synthesized by
polymerization between
isosorbide diacrylate and
4,4′trimethylenedipiperidine
(TDP).[2]
PAE degradation
• Upon boiling in water,
PAE
degrades
into
isosorbide and a βamino acid.
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Figure 1. Synthesis and
degradation of the PAE polymer.
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Figure 2. Encapsulation methods of
hydrophobic and hydrophilic
micronutrients in PAE microparticles.

Water
Dextran and Fe in H2O

PAE and Dex-Fe MP in DCM

Figure 4. Boiling stability of VA, VD, and VE.
120

PAE-Dex-Fe MP

Dex-Fe MP
Water

Mineral oil

Micronutrient characterization
• High-performance liquid chromatography (HPLC), inductively coupled
plasma-optical emission spectrometer (ICP-OES), and colorimetric assay kits
were used for micronutrient quantification.
• Two-hour boiling in water was selected as a representative stability test
condition of cooking practices for its universality in target countries and
adaptability to our novel microparticle platform.
• Simulated gastric fluid (SGF) was added to the microparticle samples, which
were then treated under 37 °C to test micronutrient release efficiency.

Results: Microparticle

100 °C

H O

PAE and VA in DCM

OH

β-amino acid
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Protection of hydrophobic micronutrients
• After exposure to boiling water for two hours, over 80% of VA and VD were
recovered from individually encapsulated PAE microparticles, compared to
less than 10% recovery from the free form micronutrients. The boiling stability
of VE was also improved from 80% of the free from to over 90%.
• When collectively encapsulated in PAE microparticles, VD and VE showed
decreased boiling stability to slightly below 80% under the same condition.
• The weakened protection, compared to the individual encapsulation,
potentially resulted from increased micronutrient-to-PAE ratio.
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✱✱✱✱
✱✱✱✱
Protection
of
hydrophilic
micronutrients
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100
• Two excipients, dextran (Dex)
and polyvinyl alcohol (PVA)
80
were individually used to
60
fabricate
the
first-step
microparticles for Fe and Zn
40
• Upon encapsulation by PAE to
20
form
the
second-step
microparticles, PAE-Dex-Fe and
0
PAE-PVA-Zn performed the
best, with a recovery of 61.26%
and 101.99% after two-hour
boiling in water, respectively.
Recovery (%)

1. Introduction

Microparticle characterization
• The final PAE microparticle
products obtained from the
emulsion processes were
powder-like solid materials.
• The microparticles exhibited
spherical,
homogeneous
structure with smooth surface
and a size range of 100 to 200
μm,
depending
on
encapsulated micronutrients.
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Figure 5. Release profile of
VA, VD, and VE by
individual encapsulation.

Release of micronutrients
• As a pH-responsive polymer, PAE
dissolves in acidic aqueous solution.
• After 30-minute treatment of SGF
under 37 °C, over 99% of
micronutrients were efficiently
released from the PAE
microparticles.

Long-term stability of PAE-VA MP
• Under the accelerated storage condition at 40 °C and 75% humidity, 74.46%
of VA was recovered from the PAE-VA MP sample after one month.
• Compared to a complete degradation of the free form under the same
condition, PAE microparticles showed effective protection for VA.

Conclusion and Future Work

B. PAE-VA MP

50 μm

Figure 3. Scanning electron
microscope (SEM) images of (A)
blank PAE microparticles and (B) PAE
microparticles encapsulated with VA.

• A PAE-based MP platform was developed for micronutrient encapsulation,
protection and delivery.
• Thermal stability in boiling water, accelerated storage condition, and efficient
release under SGF for multiple micronutrients were achieved, presenting a
promising platform for oral delivery of micronutrients.
• The next step includes (1) continue the long-term stability study, (2) expand
applicability of the PAE platform to more micronutrients, and (3) conduct a
mechanism study.
[1] R. L. Bailey, et al. Ann. Nutr. Metab (2015).
[2] D. M. Lynn, R. Langer, J. Am. Chem. Soc. (2000).
[3]T. Kemala, et al. Arab. J. Chem. (2012).

Development of A Collagen Hydrogel Dressing
Maoqi Mark Feng, Songqing Lu, Dynamic Entropy Technology LLC
Project Objective: Diabetic ulcers or pressure ulcers are

common for patients with diabetes and spinal cord injuries.
Without proper management, such wounds often lead to
infections such as osteomyelitis or sepsis, resulting in high
mortality and morbidity. In addition to bacterial infection,
diabetic patients are also more susceptible to cutaneous
fungal infections. Advanced wound dressings and advanced
wound therapies should be applied to ease the severity of
infection occurring in diabetic ulcer or even pressure ulcer.
This project developed novel collagen-based biomaterial
medical devices which can be used in skin wound healing,
especially in challenging diabetic skin wound healing. The
collagen-hydrogels dressing was registered a trade name
“Collagenized Dressing”. The product was developed by
Dynamic Entropy Technology LLC, located at 1028 W Nixon
St., Pasco, WA 99301.

HEADSOT

Methods: Collagen (bovine) was purchased from commercial
sources. All the other chemicals were purchased from Aldrich or
Fisher Scientific.

Collagen dressing samples developed
(freeze-dried in right)
Collagen

Gelling agent

Anti-bacteria agent

10 wt%

1.2 wt% agarose

none

10 wt%

1.2 wt% agarose

A, 0.015 M

10 wt%
0.5 wt% gelatin,
A, 0.015 M
Table 1 lists the main components of the dressing. In a typical
1.2 wt% agarose
procedure, to a 6cm diameter plastic dish, 10 wt% collagen (6
grams) was added together with 1.2 wt% agarose and 0.5 wt%
10 wt%
1.2 wt% agarose
B, 0.015 M
gelatin as gelling agent, and 1 mL of 0.015 M antibacterial agent
10 wt%
0.5 wt% gelatin,
B, 0.015 M
A or B (trade secret), the mixture was solidified in air after 2
1.2 wt% agarose
hours.
Conclusions: A collagen hydrogel dressing was developed and was Reference: [1] https://reporter.nih.gov/projectcapable of anti-bacteria, especially inhibiting E coli for 6 months.
details/9909142.
Economic analysis shows that the dressing cost is $0.22 per square inch.
Acknowledgement: NIH STTR grant 1R41DK123949-01.
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Feasibility Study of shRNA Polyplex as a Multi-functional Drug for Alzheimer’s Disease
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Dendrimer (G2)1) as an amyloid inhibitor

1

Alzheimer's disease (AD)

1)

AD is characterized by the deposition of amyloid b (Ab) amyloid in the brain.
◆ Ab production cascade

2

3

Cyclodextrin1)/dendrimer conjugate (CDE)

1) 6-O-a-(4-O-a-D-Glucuronyl)-D-glucosyl-β-cyclodextrin

Starburst® polyamidoamine dendrimer (generation 2; G2)

≪Our previous reports≫
Dendrimer

≪Our previous report≫

1) b-site Amyloid precursor protein cleaving enzyme 1

CDE has a high gene transfer activity in vitro and in vivo.

CDE

T. Anno et al., J. Incl. Phenom. Macrocycl. Chem., 70, 339-344 (2011).

BACE11),

Cyclodextrin

g-secretase

Genetic
mutation

Inhibition of ATTR
amyloid formation

AD symptom
production

Amyloid precursor
protein (APP)

Misfolding

Ab
peptide

Aggregation

◆ Advantages of CDE

Breaking effect of
ATTR amyloid

Dendrimer (G2)

Advantages of cyclodextrin modification

Ab amyloid

One-pot synthesis

Endosomal escaping activity
Endosome

◆ Development of new drug candidates

Amyloid
formation

Cytotoxicity derived
from amino group

condensing
agent

Fragmentation

Approval and clinical phase of drug candidates (2020)

12 h, r. t.

Candidates

Action mechanisms

Phase

Aducanumab

Anti Ab antibody

Approval application

Lecanemab

Anti Ab protofibril antibody

Ⅲ

Elenbecestat

BACE1 inhibitor

Wtihdraw (Ⅲ)

TRx0237

Tau aggregation inhibitor

Ⅲ

AVP-786

NMDAR/SNRI/σ1R inhibitor

Ⅲ

FDA approval (June, 2021)

A therapeutic drug for reduction of Ab
amount in the brain is expected !

One of the amyloidgenic proteins

Easy synthesis

4

High safety profiles
High pDNA transfer activity
T. Anno et al., J. Drug Target., 22, 883-890 (2014).
T. Anno et al., J. Incl. Phenom. Macrocycl. Chem., 70, 339-344 (2011).

M. Inoue et al., ACS Chem. Neurosci., 10, 2584-2590 (2019).

CDE/pDNA complex may have the potential to suppress an amyloidogenic protein production !

Dendrimer is expected as both the inhibitor and the breaker of amyloid !

〈 Alzheimer Europe : HP 〉

Strategy of therapeutic approach for AD

ATTR V30M amyloid

ATTR V30M2)
2)

ATTR V30M amyloid
fragment

CDE/shBACE1 suppressed BACE1 production in Neuro-2a1) cells.

CDE/shBACE1 inhibited Ab42 amyloid formation.

5

6

+

Electrostatic interaction

+

+

-

-

CDE

-

Mean diameter : 147 nm
z-Potential : 10 mV

shBACE11)

+/PO -

(NH3

4

CDE (12 mg)/shBACE1 (0.1 mg)
(Charge ratio : 100)

ratio : 100)
Transfection

CDE/shBACE1

1) BACE1 targeted shRNA expressing plasmid DNA

Neuro-2a cells

？

48 h, 37℃

？

？

1.2

Ab42
(50 μM)

1

CDE (100 mM)/
shBACE1 (0.1 mg)
(Charge ratio : 100)

0.8

*

0.6

*

0.4
0.2

72 h, 37℃
in PBS

0

Wash

Fluorescence intensity

+

Mouse BACE1 mRNA
relative level

1) Mouse neuroblastoma cells

500
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200

*†

100
0

*†

Th-T assay

24 h, 37℃

BACE1
qRT-PCR
LipofectamineTM
3000

CDE

Amyloid
formation

Production
Ab

APP

Fragmentation
Ab amyloid

Amyloid fragment

Inhibitory Effect of CDE/shBACE1 Complex on Amyloid Formation of Human Ab42

Inhibitory Effects of Various shBACE1 Complexes on Mouse BACE1 mRNA Expression in Neuro-2a Cells

Each value represents the mean ±S.E. of 6 experiments. *p < 0.05, compared with Ab42. †p < 0.05, compared with + shBACE1.

The level of mouse BACE1 mRNA expression in CDE/shCont complex was set at 1.0. Each value represents the mean ± S.E. of 6
experiments. *p < 0.05, compared with shCont complex.

Purpose

Evaluation of CDE/shBACE1 complex for AD treatment

Once-weekly intracerebroventricular
administration for 1 month

200
150

CDE (0.75 mg/kg)/shRNA (34 mg/kg)
(Charge ratio : 20)

*†

*† ‡

100

AppNL-G-F knock-in mice
(♀, 6 months)

0

Th-T assay

Saline

Saline

+ CDE

Ab deposition level
(Immunostaining, ELISA)
Proinflammatory cytokine level
(ELISA)

+ CDE/shCont

Once-weekly
i.c.v.
1 month

200
100
0

AppNL-G-F

WT

AppNL-G-F

Ab Accumulation in Brain after Intracerebroventricular Administration of CDE and CDE/shRNA in AppNL-G-F Mice

Quantitation of IL-6 and TNF-a Cytokine Levels after Intracerebroventricular Administration of CDE
and CDE/shRNA Complexes to AppNL-G-F Mice

These figures show the representative image for 4 experiments.

Each value represents the mean±S.E. of 4 experiments.
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CDE/shBACE1 may have the potential as a multi-targeting
amyloid inhibitor for AD treatment.
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Anticancer Activity of Anti-cancer Drug-Conjugated Sulfobetaine Polymers against Cancer Cell Spheroids
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FIG. 4. Western blot analysis of MDR1 protein in human liver tumor tissue, HepG2 cells
in monolayer culture, and HepG2 cells in spheroid culture.
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Introduction

the activity of the cells in monolayer did not appear to reflect the
efflux activity of the cells in vivo.
Assessment of IC50 of drugs Generally, assessment of the 50%
inhibitory concentration (IC50) of drugs in cancer cells has been
performed in cells in monolayer culture on the 96-well plate. The drug
efflux activity of the cancer cells seemed to affect the drug resistance
the cells in monolayer and spheroid cultures most likely depended on
of the cells and the IC50 of the drug on the cell growth. The results
MDR1 protein, which was reported to export DOX in hepatic cancer
described above suggested that hepatic cancer cells in monolayer
cells (5). Therefore, to confirm MDR1 protein expression, the cells in
culture did not provide an accurate measure of the high drug
monolayer and spheroid cultures were harvested and analyzed by
resistance of the cells because their low efflux activity for the drugs
Western blot analysis.
exported by MDR1 seemed to cause an increase in the intracellular
Western blot analysis for MDR1 proteins of HepG2 cells
drug concentration. Therefore, we examined the effect of the spheroid
Western blot analysis of MDR1 proteins of human liver tumor tissue
culture conditions on the IC50 of DOX for HepG2 cells and compared
and HepG2 cells in monolayer and spheroid cultures are shown in
this IC50 with that obtained in monolayer culture.
Fig. 4. Immunoblotting with an antibody to β-actin was used to ensure
As shown in Fig. 5, the IC50 of DOX on the cells in monolayer and
equal loading of proteins in each lane. The bands corresponding to
spheroid cultures were 7.2 μM and 60.9 μM, respectively, indicating
MDR1 protein were detected at approximately the 170 kDa position.
that the drug resistance of the cells in spheroid culture was higher
The color and thickness of the band detected in the spheroid sample
than that in monolayer culture. In order to confirm these result with a
was darker and thicker than that of the monolayer sample, although
different drug, we also examined the IC50 of epirubicin (EPI), which
the loaded total amount of protein per lane was the same in both
belongs to the same class of anthracycline antibiotics as DOX and is
samples. It was apparent that MDR1 expression in the cells in
also exported by MDR1 protein of hepatic cancer cells (1). As shown in
spheroid culture was much higher than in monolayer culture.
Fig. 6, the IC50 of EPI in the cells in spheroid culture was 23.5 μM,
Furthermore, the amount of MDR1 per cell in spheroid culture was
which was much higher than the 7.8 μM in monolayer culture. As a
approximately equal to that of the
human
liver
tumor
tissue
in
vivo,
as
Human hepatocellular carcinomacontrol
cells on the specificity of MDR1 activity measurements, we
shown in Fig. 4. Therefore, the high efflux activity of the cells in
examined the IC50 of 5-fluorouracil (5-FU), which is not exported by
spheroid culture appears to depend on the high expression of MDR1
the MDR1 protein of the cells (20). The IC50 for the cells in monolayer
protein, which was very similar to the expression in hepatic tumor
and spheroid cultures were 0.5 μM and 0.6 μM, respectively, which
tissue. Recently, it was reported that expression of MDR1 protein
were almost identical, as shown in Fig. 7.
might be related to development of hypoxia in the three-dimensional
The IC50 of DOX and EPI in HepG2 cells depends on the intracellular
tissue architecture and the activation of hypoxia inducible factor-1
concentration of DOX and EPI, which is regulated by drug export
(HIF-1) (10,16–19). We also confirmed that MDR1 expression was
proteins such as MDR1 as well as drug metabolism. The intracellular
observed in the cells in sectioned spheroids including the central
area by the immunostaining of MDR1 protein (data not shown).
50
Consequently, it was suggested that the efflux activity of the cells in
spheroid culture reflected the activity of hepatic cancer cells, while
n=3
100

Objective

FIG. 2. Time courses of doxorubicin uptake by cells in monolayer and spheroid cultures.
Close squares, monolayer; open squares, spheroid. Error bars indicate ±SD.
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FIG. 5. Fifty percent inhibitory concentration (IC50) of doxorubicin for HepG2 cells
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of the cells and the IC50 of the drug on the cell growth. The results
MDR1 protein, which was reported to export DOX in hepatic cancer
described above suggested that hepatic cancer cells in monolayer
cells (5). Therefore, to confirm MDR1 protein expression, the cells in
culture did not provide an accurate measure of the high drug
monolayer and spheroid cultures were harvested and analyzed by
resistance of the cells because their low efflux activity for the drugs
Western blot analysis.
exported by MDR1 seemed to cause an increase in the intracellular
Western blot analysis for MDR1 proteins of HepG2 cells
drug concentration. Therefore, we examined the effect of the spheroid
Western blot analysis of MDR1 proteins of human liver tumor tissue
culture conditions on the IC50 of DOX for HepG2 cells and compared
and HepG2 cells in monolayer and spheroid cultures are shown in
this IC50 with that obtained in monolayer culture.
Fig. 4. Immunoblotting with an antibody to β-actin was used to ensure
As shown in Fig. 5, the IC50 of DOX on the cells in monolayer and
equal loading of proteins in each lane. The bands corresponding to
spheroid cultures were 7.2 μM and 60.9 μM, respectively, indicating
MDR1 protein were detected at approximately the 170 kDa position.
that the drug resistance of the cells in spheroid culture was higher
The color and thickness of the band detected in the spheroid sample
than that in monolayer culture. In order to confirm these result with a
was darker and thicker than that of the monolayer sample, although
different drug, we also examined the IC50 of epirubicin (EPI), which
the loaded total amount of protein per lane was the same in both
belongs to the same class of anthracycline antibiotics as DOX and is
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which was much higher than the 7.8 μM in monolayer culture. As a
approximately equal to that of the human liver tumor tissue in vivo, as
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shown in Fig. 4. Therefore, the high efflux activity of the cells in
examined the IC50 of 5-fluorouracil (5-FU), which is not exported by
spheroid culture appears to depend on the high expression of MDR1
the MDR1 protein of the cells (20). The IC50 for the cells in monolayer
protein, which was very similar to the expression in hepatic tumor
and spheroid cultures were 0.5 μM and 0.6 μM, respectively, which
tissue. Recently, it was reported that expression of MDR1 protein
were almost identical, as shown in Fig. 7.
might be related to development of hypoxia in the three-dimensional
The IC50 of DOX and EPI in HepG2 cells depends on the intracellular
tissue architecture and the activation of hypoxia inducible factor-1
concentration of DOX and EPI, which is regulated by drug export
(HIF-1) (10,16–19). We also confirmed that MDR1 expression was
proteins such as MDR1 as well as drug metabolism. The intracellular
observed in the cells in sectioned spheroids including the central
area by the immunostaining of MDR1 protein (data not shown).
Consequently, it was suggested that the efflux activity of the cells in
spheroid culture reflected the activity of hepatic cancer cells, while
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Cell-cell and/or cell-extracellular matrices interactions seen in spheroids allow cells to mimic in vivo cellular microenvironments, resulting in recapitulating in
vivo-like cell functions in culture. However, the microenvironments could also function as a barrier to deliver drugs to cells in spheroids. To tackle this
drawback, a sulfobetaine polymer was investigated as a drug delivery system for spheroids by conjugating with anticancer drugs.
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Development of self-healing poly(γ-glutamic acid)/ chondroitin
sulfate hydrogels with in situ mineralization ability
Meng Wei1, Yu-I Hsu1, Taka-Aki Asoh1, Moon-Hee Sung2, Hiroshi Uyama1
1 Department of Applied Chemistry, Osaka University, Japan,
2 Department of Advanced Fermentation Fusion Science and Technology, Kookmin University, Korea.

Introduction
Poly(γ-glutamic acid)

PGA

Chondroitin sulfate

This study

Dynamic covalent bond

CS

Park, S , et al. Prog. Polym. Sci. 2021, 113, 101341.
Sugino, A, et al. J. Mater. Sci. Mater. Med. 2008, 19, 2269–
2274.

Kim, H, et al. ACS Appl. Mater. Interfaces 2017, 9, 26,
21639–21650

Yang, X, et al. Adv. Funct. Mater. 2017, 27, 1703174.

➢ Biodegradability
➢ Non-toxicity
➢ Excellent apatite-inducing ability

➢ Anti-inflammatory activity
➢ Biocompatibility
➢ Good biomineralization

➢ Injectability
➢ Self-healing ability
➢ Matchable dynamic properties

Experimental
PGA-ADH/Ca2+

Hydrogel

Mineralized Hydrogel
Soaking in simulated
body fluid (SBF)

Mixing
OCS/4-amino-Phe

CS without oxidation to prepare hydrogel
was used as the control hydrogel for
comparison of the bio-adhesion property
with hydrogel prepared by oxidized CS.

CaP: Calcium phosphate apatite
Kokubo, T, et al. Biomaterials 2006, 27, 2907–2915.
Miyazaki, T, et al. Biomed. Mater. Eng. 2013, 23, 339–347.

Results
Biomineralization

Self-healing Ability

Healing efficiency:
87.5%

SEM images of interiors of hydrogels

Bio-adhesion

Conclusion
✓

Hydrogels exhibited good self-healing capacity since the
combination of acylhydrazone bonds and ionic bonding.

✓

The existence of Ca2+ ions promoted the formation of apatite
in the hydrogels after immersing in SBF.

✓

Hydrogels displayed good tissue-adhesive property.
Acknowledgment: This work was supported by JSPS KAKENHI Grant
No.20K15343.

Conjugate of Tyramine and Chondroitin Sulfate for the Functionalization of Bone Fixation Materials
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Minori Sugiyama¹ , Sayuki Yoshitomi¹ , Youichi Mizuno² , Daiki Sannomiya² , Kunimitu Nakamura² , Sachiro Kakinoki¹,²
¹Department of Chemistry and Materials Engineering, Faculty of Chemistry, Materials and Bioengineering, Kansai University, Osaka, Japan
²Japan Fine Steel Co., Ltd, Yamaguchi, Japan, ³ORDIST, Kansai University, Osaka, Japan
Biomaterials used for bone fixation devices require not only mechanical property but also processability, biodegradability, and
regenerative activity of bone tissue. Surface modification technology that can provide bone tissue regeneration without
compromising the physical properties of the substrate is considered to be useful. In this study, we focused on chondroitin
sulfate (CS) which is the major extracellular matrix of bone tissue. CS has an activity for inducing osteoblast differentiation by
constructing an anti-inflammatory microenvironment, resulting in the enhancement of bone regeneration¹⁾. The conjugate of
CS and tyramine (TA) was designed because quinones directly bind to many kinds of materials (Fig. 1). Previously, we have
reported the immobilization of peptides containing tyrosine residues onto biomaterials through the oxidation of hydroxyphenyl
to quinone (Fig. 2)²,³⁾. That is, here, we report the synthesis of a conjugate of CS and TA having hydroxyphenyl groups (TACS) and the surface modification of bone fixation materials (stainless steel and polyethylene) by TA-CS.
1) Li Y et al. J. Mater. Chem. B 2019;7:7756.
2) Kakinoki S et al. Bioconj. Chem. 2015;26:639.
3) Kakinoki S et al. J. Biomed. Mat. Res. A, 2018;106:491.

Anchor

TA-CS immobilization onto stainless steel and polyethylene
Substrates were immersed in TA-CS aqueous solution, and hydrogen peroxide and copper (II) chloride were added
(TA:H2O2:CuCl2=1:4.4:0.04 (mol)) for oxidation reaction at 50ºC for 24 hours.
TA-CS Conj. TA conversion (%) Oxidation
TA-CS-l-ox

20-40

+

TA-CS-m-ox

50-70

+

TA-CS-h-ox

80-100

+

TA-CS-h

80-100

-

Bone regenerative
activity

Fig. 1 Structure of conjugate of tyraminechondroitin sulfate (TA-CS).

Fig. 2 Surface modification of biomaterials through the
oxidation of hydroxyphenyl groups to quinones.

Synthesis of TA-CS Conjugate
Fig. 6 Water contact angle of SS316L and PE
Fig. 7 XPS analysis of SS316L and PE after TA-CS treatment.
after TA-CS treatment.
Water contact angle was decreased and TA-CS-derived elements were detected in XPS analysis, suggesting that TA-CS
was successfully immobilized on SS316L and PE surfaces through the oxidation of hydroxyphenyl groups.

Osteoblast adhesion on TA-CS treated substrates
Cell line: Mouse osteoblastic cell (KUSA-A1) / Medium: α-MEM (10% FBS, P./S+) / Incubation : 2 days / Staining : Crystal violet

3 1H-NMR

Fig.
spectrum of TA-CS.
(-COOH in CS：TA=1:3.0) in D₂O.

Fig. 4
Effect of the feed ratio
on conversion rate
from COOH group to
TA in TA-CS.

TA-CS conjugates with different TA contents were successfully synthesized by the condensation reaction in water.

Fig. 8 Adhesion behavior of KUSA-A1 cells on TA-CS treated SS216L and PE.
Adhesion of KUSA-A1 cells was found on TA-CS-treated SS316L and PE.
TA-CS was successfully synthesized by the condensation reaction in water and immobilized onto SS316L and PE through
the oxidation of hydroxyphenyl groups to quinones. Furthermore, adhesion of osteoblastic cells was found on TA-CSimmobilized SS316L and PE, expecting that TA-CS is beneficial for the surface modifier of bone fixing devices.

Influence of terminal structure of triethylene glycol-modified polyrotaxanes on their
physicochemical properties and biomaterials functions
Moe Ohashi, Atsushi Tamura, Nobuhiko Yui
Institute of
Biomaterials and
Bioengineering

Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University (TMDU)
Tokyo, Japan

Introduction
β-Cyclodextrin (β-CD)
⚫
⚫
⚫

Interact with cholesterol in the
plasma membrane.
Rapid renal excretion due to low
molecular weight.
The cellular internalization efficiency
is typically low.

Temperature-dependent structural change of TEG–PRXs
1H

Polyrotaxane (PRX)

NMR

◼ 400 MHz, deuterated PBS

⚫ Because the hydrophobic cavity of β-CDs is occupied with a polymer chain, the threaded β-CDs in
the PRXs do not extract cholesterol from the plasma membrane, thus avoiding toxicity.
⚫ High molecular weight avoids renal excretion.
We have proposed the use of PRX as a delivery carrier for β-CDs to reduce the toxicity and improve
pharmacokinetics of β-CDs.

High dose required but causes side effects.

Chemical modification with hydrophilic groups

The chemical modification on PRXs is
essential for these pharmacological
applications because the PRXs are not
soluble in aqueous media.

The chemical modification on PRXs is essential
for these pharmacological applications because
the PRXs are not soluble in aqueous media.

In this study…
The terminal structure of oligoethylene glycol (OEG) side chains is
known to affect the temperature responsiveness, hydrophilic, and
biointeractions of various OEG-grafted polymers.

We focused on triethylene glycol (TEG) chains for the chemical
modification of PRXs and investigate their physicochemical properties and
biointeractions.

For MPRX and EPRX, the intensity of TEG backbone (peak b) and the terminal group of the TEG-tethered chains (peak c) decreased
slightly as the temperature increased.

Molecular mechanism of
phase transition
Elucidating the structural effects of TEG-tethered chains in TEG–PRXs shall significantly aid the molecular design of OEGmodified PRXs as well as in improving the therapeutic effects of OEG-modified PRXs in cholesterol-relating metabolic diseases.

Degradation of TEG–PRXs
◼ SEC charts : TEG-PRXs (10 mg/mL in DMSO containing 10 mM LiBr)
◼ Phase-contrast micrographs Acetic acid buffer (pH5) (10 mg/mL)

(1) Lutz, J.-F.; Akdemir, Ö.; Hoth, A., J. Am. Chem. Soc. 2006, 128, 13046– 13047, (2) A. Tamura, N. Yui. J. Control. Release 2018, 269, 148-158., (3) A. Tamura, M. Ohashi, N. Yui. J. Biomater. Sci., Polym.
Ed., 2017, 28, 1124-1139., (4) A. Tamura, N. Yui. Sci. Rep. 2014, 4, 4356

Synthesis and characterization of TEG-PRXs
Scheme

1H

NMR
The TEG backbone occurred due to the association of the
β-CDs along the polymer axle.

◼ 400 MHz, DMSOd6

The supramolecular structure of the PRXs, wherein multiple β-CDs
were interlocked along the axle polymer, contributed toward their
temperature-induced phase transition at a lower temperature
than the constituent free TEG-β-CDs.

Biointeractions of TEG-PRXs
*Determined

by 1H NMR in DMSO-d6. The value in parentheses
denotes the average number of TEG-tethered chains per
threading β-CD in TEG–PRXs.

SEC charts

Microbalance with dissipation monitoring (QCM-D)
◼ BSA-immobilized gold surfaces treated with TEG-PRXs at 25 °C.
◼ TEG–PRXs (1 mM threaded β-CD) in tris(hydroxymethyl)aminomethane (Tris)
buffer (10 mM Tris-HCl, 150 mM NaCl, pH 7.4)

◼ TEG-PRXs (10 mg/mL in DMSO containing 10 mM LiBr)

https://qsense.altech.jp/

The ΔF and ΔD values of MPRX and EPRX were remarkably
larger than those of HPRX, without any obvious difference in
the interaction with BSA. These results suggest that the
hydrophobic methoxy and ethoxy terminal groups of the TEGtethered chains augmented the interaction with BSA.

Temperature responsivity of TEG–PRXs
Transmittance measurement
◼ TEG-PRXs (10 mg/mL in distilled water and PBS (10 mM NaH2PO4–Na2HPO4, 150 mM
NaCl, pH 7.4) )
◼ 600 nm using a V-550 UV–vis spectrophotometer
◼ Heating or cooling rate : 1.0 °C/min

Differential scanning
calorimetry (DSC)
◼ TEG-PRXs (10 mg/mL in PBS)

Cell viability and Intracellular distribution
◼ Cell viability : Normal human skin fibroblasts (NHF) treated with
HPRX, MPRX, and EPRX for 24 h.
◼ NHF cells treated with Cy5.5-HPRX, Cy5.5-MPRX, and Cy5.5-EPRX for
24 h at a concentration of 200 μM of threading β-CDs.

Body distribution
◼ BALB/c, male, 10 weeks, 21~26 g/body, n=5
◼ Peritoneal administration, 200 μL/body,
◼ 200 mg/kg of Cy5.5-TEG-PRXs

**P < 0.01
*P < 0.05

The accumulation levels of MPRX in the liver was
the highest among TEG-PRXs, consistent with the
in vitro cellular uptake study.

scale bars: 100 μm

The TCP values of TEG–PRXs varied depending on the terminal structure of TEG-tethered
chains. This suggests that the main chain structure also affects the temperature-induced
phase transition behaviors. Along with the temperature-dependent changes in
transmittance, MPRX and EPRX formed coacervate droplets, spherical aqueous droplets
comprising dense macromolecular solutions.

The TEG–PRXs did not undergo
significant dehydration and
conformational change in the
temperature-induced phase transition.

All Cy5.5-TEG-PRXs showed cellular uptake and the level of
Cy5.5-MPRX was the highest.

The order of intracellular uptake levels and the
accumulation levels of TEG–PRXs did not follow the
hydrophobicity of terminal group structures.

Conclusion
⚫ The hydrophobicity of the terminal group structures of TEG-tethered chains on PRXSs affects the chemical and biological properties of the PRXs.
⚫ Methoxy-terminated TEG is confirmed to be an effective chemical modification to improve the pharmaceutical applications of PRX.
✓ The methoxy-terminated TEG-PRX (MPRX) showed sufficient solubility in aqueous media and avoided the temperature-induced precipitation near the body temperature or culture temperature.
✓ MPRX exhibited high interaction with model protein, intracellular uptake, and liver accumulation among three-series of TEG-PRXs.
Ohashi, M., Tamura, A., Yui. N., Langmuir 2021, 37, 11102–11114

Protective Effect from DEPRESSION by Polymer-Based Nanoantioxidant
Naoki Saigo, Yukio Nagasaki, Yutaka Ikeda
Pure and Applied Sciences Graduate School of Science and Technology Univ. of Tsukuba, Japan

Introduction

Characters of

TN
si-SMAPo

Pharmacokinetics of si-SMAPoTN

Gut-Brain axis

Inflammatory
cytokines

ROS assay

→ The crosstalk between the gut (intestines) and brain through various pathways
ex) Vagus nerve, Cytokines, Hormone and Bacterial metabolites, etc…
⇒ Disorders of the gut environments causes whole body disorder including mental illness.

✱✱

Relative mRNA expression
(IL6/GAPDH)

Improvement of
intestinal environment

✱✱✱✱

Treatment of
various diseases

Biomaterials
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****: p < 0.05
****: p < 0.01
****: p < 0.005
****: p < 0.001

⇒ si-SMAPoTN stayed at the intestines
selectively without leak into blood.

Effect of

Reactive Oxygen Species (ROS)
→ highly reactive molecules derived from O2
ex) Superoxide anion (O2-), Hydroxyl radial (OH・), etc.
⇒ Overproduced ROS cause cellular damage and
extra inflammation.

TN
si-SMAPo

on the intestines
Quantification
by software

Chronic Restraint Stress (CRS) model
c57BL/6J
Restraint stress
8-week old
for 6h × 3 weeks

Area of mucosa (kpxl)

150

Analysis of the colonic mucosa (×4)

⚫ Anticipated issues with ROS in the intestines
- Dysbiosis: disruption of the microbiota homeostasis
- Oxidative damage (→Leaky gut syndrome)
- Inflammation induced by stress
⇒ Immune system malfunctions

⇒ Oral administration of
si-SMAPoTN decreased the oxidative
stress in the intestines.

Leaky gut analysis
✱

✱✱✱✱

Relative mRNA expression
(Tjp/GAPDH)

→ brain disorders caused by various stress
➢ Decrease of immune system activity
➢ Elevation of glucose level
➢ Increase of harmful bacteria
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Aim of this study
To investigate the relation between intestinal oxidative damage and DEPRESSION
→ It is needed biomaterial which reduces oxidative stress only in the intestines selectively.

Material

Healthy
Stress
Stress + NPs
Alcian Blue (AB) staining
→ Blue part are the mucosal area and goblet
cells (secreted source of mucin)
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⇒ si-SMAPoTN suppressed the decrease of
mucosal area induced by CRS
and prevented from the leaky gut condition.

Evaluation of DEPRESSION markers in CRS mice model
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Preparation of

TN
si-SMAPo

Immobility time (s)

250

TST

0.0047

2.0

Relative mRNA expression
(NGF/GAPDH)

FST

✱

→ a stress response
hormone

0.054
Relative mRNA expression
(BDNF/GAPDH)

Depression

BDNF: Brain-derived
neurotrophic factor
NGF: Neuro growth factor

✱✱
✱✱✱✱

250
200
150
100
50
0

ea
lth
y
St St r
es
re
s
ss
+
N
Ps

Increase of
immobility time

Corticosterone
Level of plamsa

H

(a) Forced Swimming Test
(b) Tail Suspension Test

Relative mRNA level
of neurotrophic factors

Plasma corticosterone level (ng/ml)

Behavioral tests

⇒ Oral administration of si-SMAPoTN suppressed
depression symptoms via gut-brain axis.

Conclusion

si-SMAPoTN polymer
NPs : si-SMAPoTN nanoparticles solution (TEMPO concentration: 5.0mM)

✓ Development of designed materials (si-SMAPoTN) that have the characteristic of
selectively staying in the intestines without leak into bloodstream
TN nanoparticles protected from decrease of the
✓
Oral
administration
of
si-SMAPo
TN
⇒ Uniform si-SMAPo NPs
intestinal barrier and depressive symptoms induced by CRS.
have been obtained.
Contacts : Yukio Nagasaki : happyhusband@nagalabo.jp

Naoki Saigo : s202020337@s.tsukuba.ac.jp
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Role of peptide valency on PEG-b-PPS micelles for integrin receptor
blocking and anti-angiogenesis
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MATERIALS & METHODS
INTRODUCTION
• Anti-integrin therapy was recently established as a
promising strategy for angiogenesis-related disease,
including Diabetic Retinopathy (DR), Retinopathy of
Prematurity
(ROP),
Age-related
macular
degeneration (AMD) [1],[2].
• It was previously reported that PEG-b-PPS micelles
bound anti-integrin peptide Serine-Aspartic acidValine (SDV) demonstrated enhanced antiangiogenesis at lower peptide concentration [3].
• However, optimization of the surface density of
peptides is imperative to improve integrin clustering
and subsequent cell signaling.
• The abnormal growth of blood vessels in the eye can
be destroyed by cell death or apoptosis.
• Hence for triggering apoptosis, an optimum valency
of peptides must be presented on the surface of the
micelles to bind to the αvβ3 integrin and block it.

C: Expression of integrin αvβ3

B: Characterization

A(ii): Preparation of PEG-b-PPS-anti
αvβ3 peptide micelles

A(i): Peptide Modification

F: In vitro tube formation assay

HYPOTHESIS
We hypothesize that incorporating an
optimum density of anti-integrin peptides on
micelles will significantly increase the
efficiency of anti-angiogenesis.

D: Expression of angiogenic markers

E: Cell viability

G: Wound healing assay

OBJECTIVES
The objective of this study is to synthesize
and characterize PEG-b-PPS micelles with
a different surface density of anti-integrin
peptides and study the angiogenic ability
using primary human umbilical vein
endothelial cells (HUVEC).

RESULTS
b

a)

PECAM-1 Red

vWF Green

Merged Red/Green b)

PECAM-1 intensity

DISCUSSION

a)

Control

a

Expression of integrin αvβ3

Expression of angiogenic markers

Liquid Chromatography-Mass Spectrometry (LC-MS)

SDV-1%

c

c)
SDV-3%

Particle size and Zeta potential
b

e

i)

d

ii)

Fig 4:a) Immunostaining with angiogenic markers Platelet Endothelial Cell Adhesion
molecule and von Wilebrand factor (vWF-red) showing the decrease in intensity from
control to SDV-5%. Quantitative expression of b) PECAM-1 and c) vWF
a)

1

f

Invitro tube formation assay

0.8
Zeta potential (mV)

c

b)

SDV-5%

Fig 1: LC-MS analysis. Graph showing LC-MS analysis with the purity of
the peptide samples. The peak obtained on the chromatogram co-relates
to the molecular weight of the peptide. (a) SDV peptide has a mol wt of
1350g/mol, (b) SGV- 1291 g/mol, (c) cRGD-1174 g/mol
a

vWF intensity analysis

0.6
0.4

Fig 6 : a) Immunostaining with Anti-human CD51/CD61
(Integrin αvβ3) showing the inhibition of integrin αvβ3 by SDV
peptides with varying surface densities and comparing it
scrambled peptide and cRGD and b) quantitative expression of
Integrin αvβ3

Wound-healing assay

0.2
0
-0.2

a)

-0.4
-0.6
-0.8
0

2

4

6

8

Fig 2: The DLS spectrum represents the average particle size of the peptides.
(a) Blank micelles (b) SDV (c) SGV and (d) cRGD bound micelles. About 77% of
the blank micelles, 90% of the SDV peptide, 89% of the SGV peptide and 96% of
cRGD were found to be in the range of 20-50nm. (e) Cryo-TEM of (i) blank and (ii)
Peptide loaded MCs. (f) The zeta potential of MCs lie between -30 to +30mV
suggesting that the peptide is stable and the surface potential increases as peptide
density increases.
Cell viability assay

b)

b)

• LC-MS determined the purity of the peptide samples and
the DLS confirmed the particle size of the peptides to be
between 20-50nm.
• The expression of angiogenic markers vWF which is
responsible for the formation of blood vessels and PECAM1 which is responsible for vascular integrity confirmed that
the HUVEC’s used in our experiment have angiogenic
properties . A significant increase in the inhibition of vWF
and PECAM-1 was also observed when the surface density
of the peptides was increased from 1% to 5%.
• Similarly with the increase in the peptide density from SDV1% to SDV-5%, the increase in the inhibition of integrin
αvβ3 was observed. This led to the decrease in the
intensity of the anti-human CD51/CD61 stained cells.
• At 500µg/ml concentration, SDV-1, 3, and 5 induced
significantly higher toxicity (27.71±5.43%, 52.54±10.48%,
87.27±2.70%, respectively) compared to control. However,
cRGD-MC showed approximately 40% toxicity at both
concentrations studied, whereas random peptide SGV-MC
did not show significant toxicity at any concentrations
studied.
• SDV-5 showed inhibition of tube formation when compared
to SDV-3 and SDV-1 suggesting that better anti-angiogenic
effect can be expected from SDV-5%.
• Similarly, the migration of the HUVEC’s in the wound
healing assay saw maximum inhibition by SDV-5% than
SDV-3 and SDV-1.
• However, one major limitation of this study is that the
efficiency of the peptide to inhibit angiogenesis is analyzed
in vitro but, the effect of the peptide in vivo to inhibit
angiogenesis is yet to be studied.

FUTURE DIRECTION

Fig 3 : Cell viability analysis using MTT assay. Graph showing cell viability of
HUVEC cells after 24 h incubation with micelles of different peptide densities,
blank micelles compared cRGD bound micelles and control endothelial cells.
p<0.05 is considered as significant

Fig 5: a)The in vitro angiogenesis was inhibited in the HUVEC cells by
the PEG-b-PPS- anti αvβ3 peptides in a dose dependent manner and
b) the tube lengths were analyzed using anti-angiogenesis analyzer
plugin Image J. p<0.05 is considered as significant

CONCLUSIONS

➢ From this study, it can be concluded that peptide density on the micellar surface is crucial in enhancing integrin
clustering for anti-angiogenesis.
➢ The study provided a detailed understanding of the development of a novel ligand targeted therapeutic strategy,
which can be utilized for various disease conditions.

Fig 7: a)The inhibitory effect of the PEG-b-PPS anti αvβ3 peptides on
migration of HUVEC’s after 24hrs of treatment and b) the %of wound
healing analyzed using ImageJ software. SDV-5% showed maximum
inhibition than SDV-3% and SDV-1%.

REFERENCES
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2. Cao et al., 2018, Cell Communication and Signaling
3. Nagaraj et al., 2020, Nanomaterials

• To develop an efficient PEG-b-PPS –anti αvβ3 peptide for
sustained release and to bring about an effective antiangiogenic response for patients suffering from diseases
like diabetic retinopathy (DR).
• Perform in vivo studies using diabetic retinopathy animal
model to confirm the sustained release kinetics, tissue
distribution and anti-angiogenic efficiency.
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Temperature-responsive injectable polymer systems using gelatin
as a crosslinker for cellular scaffold materials
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<Introduction>

＜Temperature responsive injectable polymer (IP)＞

•

<Results and discussion>

◇ Evaluation of sol-gel transition by test tube inverting method

Polymers that form hydrogels in response to body
temperature (37C)
Condensation reaction
using polyamines
※Flow on the surface

•

Conversion to succinimide group from
hydroxy group at polymer termini

Application: Antiadhesive material, Hemostatic agent, Cell delivery,
Drug delivery system, Cellular scaffold material
1. Y. Ohya, Polym. J., 2019, 51, 997-1005.
2. Y. Yoshida, Y. Ohya et al., ACS Biomater. Sci. Eng., 2017, 3, 56-67.

•
•

＜Purpose of this study＞

＜Experimental conditions＞
Solvent: PBS
IP solution volume: 300 µL
Polymer concentration: 25%

IP formulation using
gelatin as a crosslinker
maintained the gel state
even after cooling (4C).
→ Effect of gelatin
crosslinking

◇ Viscoelasticity measurement of IP containing gelatin as a crosslinker

Extension of the duration of gel state
Improvement of the cytocompatibility of IP systems

Non-crosslinked
IP hydrogel
containing gelatin

Preparation
of
temperatureresponsive IP formulation using
gelatin with high cytocompatibility
as a crosslinker

Low cytocompatibility of IP
crosslinked by polylysine

Crosslinked
IP hydrogel
containing gelatin

<Experiment>
◇ Synthesis of tri-PCG-OH and tri-PCG-OSu

•

The decrease of elastic modulus of gelatin-crosslinked IP was suppressed.
→ Effect of gelatin crosslinking

◇ CLSM images and live-dead assay of cells after culturing in IP hydrogel

Initial cell number

Cell: mouse fibroblast (L929), IP solution volume: 100 µL,
Seeding density: 2×104 cell/well, Cell culture period: 21 days

◇ Cell (L929) culture in hydrogel and CLSM measurement
25% IP solution
(MEM: 75 µL)

Cell suspension
(MEM: 25 µL)

•
Blend

•

37C, Incubation
Gelation

Cell seeding in glass
bottom well
Fluorescence-stained cells

CLSM
measurement

A certain amount of ells were alive in the IP hydrogel crosslinked by gelatin
over 3 weeks.
Cell viability was dramatically improved by IP containing gelatin as a
crosslinker compared with that containing polylysine.

<Conclusion>
• We succeeded in improving the duration and cytocompatibility of hydrogel
using the IP system containing gelatin as a crosslinker.

A Solvent-Free Method for Initiator Immobilization for Grafting Zwitterionic Polymer Brushes using Surface Initiated
Polymerization
Prabhleen Kaur1 and Buddy D. Ratner1,2
1Department

of Chemical Engineering, University of Washington, Seattle, WA 98195, USA
2Department of Bioengineering, University of Washington, Seattle, WA 98195, USA
2. METHODS

1. INTRODUCTION
Most materials used in biomedical implants are
selected for their mechanical properties. Typically,
these
substrates
require
substantial
surface
modification to enhance their biocompatibility and
mitigate the foreign body response (FBR). Superhydrophilic
zwitterionic
polymers
including
polysulfobetaine methacrylate (pSBMA) can be grafted
onto material surfaces in the form of polymer brushes.
This creates strong hydration layers at the interface of
the material and the biological environment, preventing
protein adsorption and thus inhibiting FBR. Flexible
polymer chains with continuous movement also block
protein adsorption by utilization of steric excluded
volume effects.
However, many relevant polymeric substrates such as polyurethanes are incompatible
with the silane and thiol-based chemistries and organic solvents used in conventional
techniques for grafting pSBMA brushes. This work replaces conventional initiator
immobilization approaches by a solvent-free method using radio frequency glow
discharge (RFGD) plasma polymerized bromoesters as initiators for surface-initiated
polymerization.1 In this work, this concept is illustrated using reinforced polyurethane
(RPU-70) as a substrate and methyl-3-bromopropionate (M3BP) as the bromoester.
This is then used for grafting pSBMA brushes to enhance non-fouling and lubrication
characteristics of the implant surface.

I. COATING PROCESS

Conventional three step method
Surface activation with
RFGD plasma
polymerized HEMA:

Initiator
immobilization
with BIBB:

Surface grafting of
SBMA via ARGET
ATRP:

RPU-g-O

RPU-g-Br

RPU-g-pSBMA

Surface activation
using plasma
polymerized pHEMA

Initiator immobilization
using BIBB

• Lower initiator density ~ 5.3%

Surface grafting of SBMA via
ARGET ATRP:
RPU-pSBMA

ARGET ATRP
with SBMA

• Lower grafting density

• Requires organic solvents for initiator immobilization, incompatible with
substrates like polyurethanes

RFGD plasma
deposited initiator

Substrate

• High initiator density ~ 30%

ARGET ATRP with
SBMA

Substrate

• High grafting density

• Solvent-free initiator immobilization
• Compatible with range of substrates, irrespective of surface chemistry

II. RADIOLABELED PROTEIN ADSORPTION

Radiolabeled human serum albumin
(Alb) was used as model protein to study
the non-fouling characteristics of the
coated surfaces. I-125 attaches to the
tyrosine residue in the protein molecule
as given by the reaction herein.

II. PROTEIN ADSORPTION AND LUBRICATION STUDIES
B.

A.

I. VERIFICATION OF SUCCESSFUL SURFACE MODIFICATION

C.

Initiator immobilization with
RFGD plasma polymerized
methyl-3-bromopropionate
(M3BP): RPU-Br

Substrate

3. RESULTS AND DISCUSSION
A.

Solvent-free two step method (This work)

B.

A. Successful deposition of plasma polymerized M3BP
was confirmed by composition analysis from XPS
survey scans. A high Br content (~29%) can be seen.
B. The Br content on the surface is mostly retained even
after vigorous washing in a methanol-water solution for
60 minutes, including changing the solvent every 20
minutes. This suggests that the Br layer is stable and
resistant to delamination in solvent systems of
interest. A small decrease of 2.3% was noticed, likely
corresponding to loosely bound bromine compounds.1

A. Protein adsorption studies indicate excellent non-fouling
performance. RPU-pSBMA surfaces show significantly
reduced protein adsorption (14-17 ng/cm2) compared to
pristine RPU surface (130 ng/cm2), an 87% reduction.
These observations confirm robust binding of superhydrophilic pSBMA coatings to the RPU surface, thereby
successfully resisting non-specific protein adsorption.

C.

B. The strong hydration effects are also manifested
in friction coefficient measurements. The ~10x
reduction for wet pSBMA over the dry surfaces is
indicative of the formation of hydration sheath layers
by pSBMA brushes activated upon wetting. The
soaked pSBMA also exhibits significantly lower
friction coefficient than similarly soaked pristine
surfaces, indicating increased hydration strength
due to charged entities in dense layers of pSBMA
brushes, in addition to lubricity due to fluidity of the
adhered water.
C. From the dynamic friction coefficient profiles, the
clear reduction in local variations for wet pSBMA
surfaces suggests uniformity of forces due to
wetting of hydrophilic coatings. Dry surfaces
expectedly show higher average friction coefficient
and greatly increased local variations due to
roughness.

C. Successful grafting of pSBMA using our two-step
method was verified by composition analysis from XPS
survey scans. The elemental percentages for N (~5.3%)
and S (~6.6%) are comparable to their theoretical
values of 5.3%, suggesting uniform pSBMA coating
and near complete utilization of the Br initiator.

4. CONCLUSIONS

4. REFERENCES

In this work, a versatile and solvent-free method for initiator immobilization has been demonstrated, which greatly simplifies
the surface modification process for industrially relevant polymeric substrates, irrespective of their surface chemistry and
geometry. This method has been employed to achieve successful grafting of robust, highly non-fouling, and lubricious
pSBMA brushes on reinforced polyurethane (RPU) using ARGET ATRP. The initiator immobilization method has been
found to yield stable and uniform bromine layers resistant to delamination. In addition, the pSBMA brushes grafted using
this initiator resulted in significantly lower albumin adsorption over the pristine substrates. The modified surfaces prepared
using the method demonstrated herein also show greatly enhanced lubricity, characterized by nearly an order of magnitude
reduction in friction coefficients. Ongoing work is focused on demonstrating this approach for metal and ceramic substrates
such as titanium and glass. In addition, we also intend to evaluate these methods with other zwitterionic polymers including
carboxybetaine methacrylate. A third goal is the optimization of the process parameters to further decrease protein
adsorption ( <5 ng/cm2 ) and improve lubrication metrics discussed in this work.

5. ACKNOWLEDGEMENTS

1. Mecwan, M. M., et al; Biointerphases 2019, 14 (4), 041006.

Collaborators:
• Dr. Ravi Balasubramanian (Oregon State University)
• Dr. Francis Valero-Cuevas (University of Southern
California)
• We would also like to thank NESAC/BIO for technical
assistance and expertise with XPS and Nanoindenter.

Funding:

High performance polymer mesh as an alternative to traditional degradable mesh for
alveolar bone repair
Preethi A. and Jayesh R. Bellare (Indian Institute of Technology Bombay, Mumbai, Maharashtra, India-400076)

Introduction
In oral implantology, alveolar bone after tooth loss, experience
secondary absorption and atrophy. Currently, guided bone
regeneration technique is used for alveolar bone repair. Based on
the absorbability, commonly used barrier mesh can be classified
into absorbable and nonabsorbable mesh. Barrier mesh should
provide cell selective isolation, should provide strength and space
for stable bone regeneration space. Absorbable membrane
provides limited stiffness and initial spatial protection only. But
nonabsorbable polymeric mesh made of zinc modified
sulphonated
polyetheretherketone
provides
good
biocompatibility, stable spatial protection and they possess
superior mechanical property, making the meshes an alternative
to traditional degradable meshes for alveolar bone repair.

Methods
Polyetheretherketone (PEEK) was sulfonated using concentrated 3. Acidic SPEEK is made neutral by ion exchanging with zinc
sulfuric acid to create sulfonated polyetheretherketone (SPEEK,
acetate
degree of sulfonation 50%). SPEEK was electrospun using 4. Zinc modification on the nanofiber mat did not affect the
dimethylacetamide (DMAc) as solvent. To the SPEEK solution 10%
apatite forming ability, mechanical property but improved the
hydroxyapatite is added and electrospun (SPEEKHA). The
cell viability of nanofiber mat.
electrospun mats were modified by dipping them in 0.1 M zinc 5. Addition of hydroxyapatite into the zinc modified electrospun
acetate solution and then air dried. Modified electrospun mats
mat not only enhanced the protein adsorption ability but also
were named as ZnSPEEK and ZnSPEEKHA respectively. SPEEK,
the overall osteogenic potential (i.e. biocompatibility and
ZnSPEEK and ZnSPEEKHA were subjected to apatite formation
marker of early osteogenic phenotype marker) of the scaffold.
studies, protein adsorption and in-vitro biocompatibility and
Summary
alkaline phosphatase (ALP) quantification studies using SaOS-2.
1. Surface modification and hydroxyapatite addition into SPEEK
Results and discussion
enhanced osteogenic ability into scaffold.
1. PEEK is dissolved in concentrated sulfuric acid and gets
2. Inherent mechanical property along with improved osteogenic
sulfonated into SPEEK.
ability will provide stable space for bone regeneration and will act
2. SPEEK at 50% degree of sulfonation is electrospun into
as an alternative to degradable mesh.
nanofibers.

Heparin-Integrin Ligand Co-immobilized Surface for Enhancing the Adhesion of Mesenchymal Stem Cells
〇Ryo Minami1 , Yuki Arichi1 , Sachiro Kakinoki1,2
¹Department of Chemistry and Materials Engineering, Faculty of Chemistry, Materials and Bioengineering, Kansai University, Osaka, Japan, ²ORDIST, Kansai University, Osaka, Japan

Introduction

How to prevent blockage of artificial blood vessels?

Expanded polytetrafluoroethylene
(ePTFE)

1

In situ endothelialization

Luminal surface of ePTFE should be
covered by the stable endothelium tissue
rapidly.

Results and discussion
Analysis of substrate surface after LbL and oxidation reaction

(HEP/YK-GER)5

(HEP/YK-GER)5-ox

Artificial blood vessels
Capturing
vascular
endothelial cells

Anti-thrombogenicity, flexibility,
Non-bioabsorbable
➡ ePTFE is widely used for
artificial blood vessels.

Functional molecule (Ligand and antibody）

2

Ex vivo endothelization
Integration
with
autologous
tissue after
transplantation

GORE-TEX® Stretch Vascular Grafts

Transplantation into dog carotid artery

〇 No cell transplantation
× Capture Non-target cells

〇 No contamination with
non-targeted cells
〇 Intima is matured at
the time of implantation.
× Cell transplantation

Vascular endothelial cells,
Mesenchymal stem cells etc.

Seeding and Incubation

Immobilization of
functional molecules on ePTFE

Strong adhesion of cells on ePTFE with
endothelial component cells

Fig. 1 Water contact angle of glass surfaces after LbL
with Hep/YK-ligand and Tyr oxidation.

Fig. 2 XPS spectra of glass surfaces.

(GDR: negative ligand sequence)

Fig. 3 XPS spectra of glass surfaces after
washing by 1% SDS or 1 M NaCl aq.

After (HEP/YK-GER)5-ox treatment, water contact angle of the glass surface was decreased to 23º and the N1s peaks derived from
heparin and peptides were detected by XPS. The adsorbed layer was stabilized by oxidation treatment (ox).
Animal experiment certification number：2009

(A)

Blockage in a few hours
http://www.gore.com/

Factor
• Inadequate anti-coagulant property
• Incomplete pseudo-endothelium
• Infiltration and thickening of
surrounding connective tissue
• Low kinkiness

Ligand

Layer-by-Layer
(LbL)

Covalent
bonds between
quinones and
amino groups
Hydroxyphenyl
etc.

Materials and methods

Fig. 5 Analysis of blood compatibility by using human whole blood.
(A) Observation of coagulation behavior and (B) coagulation rate on samples.

Formation of
adsorption layer by
electrostatic
interaction between
cation and anion

Cation

Integrin α11 ligand peptide
(Tyr-Lys)3-Gly3-Gly-Phe-Hyp-Gly-Glu-Arg [YK-GER]

Anion

Fig. 4 Adhesion of (A) mAdMSCs and (B) human platelets
after 24 and 2 hours incubation, respectively.

Heparin[HEP]

Surface analysis
・Water contact angle
・X-ray photoelectron
Oxidant
Cation layer Top layer
LbL cycle
spectroscopy
(H2O2 and CuCl2)
(XPS)
×
-

Table 1. Details of the samples used in this study.
Sample

or
Aminated ePTFE
(ePTFE-NH2)

(B)

Stable immobilization of ligand peptides and heparin on aminated substrate surface by cross-linking LbL method

Cross-linking by oxidation

Ligand

Ethical experiment certification number ：063

Glass-NH2
(HEP/YK-GER)5
YK-GER/PLL YK-GER
(HEP/YK-GER)5-ox YK-GER/PLL YK-GER

×
○

5
5

(HEP/PLL)4-HEP-ox

○

4

PLL: Poly-L-Lysine

PLL

HEP

mAdMSC: mouse adipose tissue-derived mesenchymal stem cell

Fig. 6
Water contact angle
in vitro functional
of ePTFE surfaces
evaluation
LbL with
・Adhesion of mAdMSC after
HEP/YK-GER with
・Adhesion of platelets
Tyr oxidation.
・Blood coagulation

Water contact angle (º)

Objective

Conventional procedures for ePTFE modification are not suitable for artificial blood vessels
because inherent properties of ePTFE will be lost with defluoridation process.
➡ Simple procedure for the direct immobilization of ligand molecules on ePTFE

140
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100
80
60
40
20
0

The (HEP/YK-GER)5-ox treatment promoted the adhesion and expantion of
mAdMSCs even though it suppressed platelet adhesion and blood coagulation.
On the collagen-coated surface, mAdMSCs and platelets adhered, and the
blood coagulation was promoted.

Conclusion
Water contact angle was
decreased by (HEP/YKGER)5-ox treatment,
resulting that the stable LbL
layer of HEP/YK-GER was
formed not only on glass
but also on ePTFE.

Coimmobization of integrin α11 ligand peptide and heparin on
aminated surfaces was succeeded by the LbL procedure with
cross-linking, resulting that AdMSC adhesion and
hemocompatibility were promoted.
In the future, we are going to apply this procedure for ex vivo
endothelialization of ePTFE vascular graft.

Increase in friction on a contact lens by embedded pigment
-Verification using a dedicated pendulum apparatusRyusuke Nakaoka1, Hiroko Iwashita2, Yuichi Hori2, Kiyoshi Mabuchi1,3, Toru Matsunaga4 and Yuji Haishima1
1Division

of Medical Devices, National Institute of Health Sciences, 2Graduate School of Medicine, Toho University,
3Kitasato University, 4Research and Development Department, SEED Co., Ltd.

PURPOSE

Recently, many people use contact lenses (CLs) for visual correction and/or fashionable purpose. But, their usage without instruction from ophthalmologists sometimes causes
adverse effects to their eyes by the harmful design of CLs. Especially, in the case of decorative CLs, a change in their physical characteristic by embedded pigments may also
cause the adverse effects on eyes. Few studies have been, however, reported to measure the friction of CLs that can be used as a measure of the assessment of CLs although the
high friction may cause the adverse effects. Furthermore, the past studies on friction coefficients of CLs have been performed on their narrow center area, where a pigment of
decorative CLs does not exist1).
We have developed an apparatus using a pendulum apparatus to measure a friction coefficient of whole surface of CL, which can mimic CL friction occurring with eyelid, and to
assess the risk by usage of CLs, especially decorative CLs. In this study, friction coefficients of commercially available decorative color CLs were measured using the apparatus to
clarify effects of embedded pigments on their friction.

Experiment
<Principle of apparatus>
From the energy balance between frictional loss and
the decrease in the potential energy of the pendulum,
the friction coefficient f can be calculated by the
equation described below3).

<Samples>
Commercially available decorative CLs. The embedding area of
pigments has been located by TOF-SIMS2).
Non-color commercially available CLs (No.0 and 1) is used as the
negative control for this study.

Table 1. Characteristics of CLs used in this study
Sample
No.

0
1
2
3
4
5
6
7
8
9
10
11
12

Center
Base Curve Diameter（mm）
thickness（mm）

8.5
9.0
8.7
8.8
8.6
8.6
8.7
8.9
8.6
8.6
8.6
8.7
8.5

14.2
14.2
14.2
14.5
14.0
14.5
14.5
14.5
14.0
14.2
14.5
14.0
Not identified

0.085
0.085
0.100
0.130
0.100
0.170
0.100
0.133
0.100
0.120
0.120
0.050
Not identified

Power

Water content
（%）

Pigment
location

-4
-4
0
0
0
0
0
0
0
0
0
0
0

46
46
38
38
38.6
Not identified
38.6
38.5
38.6
38.5
38
38
Not identified

N/A
N/A
eyelid
cornea
cornea
cornea
cornea
cornea
cornea
cornea
cornea
cornea
eyelid

Pigment
detected on
surface
N/A
N/A
Yes
No
Yes
No
Yes
No
Yes
No
No
Yes
Yes

Materials

Narafilcon A
Narafilcon A
Polymacon
Polymacon
Polymacon
Polymacon
Polymacon
Polymacon
Polymacon
Polymacon
Polymacon
Polymacon
Polymacon

Acrylic hemisphere to adhere CL

Super elastic alloy wire

L (cm) : Distance between the center of gravity and
the fulcrum of the pendulum
Δθ (rad) : Amplitude decay per a libation cycle
r (cm) : Radius of the sliding surface

Marker

Weight

Prototype pendulum
θ

PET dome filled
with saline

Overview of an apparatus

Figure 2. Photos of a pendulum and an apparatus
used in this study

Weight

Figure 1. Scheme of the pendulum used in this study

Δθ can be obtained from changes of the position of
the marker on a protractor scale on the back wall
recorded by a video camera of the apparatus during
its free libation.

Results

Table 2. Friction coefficients of CLs made of Narafilcon A
with different base curves
Base curve

8.5

9

Friction coefficient

0.038 ± 0.006

0.034 ± 0.008

<Effects of pigment conditions>
Measured friction coefficients changed with the pigment location in decorative CL, as shown in Figure
3. This apparatus enabled the assessment the friction of eyelid side surface of a CL.
Measured friction coefficients did not change with the pigment exposure on the surface of decorative
CL, as shown in Figure 4.

Discussion

Friction coefficient

<Validation of the apparatus>
Measured friction coefficients of non-color commercially available CLs (No.0 and 1) (n = 6) are shown
in Table 2. As shown in the table, the difference of base curve did not affect the friction measurements
of CLs using the present apparatus.

Friction coefficient

0.160

0.120

0.080

0.040

0.000
Cornea side

Eyelid side

No

Location of pigment

Yes

Exposure of pigment

Figure 3. Friction coefficient of the different
position of pigment location in
decorative CLs (Red bar:
average of the coefficients)

Figure 4. Friction coefficient of decorative
CLs with or without pigment
exposure (Red bar: average of
the coefficients)

The friction coefficient of CLs made of Narafilcon A reported in the previous study was 0.031 ± 0.0281). This value is consistent with those shown
References
in the present study, supporting the validity of the present apparatus measuring the friction coefficient of CLs.
The past measurements were limited on the narrow area of a CL which could not measure the friction coefficient of whole surface of CLs. In the
1. Roba M. et al., Tribol Lett. 2011;44:387-397.
present study, this apparatus is proved to be able to measure the friction of whole surface of CL and useful for the assessment of CLs with the 2. Nomura Y. et al., Eye and Contact Lens 2018;8:264-270.
uneven surface aspects, which are sometimes found on a decorative CL.
3. Mabuchi K.et al., Biosurface and Biotribology 2021;7:154-161.
As the results, friction coefficients on every decorative color CLs were higher than non-colored CLs. The friction rise depended on the location of
pigment. The friction rise was little when pigment location is cornea side which was fixed at the apparatus during the measurement. Meanwhile,
friction rise was large when pigment location is eyelid side. It was suggested from these results that increase in friction of a CL depends on the
Acknowledgement
distance between the pigment layer and the sliding surface. However, the pigment exposure on the surface of decorative color CL did not show its
This study is supported by a grant for Research on Regulatory
friction rise as shown in Figure 4, suggesting that increase in the friction of CLs was caused just by the pigment existence.

Conclusion

1. The apparatus used in this study can be used as a useful measure to evaluate a friction coefficient of CLs
including decorative CLs mimicking clinical conditions.
2. Pigment existence and location may affect the friction of decorative CLs.
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Activation of platelets was not induced with contacting to Pro9-SAM.

The oligoproline-immobilized surface showed excellent hemocompatibility with no adhesion of blood components and no activation of platelets.
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Introduction & Motivation
•

Retinal vascular diseases are linked to pre-existing
conditions (e.g., diabetes), and affect a broad range of
age groups ultimately leading to vision impairment/loss.

•

Abnormal angiogenesis, excess vascular endothelial
growth factor (VEGF) secretion and chronic
inflammation are critically implicated in disease
pathogenesis. Targeting these conditions via controlled
drug delivery can provide avenues to check disease
progression.

•

Electrospinning is a simple and widely investigated
technique to produce micro- or nano-scale fibers.
Electrospun fibers offer the ability to load drugs and
release them in a controlled manner as desired in
specific applications. Nanofibrous matrices produced by
electrospinning also resemble the natural fibrous
extracellular matrix, which can aid specific cell functions.

Objectives
• Towards the long-term goal of developing treatment
modalities for retinal vascular diseases, this work
investigates the ability of electrospun meshes in
providing controlled drug release followed by preliminary
in vitro evaluation using ex vivo mixed retinal cultures.

Drug release kinetics

In vitro cell viability
•

• Successful incorporation and uniform distribution of a
bioactive factor via emulsion electrospinning was
confirmed by visualizing FITC-BSA within the shell of the
electrospun fibers in a poof-of-concept (Figure 2).

•

The steroid-loaded meshes were tested for their ability
to suppress markers of inflammation in vitro without
compromising cell viability.

•

Likewise, the expression of TNF-α too was significantly
lower by cells cultured on steroid-loaded meshes as
compared to the control meshes (Figure 6).

•

Together, these in vitro results suggest the initial promise
of these drug-eluting electrospun materials in influencing
the diseased phenotype of mixed retinal cells.

The viability of mixed retinal cells after 4 days of culture
on both control and steroid-loaded meshes was higher
compared to the no-fiber control (Figure 4). Moreover,
no significant differences in viability were noted across
the control and drug-loaded mesh, suggesting that the
released drug was well within the cytotoxic limits.

Figure 2: Distribution of FITC-BSA within fibers made
by emulsion electrospinning. Scale bar: 100 μm.
• In vitro release of the anti-VEGF agent (loaded via
emulsion electrospinning) and steroid (loaded via blend
electrospinning) was analyzed over 14 days (Figure 3).
Figure 6: TNF-α expression on (a) control mesh and (b)
mesh loaded with steroid. Panels (c) and (d) represent
respective DAPI-stained images.
All scale bars
correspond to 200 μm

• While both PCL and PLGA resulted in a small burst
release of the anti-VEGF agent initially, PCL provided
slower release thereafter. Cumulative release of 37% and
49% respectively was observed over 14 days.
Figure 4: Normalized viability of cells cultured on
coverslips, control mesh and steroid-loaded mesh.
Asterisk indicates statistical significance compared to
the control and drug-loaded samples (p<0.05)

• The choice of PLGA for the steroid was driven by our
previous experience with the polymer, which provided
controlled cumulative release of 15% over 14 days.

• Accordingly, two different drugs (anti-VEGF agent or
corticosteroid) were loaded into polymeric fibers using
blend or emulsion electrospinning and release kinetics
were investigated. Further, preliminary in vitro studies
were conducted to confirm the efficacy of the released
drugs. The study design is presented in Figure 1.

Inflammation markers
•

Diseased mixed retinal cells cultured on control meshes
showed higher expression of the inflammatory marker
IL-6 while its expression was significantly lower in the
steroid loaded meshes (Figure 5).

Methods
Polymers: Poly-(caprolactone) (PCL), Poly(lactic-co-glycolic
acid) (PLGA)
Drugs: anti-VEGF agent, anti-inflammatory steroid
Cells: Ex vivo human mixed retinal cells

Conclusions
•

The incorporation of anti-VEGF agent and steroid into
electrospun fibers was achieved by blend and emulsion
electrospinning.

•

Ability of meshes in releasing the drugs individually over
14 days in vitro was demonstrated.

•

The released steroid was shown suppress markers of
inflammation in vitro without compromising cell viability.

•

The controlled and extended release of the drugs shows
promise for exerting long-term biological effects in retinal
vascular diseases.
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A Layer-by-layer Approach to Incorporate Bioactive Factors into Electrospun Meshes while Preserving Protein Secondary Structure
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Introduction & Motivation

Morphology and composition

Mechanical properties

Protein release kinetics

Electrospun meshes – popular in several tissue
engineering applications – are often functionalized with
therapeutic proteins to enhance their bioactivity and thus
improve their ability to elicit specific cell responses.
However, traditional approaches to incorporate sensitive
bioactive factors into electrospun meshes expose the
proteins to harsh processing conditions (e.g.,
hydrophobic polymers, organic solvents, high voltage)
which can negatively impact protein structure and
function. Alternative strategies that help retain protein
structure/function post-incorporation can improve the
biological/therapeutic potential of functionalized meshes.

• Bright-field, fluorescence and scanning electron
microscopy of samples collected during various
stages of composite preparation revealed three layers
in the sandwich: a bottom fiber layer, a middle airsprayed alginate layer and a top fiber layer (Figure 2).
As proof-of-concept, rhodamine was pre-loaded into
the air-sprayed alginate during fabrication in order to
visualize under fluorescence microscopy.

• Uniaxial tensile testing was conducted to analyze the
mechanical stability of the composites (Figure 4).

• Incorporated proteins were released from the
composites in a controlled manner in vitro (Figure 6).

• Composite 90 and composite 180 samples had moduli
of 14.7 ± 3.3 and 16.7 ± 4.2 MPa respectively
compared to 9.9 ± 0.56 MPa for the control. Strain at
failure values for the composites were 19.2 ± 0.54 and
25.2 ± 0.33 compared to 15.2 ± 0.70 for the control.

• The differences in release profiles may be attributed to
differential alginate cross-linking between the
composite-90 and composite-180 samples, differential
isoelectric points of the two proteins and their
inherently different sizes.

Objectives
This work presents an approach to create sandwich
composites using a layer-by-layer fabrication technique
that permits the incorporation of proteins into
electrospun composites while retaining protein
secondary structure. Specifically, we use an air-sprayer
to sandwich a protein-loaded layer between two
electrospun fibrous layers. To demonstrate the benefits
of this approach, we incorporate two model proteins
bovine serum albumin (BSA) and lysozyme into the airsprayed layer and subsequently evaluate composite
mechanics, protein secondary structure and release
kinetics (Figure 1).

• FTIR spectroscopy (Figure 3) revealed peaks for the
functional groups present in PLGA (indicated by X)
and the incorporated BSA or lysozyme (indicated by #
& * respectively) for the composites. Alginate peaks
were observed in both samples in the 3200-3400 cm-1
range. Control samples prepared without alginate
showed peaks only for PLGA.

a

d

Figure 4: Representative tensile stressstrain curves for composites and control
Lysozyme

Protein secondary structure
b

e

c

f

Experimental
• Electrospinning: Poly(lactic-co-glycolic acid)
• Air-spraying: Alginate and calcium chloride
• Proteins: Bovine serum albumin (BSA) or lysozyme

• Layer-by-layer fabrication of composites by
electrospinning and air-spraying.
• Alginate cross-linked in situ with calcium chloride.

BSA

• Circular dichroism spectra for BSA extracted from
both composites was comparable to the native
spectrum (Figure 5) and the secondary structure was
pre-dominantly α-helical (~55%). When incorporated
in a similar manner, lysozyme secondary structure
was also comparable to the control at ~40% α-helix
and 20% β-sheets (Figure 5).
BSA

Conclusions & future work

Figure 2: Microscopy images of (a) bottom
fibrous layer, (b) middle alginate layer with
rhodamine, (c) top fibrous layer; (d,e,f)
corresponding scanning electron micrographs

• An approach to safely incorporate proteins into
electrospun composites was developed.
• The approach aids retention of protein structure and
offers control over the release of two model proteins.
Lysozyme

• Composite-90 and Composite-180 samples
(based on the relative positions of the air-sprayers)
• Control sample prepared without alginate layer

Microscopy Spectroscopy Tensile
testing

• Future work will include the incorporation of cytokines
and evaluation of in vitro biological responses.
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Conclusion

•
•

Fig. 3 Corrosion behavior of pDA-treated pure Mg substrate
in cell culture medium (10% FBS).

Low Mg²⁺ eluting was found in the case of
pDA coated-pure Mg (pH 9.2 or 12.0).

Polydopamine was coated on pure Mg surface via the polymerization reaction in NaOH solution.
Corrosion decomposition of pure Mg was suppressed by polydopamine coating .

Dual Stimuli-responsive Sol-Gel Transition Polymers
with Photodimerizable Groups for Regulating Cell Behavior
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Department of Chemistry and Materials Engineering, Kansai University (tmiyata@kansai-u.ac.jp)

1 kPa

34 kPa

Differentiation
0.1-1 kPa

20µm

Osteoblast

Engler, A. J., Cell 2006, 126, 678.

Photo-dimerization

O

Complex forming
groups

N

Biotin

+

O

O

R N

O

N

O

BMP-Avidin
complex

O

Light
O

O

N

N

O

O

N

Coumarin
O

O

O

O

Excitation
UV
(365 nm)
UV
(254 nm)

Dimer
O

O

O

O

N

O

O

O

Biotin
O

N

O

O

O

O

N

N

N

N

O

O

O

N

(a) Before UV irrad.

O
N

O

O

O

N

N

Sol

Dimer

O

O

N

O

N

O

O

N

O

(250-400 nm)

O

N

O

(b) After UV irrad.

O

N
O

O

Gel

O

O

UV

Dissociation

Sol

O
N

O

O

N

N R

Gel

Photo/temperature-responsive polymers
Coumarin
O

O

O

O

T < LCST

UV
(365 nm)

O

UV
(254 nm)

O

T > LCST

Hydrophilic

O

O

O
O
O

T > LCST

O

O

Sol
Low

Hydrophobic

O

UV
(365 nm)

O

O

Hydrophobic
Temp.
change

O

O

O

O

UV
(254 nm)

O

O

O

O

102
101

O

O

Gel
High

0

50

100

150

UV irrad. time (min)

200

(d) 100

80
60
40
20
0
20 25 30 35 40 45 50 55 60
o

Temperature ( C)
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Fig. 1. (a) Phase contrast image of the L929 cells cultured within BMP-Avidin gel for 2 days. (b) Phase contrast
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2. Background

5. Properties of P(MAC-co-OEGMA)

Photo/molecule-responsive polymers

O

Stimuli-responsive polymers that exhibit sol-gel phase transition in response to
environmental changes such as temperature and pH have attracted considerable
attention as injectable polymers and scaffolds for cell culture. Although numerous
stimuli-responsive polymers that undergo a sol-gel transition have been reported, the
literature contains few accounts of biomolecularly stimuli-responsive polymers that
undergo a sol-gel transition in response to a specific biomolecule. We have designed
a variety of stimuli-responsive gels that undergo the volume changes in response to a
target molecule (Miyata, T. et. al. PNAS 2006, 103, 1190; Miyata, T. et. al. Chem.
Commun. 2014, 55, 11101). In addition, biotin-conjugated four-armed poly(ethylene
glycol) (PEG) that transformed from a sol to a gel state in response to avidin was
synthesized as a molecularly stimuli-responsive sol-gel transition polymer (Miyata, T.
et. al. Polym. Chem. 2017, 8, 6378). Our strategy for designing such molecularly
stimuli-responsive polymers and gels uses biomolecular complexes as dynamic
crosslinks. In this study, as dual stimuli-responsive sol-gel transition polymers for cell
culture, we designed two kinds of PEG derivatives with functional groups for forming
dynamic crosslinks, i.e. photo/molecule- and photo/temperature-responsive sol-gel
transition polymers. Cells were cultured within the photo/molecule-responsive PEG
derivatives with sol and gel states. Cell behavior was investigated on
photo/temperature-responsive gels with different elastic modulus and hydrophilicities.

3. In this study

O

1. Introduction

7. Conclusion

 Cell behavior within the BMP-avidin complex hydrogel was quite different from that after the dissociation of the
hydrogel by the addition of free biotin.
 Cell behavior on P(MAC-co-OEGMA) hydrogels was strongly influenced by their surface modulus and
hydrophilicity.

Cationic Dendrimer as a Novel Melanogenesis Inhibitor

Melanin deposition and whitening agents

Inhibitory effect of a cationic polymer on amyloid formation

1

Melanin, a dark pigment, protects the skin from ultraviolet rays.
Amyloidized premelanosome protein (PMEL) is a scaffold for melanin synthesis.
B. Watt et al., Pigment Cell Melanoma Res., 26, 300-315 (2013).

Schematic illustration of intracellular melanin synthesis
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Dendrimer (G2) : 50 µM

PMEL
(10 µM)
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Citric acid buffer (pH 5.5)

Fluorescence intensity (%)
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Inhibitory Effect of Dendrimer (G2) on PMEL Amyloid Formation
Each value represents the mean
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S.E. of 5-6 experiments. *p < 0.05, compared with Control, †p < 0.05, compared
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Dendrimer (G2) inhibited the melanin deposition in B16F10,
almost comparable to kojic acid.
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Problems of whitening agents
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Evaluation of Dendrimer (G2)
as a melanin deposition inhibitor
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Stage

1) Starbust® polyamidoamine dendrimer (Generation 2; G2)
2) One of the amyloidgenic protein

Dendrimer (G2) 1)

Melanocyte (Cytosol)

Purpose
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N
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NH2
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Dendrimer (G2) did not suppress the tyrosinase activity.

NH
2

2

Dendrimer (G2)

Dendrimer (G2) inhibited PMEL amyloid formation.
Not interfere

Tyrosinase

Dendrimer (G2) did not induce cytotoxicity in B16F10 cells up to 50 µM.
Dopaquinone

Inhibition of
PMEL amyloid
formation

Breaking of
PMEL amyloid ?

Self-oxidation

Inhibition of
melanin
deposition

Deposition
: Melanin

PMEL

Amyloid formation

PMEL amyloid

Melanin formation

Melanin deposition

Dendrimer (G2) may inhibit intracellular melanin deposition
through the inhibition of PMEL amyloid formation !

Dendrimer (G2) may have a potential as a melanogenesis inhibitor
through the inhibition of PMEL amyloid formation.
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Introduction

Strategy

Exercise performance and Reactive oxygen species (ROS)
O2
O2

Deviation of about 10 years between average life expectancy and healthy life expectancy
with no need for nursing care , etc..
→Loss of exercise performance is one of the main cause.

Inflammation

ROS

ROS

Self-Assembled Antioxidants Nanoparticle (RNP)

Hydrophilic Hydrophobic

Why does exercise performance decline?
→One of the factor is Reactive Oxygen Species (ROS) (e.g. O"
! , HO")

Injury
Fatigue

It is needed new antioxidant that selective affect and long-retention without side effects.

Anemia

Exercise-induced ROS damages the body and inhibits exercise performance.
Antioxidant capacity declines with age, therefore it is important to improve external antioxidant capacity.

What are antioxidants and what are problems of antioxidants?
ROS
LMW
Antioxidant
LMW
Antioxidant

✔Quickly eliminated
Cannot scavenge ROS generated by exercise
✔Mitochondrial dysfunction
ROS is used in the electron transfer system involved in energy production
Inhibits energy production by removing ROS used in mitochondria.

ROS

ROS

Cl

PEG-b-PCMS

AIBN,Toluene,60℃,24h

PEG-b-PMNT

N
O

BuLi: n-Butyllithium, THF: Tetrahydrofuran, AIBN: Azobisisobutyronitrile, DMF: N,N-dimethylformamide

PEG-b-PMNT
in DMF
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Fig.2: The size distribution of the RNP analyzed by
the dynamic light scattering (DLS) measurement

Fig.1: The ESR spectra of TEMPO (left) and RNP (right)
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Fig. 9: Oxidative stress level in gastrocnemius muscle after the exhaustive running.
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Fig. 7: Oxidative stress level in RBC after 50 min running.
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Fig. 8: Osmotic fragility of RBC after 50 min of running. (A) Hemolyzed fraction of the RBC in response to the NaCl concentration.
Small graph focuses on the (A) between 0.55% and 0.65% of NaCl (w/v%). (B) Half-hemolytic concentrations of the NaCl, shown as orange in (A).

Discussion and Conclusion

High-intensity running causes a negative vicious cycle, as shown in Scheme 2

*p < 0.05

Stays in the blood
and scavenge ROS

P
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R

Fig. 10: Muscle damage marker in plasma; (A) aspartate aminotransferase (AST), (B) lactate dehydrogenase (LDH)
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Fig. 6: Free iron level in plasma.
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induced-hemolysis

Iron (ppm) in plasma

RNP maintains the number of
RBC equivalent to rest group

Hemoglobin (mg / L) in plasma

Red blood cells in blood (107 / mL)

Protective Effect on Red Blood Cell (RBC)
1100

PBS**
PBS

Subcutaneous administration
Running to exhaustion: 0.34 - 0.69 mmol/kg body weight
10, 30, 50 min run: 0.51 mmol/kg body weight
Oral administration (free-drink 1day)
Running to exhaustion: c.a. 2.5 mmol/kg body weight

Each different individual was used to run the treadmill
with high-intensity (40m/min).
Assessment of exercise performance: To exhaustion
Assessment of RNP effect mechanisms: 10, 30, 50 min

+

H!O!

RNP

PEG-b-PMNT in DMF dialysis
against to water

TEMPOL and RNP were administered at the same
concentration based on nitroxide radicals, which have
antioxidant capacity.

Electroshock

2H #

RNP

TEMPO

RNP prolongs the running time with dose dependent

*LMW: Low Molecular Weight
**PBS: Phosphate-buffered saline
***TEMPOL: 4-hydroxy-2,2,6,6-tetramethylpiperidin-1-oxyl
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Hate electroshock,
continue running
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Nitroxide radicals are encapsulated

Hemolysis (%)

Rats run on treadmill
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Nano-sized particles with single-peak

Water

Time to exhaustion (min)

Mechanism of treadmill running

+

Nano size inhibits uptake by normal cells
Suppression of mitochondrial dysfunction

Preparation of RNP

RNP Improves Exercise Performance Whether Administered Subcutaneously or Orally
A: Subcutaneous administration
Treadmill Running
Group
Rest or Run Administered Substances
Rats acclimated to treadmill running were administered
the substances listed on the right subcutaneously or orally.
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Stays in the blood
for more than 24
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Evaluation of the Effect of Self-Assembled Antioxidants Nanoparticle (RNP) on Improving Exercise Performance

Rest
Not run(rest)
Vehicle (Control)
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TEMPOL
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*
(LMW antioxidant)
RNP
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+

Making Self-assembled Antioxidants Nanoparticle (RNP)

Scheme 1: Synthesis of amphiphilic block copolymer (PEG-b-PMNT)

Fischer344, 10 weeks old, male

H!O!

Could RNP with these characteristics improve exercise performance?

Electron Spin Resonance (ESR)
to confirm the introduction of nitroxide
radicals in PEG-b-PMNT

DMF,r.t.,24h

RNP

Polyethylene glycol (PEG) shell improves blood retention

Gel Permeation Chromatography (GPC)
to determine the molecular weight of each
polymer

NH2

+

Suppression of Toxicity

Feliciano et al.,Biomaterials. 2017

Nuclear Magnetic Resonance (NMR)
to determine the structure of each
polymer

PEG-BDTB

THF,40℃,24h

+ 2H #
! O"
!

Vong et al.,
Mol Pharm. 2016

Synthesis of Amphiphilic Block Copolymer
PEG-Cl

+

Nitroxide radicals catalytically scavenge ROS

c.a. 20 nm

Side effects ≧ Effects
(Overdose syndrome)

Preparation of Self-assembled Antioxidants Nanoparticle (RNP)

BuLi,THF,50℃,48h

2 ! O"
!

Stays in the blood
for only a few
minutes

LMW antioxidants worsen rather than improve exercise performance.

Polyethylene
glycol (PEG)

）

Low molecular weight antioxidant

Common antioxidants are low molecular weight (LMW) (e.g. ascorbic acid, coenzyme Q10).
LMW antioxidants diffuse through the body in a non-specific and instantaneous manner.

LMW
Antioxidant

ROS

Good Retention in Blood

Antioxidant drugs that remove ROS are expected to improve exercise performance.
However, the effect was not as great as expected.

ROS

RNP
Selfassembly

Amphiphilic Block
Copolymer
(PEG-b-PMNT)
TEMPO
(Antioxidant)

ROS is produced by respiration and increases explosively during exercise.
ROS denatures muscles and red blood cells, causing inflammation and damage.
ROS interferes with biological functions and reduces exercise performance.

Antioxidant Effect

NaCl (% w/v)
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Scheme2: The negative vicious cycle
is caused by high-intensity running

Toriumi Takuto（⿃海

1. High-intensity running induces reactive oxygen species (ROS).
2. Red blood cell (RBC) become fragile due to oxidative stress, and the stimulus of exercise (impact
of the foot, contraction of muscles and blood vessels) caused them to be break (hemolysis),
releasing iron into the bloodstream.
3. The released free-iron increases oxidative stress via the Fenton reaction.
(Fe!" + H! O! → Fe#" +' OH + OH $ )
4. Continuous high-intensity running further induces ROS and causes oxidative stress to RBC and
then enhances hemolysis and releasing free-iron in the blood.
The steps 1 to 4 further destroys the RBCs and reducing the oxygen-carrying capacity
→The rats become exhausted and cannot run.
The self-assembled antioxidants nanoparticle (RNP), which possesses a long-term blood circulation
tendency, continuously eliminated the ROS in the blood to break the vicious cycle shown in Scheme 2.
→RNP prolongs the running time of the rats with dose-dependent without side effects of
overdose caused by low molecular weight antioxidant (TEMPOL).
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Treg capture of the anti-CD25 antibody-immobilized PE mesh

Tumor growth suppression by releasing cancer immune
suppression using an anti-CD25 antibody-immobilized material

(A)

(B)

(C)

Tsuyoshi Kimura1 , Rino Tokunaga1 , Moeko Hagiwara1 , Yoshihide Hashimoto1 , Naoko Nakamura2 , Akio Kishida1
1 Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University,
2
Department of Bioscience and Engineering, Shibaura Institute of Technology.
E-mail: kimurat.mbme@tmd.ac.jp

Introduction
T Regulatory T cell (Tregs) expressing CD4, CD25 and the transcription factor forkhead box P3 is one of
immunosuppressive cells and roles on the regulation of immune reaction. Tregs play important roles in
maintaining immunological self-tolerance and in suppressing excessive immune responses. For cancer, it is
recently revealed that Treg cells suppress the activation of tumor-antigen–specific T cells. To evoke antitumor
immunity, they can be one of the target cells, and reducing the number of Treg cells from cancer patients is
an important treatment. Thus, the number of Treg cells should be selectively reduced from a cancer patient’s
body, e.g., peripheral blood, while retaining functional cells. Previously, we reported that an antibodyimmobilized film could capture target cells effectively and selectively [1-3].
In this study, we proposed a removal of
Tregs by implantation of anti-CD25
antibody-immobilized mesh. For this
method,
the
anti-CD25
antibodyimmobilized mesh was implanted around
tumor of cancer-bearing mouse and the
Implanation of
Treg capture material
Treg accumulation on the mesh and
tumor size was evaluated.
1. Kimura T. et al., Sens. Mater. 2016; 28(12): 1255-1264.
2. Kimura T. et al., J. Biomater. Sci. Polym. Ed. 2017; 28(10-12): 1172-1182.
3. Kimura T. et al., Sci. Tech. Adv. Mater. 2021; 22(1): 607-615.

Releasing of immune suppressive enviromment

Fig. 5. (A), (B) FoxP3 immunostaining of mouse subcutaneously implanted PE mesh. (C)
Number of Treg aroud the fibers of the implanted meshes (n=5).

Ø CD25-PE mesh showed anti-inflammation property
Ø Tregs accumulated around CD25-PE mesh in vivo
Fig. 4. Inflammatory response. HE staining of
mouse subcutaneous PE mesh implantation

Tumor growth suppression using the anti-CD25 antibody-immobilized PE mesh
B16 melanoma
injection

implantation Sample
harvest
Cancer bearing mouse after 7days…

Tumor size [mm3 ] = long side [mm] × short side2 [mm2 ] ×0.5

Preparation of anti-CD25 antibody immobilized PE mesh

Sham
5wt%
PAAc-PE

Tumor volume [mm3]

60 0

PE
CD25-PE

H-E staining
IHC
(Anti-FoxP3 antibody)

(A)

40 0

1mm

100µm

(B)

20 0

1mm

0
0

2

4

100µm

6

Day

Fig. 6. Tumor growth following implantation of anti-CD25-PE
meshes (n=3).

Fig.7. (A) H-E staining and (B) FoxP3 immunostaining of the CD25PE meshes at 7 days after subcutaneous implantation into tumorbearing mice.

Ø Tumor growth was decreased in the cases of implantation of various PE meshs compared
with negative control (sham)
Ø Especially, the CD25-PE mesh induced dcrease in tumor growth effectively.
Fig.1 .Methylene blur staining of PAAc modified PE mesh and DAB staining
of anti-CD25 antibody-immobilized PE mesh

Fig.2 .Amount of anti-CD25 antibody on PE mesh.

Ø The anti-CD25 antibody-immobilized PE mesh (CD25-PE mech) was obtained.

In vitro Treg capture of the anti-CD25 antibody-immobilized PE mesh
Mouse
splenocytes

Fig.3 .Capture of CD25 positive cells in
splenocytes by using CD25-PE mesh
under flowing condition.

Ø CD25-PE mech could capture Tregs
effectively under flow condition
Ø The capturing activity was increased
with increasing amount of immobilized
antibody.

Conclusion
We synthesized a anti-CD25 antibody immobilized PE mesh. CD25-PE could capture Tregs
effectively in vitro and in vivo. Also, the implanted CD25-PE around tumor prevented tumor
growth, suggesting that the immune suppression in tumor microenviromment would be
disordered. The antibody-immobilized material woud be applicable as a implantable
immunomodulatory material.
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Isabgol (Psyllium) Nanoparticles Functionalized with Hyaluronic Acid from Engineered Lactococcus Lactis for Drug Delivery
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INTRODUCTION
• Diabetic wounds are chronic, non-healing
wounds that require medical attention and care.
• Nanoparticles exhibit high surface-to-volume
ratios that improve the biological interactions
and penetration at the wound site.
• Nanoparticles are ideal for the sustained delivery
of drugs and biomolecules to the wound site to
promote cell adhesion and proliferation,
vascularization, and/or to prevent infection.
• We have developed tetracycline-loaded, isabgol
(ISAB, psyllium) gel nanoparticles functionalized
with hyaluronic acid (HA) obtained from
metabolically engineered Lactococcus lactis for
the effective treatment of diabetic wounds.

MATERIAL CHARACTERIZATION

MATERIAL CHARACTERIZATION

Drug encapsulation efficiency and loading capacity of
nanoparticles

A

B

FTIR Spectra confirm the functionalization of HA on ISAB
nanoparticles
ISAB HA NPs

ISAB HA GLUT NPs

SEM micrographs of ISAB Nanoparticles
functionalized with HA by A)physical adsorption B)
Glutaraldehyde crosslinking

MATERIAL SYNTHESIS

Antibacterial activity of nanoparticles against S.
aureus and E. coli by disc diffusion assay

Intensity vs size distribution of
nanoparticles

48 hours
Control
ISAB HA
ISAB HA GLUT
Drug ISAB HA
Drug ISAB HA GLUT
Drug

% Cell viability

150

100

CONCLUSIONS
• Drug loaded ISAB HA nanoparticles were successfully
prepared and characterized.
• The nanoparticles showed excellent cellular
internalization, antibacterial activity and were found to
be non-toxic.
• The nanoparticles can be loaded with the antibiotic
tetracycline at high encapsulation efficiency and
loading capacity.
• Further, in vivo wound healing efficacy of the
nanoparticles needs to be assessed for clinical
applications in diabetic wound treatment.
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25 50 100 250

25 50 100 250

25 50 100 250

25 50 100 250

Concentration of sample (g/ml)

Size and zeta potential of nanoparticles obtained
through DLS experimentation

Cellular uptake of nanoparticles tagged with rhodamine
B. Nuclei stained with DAPI.
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Piezoelectric-Driven Hernia Repair Mesh Mechanically
Loaded with Ultrasound For Soft Tissue Healing
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Background
Annually there are over 1 million hernia repair surgeries performed in the USA.1,2
Hernias occur when part of an organ, typically the intestines, protrudes through a
weakened location in the abdominal wall (Figure 1a). Hernias can present in any age,
demographic, and physical condition patient. It is standard for the surgeon to use a
hernia repair mesh to help hold the compromised tissue together, depending on the
location of the hernia and patient condition (Figure 1b). However, rate of recurrence
for hernias after using a synthetic mesh are currently high. For example, in the most
common
type of hernia
repair,
ventral of
hernia
repair,
hernia recurrence
rates can
range
Combining
the
novelty
piezo
elements
to
create
an
from 24% to 43% in tobacco users or people with diabetes.3 Physiological level ES
electrically
has shown beneficial effects in improving
healing in both hard and soft tissue
regeneration. Piezoelectric materials have the capability of producing low level
electrical signals from mechanical loading to help speed healing.4
Combining the novelty of piezo elements to create an electrically active hernia repair
mesh for faster healing (a)
(b)
prospects is conducted in this
study
through
simulated
transcutaneous
mechanical
loading of the piezo element
with therapeutic ultrasound.
Figure 1. (a) Hernia (b) Hernia Repair Mesh

Methods
Medical grade polypropylene (PP) hernia repair mesh (PPKM505 0.125 mm
monofilament, 1.3 x 1.5 mm pores 58 GSM, SurgicalMesh™ Division,
Textile Development Associates, Inc.) was cut to a dimension of either 24
mm x 80 mm or 20 x 60 mm, gold sputter coated (GSC) (EMS150RS
Quorum) and autoclaved at 120˚C for 30 minutes. The mesh then
underwent a wetting ladder with ethanol and sterilized water to increase
hydrophilicity and then incubated overnight in 40% fetal bovine serum
(FBS) for protein adsorption to promote integrin binding. The prepped mesh
was then electrically connected together and linked to the piezo element
that was embedded in silicone. Mouse NIH 3T3 fibroblast cells (ATCC,
Manassas, VA) were plated on 6-well plates at 150,000 cells per well,
incubated at 37˚C with 50 RPM for 7 hours, and then moved to a stationary
incubator at 37˚C for the remainder of the study. The media was Dulbecco's
Modified Eagle Medium (DMEM) with 10% FBS and 1% Streptomycin. The
cells on the mesh were loaded electrically via the voltage released by the
piezo elements. The piezo elements were mechanically loaded twice daily
through an ultrasound phantom with a clinical ultrasound machine
(Chattanooga Intelect TranSport). More specifically, the ultrasound machine
was 15 seconds on and 15 seconds off for 10 minutes, twice daily.
For the temporal studies, one ultrasound intensity was chosen (0.5 W/cm2)
and conducted over a period
of 5- & 7-days (Table 1). The
initial metric was a Live/Dead
Viability/Cytotoxicity
Kit
(Thermo Fisher Scientific,
Waltham,
MA).
The
experimental groups were:
(1) PP mesh, no ES (2) GSC
PP mesh, no ES, (3) GSC PP
mesh, ultrasound intensity
0.5 W/cm2.

Results

Discussion

Experimental Setup

Tissue Phantom

Initial viability results showed promising outcomes for the ES
hernia repair mesh for soft tissue healing after 5- & 7-days.
However, a small
complication arose with the GSC mesh
where the some of the GSC gold target did not stay adhered
to the mesh. This can be seen in Figure 4, where the dark
flakes are floating gold.

Piezo Element

The temporal viability studies showed viability with
cellular growth on all three experimental mesh groups:
PP mesh, GSC mesh, and GSC mesh with ES for the
5-day study (Figure 2) and the 7-day study. (Figure 3).
Results:
5-Days of Stimulation
- Controls showed similar amounts of live & dead cells
adhered to the mesh.
- GSC PP ES mesh appeared to have more live
cells on the mesh then both controls.
7-Days of Stimulation
- PP & GSC PP controls increased in the amount of
cellular growth on the mesh compared to the 5-day
study.
- GSC PP ES group had similar levels of live cells on
the mesh & had fewer dead cells compared to the
GSC control group.

Figure 2. 5-day experimental groups. Scale bar 1.5 mm.

Figure 4. Brightfield images of 5- & 7-day experimental
groups. Scale bar 100 μm.

This could be due to how the mesh was handled prior to
sputter coating. More tests are necessary to conclude the
cause of the flaking.

Conclusions
While the initial viability results show promise for the transcutaneous
mechanically loaded hernia repair mesh, the viability studies would
need to be conducted again with an electrode that does not have
gold flaking occur. An added measure of 14-days of stimulation will
be added as well as an ultrasound intensity study.
Future Work
- Determine cause of gold flaking on mesh
- Repeat temporal viability studies
o Add in another time point of 14-days of stimulation
o Add in additional experimental groups for ultrasound intensity
viability study (ex: 0.5 , 1.0, & 2.0 W/cm2)
o Include a total collagen assay for matrix formation quantification
- Conduct a Scratch Assay to Assess Time-To-Closure of a Wound
o QPCR of key wound healing marker (fibroblast growth factor
(FGF))

Figure 3. 7-day experimental groups. Scale bar 1.5 mm.
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Experimental

Introduction
The author previously developed new temperature-responsive polymers that exhibit LCST behavior
and demonstrated that these polymers could interact in a more hydrophobically manner with
proteins and peptides compared with conventional temperature-responsive PIPAAm under
physiological conditions.[1] In the course of the development of those polymers, it was found that
poly(N-acryloyl-isonipecotamide) (PNAiNAm) (Fig. 1), which contains a carboxamide group at
position 4 of the piperidine ring of poly(N-acryloyl-piperidine) (PAP), exhibits cloud point temperature
like UCST in aqueous solutions (Figure 2).[2] This finding gave the author anticipation that poly(Nacryloyl-nipecotamide) (PNANAm) (Fig. 1), which is a derivative of PNAiNAm and contains a
carboxamide group at position 3 of the piperidine ring of PAP, would also show a UCST in aqueous
solutions (Fig. 2). Although, based on the anticipation, PNANAm was prepared using the
conventional radical polymerization method and showed cloud point temperature like UCST, their
temperature-dependent optical transmittance curves were broad in aqueous conditions over the
entire range of investigated temperatures (Fig. 2). This was due to a wide range of molecular weights
of the PNANAm. By contract, living radical polymerization techniques, such as atom transfer radical
polymerization (ATRP) and reversible addition-fragmentation chain-transfer (RAFT) polymerization,
have been exploited for the synthesis of UCST-type polymers with controlled molecular weights and
narrow molecular weight distributions.[3]
In this study, in order to prepare PNANAm with precisely controlled molecular weight and narrower
molecular weight distribution and investigate the cloud point of PNANAm as UCST-type temperatureresponsive polymer, RAFT polymerization method was utilized using two different chain transfer
agents (Scheme 1). In addition, besides PNANAm, PAP derivatives such as PNAiNAm and Nacryloyl-N,N-diethylnipecotamide (NADNAm) were prepared and investigated in the same way.

Monomer synthesis: Nipecotamide (5.0 g) was dissolved in DMF (80 mL) containing trimethylamine
(TEA) (7.1 mL) in an ice-cooled bath. Acryloyl chloride (4.7 mL) dissolved in DMF (20 mL) was dripped
into the cooled solution in a N2 atmosphere. After the addition of the acryloyl chloride solution, the
reaction solution was stirred for 5 h at room temperature. Next, the precipitate was removed via
filtration, and the filtrate was concentrated using a rotary evaporator. The concentrated crude
product was purified by column chromatography performed on silica gel using an ethyl
acetate/acetone mixture (70:30 (v/v)) as the eluent. The eluted solution with the desired monomer
component was collected, concentrated, and recrystallized by leaving the solution in an ice-cooled
bath for a few hours. The recrystallized monomer was filtered and dried under reduced pressure at
room temperature for 10 h (yield 72%). Other monomers such as NAiNAm and NADNAm were also
synthesized in the same way. Detailed procedure was indicated in a previous report.[4]
Synthesis
of
PNANAm
by
RAFT
polymerization:
NANAm
(1.0
g),
4-cyano-4[(dodecylsulfanylthiocarbonyl)sulfanyl]-pentanoic acid (CDCTPA; 11.0 mg), and 4,4′-azobis(4cyanovaleric acid) (ACVA; 1.54 mg) were dissolved in DMSO (10 mL). CDCTPA and ACVA were used
as chain transfer agent (CTA) and initiator, respectively. The mixture was degassed by subjecting it
to three freeze–thaw cycles, and then it was sealed under reduced pressure. Polymerization was
performed at 70ºC for 24 h (Scheme 1). After polymerization, the reaction solution was dripped onto
an acetone/methanol mixture (70:30 (v/v)) to precipitate the polymer. The polymer was then filtered
and dried under vacuum at room temperature (yield 84%) (Table 1, Run 1). Similarly, PNANAm
samples with different molecular weights and terminal groups were synthesized using different
concentrations
of
the
CTA
and/or
different
CTAs
such
as
4-cyano-4(((dodecylthio)carbonothioyl)thio)pentanoic acid (CMDTC). 2, 2-azobisisobutyronitrile (AIBN) was
used as the initiator when cyanomethyl dodecyl trithiocarbonate (CMDTC) was added to the reaction
solution as the CTA. The reaction conditions are listed in Table 1. PNAiNAm and PNADNAm were
also prepared in the same way (Table 2).
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Poly(N-acryloyl-nipecotamide) (PNANAm), poly(N-acryloyl-isonipecotamide) (PNAiNAm), and
poly(N-acryloyl-N,N-diethylnipecotamide) (PNADNAm) were synthesized as novel temperatureresponsive polymers using reversible addition-fragmentation chain-transfer polymerization. Aqueous
solutions of these three polymers were examined via temperature-dependent optical transmittance
measurements. The PNANAm sample with a hydrophilic terminal group showed an upper critical
solution temperature (UCST) in phosphate-buffered saline (PBS) when its molecular weight (Mn) was
7,600 or higher, whereas PNANAm (Mn < 7,600) was soluble. The UCST was influenced by molecular
weight and the polymer concentration. In contrast, PNANAm sample with nonionic terminal group
showed UCST, when Mn was below 7,600, suggesting that the terminal nonionic group possibly
increased UCST of PNANAm. The urea addition experiment suggested that the driving force for
expression of UCST of PNANAm is the formation of inter-and intramolecular hydrogen bonds among
the polymer chains. PNAiNAm was soluble in PBS but exhibited an UCST in an appropriate
concentration of ammonium sulfate. In contrast, PNADNAm exhibited a lower critical solution
temperature. Comparing the chemical structure of these polymers and their phase transition
behaviors suggests that the carboxamide group position in the piperidine ring could determine the
UCST expression. These results could help design temperature-responsive polymers with a desired
the cloud point temperature.
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Fig. 3. Temperature-dependent optical
transmittance of PNANAm (Run 2)
solutions (PBS). PNANAm concentration
was (A) 4.0 wt% (red), 2.0 wt% (green), 1.5
wt% (blue), 1.0 wt% (yellow), and 0.5 wt%
(purple); (B) 4.0 wt% (red), 6.0 wt% (gray),
and 8.0 wt% (black) of PNANAm solution.
Solid and dotted lines indicate cooling and
heating
processes,
respectively.
(B)
Photographs of PNANAm solutions (PBS)
(Run 2, 2.0 wt%) at (left) 45ºC (above UCST)
and (right) room temperature (below UCST).
Scale bar = 1.0 cm.

Temperature (⁰C)
The temperature-dependent optical transmittance curves of PNANAm (Run 2) dissolved in PBS
solution in various concentrations are given in Fig. 3(A). It is evident that PNANAm exhibited a
temperature-change-induced cloud point temperature. The PNANAm was soluble at higher
temperatures but underwent aggregation at temperatures lower than the cloud point temperature (Fig.
3(B)). However, in the presence of urea (2 M), which is utilized as a hydrogen-bond-breaking
agent,[32] the cloud point temperature was disappeared. The PNANAm solution containing urea was
transparent irrespective of temperature. A similar tendency was also observed in other PNANAm
samples (Runs 1 and 6–10). This result indicated that the appearance of the cloud point temperature
of PNANAm is mediated by the formation of inter- and intramolecular hydrogen bonds between the
PNANAm chains via the carboxamide group, as described below. Thus, it can be concluded that
PNANAm is a novel temperature-responsive polymer that exhibits a cloud point temperature, UCST.
The UCST decreased with a decrease in the concentration of the PNANAm solution to 4.0 wt%
(42.8ºC) and lower (0.5 wt%, 23.3ºC) (Fig. 3).
Table 2 Polymerization conditions and molecular weights
of PNAiNAm and PNADNAm

Results and Discussion
Scheme 1 shows the synthesis of PNANAm using the RAFT polymerization method. The
polymerization conditions and properties of the synthesized PNANAm samples are listed in Runs 1–
10 in Table 1. Both terminal groups of the PNANAm chain depend on the chain transfer agent (CTA),
such as 4-cyano-4-[(dodecylsulfanylthiocarbonyl)sulfanyl]-pentanoic acid (CDCTPA) and
cyanomethyl dodecyl trithiocarbonate (CMDTC). Both CTAs were used to provid a terminal group
with a hydrophobic dodecyl group to one side of the PNANAm chains. Another terminal group was
the 4-cyano-pentanoic acid group (Runs 1–5) or nonionic cyano-ethyl group (Runs 6–10), depending
on the CTA species used, as indicated in Scheme 1
Scheme 1. Synthesis of PNANAm
with (A) 4-cyano-pentanoic acid
group and (B) nonionic cyano-ethyl
group as terminal groups using
RAFT polymerization method

NAiNAm and NADNAm were also synthesized as analogs and derivatives of NANAm for the
synthesis of PNAiNAm and PNADNAm (Fig. 4). The RAFT polymerization conditions for NAiNAm and
NADNAm are summarized in Table 2. They have a hydrophobic dodecyl group and nonionic cyanoethyl group at the terminal of polymer. The molecular weight distribution was relatively narrow. The
temperature-dependent optical transmittances of the PNAiNAm and PNADNAm solutions were
examined (Fig. 5). The PNAiNAm solution was transparent at all temperatures (Fig. 5(A), yellow).
However, the PNAiNAm solution exhibited UCST characteristics in the presence of an appropriate
amount of ammonium sulfate (Fig. 5(A)). The appearance of the UCST behavior can be attributed to
the sulfate ions, which decreased the solubility of PNAiNAm as a kosmotropic agent. Conversely,
PNADNAm bearing a N,N-diethyl carboxamide group at position 3 of the piperidine ring of PNANAm
exhibited a LCST in PBS solution (Fig. 5(B)). The LCST of PNADNAm increased with a decrease in
the polymer concentration.
Fig. 4. Chemical
structure
of
(A)
PNAiNAm and (B)
PNADNAm
(A) PNAiNAm

Table 1 Polymerization conditions and properties of PNANAm

Fig. 1. Chemical structures of poly(N-acryloyl-isonipecotamide) (PNAiNAm), poly(N-acryloylnipecotamide) (PNANAm) and poly(N-acryloyl-N,N-diethylnipecotamide) (PNADNAm)

(A)

(B)

Fig. 2. Temperature responsive polymers,
(A) PNAiNAm and (B) PNANAm prepared by
the conventional free radical polymerization
method. Temperature dependent optical
transmittance for (A) PNAiNAm (1.0 wt%)
dissolved in PBS in the presence of
ammonium sulfate (500mM (red), 300mM
(green), and 200mM (blue)) and (B)
PNANAm (0.8wt%) (red) in PBS. Solid and
dotted lines indicates cooling and heating
processes, respectively.

(B) PNAiNAm

Fig. 5. Temperature-dependent optical transmittance of (A)
PNAiNAm and (B) PNADNAm solutions (PBS). In the
presence of (A) 600 mM (red), 500 mM (green), and 400 mM
ammonium sulfate (blue) and without ammonium sulfate
(yellow). PNADNAm concertation of (B) 3.0 wt% (red), 1.0 wt%
(green), 0.5 wt% (blue), and 0.1 wt% (red). Solid and dotted
lines indicate cooling and heating processes, respectively.

Conclusion

a) 4-Cyano-4-[(dodecylsulfanyl-thiocarbonyl)sulfanyl]-pentanoic acid (CDCTPA), b) Cyanomethyl dodecyl trithiocarbonate
(CMDTC), c) 4,4'-azobis(4-cyanovaleric acid) (ACVA), d) 2,2'-azodiiso-butyronitrile (AIBN), e) 0.1-0.6 wt%, f) 0.5-8.0 wt%, g)
0.1-0.3 wt%, h) 0.1 wt%, i) 0.5-6.0 wt%

The molecular weight (Mn) of PNANAm was modulated from 2,700 to 11,300 by using different initial
monomer/CTA molar ratios. The molecular weight distribution (Mw/Mn) of PNANAm was found to
range between 1.30 and 1.50. These results suggested that the molecular weight of the PNANAms
was controlled by the RAFT polymerization method. Terminal group species as expected would also
be introduced, dependent on the initiator and CTA species (Scheme 1). Regarding the PNANAm with
the hydrophilic terminal group (Runs 1–5), the PNANAm samples whose Mn was lower than 7,600
(Runs 3–5) were readily soluble in PBS solution and did not show the cloud point temperature.

The temperature-dependent optical transmittance of resultant PNANAm and PNAiNAm solution employing appropriate
conditions exhibited characteristics of UCST. It has been reported that polymers containing amide, carboxamide, and
ureido groups, which act as proton donors or acceptors or both, are likely to exhibit UCST characteristics. Results of this
study indicated that carboxamide group of PNANAm and PNAiNAm would provide proton donor and acceptor sites,
enabling to express UCST character via temperature-dependent hydrogen-bonding formation based inter- and
intramolecular interaction. In contrast, PNADNAm, which was bearing diethyl carboxamide groups instead of such proton
donor and acceptor sites as carboxamide group, showed LCST character. Resultant UCST and LCST of PNANAm,
PNAiNAm, and PNADNAm could be tuned in physiological conditions by using appropriate molecular weight, polymer
concentration, and terminal group species.
To the best of my best knowledge, there has been no report on how the position of those functional groups in the side
chains of polymers affects the resulting temperature-responsive behavior. This information, namely, the position and
species of the functional groups in the polymer side chain, can provide valuable insights into the design and synthesis of
novel temperature-responsive polymers that show a UCST or LCST under physiological conditions.
References. [1] Y. Akiyama, Y. Shinohara, Y. Hasegawa, A. Kikuchi, T. Okano, J. Polym. Sci., Part A: Polym. Chem. 2008, 46, 5471., [2] Y. Akiyama, K.
Yoshizako, Y. Hasegawa, T. Okano, US patent 6,956,077 B1 2005., [3] A. Fujihara, N. Shimada, A. Maruyama, K. Ishihara, K. Nakai, S.-i. Yusa, Soft
Matter 2015, 11, 5204., S. Glatzel, N. Badi, M. Päch, A. Laschewsky, J.-F. Lutz, Chem. Commun. 2010, 46, 4517., B. A. Pineda-Contreras, F. Liu, S.
Agarwal, J. Polym. Sci., Part A: Polym. Chem. 2014, 52, 1878., [4] Y. Akiyama., Macromol Rapid Commun., 2021, 42, 2100208
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Characterization

Abstract
Statement of Purpose: Polyrotaxanes are supermolecules composed of
cyclic molecules (e.g. α-cyclodextrins (α-CDs)) threaded onto linear
polymer chains (e.g. poly (ethylene glycol) (PEG)). The α-CDs have an
ability to move along the PEG chains, which referred to as molecular
mobility. Previously, we designed polyrotaxane-based cell adhesive
surfaces and succeeded in modulating cellular functions by controlling the
molecular mobility of the polyrotaxane surfaces.[1] For instance,
polyrotaxane surfaces with low mobility tend to promote osteoblast
differentiation of mesenchymal stem cells (MSCs), whereas surfaces with
high mobility tend to enhance adipocyte differentiation. Although we
clarified the contribution of the mobility of polyrotaxanes to the guidance
of cell functions, little is known about how the variety and properties of
functional groups on polyrotaxane surfaces influence cellular functions. In
this study, we designed mobile polyrotaxane surfaces with functional
groups that differ in their electronic charge and hydrophobicity.[2] The
contact angle and zeta potential were measured to evaluate the
physicochemical properties of the surfaces. Osteoblast and adipocyte
differentiation was induced in hMSCs, and differentiation was evaluated
by Alizarin red S staining and Oil red O staining, respectively.
Methods: Polyrotaxanes with the CH3 group as a hydrophobic and
nonionic group (CH3-PRX), OH group as a hydrophilic and nonionic group (OH-PRX), NH2 group as a cationic
group (NH2-PRX), and sulfo group (SO3H-) as an anionic group (SO3H-PRX) were coated on tissue culture
polystyrene (TCPS). The static contact angles of the polyrotaxane surfaces were measured using both the
sessile-drop method in air and the captive bubble method in water with an optical contact angle meter. The
zeta potential of the polyrotaxane surfaces was measured using an electrophoretic light scattering
spectrometer with a quartz flow cell. To induce osteoblast and adipocyte differentiation, hMSCs were cultured
using an hMSC Growth Medium Bullet Kit at 37°C and then the growth medium was replaced with an
osteogenic or adipogenic differentiation medium. The differentiation medium was replaced with fresh medium
every 3 to 4 d. The adherent cells were observed under a microscope. Fourteen days after osteoblast
differentiation was induced, the cells were stained with Alizarin red S to evaluate hMSC mineralization. Fifteen
days after adipocyte differentiation was induced, the cells were stained with Oil red O to evaluate the
accumulation of hMSCs in intracellular lipid vesicles.
Results: When the contact angles of water on the polyrotaxane surfaces were measured using the sessile-drop
method in air, the values of contact angles were within 80°‒100°, except for the TCPS surface with an angle
of 74°. When the static contact angles were measured using the captive bubble method in water, the values
were as follows: CH3-PRX (60.0±2.4°) > OH-PRX (52.9±4.0°) > NH2-PRX (43.0±1.4°) > SO3H-PRX (22.2±2.0°).
The contact angle hysteresis calculated by the difference between the contact angles of water droplets and
air bubbles was as follows: CH3-PRX < OH-PRX < NH2-PRX < SO3H-PRX. We have previously reported that the
contact angle hysteresis correlates with molecular mobility on polyrotaxane surfaces, and these results suggest
that the molecular mobility of PRX surfaces changes depending on functional groups. The zeta potentials for the
CH3-PRX, OH-PRX, NH2-PRX, and SO3H-PRX surfaces were ‒24.6±2.8, ‒29.3±2.8, ‒16.3±6.3, ‒9.9±0.7, and
‒33.6±3.4, respectively. To evaluate the osteoblast differentiation of hMSCs cultured on each surface, calcium
mineralization was detected using Alizarin red S after a 14-d induction of osteoblast differentiation. The stained
area on SO3H-PRX was the largest among those on all the surfaces, whereas only a small area was stained on
NH2-PRX. Interestingly, the area stained with Alizarin red S tended to increase with the negative charge on the
surfaces. To evaluate the adipocyte differentiation of hMSCs cultured on each surface, lipid vesicle
accumulation was detected using Oil red O after a 15-d differentiation induction. The stained areas on the OHPRX, NH2-PRX, and SO3H-PRX surfaces were larger than those on the PRX and CH3-PRX surfaces. This result
suggests that the highly molecular mobility of polyrotaxane surfaces contributes to the promotion of adipocyte
differentiation. Previous studies have suggested that hard materials and less mobile surfaces enhance
osteogenesis, whereas soft materials and highly mobile surfaces enhance adipogenesis, indicating that the
surfaces suitable for osteoblast differentiation are not the same as those for adipocyte differentiation. In
contrast, SO3H-PRX surfaces are suitable for inducing both osteoblast and adipocyte differentiation.
Conclusions: Two independent parameters, high molecular mobility and negative charge on polyrotaxane
surfaces may not offset the effect to accelerate both differentiation. Therefore, the selection of functional
groups plays a crucial role in cell manipulation using polyrotaxane-based biomaterials.

Protein adsorption

Table 1) Characterizations of polyrotaxane-based surfaces.

Number of
Element (atom%)d
Mn of
Number of αCodea
Mn of PEGb
functional
PBzMAb
CDsb
C1s
O1s
N1s
S2p
groupsc
PRX
20,000
115,200
89.8
0 (0)
95.8±0.3
4.0±0.5
0.2±0.1
0.0±0.0
CH3-PRX
20,000
115,200
89.8
312 (3.5)
94.0±2.4
5.8±2.3
0.3±0.1
0.0±0.0
OH-PRX
20,000
115,200
89.8
392 (4.4)
77.7±0.4
20.4±0.4
1.9±0.0
0.0±0.0
NH2-PRX
20,000
115,200
89.8
310 (3.5)
78.8±0.2
19.1±0.3
2.1±0.1
0.0±0.0
SO3H-PRX
20,000
115,200
89.8
568 (6.3)
92.6±2.7
6.5±2.3
0.2±0.2
0.3±0.2
a As a base surface, tissue culture polystyrene (TCPS) was used. PRX, PEG, PBzMA and α-CD indicate polyrotaxane, poly(ethylene glycol),
poly(benzyl methacrylate) and α-cyclodextrin, respectively. The PBzMA -block-(X-PRX)-block-PBzMA triblock copolymer-coated TCPS are
coded as ‘X-PRX’, where X- indicates the functional groups modified to PRX: methoxy (CH3-), 2-(2-hydroxyethoxy)ethyl carbamate (OH-), 2aminoethyl carbamate (NH2-), sulfopropyl ether (SO3H-).b Determined by 1H NMR in DMSO-d6 or D2O containing NaOD. c Determined by 1H
NMR in DMSO-d6. Values in parentheses indicate the number of each functional group per threading α-CDs.d Elemental composition of
carbon, nitrogen, oxygen and sulfur determined by XPS. Expressed as the mean ± SD; n = 3.

Table 2) Physiochemical properties of polyrotaxane-based surfaces.
Contact angle measured by Contact angle measured by air Contact angle hysteresis
Zeta potential (mV)h
e
e
g
water droplets method (θ)
bubble method (θ)
(θ)
PRX
93.8±1.3
75.5±1.5
18.3±1.1
-24.6±2.8
CH3-PRX
85.0±1.7
60.0±2.4
25.0±3.9
-29.3±2.8
OH-PRX
83.5±1.1
52.9±4.0
30.7±5.1
-16.3±6.3
NH2-PRX
80.8±2.1
43.0±1.4
37.8±2.8
-9.9±0.7
SO3H-PRX
86.5±2.7
22.2±2.0
64.3±3.8
-33.6±3.4
a As a base surface, tissue culture polystyrene (TCPS) was used. PRX, PEG, PBzMA and α-CD indicate polyrotaxane, poly(ethylene glycol),
poly(benzyl methacrylate) and α-cyclodextrin, respectively. The PBzMA -block-(X-PRX)-block-PBzMA triblock copolymer-coated TCPS are
coded as ‘X-PRX’, where X- indicates the functional groups modified to PRX: methoxy (CH3-), 2-(2-hydroxyethoxy)ethyl carbamate (OH-), 2aminoethyl carbamate (NH2-), sulfopropyl ether (SO3H-).e Determined by contact angle measurement of water droplets in air. Expressed as
the mean ± SD; n = 4. f Determined by contact angle measurement of air bubbles in water. Expressed as the mean ± SD; n = 4. g Measured
by a difference between contact angle of water droplets in air and air bubbles under water. Expressed as the mean ± SD; n = 4. h
Determined with an electrophoretic light scattering spectrophotometer. Expressed as the mean ± SD; n = 3.
Codea

Figure 2. Amount of fibronectin absorbed on polyrotaxane surfaces, determined via a
micro BCA assay. Polyrotaxane surfaces were incubated with human fibronectin in
PBS solution for 3 h at 37°C and then washed with PBS solution to remove
unabsorbed fibronectin. Absorbed fibronectin was extracted with 5% SDS and 0.1 N
NaOH aqueous solution, and the amount extracted was determined using a micro
BCA kit. All the measurements were obtained on four different surfaces for each
polyrotaxane surface. Statistical analyses were conducted using one-way ANOVA
and Tukey HSD method. ***p < 0.001, **p < 0.01, and *p < 0.05 indicate significance.

Cellular Proliferation

Figure 3. Proliferation of adherent hMSCs on PRX, CH3PRX, OH-PRX, NH2-PRX, and SO3H-PRX during the 3-d
cultivation period. The hMSCs were seeded at a
density of 6.0 × 103 cells/cm2, and the cell density was
calculated on days 1 (red), 2 (blue), and 3 (green). All
the measurements were made on four different
surfaces for each polyrotaxane surface (A). Phasecontrast microscopic images of hMSCs cultured on
PRX, CH3-PRX, OH-PRX, NH2-PRX, and SO3H-PRX
surfaces after 1 d of culture. Scale bar: 100 μm (B).

Introduction
Polyrotaxane (PRX)
PRX is a supermolecule with cyclic
molecules
(eg,
cyclodextrins
(CDs))
threaded onto an axle liner polymer (eg,
poly(ethylene glycol) (PEG)).
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Experimental section

Figure 4. Phase-contrast microscopic images of Alizarin red S staining on PRX, CH3-PRX, OH-PRX, NH2-PRX, and
SO3H-PRX. The hMSCs were seeded at a density of 2.4 × 104 cells/cm2 and expanded for 5 d; osteoblast
differentiation was then induced. Fourteen days after differentiation induction, calcium was stained with Alizarin
red S to evaluate mineralization. Scale bar: 200 μm (A). Percentage of stained area on each surface was
calculated using Image J. All the measurements were obtained on three different surfaces for each
polyrotaxane surface; averages were calculated from four different images on each surface. Statistical analyses
were conducted using one-way ANOVA and Tukey HSD method. ***p < 0.001, **p < 0.01, and *p < 0.05 indicate
significance. (B).

Osteoblast differentiation

Figure 6. Relationship between contact angle hysteresis and area stained with Oil red O (A) and zeta
potential and area stained with Alizarin Red S (B).
When polyrotaxane with the same number of threading α-CDs was used as a base polymer for modifying different
functional groups, the zeta potential on the polyrotaxane surfaces may contribute to enhancing osteoblast
differentiation. As the reason for enhancing osteoblast differentiation, the negative charge on SO3H-PRX surfaces
may promote an interaction with specific proteins. We previously reported that soluble sulfonated polyrotaxanes
form electrostatic complexes with growth factors involved in cell differentiation and enhance the activity of
growth factors. Furthermore, it has been clarified that sulfonated polyrotaxane surfaces also interact with various
growth factors and drastically enhance cell functions. Although the detailed mechanism is unclear, SO3H-PRX
surfaces may act like glycosaminoglycans with a large number of sulfo groups, improving the maintenance of
protein activity and cytocompatibility of polymeric materials. Although the detailed mechanism is not clear, we
found that polyrotaxane mobility and surface zeta potential may not offset the effect to promote osteoblast and
adipocyte differentiation.

Conclusions
Four types of polyrotaxane surfaces with different functional groups, namely, CH3, OH, NH2, and SO3H, were
fabricated using a drop cast method. Although the NH2-PRX surface adsorbed a larger amount of fibronectin
compared to other surfaces, cell adhesion and proliferation were limited on this surface. Interestingly, cells on
the SO3H-PRX surfaces underwent enhanced osteoblast and adipocyte differentiation. Presumably, two
independent parameters, high molecular mobility and negative charge on SO3H-PRX surfaces, may not offset
the effect to accelerate both differentiation. Therefore, the selection of functional groups plays a crucial role
in cell manipulation using polyrotaxane-based biomaterials. A combination of chemical modification and
mobility tuning of polyrotaxane surfaces is expected to be a promising approach for constructing more
appropriate culture environments according to cell type and differentiation lineage.

Figure 1. Chemical structure of polyrotaxane triblock polymers with functional groups (A). Fabrication of
polyrotaxane surfaces with functional groups (B). Experimental procedure for hMSC differentiation on
polyrotaxane surfaces (C).

Figure 5. Phase-contrast microscopic images of Oil red O staining on PRX, CH3-PRX, OH-PRX, NH2-PRX, and SO3HPRX. The hMSCs were seeded at a density of 1.0 × 104 cells/cm2 and expanded for 5 d; adipocyte differentiation
was then induced. Fifteen days after differentiation induction, the lipid vesicle was stained with Oil red O to
evaluate lipid vesicle accumulation. Scale bar: 100 μm (A). Percentage of stained area on each surface
calculated using Image J. All the measurements were obtained on three different surfaces for each polyrotaxane
surface; averages were calculated from three different images on each surface. Statistical analyses were
conducted using one-way ANOVA and Tukey HSD method. ***p < 0.001, **p < 0.01, and *p < 0.05 indicate
significance. (B).
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〇 DA reaction can be achieved by temperature increasing, lead the storage modulus increasing.
〇 Gelation time and storage modulus can be adjusted by changing the concentration of H2O2 and HRP
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〇 The released ratio of BSA decreased with furan/maleimide ratio increased; When
the furan/maleimide ratio was same, the release ratio of BSA from the DA-Eny
hydrogels gradually decreased with increasing H2O2/Tyr ratios.

〇 The degradation rate of the DA-Eny
hydrogel was decreased with
H2O2/Tyr ratio was increased

➡ Release behavior of BSA from the DA-Eny hydrogels was affected by the
crosslinking density

➡ The degree of crosslinking in the
hydrogel increased

Conclusion
◆ An injectable polypeptide hydrogel was prepared by integrating DA
click chemistry and enzymatic crosslinking.
◆ The mechanical properties can enhanced by introducing DA
chemistry, and the gelation time can easily adjust by changing the
concentration of HRP and H2O2.
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Introduction

Activation

Normal state

Results

Ischemia-reperfusion (I/R) injury is one of the most serious
problems in organ transplantation. Since innate immune
responses are involved in I/R injury, systemic administration
of selected inhibitors has been attempted. However, the
R.F. van Golen et al., Free Radical Biology & Medicine, 2012, 52, 1382.
systemic regulators are not effective in inhibiting I/R injury.
Here, we propose the new regulator for the I/R injury using local immune inhibition via cell-surface
modification technique1). Here we synthesized heparin-conjugated lipid (heparin-lipid) to mimic
glycocalyx, which is damage or lost during I/R injury, and tried to compensate for the damaged
glycocalyx with our materials2).
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There was significant difference between fHep-K1C/K8C(-)-lipid
and K1C-PEG-lipid/non-treated hMSCs

Cellular membrane could be uniformly modified with fHep-lipid and showed strong antithrombogenicity
in human whole blood.
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Background
u Cell engineering with stem cells
In stem cell-based regenerative medicine, it is necessary
to culture the stem cells in three dimensions to produce
cell aggregates and then induce differentiation.
In addition, cells may communicate with each other via
various bioactive molecules such as cytokines, and cellaggregates are good for diffusion of these bioactive
molecules due to cells contact closely in the aggregate.

Objective

Differentiation of MSCs in PMBV/PVA hydrogel

We analyzed the effects of mature cells on stem cell
differentiation by adhering two PMBV/PVA hydrogel layers
encapsulated in different states of the cells (stem cells and
mature cells). This is important to clarify the characteristics
of the cell-growth environment when stem cells are used as
a cell source.

u Differentiation of MSCs by BMP-2

A
Day 10

Synthesis
MPC unit

BMA unit

VPBA unit

Thus, to understand the effects of the co-culture of cell
aggregates on differentiation is necessary.
Cell proliferation and differentiation depend on the
surrounding circumstances. When cell culture is carried
out in 3-dimensionally(3D), suitable polymer hydrogel
matrices are required.
u Spontaneously forming hydrogel for 3D cell culture

ALP staining of cells in PMBV/PVA
hydrogel with 1.7 kPa moduli.

PMBV was synthesized by a conventional radical polymerization.
Composition of MPC/BMA/VPBA = 0.73/0.21/0.06, Mw = 25 kDa.

The creep modulus
increased linearly with
PMBV concentration.
This is suitable for
regulating cell behavior
after encapsulation.

PMBV/PVA hydrogel / cells

u MSC culture in the PMBV/PVA hydrogel
C3H10T1/2 cells were used as MSCs.

PMBV solution

When two water-soluble polymers, poly[2-methacryloyloxyethyl phosphorylcholine (MPC)-co-n-butyl
methacrylate (BMA)-co-p-vinylphenyl boronic acid
(VPBA)] (PMBV) and poly(vinyl alcohol) (PVA) are mixed
together, PMBV/PVA hydrogel is formed spontaneously
under cell culture condition. This hydrogel can be
dissolved reversibly by addition of D-sorbitol.
T. Konno, K. Ishihara, Biomaterials (2007)
K. Ishihara, Biomaterials (2020)

u Differentiation of MSCs by mature cells (Osteoblast)

Mechanical property of PMBV/PVA hydrogel
u Creep modulus of PMBV/PVA hydrogel

PVA solution

Total activity of alkaline phosphatase (ALP) based on the differentiation
of MSCs stimulated by BMP-2 was increased in PMBV/PVA hydrogel.

The cells proliferated with culturing well in the hydrogel with low
moduli. Small cell aggregates were observed on day 3. The size
of the aggregates increased on day 7.

When mature cell aggregates and
MSCs were encapsulated in
different two hydrogel layers,
respectively, and adhered them,
the MSCs differentiated efficiently.
A: Double-layered hydrogels containing
MSC aggregates and MSCs
B: Two hydrogels containing osteoblast
cell aggregates and MSCs, respectively
C: Double-layered hydrogels containing
osteoblast aggregates and MSCs

Conclusion
Mature cells influenced the differentiation of MSCs when they
are existed closely. This is good information to enhance tissue
regeneration using stem cells. One of the polymer hydrogels as
a matrix of the cells had an important role for the enhancement
to control diffusion of cytokines secreted from mature cells.

The effect of sorbitol-responsive injectable hydrogel on
cardiac function and morphology of MI rat
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Introduction

Result 2: Sol-Gel transition of SRH with different sorbitol concentration

Delivery of injectable hydrogel to the heart
tissue has been still a challenge for the
cardiac
therapy because its gelation
behavior has been difficultly controlled. We
here developed a new system composed of
poly (3-acrylamidophenylboronic acid-coacrylamide) (BAAm) and polyvinyl alcohol
(PVA), whose gelation depends on sorbitol
concentration (so called sorbitol-responsive
hydrogel, SRH). Our research aims to achieve
its sol-gel transition in myocardial infarction
(MI), and to investigate the effect of gelation
behavior on cardiac function recovery.

SRH with 10 mg/ml sorbitol

2.5 mg/ml sorbitol

S10

- 3day

Sol

Sol

Result 3: The effect of SRH on cardiac function and morphology of MI rats
Distribution of SRH in heart tissue

Mechanism of SRH sol-gel transition

Day 0

SRH

ALG

Heart
sections
1week
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Macro
image

SRH
ALG
Injection of Saline
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Fraction shortening post SRH treatment
Fraction shortening (FS %)
pre treat

Cardiac function

Morphology

1 week

SRH

34.6 ± 14.5 36.09 ± 15.9
(n=4)
(n=4)

ALG

37.2±16.5
(n=4)

(FS: fraction shortening)

Control 20.4 (n=1)

Result 1: Chemical concept of sol to gel transition of SRH
BAAm

Saline

Location of SRH mixed with FITC

Echocardiogram H&E; Trichrome

Standard
index

The effect of SRH on cardiac morphology

Whole heart

LAD ligation

Ligation
point

Gel

Sol-Gel

Sol-Gel transition of SRH responses to a decrease of sorbitol

Echocardiogram

MI Rat
(FS% <45%)

0 mg/ml sorbitol

S1.25

Method: SRH treatment of rat MI
SD Rat, Male, - 2week
6-7 weeks age

1.25 mg/ml sorbitol

39.8 ± 17.9
(n=4)
16.9 (n=1)

Ref. (1) 43.6 (n=10) 27.6 (n=10)

2 week

3 week

41.6 ± 11.2
(n=2)

40.1 ± 11.2
(n=2)

17.1 (n=1)

14.8 (n=1)

23.4 (n=10) 22.4 (n=10)

SRH improved cardiac function of MI rat
more than ALG

Sol-gel transit
PVA

Trichrome

37.95 ± 15.5 35.5 ± 10.7
(n=2)
(n=2)

(The data was presented as mean value ± standard deviation)

BAAm

H&E

Blue color → fibrosis

SRH increased left ventricular wall thickness,
decreased fibrosis more than ALG
References：(1) Abdalla, Sherif et al. Interactive cardiovascular and
thoracic surgery (2013), 17(5): 767-72

Summary
PVA
Sorbitol
Sorbitol

BAAm Mw: 99kDa
PVA Mw: 74.8kDa

O

Myocardial infarction area

Our current data demonstrated that sol - gel transition of SRH solution was
induced by decreased sorbitol concentration. It was spontaneously occurred
without any exogenous stimuli. Interestingly, SRH may have more effective
treatment for MI than ALG.
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Influence of surface properties of silk fibroin-based biomaterials on cell behaviors
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Silk fibroin (SF) is a natural polymer produced by Bombyx mori silkworms which forms the core fiber in cocoons. SF-based biomaterials are expected to
be useful for clinical applications due to their good biocompatibilities, suitable strength, and so on. In our previous studies using keratinocytes and
fibroblasts, SF-based biomaterials induced the enhanced cell migrations and the up-regulated expressions of wound repair-related genes1-3. The unique
properties of SF-based biomaterials are thought to be an important factor of interaction with cells. The heavy chain of SF has highly repetitive crystalline
domains, such as Gly-Ala-Gly-Ala-Gly-Xaa, and amorphous domains, and these crystalline domains contribute to form the -sheet structure (Fig. 1). The
contents and the distribution of -sheet structure in SF-based biomaterials are assumed to influence on the interaction with cells. In this study, SF films
were prepared using a combination of heat drying and alcohol aqueous solution treatments to induce structural changes of SF molecules, and the
relationship between secondary structure of SF molecules and cell behaviors on SF-based biomaterials was evaluated.

I. Film preparation

(a) RT/Non

Fig.1 The heavy chain of silk fibroin

(c) RT/EtOH
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47

80% アルコール水溶液
80% alcohol
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solution
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(b) RT/MeOH

-

MeOH

EtOH
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BtOH

HFIP
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Rt/Me

Rt/Et

Rt/Pr

Rt/Bt

Rt/HFIP

(d) RT/PrOH

(e) RT/BtOH

(f) RT/HFIP

**MeOH: Methanol, EtOH: Ethanol, PrOH: 2-Propanol,
BtOH: t-Butyl Alcohol, HFIP: 1,1,1,3,3,3-Hexafluoro-2-propanol

II and III

II. Structural analysis

-sheet contents (%)

overnight

L chain (6)

SF aqueous solution

Table 1. Preparation condition and abbreviates of SF films.

Films were treated with 80% alcohol aqueous solution.
Treated films were dried at r.t..

H chain (6)

II. Structural analysis of SF films

SF aqueous solutions were prepared from the degummed silk fibers of
Bombyx mori silkworm cocoons.
Fibroin soln. (10 mg/ml) was cast on substrates.
Films were dried at r.t.
overnight

P25 (1)

23

ATR-FTIR

Raman imaging

ATR-IR spectra were collected
using a FT-IR spectrometer
(JASCO FT/IR-4100) equipped
with an ATR unit in the range
4000-500 cm−1 at 4 cm−1 of
spectral resolution.

Raman spectra were collected using a confocal
microRaman
spectrometer
(JASCO
NRS-5100)
equipped with an 1800 line/mm grating monochromator,
a CCD Detector, and objective lenses. The excitation
source was a 532 solid-state laser. An objective lens of
20x magnification was used. Raman spectra were
recorded in the range 4000-100 cm−1 at 2 cm−1 of
spectral resolution.

Fig. 3 Relative intensities of sheet in SF films (n=5).

Fig. 2 Raman spectrum
of SF film.

・ Contents and distributions of -sheet
depended on the type of alcohols.
・ Various properties of alcohol molecules in
alcohol/water mixtures, such as diffusivity,
excess enthalpy, surface tension and so on,
were thought to be related to structural changes
to -sheet in films.
・Compared to PS, the enhanced proliferation
and the faster migration of fibroblasts were
observed on SF films.
・ Fibroblasts on alcohol-treated films moved
faster than cells on non-treated film.
・ Secondary structures of SF films would
influence on cell behaviors.

Fig. 4 Distributions of -sheet in alcohol-treated SF films
determined by raman imaging.

III. Cell behaviors of SF films
(a) RT/Non

(b) RT/MeOH

(c) RT/EtOH

III. In vitro evaluation
Cell migration

Cell proliferation
Fibroblasts (NIH/3T3) were seeded on SF-coated
96 well plates at a density of 1.0 x 103 cells/well.
Incubation for 4, 24, 48, and 72 hours, at 37 oC

Reagents of WST-1 were added to wells.
Incubation for 30 min and 1 hour, at 37 oC

Absorbance (@450 and @650 nm) were measured.

NIH/3T3 were seeded on SF-coated glass bottom
dishes at a density of 7.5 x 104 cells/dish.

(e) RT/BtOH

(f) RT/HFIP

Supernatant were removed.
Cells were washed with 2 mL of PBS.
Medium (3 mL) were added to cells.
Time lapse imaging at 5 min intervals, for 4.5 hours at 37 oC

Pathways of single NIH/3T3 were tracked using
MtrackJ software for quantitative evaluation.
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Incubation for 1 hour, at 37 oC

Fig. 5 Cell proliferation curves on SF
films (n=5).
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Fig. 6 Migration of a single fibroblast on SF films treated with 80% methanol aqueous solution
was measured using time-lapse microscopy at 5 min for 4.5 hours.

Fibroblasts might recognize
and interact with the
surfaces
of
SF-based
biomaterials.
Although
further studies are required
to assess the specific
interaction between SF
molecules and cells, SFbased
biomaterials are
anticipated to be useful for
applications such as wound
dressings.
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Introduction

1,2
Kuzuya

Concept of This Study

Adipose-derived Stem Cell: AdSC

Temperature-responsive injectable polymer (IP)

・Frequency of malignant transformation
adipose ＜ bone marrow ＜＜ iPS

IP is in situ gelling polymer solution

Fat tissue
37ºC

25ºC

Collected from
adipose

・Time required for separation of cells
adipose ＜ bone marrow ＜＜ iPS

AdSC

・Examples of clinical application

P. A. Zuk et al., Tissue Eng., 2001, 7, 211-228.

【Regenerative medicine
： Scaffold materials】

【Drug delivery system
:Sustained release device】

Cell suspension
IP solution

room temperature

adipose ＞ bone marrow ＞＞ iPS

Aim of this study

37ºC

Application of
temperature-responsive
covalent- bond-forming
biodegradable IP system
containing AdSCs for
myocardial infarction
treatment.

Hydrophilic drug
contained IP solution
Body
temperature
37oC

Acryl and thiol groups are located in the micelle core.

Longer retention of
AdSCs at the injected
site and continuous
release of cytokines form
the AdSCs.

Duration of the hydrogel formed was significantly improved and could be
controlled from 1 to 90 days by changing the content of tri-PCG-Acryl.

・Rapid sol-to-gel transition in response to temperature
・Easy injection with a syringe

Figure 1.

Schematic illustration for the temperature-responsive irreversible sol-to-gel transition
mechanism of IP formulations with increasing temperature from r. t. to body temperature.
Y. Ohya et al., Biomatar.Sci., 2017, 5, 1304-1314.

Results and Discussion
1. Polymer synthesis

HO

ε-caprolactone

glycolide

HS

O

O

O

O

O
O

O

tri-PCG/DPMP micelle
mixing
in PBS (Solution-A)

SH

DPMP

IP gel was collapsed
by dilution and pipetting
O

(a), (b)

O

IP formulation

O

centrifugation

tri-PCG-Acryl

OH

Acrylic acid
Acryl-capped PCGA-b-PEG-b-PCGA (tri-PCG-acryl)

Figure 2. Preparation of IP formulations. (a) Solvent evaporation: i) Dissolved in acetone,
ii) poured into water and evaporation to remove acetone. (b) i) Freeze-dry, ii) dissolved in
PBS repeating heat at 60 ºC and cool at 0 ºC.

Scheme 1. Synthetic route of tri-PCG and tri-PCG-acryl.

4. Proliferation behavior of AdSC in IP hydrogel
: sol state

Total cell
Living cell
Dead cell

Sample condition :
(1) Physically cross-linked IP hydrogel (Phys-IP) (tri-PCG)
(2) Chemically cross-linked IP hydrogel (Chem-IP) (tri-PCG/DPMP + tri-PCG-Acryl)
Figure 3. Schematic illustration of IP formulation containing AdSC.

6. Cytokine release from IP hydrogel

5. mRNA expression of AdSC in IP hydrogel

Chemically cross-linked IP

30

Cell Numbers (×104)

30

Cell Numbers (×104)

・ Quantification of mRNA
(RT-PCR)

Physically cross-linked IP hydrogel (Phys-IP): tri-PCG
Chemically cross-linked IP hydrogel (Chem-IP): (tri-PCG/DPMP + tri-PCG-Acryl)
Polymer weight: 15wt%
tripPCG-Acryl content 25%
Cells : AdSC
SH : Acryl = 1:1

Physically cross-linked IP

20

10

20

10

0

0
0

1

2
4
Time (Day)

7

0

1

2
4
Time (Day)

7

Figure 5. Relative mRNA expression of VEGF normalized by GAPDH) of AdSC were analyzed by RT-PCR. Cells were cultured
in various hydrogels.
Gene expressions of major cytokines, such as VEGF, was accelerated in the chemically
cross-linked IP hydrogel, and the cytokines were actually released from the hydrogel.

Figure 4. Proliferation of AdSC cultured in tri-PCG，[tri-PCG/DPMP + tri-PCG-Acryl]
hydrogel incubated at 37oC for 0, 1, 2, 4, 7days. Certain amount of AdSCs could survive in
the chemically cross-linked IP hydrogel.

7. Treatment effect of myocardial infarction
C57BL/6
mouse

・Cell proliferation
（Live/Dead Assay）

・ Quantification of VEGF released from IP hydrogel
(ELISA)

tri-PCG-Acryl micelle
in PBS (Solution-B)

DCC, DMAP
CH2Cl2, 12 h

: gel state

gelation

O

O

37oC
incubation

SH

O

HS

160ºC, 12h

Scheduled time
incubation

O

O

Sn(Oct)2

Cell suspension

O

O
HS

(a), (b)
SH

O

PCGA-b-PEG-b-PCGA (tri-PCG)

Sterile filtered IP
formulation

OH

tri-PCG
PEG

3. Preparation of IP formulation containing AdSC

2. Preparation of IP formulation

7-2. Angiogenesis and AdSC retention

AdSC containing Chem-IP injection
Myocardial infarction (MI) model
AdSC: 1×105 cells
Ligation of left coronary artery
(b-galactosidase expressing)
Ligation part

7-3. AdSC delivery using IP hydrogel reduces fibrosis

b-gal(AdSC)

ILB4 (blood capillary)

*

Figure 6. VEGF production from AdSCs cultured on TCPS
or in IP hydrogels for 2, 4, 7 days. VEGF concentration in
cell media was measured by ELISA.

Merge+DAPI

*

Therapeutic effects in
myocardial infarction
model mice

*

IP gel

Volume: 20 mL

7-1. Better recovery in
heart function (EF, FS,)
was observed in IP/AdSC
treated groups
7-2. Retention of AdSCs
at the injected tissue and
significant production of
blood capillary was
observed for IP/AdSC
treated groups.
7-3. Fibrosis level of the
IP/AdSC treated groups
was lower than those in
control.

IP: Chem-IP

*

*

*

*

*

*

Ischemic tissue
Syringe needle
Cardiac echography
Histological evaluation(28 days after MI)

AdSC

7-1. Evaluation of heart function

IP gel
+AdSC
100μm

Figure 8. Immunofluorescent staining of mice heart section. The asterisk represents left ventricular
cavity, the triangle represents endocardium, the arrow represents injected AdSC.
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Conclusions
IP hydrogel retained AdSCs and kept cells alive. AdSC cultured in chemically cross-linked IP hydrogel
showed higher VEGF mRNA expression than those of physically cross-linked hydrogel and TCPS.
IP/AdSC system improved the retention of AdSC at ischemic heart tissue and recovery of heart function.
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Figure 9. Quantification of capillary density (A) and the number of b-galactosidase positive
cells detected around the ligated part (B).

C

Figure 7. Time course of heart function evaluated by echocardiography. a) Ejection
fraction (EF). b) Fractional shortening (FS). C) Left ventricular end-diastolic
dimension (LVDd). D) Left ventricular end-systolic dimension (LVDs).
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Figure 10. (A) Masson’s trichrome staining images of mice heart. (B) Quantification of
fibrosis length and (C) %of fibrosis area.
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Figure 11. Schematic illustration of AdSC delivery system using IP hydrogel for the treatment of
ischemic heart diseases. IP hydrogel improve in situ cell retention and cytokine production.
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Purpose

2
Nagasaki ,

In the field of surgery, hemostasis is especially important for securing clear operative
view and avoiding postoperative complications. We have developed a technology that
can instantly induce solidification by adding a transglumtaminase (TGase) which
cause cross-linking to a liquid gelatin.
In this study, we examined the basic physical characteristics, hemostatic ability, and
biocompatibility of Cross-linked gelatin(CLG).

Methods

Materials:20 g of gelatin and 80 g of demineralized water and appropriate

concentration of low molecular weight substance were mixed and stirred at room
temperature, completely dissolved in a water bath at 55 ℃ . TGase was dissolved in
physiological saline to a concentration of 0.6 wt%.

1
Ohata ,

1
Goto

Results

Viscoelasticity test:

The viscoelasticity increased
immediately after the addition of the
cross-linking agent, and solidification
was obtained within several tens of
seconds. After that, the viscoelasticity
continued to increase over time and
reached a constant viscoelasticity in
about 5 minutes. Viscoelasticity of
novel hemostat was seemed to be
always higher than that of normal clot
formation.

Pathological examination:

Pathological examination

The skin 1 week, 2 weeks, and 4 weeks
after the burial had bulges of 10 mm, 5
mm, and 0 mm due to CLG burial,
respectively, and the progress of
absorption could be seen from the
surface. When pathological examination
(HE staining) was performed for each, a
large CLG was present under the skin one
week after implantation, but it shrank
slightly after two weeks and was
absorbed to the extent that it could not
be confirmed after 4 weeks.
A: Appearance of skin
Circle (dashed line): After 1 week, the buried CLG bulge is observed.
Circle (double): After 2 weeks, a slight CLG bulge can be observed.
Circle (solid line): After 4 weeks, almost no bulge is observed.
B: After 1 week (weak magnification): Collagen exists under the skin almost as it is.
C: 2 weeks later (Strong magnification): Collagen diameter is halved and gradually absorbed.
D: After 4 weeks (weak magnification): Collagen is absorbed, and no inflammation of surrounding tissues.

Viscoelasticity test: Sonocrot® was used to confirm viscoelasticity. 200 μl of
liquid gelatin heated to 37 ° C was set in an inspection device. Then, 100 μl of the
cross-linking agent (TGase), was added, and the measurement was started
immediately.

Pathological examination: CLG was embedded in the abdominal

subcutaneous tissue of 8-week-old male wistar rats, and the skin was sutured after
embedding. Procedures were performed in 1st, 2nd, and 4th weeks, respectively. At
the 5th week, the appearance of the skin was checked and pathological examination
of subcutaneous tissue were performed.

Hemostatic examination: Hemostatic examination was performed to 14

weeks-old male wistar rats. Bleeding experiments were performed in the order of
the superficial femoral vein (SFV), the common iliac vein (CIV), and the inferior vena
cava (IVC), and puncture was performed with a 22G,22G and an 18G needle,
respectively. Videos were taken and measured the time of hemostasis.

Bleeding experiment:

The average time required from puncture
to hemostasis was 90 seconds in the
control group and 53.8 seconds in the CLG
group in the Superficial femoral vein. In
the Common iliac vein, the control group
averaged 73.8 seconds and the CLG group
averaged 51.3 seconds. In the IVC, the
control group averaged 105 seconds and
the CLG group averaged 44.5 seconds.

Conclusions

We developed a novel hemostat made of gelatin with low molecular weight
substance, and induced cross-linking by TGase. Examination of physical
characteristics showed that collagen started to solidify immediately after the
addition of TGase. Thanks to its immediate solidification, hemostatic effect was
favorable in animal bleeding model and its biocompatibility was also good.
Although further examination for its molecular mechanism of solidification or its
effect in clinical setting is still needed, CLG has a suitable feature for hemostat.
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Introduction

Results
II. UV-Spectroscopy

I. Size Distribution Profile

• Rheumatoid arthritis (RA) is a chronic disease
that affects about 78 million people worldwide1.

A

B

• RA cannot be cured but is managed by the
systemic administration of anti-inflammatory or
anti-rheumatic drugs, with methotrexate (MTX)
as the gold standard2,3.
• Considering the adverse effect of systemic
administration, transdermal drug delivery will be
more advantageous for arthritis treatment4.

-7 to +60 mV

135.85nm
PDI: 0.319

• Dendrimers are polymeric nanoparticles with
distinctive features beneficial for controlled and
targeted drug delivery. Increased generation of
dendrimers on their own can however be toxic,
without any chemical modifications5.

Figure I: DLS revealed the average size distribution of the drug
loaded dendrimer (MTX-PBA-G5-PAMAM) A. The average size and
polydispersity index; B. The surface charge of the drug-loaded
dendrimer.

• Hence this study is focused on modified
PAMAM
dendrimers,
to
increase
the
biocompatibility of the nanoparticle, with
potential for the development of a transdermal
drug delivery system for RA.

Figure II: UV Spectroscopy; A. The standard curve of UV absorbance revealed by PBA
dilutions, and the values were used to determine the binding efficiency of PBA to G5D as 30%;
B. UV absorbance spectrum of PBA, unmodified-G5 dendrimer, and PBA-G5-PAMAM
dendrimer. C. UV absorbance spectrum comparing MTX, PBAG5D and MTX-PBA-G5-PAMAM
dendrimer. The absorbance levels of the compounds were compared to determine if there was
binding of PBA to G5D, and MTX to PBAG5D.

III. FTIR

IV. MTX Release Kinetics

B

A

Hypothesis
• We hypothesize that Phenyl-boronic-acid-polyamidoamine (PBA) modified
generation 5 PAMAM dendrimers (PBA-G5D) will be effective for the
transdermal delivery of Methotrexate and provide a better therapeutic efficacy
for RA.

Aims

• To synthesize and characterize the PBA-PAMAM dendrimers
• To study the cytotoxic and anti-inflammatory effects of MTX loaded PBAmodified dendrimers.

Methods/Study Design

Figure III: Fourier Transform Infrared Spectroscopy. FTIR
spectroscopy confirmed the binding of MTX to the modified dendrimer.
This is confirmed by the presence of the functional groups specific to
each molecule which is seen in the conjugate.

I. Modification of commercial dendrimers

Figure IV: Release Profile of MTX from PBA-G5-PAMAM dendrimers. A. Standard curve of
MTX dilutions used to determine the concentration of MTX in the dendrimer. B. A sustained
release of MTX was observed, with 80% of the encapsulated MTX released after 24 hours using
the dialysis bag method.

VI. Anti-inflammatory Effect

V. Cytotoxicity

Figure VI: The anti-inflammatory effect of
the non-toxic concentrations of MTX
(5µg/ml) were tested on LPS-activated
murine macrophages. The effect of MTX
alone, and MTX in the developed
formulation are represented. A-E. The antiinflammatory effect of MTX-PBA-G5D is
highlighted and relatively better than MTX
alone as seen in the reduction of the proinflammatory cytokines TNF, IL-6, MCP-1,
IL-12p70 and IFN-γ. F. The levels of the
anti-inflammatory cytokine IL-10 was
increased in both MTX alone and MTX in
PBA-G5-D.
The data presented is a mean of triplicates
± SD of each sample.  means significantly
different from control, *p< 0.05, **p< 0.01,
***p< 0.001, and ****p<0.0001

II. Synthesis and loading of MTX on PBA-PAMAM dendrimer

Methotrexate
EDC
(2.1mg)

PBA-G5-PAMAM dendrimer in PBS (pH
8.0)

NHS
(1.9mg)

Figure V: Reduction in toxicity of dendrimers after PBAmodification. Significant increase in cell viability was observed after
treatment with the same concentrations of the unmodified and modified
dendrimers. At 20μg/ml treatment, the PBA-modified dendrimers
showed ~2 fold less toxicity than the unmodified dendrimers p<0.05).
These results indicate that modification improved the polymer
biocompatibility. The data presented is a mean of triplicates ± SD of
each sample. *p< 0.05, **p< 0.01, and #p< 0.001.

Dissolved in PBS (pH 6.0)

III. Characterization of the dendrimers

Discussion
IV. In-vitro Evaluation of LSF loaded dendrimers on Murine macrophage
cells (RAW 264.7)

•
•
•
•

Dendrimers have a characteristic architecture suitable for targeted drug delivery. However, higher generation dendrimers are cytotoxic.
PBA reduced the toxicity posed by the amine groups from unmodified G5-PAMAM dendrimers, thereby increasing the biocompatibility of the dendrimer
The hydrodynamic size of the PBA-G5D and MTX-PBA-G5D were in the range of 135-200nm in diameter. The modified and MTX-loaded dendrimers showed no cytotoxicity.
The MTX loaded in PBA-G5D showed better anti-inflammatory properties than MTX alone, which shows that the modified dendrimers may contribute an anti-inflammatory
effect in the formulation.
• The significant reduction in levels of TNF, IL-6 and MCP-1 are interesting since these cytokines play important roles in the pathogenesis of RA.
• Further study is in progress to determine the long-term stability and investigate the in-vivo anti-arthritic effect of the developed formulation.
• Overall, the study shows the probability of developing a non-toxic drug delivery system using dendrimers with the potential of topical drug delivery application for RA.

Conclusions

• The outcome indicates that PBA modification significantly decreases the toxicity induced by amine groups of G5 PAMAM and improves its biocompatibility. Furthermore,
with the reduction the pro-inflammatory cytokine, and an increase in the anti-inflammatory cytokine levels with MTX-PBA-G5D showed the potential of topical antiinflammatory drug delivery strategy for RA
Cytotoxicity study

Anti-inflammatory study
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Statement of Purpose:
In the field of surgery, hemostasis in the surgical area and postoperative
hemostasis are especially important for securing clear operative view and
avoiding postoperative complications. Collagen/gelatin has long been preferred
as a hemostatic agent because it has the property of reacting with blood to
promote the thrombus-forming action. However, most of collagen hemostats
are solid form so its adhesion to the microstructure is not so strong and its
hemostatic power is not sufficient.
We compared the materials developed by this technology with the conventional
pressure resistance performance.

Methods:
Used Gelatin (Aoba Kasei Co., Ltd.) are is shown in Table 1 below.

Table1 Gelatin list
Gelatin

Treatment

Bloom

#1

Acid

200

#2

Base

150

#3

Base

200

#4

#5

Base

Base

Remarks

TYPE I: A gelatin preparation was applied in an amount of 0.05 or 0.1 ml, and
then cross-linked with 0.05 or 0.1 ml of TGase.
TYPE I I: 0.1 ml of fibrinogen was applied and then crosslinked with 0.1 ml
of thrombin solution.
After 5 minutes, the rupture pressure was measured after the holes were
successfully closed.

Results:
Liquidity test and cross-linking test;
Gelatin #1was hard to harden with the addition of Ca, and the curing rate was
slow with the addition of TG.Gelatin#2separated into two phases, and the
curing rate was slow.Gelatin#3did not harden easily due to temperature
changes, the curing rate could be adjusted by adding TG, and curing was
quick.Gelatin#4 was easier to harden due to temperature changes than gelatin
#3, but the curing rate could be adjusted and the curing was faster Gelatin
#5was easy to harden due to a slight temperature change around 27C, and
hardened before the addition of TG, so it was difficult to control curing.
Gelatin condition test;
The state of the gel is shown in Table 2 below.

Table2

27℃

250

250

Gel phase state at every temperature

Pharmaceutical specifications

Liquidity test;
Calcium chloride was added to gelatin of 20wt% #1 to #6 so as to be 0.5M
(Wako Pure Chemical Industries, Ltd.), and the state of the gel at 27 ° C was
observed.
Crosslink confirmation test;
A transglutaminase preparation was added to the gelatin composition prepared
in the fluidity test at a ratio of 2: 1 to confirm the ease of controlling crosslinking at 27 ° C.
Gelatin condition test;
Gels of 5, 10 and 20 wt% gelatin (alkaline gelatin, Bloom 235) to which
calcium chloride was added so as to be 0 to 0.5 M were confirmed at 12, 20,
and 27 ° C.
Pressure resistance test;
Attached to a 22 mm diameter metal tube for measuring the dura mater of pigs
Feather biopsy trepan was used to make a hole with a diameter of 3 mm.
Holes were repaired using a collagen-using absorbable topical hemostatic
material (Integran, Nippon Zoki Pharmaceutical Co., Ltd.) (ITG) and this
material or fibrin adhesive (Bolheal, Kaketsuken).
The water pressure was adjusted using a device (QL 2030, Atrion Medical) and
the burst pressure was measured using a gauge (PG-208-102GH-S; COPAL).
The method is as follows.
Collagen-based absorbent topical hemostatic material (ITG) and this material or
fibrin adhesive was set between the dura mater and the metal tube of the pig.
For ITG (20mmx20mm)

Ca
Conc.[M]

20℃

12℃

20%Gel 10%Gel 5%Gel 20%Gel 10%Gel 5%Gel 20%Gel 10%Gel 5%Gel

0

S

L

L

S

S

L

S

S

S

0.1

S

L

L

S

L

L

S

S

S

0.2

M

L

L

S

L

L

S

S

L

0.5

L

L

L

M

L

L

S

L

L

S：Solid、L：Liquid、M:Viscous

From the above, it was considered that when 20% gelatin was used, it was
necessary to add 0.2M or more of calcium to the preparation.
Pressure resistance test;
In the case of TYPE I, it did not burst to a pressure of 150 mmHg by applying
0.05 ml each. On the other hand, in the case of TYPE II, it burst at 56.0
mmHg by applying 0.1 ml each.

Conclusion.
We have developed a new hemostatic agent using controlled gelatin that is in
a liquid state at room temperature. A pressure resistance test was performed
using gelatin crosslinked with TGase. As a result, it was found that it can
withstand the load with a smaller amount of application than the conventional
fibrin glue. In the future, we plan to carry out a bleeding model in actual
animals to examine the biocompatibility of the material.
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Results and Discussion

Introduction
• Cancer is one of the leading causes of death worldwide.1
• Immune checkpoint inhibitors (ICI) significantly improve survival
outcomes in some patients with advanced metastatic cancer. 2
• However, multiple cancers are resistant to ICI therapy. 3
• Copper diethyldithiocarbamate (CuET) has been shown to cause
endoplasmic reticulum stress resulting in an accumulation of misfolded
proteins, a heat shock response and cancer cell death.4
• Apoptotic cells release tumor antigens and could drive a localized
immune response making CuET a promising neoadjuvant therapy.5
• Unfortunately, CuET has extremely low bioavailability, and a versatile,
stable and scalable clinical formulation does not yet exist.

Materials and Methods
• Nanoliposomal CuET (LP-CuET) was synthesized using a modified
ethanol injection method as shown in Figure 1. Briefly, phospholipids
containing PEG-COOH, cholesterol and CuET (no CuET for control
liposomes) were heated and dissolved in pure ethanol. The hot
ethanol solution was then injected in rapidly stirred ultrapure water.
The ethanol was then removed via rotary evaporation.
• The physicochemical parameters were measured using nanoparticle
tracking analysis and dynamic light scattering - Zeta PALS.
Transmission electron microscopy (TEM) was performed at 120 kV
after drop casting the liposomes on carbon copper grids. SDS-PAGE
electrophoresis was performed after incubating and centrifuging the
liposomes with 10% heat-inactivated and normal human plasma.

Parameters
(Mean ± SD, n=3)*

LP-CuET

Diameter (nm)

111.9 ± 2.1

Hydrodynamic
Diameter (nm)

191.6 ± 2.9

Concentration
(np/mL)

1.75 * 1011 ± 2.71 *
1010

Polydispersity
Index

0.101 ± 0.009

Zeta Potential (mV)

- 56.60 ± 2.32

Encapsulation
Efficiency
(n=12)*

81.01 ± 1.16 %

Table 1. Nanoparticles’ Physicochemical
Characteristics

(A)

(B)

(C)

(D)

Results and Discussion
The synthesis protocol consistently yields nanoparticles with a mean size
of 111.9 ± 2.1 nm, a polydispersity index of 0.101 ± 0.009, and zeta
potential of -56.60 ± 2.32 mV, highlighting the colloidal stability of the
system (Table 1, n=3). Negative staining with uranyl acetate allows the
visualization of individual nanoparticle morphology, which remains
relatively spherical when CuET is encapsulated (Fig. 2A) in direct
contrast to the collapsed cup-like structure seen with LP-Control (Fig.
2B). NTA analysis confirms the size distribution (Fig. 2C,D). The
nanoparticles exhibit multicomponent release kinetics (Fig. 3A) at 37ºC
depending on the solvent. CuET encapsulation efficiency is over 80% and
the nanoliposomes exhibit the lowest release of the drug over a week
when dissolved in 10% FBS as a result of the adsorption of a distinct
protein corona (Fig. 3B). Our results demonstrate the cytotoxic ability of
LP-CuET against melanoma cancer cell lines, with IC50 values ranging
from 28.64 nM to 125.10 nM (Fig. 4). Uptake experiments show that
liposomes are delivered to intracellular acidic vesicles to a higher extent
in YUMM 1.7 as compared to RAW 264.7 (Fig. 5).

Conclusions
Figure 2. On average nanoliposomes are ~100 nm in size for both LP-CuET (A) and LPControl (B) CuET is weakly stained in the center of the liposome (scale bar = 50 nm).
(C-D) Representative NTA measurements of empty LP and LP-CuET.

(A)

(B)

• Cellular survival assays were performed using human (SK-MEL-28)
and mouse (YUMM 1.7, YUMMER 1.7) melanoma cell lines using
CuET dissolved in DMSO or LP-CuET.
• Cellular uptake was evaluated using live confocal imaging in YUMM
1.7 and RAW 264.7 cell lines (blue = nucleus, green = acidic
vesicles, red = nanoliposomes stained with SR101)

• We were able to synthesize monodisperse nanoliposomes
encapsulating CuET with high encapsulation efficiency and excellent
stability.
• The nanoliposomal formulation exhibits multicomponent release
kinetics that was stabilized by the addition of saline or serum at 37 ℃.
• LP-CuET solutions could be stored in the fridge or freezer for one
month with no significant drug release or size change (data not
shown).
• The formulation was able to significantly kill human and mouse
cancer cells, especially those harboring significant mutagenic burdens.
• The nanoliposomes accumulate a distinct protein corona and show
higher uptake in endocytic vesicles in YUMM 1.7 compared to RAW
264.7 cells.
• This data suggests that LP-CuET should be further explored as a
neoadjuvant therapy in conjunction with ICI in vivo.

Figure 3. (A) LP-CuET demonstrates differential release kinetics in vitro at 37 ℃ depending on the solvent (mean ± SD, n=3).
(B) Nanoliposomes show an accumulation of a distinct protein corona depending on their environment, which can influence their
stability and cellular uptake.
(A)

(B)
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Introduction
resulting

from

trauma,

abnormalities, or cancer resection are major medical concerns.
A plethora of studies have reported considerable shortcomings
of current clinical treatments using autografts, allografts and
xenografts (1). Tissue engineering (TE) has emerged as a
highly

promising

alternative

to

conventional

treatment

strategies for the repair or replacement of damaged bone (2).
TE applications commonly encompass the use of threedimensional (3D) scaffolds for the incorporation of cells or
biomolecules. Various techniques have been used for the
fabrication of 3D scaffolds (3). Generally, conventional
fabrication techniques do not enable the fabrication of complex
architectures. However, 3D printing enables the process of a
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Figure 1. Morphological and physicochemical characterization of the 3D printed scaffolds.
A. SEM micrographs of the 3D printed scaffolds. nHA/PLGA/PCL scaffolds displayed a high uniform porosity and highly interconnected pores. Cross-section of
individual fiber confirmed the presence of nHA within the nHA/PLGA-PCL fibers.
B. Surface analysis revealed the presence of calcium and phosphorous ions in the nHA/PLGA-PCL scaffolds.
C. The chemical composition of the ink led to differences among the printed scaffolds in terms of fiber diameter, spacing, density and total porosity. nHA/PLGA-PCL
scaffolds presented higher hydrophilicity when compared to highly hydrophobic PCL.

broad range of materials and the fabrication of scaffolds with
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Figure 2. 3D printed nHA/PLGA-PCL scaffolds enhance adhesion, proliferation and osteogenic differentiation of hBMSCs in vitro. Printed scaffolds (11 x 11 x
2 mm), were loaded with 5x105 hBMSCs and cultured in osteogenic medium for various periods.
A. hBMSCS metabolic activity was evaluated by MTT.
B. hBMSCs were cultured on scaffolds for 1 day then visualized using fluorescence microscopy (stained with DAPI) or using SEM.
C. Quantitative measurement of ALP activity (Alkaline phosphatase) in hBMSCs cultured on 3D printed scaffolds, 7 and 14 days after exposure to osteogenic
differentiation medium. hBMSCs mineralization assessed using Alizarin red staining (ARS) and cetylpyridinium chloride (CPC) extraction method, 14 and 21 days
after osteogenic differentiation.
D. Gene expression of osteoblast-specific transcription factors and differentiation markers: DLX-5 (Distal-Less Homeobox 5), RUNX2 (Runt-Related Transcription
Factor 2), OCN (Osteocalcin) and Osx (Osterix) 7, 14 and 21 days after exposure to osteogenic differentiation medium. *:p < 0.05; **: p < 0.01; n=3.
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• Bone formation: Histology (H&E) and microCT analysis
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Figure 3. 3D printed nHA/PLGA-PCL scaffolds promote bone regeneration in large-scale calvarial defects.
A. Under general anesthesia, full-thickness defects measuring 11 x 11 mm were created in the parietal bones with attention paid to preserving the dura mater.
B. The 3D printed scaffolds were then inserted into the defects. After 12 weeks, animals were euthanized, and bone formation was examined using Hematoxylin
and Eosin (H&E) staining (coronal-section perpendicular to the sagittal suture through the center of the defect), and
C. microCT (top-view and cross-section images).
D. Bone volume fraction (BV/TV) and bone mineral density (BMD) were used to calculate new bone formation within an ROI of 10-mm from the center of the
defects. The microCT threshold was first calibrated and then applied to all samples. *:p < 0.05; **: p < 0.01; n = 6.
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further investigation
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as a universal MSC carrier suitable for the regeneration of various tissue types
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Introduction
o Critical Size Bone Defects result from congenital conditions, tumor resections, and
To
overcome treatment limitations, biological substitutes, designed based on the ideals of the
diamond concept, are being explored at the defect site to aid in bone regeneration.
o Our laboratory has previously developed a guanosine diphosphate (GDP) cross-linked chitosan
sponge1,2, which gels rapidly allowing localization at the injury site and high entrapment efficiency2.
The scaffold also has beneficial properties including cell compatibility and heterogenous pore
sizes.
o The goal of this research is to design a new formulation of the GDP crosslinked chitosan sponge
with the incorporation of 6-bromo-indirubin-3’-oxime (BIO). BIO is an indirubin derivative that plays
an essential role in bone formation through the promotion of mesenchymal progenitor cell
differentiation3,4. The chemical and physical properties of this new scaffold are assessed as well as
the scaffold’s cellular compatibility and ability to promote differentiation.
trauma1.

Objectives
o Confirmation of BIO incorporation into the scaffold using quantitative and qualitative methods
o Characterization of this new scaffold’s material properties
o Assessment of cellular biocompatibility and distribution
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Results

A
CH

CHB10

CHB100

Figure 3. Internal Structure of the BIO Incorporated Scaffold.
(A) SEM images and cross-sections of the internal structure of the
BIO incorporated scaffolds (Diameter: 1 mm). Measurements
from 3D-Analysis (Micro CT) for (B) total porosity, (C) pore
connectivity, (D) surface to volume ratio, (E) % open pore
volume/ total sponge volume, and (F) % closed pore volume/ total
sponge volume.
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Figure 4. Cellular Metabolic Activity. Percent reduction of
alamarBlue reagent of MC3T3 cells in chitosan scaffolds with
varying BIO concentrations (0, 2, 10, 100 uM) over 28 days.

Figure 5. Cellular Biocompatibility and Distribution for MC3T3E1 Cells at day 1 and 28. (A) cell distribution staining using Hoescht
33342 nucleic acid (blue) and iFluor 594 Phalloidin (red) staining in
BIO incorporated chitosan sponges. (B) live/dead staining in BIO
Incorporated Chitosan Sponges
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Future Directions
o Examination of BIO’s effect on ADSC differentiation in a cell stage specific manner
o Determination of optimal BIO doses for encapsulation in vivo in a mouse CSBD model

Conclusions

Figure 1. Incorporation of BIO in the Sponges. (A) Imaging of sponges showing differences in color among the concentrations. (B) FTIR
spectra of control groups (BIO, GDP, chitosan and GDP Chitosan scaffold with and without BIO. (C,D) Solid State 13C NMR spectra of
sponges with increasing BIO concentrations (0 and 100 uM) along with controls (BIO, GDP, Chitosan).

A

B

o BIO was successfully encapsulated in the GDP crosslinked chitosan sponge resulting in a new
formulation of the sponge. This new formulation maintained a rapid gelation time (<1.6 sec),
viscoelastic properties, and heterogeneous pore sizes regardless of the dosage of BIO.
o The BIO incorporated sponges supported the cells viability over 28 days with homogeneous
cellular distribution.
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(G’’) moduli at 1% strain for Chitosan sponges with increasing concentrations of BIO 0, 10, and 100 µM.
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Tetrahydropyran triazole phenyl-alginate and quaternized phosphocholine-chitosan
conformal coating on human islets: an in vitro study on cell viability
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1

Statement of Purpose
Pancreatic islet transplantation has been recently
sought after as a prominent alternative option for long-term
treatment of Type 1 Diabetes (T1D) (1). One of the key
factors towards successful islet transplantation is
mitigating the foreign body immune response induced by
donor islets. This immune response can cause graft failure
and requires administration of immunosuppressant drugs
long term, which result in adverse side-effects. (2,3) The
main strategies proposed to tackle this challenge involve
the formation of an immunoprotective barrier using
biomaterials that can maintain the cell function and
viability of islets while shielding from pro-inflammatory
immune reactions and allowing for implantation with
minimally invasive procedures. (4) A key feature of such
barrier must be minimizing implant volume to make sure
cells can have adequate diffusion of nutrients, waste, and
secreted hormones. (1) Multilayer conformal coatings have
been shown in the literature to provide a nanoscale barrier
between cells and their environment with adequate
stability. (5) Here we have demonstrated the use of a novel
combination of non-immunogenic materials, namely
triazole-alginate (TZAL) and quaternized phosphocholinechitosan (QPCH), for electrostatic multilayer film
formation onto pancreatic islet surface and evaluated
coating morphology, hormone secretion from islets, and
immunomodulatory properties of the proposed polymers.
Methods
TZAL was prepared by synthesizing a triazoletetrahydropyran amine using alkyne-azide cycloaddition
reaction and subsequent coupling with alginate using
CDMT/N-methylmorpholine. (6) QPCH was prepared by
first synthesizing phosphocholine glyceraldehyde from Lglyceryl-phosphocholine using NaIO4 as an oxidizing
agent. This was followed by a reductive amination reaction
using NaBH3CN to graft the aldehyde to chitosan. After
dialysis and lyophilisation, this phosphocholine-chitosan
formulation is then treated with dimethyl sulfate to produce
quaternary amine groups on the chitosan (QPCH).
Human islets isolated from donors (Prodo Labs) were
sequentially coated using the two polymers to form 3bilayers by incubating in a solution of the desired polymer.
The solution was then aspirated, and islets were washed 2x
before proceeding to the next layer. Coating morphology
was assessed using transmission electron microscopy
(TEM). Glucose-stimulated insulin secretion was
measured to assess the secretory function of the islets after
coating. After stimulation with a glucose gradient, insulin
content in the islet culture supernatant was quantified via
ELISA. Immunomodulatory properties of the polymers
were assessed by culturing M0 macrophages derived from
THP-1 monocytes with the polymers in solution and
assessing the secretion of TNF-𝛼, a known proinflammatory cytokine, after 24 hours using ELISA.

Results
Sufficient uniform coverage of the islet surface was
achieved using conformal multilayer coating of QPCH and
TZAL (chemical structure shown in Fig. 1A). The resulting
nanofilms had an average thickness of ~131nm as
confirmed by TEM imaging (Fig. 1B). In addition, coated
and non-coated islets were exposed to low (2.8mM) and
high glucose (28mM) to assess the secretory function of the
islets. The results show no significant differences between
coated and non-coated islets (Fig. 1C) indicating that the
coating does not affect diffusion of essential molecules.
Macrophage stimulation experiments were conducted
to assess the polymers’ capability in reducing proinflammatory immune reactions, which was quantified
using a TNF-α ELISA. The results indicate that the
proposed polymers elicit a significantly reduced proinflammatory response with or without co-stimulation with
lipopolysaccharides (LPS) when compared to control
polymers (without phosphocholine or triazole) (Fig. 1D)

Figure 1 – Chemical structure of polymers (A), Coated and non-coated
islets assessed with TEM (B), GSIS assay (C), macrophage stimulation
with polymers (D). *** P < 0.005, * P < 0.05, n.s = P > 0.05

Conclusion
The proposed coating can maintain islet viability and
secretory function while reducing pro-inflammatory
reactions. It shows great promise towards improving the
current methods for islet immunoprotection. Long-term
experiments to assess coating stability and permeability,
immunomodulatory properties, and cell metabolic activity
are currently being conducted.
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1Department of Biomedical Engineering, UofM-UTHSC Joint Graduate Program in BME, Memphis, TN, USA
2Laboratory of Biomaterials and Tissue Engr., Institute of Physiology of the Czech Academy of Sciences, Prague 4, CZ

INTRODUCTION
Electrospun, chitosan membranes (ESCM) have seen promise in guided
bone regeneration studies [1]. Chitosan can also be mixed with other
polymers, like elastin, to improve mechanical properties and bioactivity,
increasing its versatility [2]. Specifically, the elastin-polysaccharide
nanofiber structure may serve as a template in skin tissue engineering
applications.
A big challenge facing large skin defect healing is the lack of
vascularization into the defect. Magnesium (Mg2+) has anti-inflammatory
effects and has been shown to play a role in angiogenesis [3]. The goal of
this work is to evaluate incorporation of amorphous Mg2+-phosphate
nanoparticles (MgNP) and elastin into electrospun chitosan membranes to
assess potential use in skin wound healing.

RESULTS
A)

B)

D)

C)

METHODS
Membrane Fabrication
The following groups of ESCMs were made to evaluate the individual
components’ effects; (C: chitosan, CE: chitosan-elastin, CMg: chitosanMgNP, and CEMg: chitosan-elastin-MgNP).

E)

H)

F)

G)

I)

J)

Figure 1. Top-down view of custom electrospinning apparatus (left) and representative icons for membrane groups (right).

K)

M)

Post-Spinning Treatment
All groups underwent a post-spinning treatment to remove residual TFA
salts and attach a hydrophobic di-tert-butyl dicarbonate group to improve
retention of nanofiber morphology in aqueous environments.
L)

Figure 3. A) SEM images of membrane groups. B) Average fiber diameter (n = 3). C) EDS magnesium incorporation analysis. D) Water contact angle
analysis (n = 3). E) Immunofluorescence images for elastin incorporation assessment. F-H) Results from mechanical testing (F) UTS, (G), Modulus,
(H) Extension. I) In vitro magnesium release. J) In vitro degradation profiles. K) MgNP cytotoxicity with NIH3T3 cells. L) Cytocompatibility of
membranes with NIH3T3 fibroblasts. M) LIVE/DEAD stained images of NIH3T3 fibroblasts on membranes.

CONCLUSIONS
Figure 2. Schematic and explanation of post-spinning treatment reaction mechanism.

Membrane characterization and in vitro assessments
Membranes were characterized for nanofiber structure, water contact
2+
angle analysis, Mg incorporation/in vitro release/cytotoxicity, elastin
incorporation, mechanical properties, in vitro degradation profiles, and in
vitro cytocompatibility.

Both elastin and MgNP have been successfully incorporated into ESCM.
Elastin incorporation reduced the hydrophobicity of the membranes following
post-spinning treatment and increased cytocompatibility and degradation
rates.
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Figure 4. Incorporation of fluorescent TAMRA label into SAP gels via click chemistry.
TAMRA fluorophore was functionalized with a free cysteine group and attached to SAP hydrogels
via click chemistry. (A) Gels were exposed to UV light for different amounts of time and washed in
PBS to remove unbound TAMRA. Fluorescence was measured at the center of the
gel repeatedly. (B) Fraction of original TAMRA signal remaining after 3 hours of washing. (C) Mean
± SD of N=3 TAMRA gels exposed to UV on one half of the gel only and washed, compared to
N=1 control gel that was not exposed to UV. TAMRA signal was measured on both sides and
compared after 1 and 2 hours of washing away any unbound TAMRA.
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KFE-RGD

The following SAP sequences were synthesized for
this study (Biomer Technology):

(acetyl)-FKFEFKFE-CONH2
(acetyl)-GRGDSP-GG-FKFEFKFE-CONH2
(acetyl)-GRDGSP-GG-FKFEFKFE-CONH2
(alloc)-KGGFKFEFKFE-CONH2

B

Click RGD - UV

Figure 3. Schematic of the thiol-ene reaction. UV light can be
used to covalently attach a molecule with a thiol group to a SAP
molecule with an “ene”-containing group (e.g. an alloc group).

• The ability to incorporate bioactive molecules in a 3D
matrix via click chemistry will be tested by encapsulating
cells within SAP hydrogels.
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• Patterns of biochemical cues such as RGD in SAP gels
will be generated using click chemistry to mimic those
that occur in vivo.
• A smart fluorescent biosensor to detect MMP activity will
be incorporated in the SAP gel using click chemistry.
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Figure 2. Schematic of SAP hydrogel formation. (A) In the
presence of ionic solutions or neutral pH, SAPs assemble into fibers
that form a 3D hydrogel. (B) SAP mixture is placed in a permeable
cell culture insert and submerged in PBS or media for 30 minutes.
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• Modifying KFE SAP with an alloc group and
binding additional molecules via click chemistry
does not interfere with SAP fiber formation.
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• The thiol-ene click reaction is effective for binding
and patterning fluorescent labels and celladhesive peptides in SAP hydrogels, without
losing their biological activity.

• In summary, a simple modification allows SAP
gels to be functionalized by cytocompatible click
chemistry, without interfering with the fibrous
matrix structure.
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SAPs could be functionalized with:
Cellular adhesion ligands
Growth factors
Drugs
“Smart” biosensors

New methods for SAP functionalization are
needed to circumvent these limitations and
enable new scientific inquiries

Figure 6. Fiber assembly in click
SAP system. Representative AFM
height profile images of fibers
formed from unmodified KFE (Top
Left) fibers formed from a mixture
of unmodified KFE and KFE-Alloc
with TAMRA clicked in (Top Right,
Bottom Left) suggest that TAMRA
did not interfere with fiber
assembly. Scale bar = 250 nm.
Color bar indicates height.
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Functionalizing SAP during peptide synthesis:
Limits options
Increases costs
Prohibits spatial and temporal patterns
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Figure 1. SAP hydrogel architecture. Transmission electron
microscopy images show that (A) SAP hydrogel has a fibrous
structure similar to (B) Type I collagen[1].
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Self-assembling peptide (SAP) hydrogels provide a
fibrous microenvironment to cells that mimics the
structure of in vivo extracellular matrix (Fig. 1). This
structure regulates cell adhesion, proliferation,
migration, and drug response.

Figure 5. Incorporation of RGD into SAP gels via click chemistry promotes cancer cell
spreading. (A) Representative images of HT1080 fibrosarcoma cells cultured for 48 hours on 2D
SAP gels with non-adhesive KFE-RDG, adhesive RGD-KFE, tissue culture plastic, RGD
incorporated with the thiol-ene reaction (click RGD) with and without UV initiation. Actin
cytoskeleton labeled with fluorescent phalloidin. Scale bar = 100 µm. (B-E) Plots indicate
maximum, minimum, median, and quartiles for the indicated cellular morphological measurements
on each type of gel. N>75 cells per group.* p<0.05, ** p<0.01, **** p<0.0001 via one-way ANOVA
with Tukey multiple comparisons post-test. Not all significances shown.
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MMP Regulated Release of SDF-1α analog from Norbornene Hyaluronic Acid Microgels for TBI
K. Hickey1, S. M. Grassi1, J. Veldhuizen1, F. Fumasi2, M. Nikkhah1, J. Holloway2, S.E. Stabenfeldt1
1
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Statement of Purpose: Stromal cell-derived factor-1α
(SDF-1α; also known as CXCL12) is a potent
chemotactic molecule that works in conjunction with its
receptors CXCR4 and CXCR7 to promote central nervous
system repair following injury [1–3]. SDF-1α has been
shown to influence neural stem cell recruitment,
angiogenesis, and inhibitory tone in the central nervous
system [2, 4]. Exogenous delivery and manipulation of
SDF-1α signal in the nervous system may allow for
increased stem cell recruitment following traumatic brain
injury, stroke, and other neurological diseases. Current
efforts to alter the presentation of SDF-1α in the nervous
system are limited by lack of tunability of SDF-1α
release, its inherent short half-life, and the use of
materials that contribute to inflammation. Advances in
hyaluronic acid (HA) functionalization and thiol-ene click
chemistry allows for precise cross-linking and molecule
functionalization of hydrogels [5]. Here, we present an
HA-based injectable, biomaterial microgel system that
enables MMP mediated release of SDF-1α analogs.
Methods: HA
injectable microgels
were generated with
norbornene HA
(NorHA) and a
microfluidic flowfocusing device
(MFFD) equipped
with a UV light
source
Fig 1: Norbornene HA microgels use free
norbornene groups to tether MMP cleavable
downstream to
SDF-1a peptide.
crosslink
microgels and encapsulate thiol-containing biomolecules
[5]. Our design also incorporates a matrix
metalloproteinase (MMP) cleavable peptide sequence
(VPMSMRGG) to tether a SDF-1α peptide to NorHA
(Fig 1). Specifically, the oil phase consisted of light
mineral oil (Sigma) supplemented with Span80 (2% v/v;
Sigma) and aqueous phase containing: NorHA (0.1%
w/v), Lithium phenyl-2,4,6-trimethylbenzoylphosphinate
(0.05% w/v LAP; Sigma), MMP cleavable SDF-1α
peptide (33ng/μl; Watson Bio), and dithiol (0.4
stoichiometric ratio to Norbornene; Sigma). Flow rates
ratios between the oil and aqueous phase were kept 2:1.
Here, we assessed the microgel size, degradation
characteristics, and enzymatic release of SDF-1α peptide.
Size distribution was evaluated via incorporating sulfoCy3 tetrazine (100uM; Fisher) into the aqueous phase to
visualize the microgels under fluorescent microscopy.
MMP mediated release of SDF-1α was examined by
using an SDF-1α peptide coupled to a biotin molecule.
Microgels were incubated at 37C for 6 or 13 days at
which point the supernatant was collected and replaced

with or without buffer containing 250U/ml type IV
collagenase (MP Biomedicals). Supernatants were
collected 24hrs later and biotin levels quantified via a
fluorescence biotin quantification kit (Thermo-Fisher). To
assess microgel degradation, microgels were incubated at
37C with or without 0.01mg/ml hyaluronidase (Sigma).
Supernatants were collected across 14days and HA mass
was quantified with a carbazole uronic acid assay.

Fig 2: MMP mediated release of SDF-1a. HA microgels retain
biotinylated SDF-1a peptide out to 14 day in vitro with on demand
release upon exposure to MMP (collagenase) at 7 days (A) or 14
days (B). n = 3 ** p < 0.01 t-test

Results: We readily generated monodisperse microgels
less than 100μm. Furthermore, we established the
capability to release SDF-1α peptide in an MMP enzyme
(collagenase) dependent manner that is sustained over 14
days (Fig 2). We demonstrated the both the stability of the
microgels over 14 days and also the sensitivity of these
microgels to hyaluronidase enzyme (Fig 3).

Fig 3: HA microgels stability/degradation. HA microgels were
susceptible to degradation with hyaluronidase (A) and stable in
vitro out to 14 days (B). n=3, *p < 0.05 t-test

Conclusions: We successfully created injectable,
monodisperse, microgels capable of controlled delivery of
SDF-1α. This size is critical as it allows for microgel
injection via 26-gauge needle or larger, necessary for
neural applications. In vivo studies in a mouse TBI model
are currently underway to assess the ability to modulate
neural stem cell recruitment following TBI.
Acknowledgments: Funding provided by NSF-CBET
(1454282; SES), NIH- NICHD (1DP2HD084067; SES).
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Wireless Charging-Mediated Angiogenesis and Nerve Repair by Adaptable Microporous
Hydrogels from Conductive Building Blocks
Rusiou (Alice) Hsu, Stanford University
SFB 2022 EMERGING SCHOLAR AWARD RECIPIENT

An adaptable conductive microporous hydrogel (CMH) consisting of gold nanoyarn balls (GYBs)-coated
injectable building blocks possessing 100% interconnected pores was developed to improve
angiogenesis and recovery of brain function in traumatic brain lesions. Following minimally invasive
implantation, the CMH was able to fill defects with complex shapes and regulate the traumatic brain
injury (TBI) environment. Under a high-frequency magnetic field (HFMF), the eddy currents generated
on the GYBs promote cell differentiation and neurite outgrowth of neural stem cells (NSCs) ex vivo,
resulting in a 1.9-fold increase in neuronal cells migrating away from neurospheres. In animals,
placement of this injectable CMH at peri-infarct TBI regions significantly enhanced mature brain-derived
neurotrophic factor (mBDNF) by 180% and improved angiogenesis by 250% in vivo within 2 weeks after
electromagnetized stimulation; these effects facilitated neuron survival and motor function recovery by
50%. Blood oxygenation level-dependent (BOLD) functional neuroimaging also revealed the successful
restoration of brain functional connectivity in the corticostriatal and corticolimbic circuits.

Immune-isolating Poly-ethylene Glycol-based Capsules Protect Human Ovarian Alloand Xenografts from Immune Rejection
Margaret Brunette, University of Michigan
SFB 2022 EMERGING SCHOLAR AWARD RECIPIENT

Anticancer treatments are lifesaving, but they have been implicated as gonadotoxic. The damage to the
ovaries in adolescent childhood cancer survivors results in Premature Ovarian Insufficiency (POI), which
negatively impacts ovarian endocrine function and causes inability to undergo physiological puberty.
Hormone replacement therapy (HRT) is the current standard of care for POI, however the hormone
profile established with HRT does not match the physiological daily pulsatility and monthly cyclicity seen
in healthy reproductive aged females. This gap in physiologically relevant hormone replacement for
those with POI can be addressed with a cell-based therapy. We hypothesize that encapsulated immune
protected human ovarian tissue implanted subcutaneously in mice will respond to circulating
gonadotropins, the encapsulated follicles will undergo folliculogenesis and secrete the complete milieu
of ovarian hormones. To test this, we encapsulated human ovarian cortical strips in a poly(ethylene
glycol) immune-isolating capsule with a degradable core to promote follicle growth and a nondegradable shell to prevent infiltration of immune cells. Multiple capsules were implanted in immune
compromised (SCID) mice to test feasibility and immune-competent (Balb/c) mice to test immune
protection, and removed after 2, 4, or 6 weeks. Non-encapsulated human ovarian cortex served as a
control. Histological analysis of the implants retrieved from SCID and Balb/c mice demonstrated follicle
survival and growth and no evidence of immune rejection at all the time points. Survival of encapsulated
follicles in human ovarian cortex offers the hope to restore ovarian endocrine function in POI patients
clinically translate this technology.

An In Vitro Platform to Spatiotemporally Control Multiple Bioactive Peptides Using
Reversible DNA Handles
Julianne Holloway, Arizona State University

Tissue repair is a dynamic process consisting of multiple stages, where each stage is characterized by a
complex set of biochemical and biophysical cues. A number of elegant approaches based on
photopatterning and orthogonal chemistries have been developed for presenting biochemical cues in
order to probe the spatial and temporal effect of these signals on cell behavior. However, these
approaches rely on highly customized chemical reactions, are generally restricted to 1-2 signals, and are
often based on photocleavage reactions for temporal control, limiting their reversibility over multiple
cycles. To address this challenge, we’ve developed an innovative in vitro biomaterial platform using
reversible DNA handles that is capable of spatiotemporally controlling three or more signals with
complete reversibility. Norbornene-thiol chemistry with photopatterning was used to spatially control
the initial conjugation of single-stranded DNA. Next, peptide-DNA conjugates were added via DNA
hybridization and removed via toe-hold mediated displacement over multiple cycles at user specified
timepoints. To demonstrate the utility of this platform, we investigated how osteogenic growth peptide
(OGP) temporal presentation impacts osteogenesis. Constant OGP presentation (0-14 days) was
compared to early (0-7 days) and delayed (7-14 days) OGP presentation. After 14 days, delayed OGP
presentation resulted in statistically significant alkaline phosphatase expression, an early marker for
osteogenesis, compared to early OGP presentation. Ongoing work is investigating the temporal role of
other biomolecules that may be synergistic with OGP. This work demonstrates the importance of
presenting biochemical cues at presence time frames in order to optimize differentiation and, more
broadly, tissue repair.

Adult Hepatocyte Organoids for Engineered Liver Tissues
Sarah Saxton, University of Washington
SFB 2022 EMERGING SCHOLAR AWARD RECIPIENT

The liver is a remarkable organ that performs over 500 different functions in the human body and can
fully regenerate after injury or resection. Unfortunately, the primary parenchymal cell of the liver – the
hepatocyte – rapidly dedifferentiates and loses function ex vivo. This limits studies of human liver
function and regeneration to expensive humanized mouse models or cancer cell lines that do not
accurately represent healthy human hepatocytes. Organoid technologies have been successful for
growing many difficult-to-culture primary cell types, but thus far all published human hepatic organoids
revert to a fetal or biliary phenotype in vitro. Such models are not representative of adult hepatocytes in
the mature liver. The critical challenge of building an accurate model to study adult human hepatocytes
remains unsolved. Here, we introduce a new organoid model of adult human hepatocytes. We have
validated the model across 8 different patient samples and demonstrated maintenance of mature
hepatocyte phenotype, morphology, and function in vitro. Hepatocyte organoids maintain drug
metabolic activity and self-assemble to form functional bile canaliculi. Single cell RNA sequencing shows
maintenance of a transcriptionally active hepatocyte population through 26 days of culture, alongside a
population of cholangiocytes and fibroblasts. When used as the parenchymal cell source in engineered
liver tissues implanted ectopically in mice, hepatocyte organoids formed larger and more functional
grafts than the traditional parenchymal source, hepatocyte aggregates. These results demonstrate the
utility of our novel hepatocyte organoids for drug screening, studies of liver regeneration, and tissue
engineering.

Synthesis of Hydrolytically Degradable Microgels Using Droplet Microfluidics
Maria Coronel, Georgia Institute of Technology
SFB 2022 EMERGING SCHOLAR AWARD RECIPIENT

Hydrogel microparticles (microgels) have emerged as an attractive approach for the delivery of
therapeutics given their modularity, and ability to enhanced integration with the host tissue. Multiple
fabrication methods and chemistries have been implemented for microgel development, yet
manipulation of microgel degradability and its effect on in vivo tissue responses remains underexplored.
Here, we report on a facile method to synthetize degradable microgels based on ester-based hydrolysis
for cleavable crosslinking. Utilizing droplet microfluidics, we generated monodisperse microgels (~200
µm) based on thiol-Michael chemistry of maleimide functionalized poly(ethylene glycol). Tunable
mechanics were achieved by adjusting the ratio of degradable to nondegradable crosslinkers in the
continuous phase. Degradation in aqueous medium led to microgel deformation as observed by a higher
degree of swelling and decrease in elastic modulus. Furthermore, degradation byproducts were
cytocompatible and did not cause monocytic cell activation under noninflammatory conditions. A time
dependent degradation in the order of weeks was observed after continuous monitoring of microgels
delivered via injection into the dorsum of mice. Lastly, evaluation of tissue responses in a subcutaneous
dorsal pocket revealed dynamic type-1 like immune responses, driven by IFN-γ expression, which can be
moderated by tuning the degradation properties of the microgels. Collectively, this study demonstrates
the development of a degradable microgel platform which can be adaptable based on desired implanted
host tissue immune responses.

3D Bioprinted Patient-Specific Extracellular Matrix Hydrogel Patches for
Volumetric Muscle Loss
Anne Behre, Carnegie Mellon University

Skeletal muscle has remarkable regenerative capacity but loss of >20% of a muscle,
termed volumetric muscle loss (VML), overwhelms these innate mechanisms.
Autologous muscle grafts are the current gold-standard treatment for VML, but efficacy
is limited, surgery causes donor site morbidity, and often no suitable donor site is
available. Decellularized extracellular matrix (ECM) scaffolds are a promising approach
to regenerate muscle in vivo but are typically loose powders or casted sheets. VML
wounds vary considerably in size, location, and geometry, thus a scaffold tailored to the
shape of an individual patient’s wound would likely improve efficacy. Freeform
reversible embedding of suspended hydrogels (FRESH) 3D bioprinting can create
patient-specific, biomimetic scaffolds with precise control over 3D architecture. Here, we
developed FRESH printed patient-specific ECM wound filling patches from computed
tomography (CT) scans of canine VML wounds (~ 13 cm x 8 cm x 2 cm) and
demonstrated that the patches are conformal to the surface of the wound. We FRESH
bioprinted the patch with a 1:1 ratio of decellularized urinary bladder matrix (UBM) and
collagen type 1 using aseptic technique. The printed patch was robust and was
implanted directly on the wound bed within 24 hours of surgery. This patient-specific
ECM hydrogel patch has been implanted in eight separate canines and studies are
ongoing. This represents the largest ECM scaffold ever printed using an embedded
bioprinting technique and shows potential for patient-specific treatments to functionally
heal VML.

Unraveling Vascularized Adipose Tissue Reconstruction by Using Collagen
Microfibers Allows Multiple Applications From Breast Regeneration To
Bioprinted Cell-Cultured Steak-Like Meat
Fiona Louis, Osaka University, Graduate School of Engineering, Joint Research
Laboratory (TOPPAN) for Advanced Cell Regulatory Chemistry

Adipose tissue reconstruction is essential for diverse important applications from breast
regeneration, to obesity drug-screening models, and even recently for providing the fat
taste of the cell-cultured meat. But in vitro adipose tissue reconstruction is challenging
when it comes to maintain the fragile mature adipocytes state, full of lipids and thus
easily breakable, in parallel to the induction of the typical fat tissue dense vascular
network formation, required for a long-term stable tissue integration after implantation.
To overcome these different challenges, collagen microfibers were the key component.
Dispersed in fibrin gel, it acts as a protective scaffold for the mature adipocytes [1],
while guiding the endothelial cells for the blood vasculature formation [2]. Non-invasive
injectable adipose balls were subcutaneous implanted in mice and the grafts were
associated with a higher cell survival (84±6% viability) and volume maintenance after 3
months (x1.7 and x2 heavier than the general lipoaspirate and the non-prevascularized
balls respectively), thanks to their greater amount of blood vessels (x1.4 and x1.6 times
respectively), allowing a balanced host anastomosis (51±1% human/mouse lumens).
CMF could also be used as bioink in supporting bath-assisted bioprinting, showing
maintained mature adipocyte functionality [4], and for engineered steak-like tissues
where bovine fat fibers were part of the structured final meat [4].

References: [1] Louis et al., Acta biomaterialia (2019):84,194.; [2] Louis et al., Bioactive Materials
(2022):7,227.; [3] Louis et al. bioRxiv (2020).; [4] Louis et al., Cyborg and Bionic Systems
(2021):1412542.; [5] Kang, D. H., Louis F. et al., Nature communications (2021):12(1),1."

Cationic Nanogels for Oral Targeted siRNA Delivery to Macrophages for Treatment of Inflammatory Bowel Diseases
Olivia L. Lanier, Abielle P. D’Andrea, Aaliyah Shodeinde, Nicholas A. Peppas
Biomedical Engineering Department, University of Texas at Austin
Statement of Purpose: RNA interference is an important
treatment method that utilizes small interfering RNA
(siRNA) to silence the production of specific strands of
mRNA and thus reduce the production of that protein. It
has been FDA approved for treatment of multiple diseases
[1], and has promise as a treatment for inflammatory
bowel diseases (IBDs) [2]. Current treatments for IBDs
include immunosuppressant drugs and parenterally
delivered biologics [3]. These treatments are delivered
systemically and reduce immune system performance
against normal pathogens and damage [4]. Further,
parenteral delivery is not feasible for patients in poor
areas of the world and requires meticulous care so as not
to cause infection. Therefore, a targeted system that
delivers siRNA orally to the site of inflammation in the
intestines would be of immense benefit as it would reduce
off-target immunosuppression and be more accessible to
the global population. Several challenges associated with
the oral delivery of siRNA include enzymatic
degradation, extreme pH environments, targeting
inflammatory cells, and the need to achieve intracellular
delivery and endosomal escape while maintaining siRNA
integrity [5]. We developed cationic nanogels to deliver
siRNA to macrophages in the intestines after enteric
delivery. Cationic nanogels were synthesized to be the
appropriate size to undergo uptake by macrophages, and
nontoxic with a pKa to promote endosomal escape. The
carriers can protect siRNA until after endosomal escape.
Methods: In this study cationic nanogels were
synthesized using ARGET ATRP [6] with various
cationic
monomers:
2-(dimethylamino)
ethyl
methacrylate, 2-(diethylamino) ethyl methacrylate
(DEAEMA) and 2-(diisoprpylamino) ethyl methacrylate.
To adjust the pKa to the pH of an endosome and to reduce
toxicity, hydrophobic comonomers were added: tert-butyl
methacrylate, cyclohexyl methacrylate, and hexyl
methacrylate [7]. Additionally poly(ethylene glycol)
methyl ether methacrylate was grafted to the nanogels to
reduce aggregation and further reduce toxicity. Various
formulations of nanogels were synthesized and
characterized for swollen and collapsed size by dynamic
light scattering, swelling ratio, pKa by potentiometric
titration, in vitro toxicity in multiple cell lines with MTS
assay, and siRNA loading and release kinetics using
QuantIT RNA detection assay. siRNA loading was
performed for 1 hour (or 72 hours) at both charged (pH
5.5) and neutral (pH 7.5) conditions in buffer. Release
was performed over 8 hours under sink conditions in
buffers at both pH values.
Results: Increasing the hydrophobicity of the cationic
monomer or increasing the content of hydrophobic
comonomers in the particles increased the nanogel
aggregation, reduced their volume swelling ratios, and
reduced the pKa. Therefore, it was determined that
DEAEMA with a hydrophobic comonomer at 22 mole %

should be used for desired pKa and swelling behavior.
Nanogels were nontoxic at concentrations of 50 nM in
different cell models. Loading at pH 5.5 when nanogels
were charged resulted in nearly 100% loading where
loading at pH 7.5 resulted in less than 50% loading, as
shown in Figure 1a. siRNA was released within ~8 hours,
although much of the encapsulated siRNA had been
released within 4 hours as shown in Figure 1b. However,
phagocytosis of polymeric particles by macrophages has
been shown to occur within minutes[8], so the quick
release rate should be ideal for this application. To
decrease the burst release, loading can be done under
neutral pH conditions for longer time periods (72 hours).
Release experiments were all done at pH 7.5, when
nanogels are neutrally charged, because they have
negligible release at pH 5.5 when charged.

Figure 1. (a) Loading of siRNA into nanogels at different
pH/time conditions; and (b) Release of siRNA from the
nanogels at pH 7.5.
Conclusions: Cationic nanogels that are nontoxic with
appropriate swelling, size, and pKa were synthesized.
siRNA loading and release was shown under multiple pH
conditions to optimize the system for future experiments.
References: [1] M. M. Zhang, R., et al, Biochem.
Pharmacol., 2021; [2] Y. Zhang, et al, Mol. Ther., 2006
[3]J. M. F. Chebli et al., Med. Sci. Monit., 2014, [4] R.
R. Martins-Chaves, et al, Braz. Oral Res., 2020, [5] K. A.
Whitehead, et al, Nat. Rev. Drug Discov. 2009, [6] D. C.
Forbes, et al, ACS Nano, 2014, [7] D. S. Spencer, et al, J.
Control. Release, 2021, [8] J. A. Champion, et al, Pharm.
Res, 2008.

Engineered Implantable Vaccine Platform for Continuous Antigen-Specific
Immunomodulation
Dixita Viswanath, Texas A&M University and Houston Methodist Research Institute

Cancer vaccines harness the host immune system to generate antigen-specific
antitumor immunity for long-term tumor elimination with durable immunomodulation.
Commonly investigated strategies reintroduce ex vivo autologous dendritic cells (DCs)
but have limited clinical adoption due to difficulty in manufacturing, delivery and low
clinical efficacy. To combat this, we designed the “NanoLymph”, an implantable
subcutaneous device for antigen-specific antitumor immunomodulation. The
NanoLymph consists of a dual-reservoir platform for sustained release of immune
stimulants via a nanoporous membrane and hydrogel-encapsulated antigens for local
immune cell recruitment and activation, respectively. Here, we present the development
and characterization of the NanoLymph as well as efficacy validation for
immunomodulation in an immunocompetent murine model. Specifically, we established
the NanoLymph biocompatibility and mechanical stability. Further, we demonstrated
minimally invasive transcutaneous refilling of the drug reservoir in vivo for prolonging
drug release duration. Importantly, our study demonstrated that local elution of two
drugs (GMCSF and Resiquimod) generates an immune stimulatory microenvironment
capable of local DC recruitment and activation and generation of antigen-specific T
lymphocytes within 14 days. In summary, the NanoLymph approach can achieve in situ
immunomodulation, presenting a viable strategy for therapeutic cancer vaccines.

Synthesis Of Hydrolytically Degradable Microgels Using Droplet
Microfluidics
Marissa Wechsler*(1), Maria Coronel(2); (1) The University of Texas at San Antonio,
(2)Georgia Institute of Technology

Hydrogel microparticles (microgels) have emerged as an attractive approach for the
delivery of therapeutics given their modularity, and ability to enhanced integration with
the host tissue. Multiple fabrication methods and chemistries have been implemented
for microgel development, yet manipulation of microgel degradability and its effect on in
vivo tissue responses remains underexplored. Here, we report on a facile method to
synthetize degradable microgels based on ester-based hydrolysis for cleavable
crosslinking. Utilizing droplet microfluidics, we generated monodisperse microgels (~200
µm) based on thiol-Michael chemistry of maleimide functionalized poly(ethylene glycol).
Tunable mechanics were achieved by adjusting the ratio of degradable to
nondegradable crosslinkers in the continuous phase. Degradation in aqueous medium
led to microgel deformation as observed by a higher degree of swelling and decrease in
elastic modulus. Furthermore, degradation byproducts were cytocompatible and did not
cause monocytic cell activation under noninflammatory conditions. A time dependent
degradation in the order of weeks was observed after continuous monitoring of
microgels delivered via injection into the dorsum of mice. Lastly, evaluation of tissue
responses in a subcutaneous dorsal pocket revealed dynamic type-1 like immune
responses, driven by IFN-γ expression, which can be moderated by tuning the
degradation properties of the microgels. Collectively, this study demonstrates the
development of a degradable microgel platform which can be adaptable based on
desired implanted host tissue immune responses.

Porcine vs. Bovine Pericardium Assessment as a Leaflet in Aortic Valves
Ekaterina Tkatchouk, Edwards LifeSciences

Objective: Bovine and porcine pericardium have been widely used as leaflet materials in
transcatheter heart valves. Porcine pericardium is naturally thinner than bovine
pericardium and, as such, porcine valves have clinically shown higher structural failure
and reoperation when compared to bovine valves1,2,3. Because of these tradeoffs, it is
essential to understand the mechanical and chemical differences between bovine and
porcine pericardium leaflets. Bovine pericardium is generally thicker than porcine
pericardium; therefore, in this study, naturally thin bovine was selected for a more
relevant comparison.
Methods: Chemical and mechanical testing was performed on bovine and porcine
leaflets, including novel dynamic mechanical characterization using multiaxial clinically
relevant conditions. Tear resistance was assessed under clinical conditions. Chemical
testing included FTIR-ATR, Raman Spectroscopy was performed on leaflets before and
after 200 million cycles of accelerated wear testing (AWT). Histological assessment of
bovine and porcine pericardium was performed to quantify the collagen density.
Results: Bovine and porcine leaflets’ surface chemistry showed similarities; however,
the density of the fibers were widely different. Fiber density impacts AWT or dynamic
mechanical performance of leaflets. Bovine pericardium was more resistant to crack
propagation under both uniaxial and multiaxial deformation in clinically relevant
conditions.
Conclusions Bovine pericardium leaflets demonstrated more mechanically durable
performance and were less susceptible to tear under clinically relevant conditions, even
for the naturally thinner bovine tissue.

Optimizing Acetaminophen Release Profiles from Silicas through Surface Functionalization
Maressa Schulze, Noelle Comolli.
Villanova University, Villanova, PA.
Statement of Purpose:
Results:
Silica materials present a unique opportunity for drug
A decrease in peak intensity for surface silanols on all silica
delivery, as they have uniform pore size and morphology,
materials could be seen after the initial grafting procedure,
as well as a silanol rich surface which can be used for
as well as the S-H stretch found in the mercapto group. This
modification. Surface functionalization has the potential to
decrease in intensity represents a loss in available surface
increase maximum drug loading, facilitate sustained
silanols, indicating that the functional group has bound to
release, and improve biocompatibility. Three silica
the surface. The S-H stretch is lost after the oxidation step
materials were functionalized with sulfonic acid groups in
in the functionalization procedure, confirming the
an attempt to improve the controlled drug delivery of small
conversion of the mercapto to sulfonic acid.
molecules, as compared with the silicas unfunctionalized
All three materials displayed a decrease in pore volume
counterparts.
upon functionalization, indicating that the functional
Methods:
groups have become present in the pores of the parent
SBA-15 was prepared according to Smith MA (2010),
materials.
using tetraethyl orthosilicate, Pluronic P-123, and
All materials displayed an increased total release of
hydrochloric acid. Ultrasil (Evonik) and KCC-1 (Strem)
acetaminophen with surface functionalization. This
were used as received. Functionalization with sulfonic acid
emphasizes the improvements that functionalization has
groups was completed according to Moritz M (2013), using
made for porous silicas in their ability to release more drug
3-mercaptopropyl trimethoxysilane, anhydrous toluene,
than nonporous silica, as shown in Figure 1.
and 30% hydrogen peroxide. The same functionalization
The model for drug release looked at drug desorption rate,
procedures were also completed without the grafted
kb, in order to see how material formulation was impacting
organic, to allow for unfunctionalized materials to also be
the burst release phase. All unfunctionalized materials had
studied with the same chemical exposure history.
a higher desorption rate than their functionalized
Acetaminophen loading into each material was conducted
counterparts, indicating that the functional groups have a
either through a 3-day (259,200 s) stirred solution
more retentive effect on the drug, as shown in Figure 1.
impregnation or incipient wetness impregnation. 100 mg
(0.0001 kg) pellets of drug loaded silica were used for all
6-day (518,400 s) drug release studies completed on a SR8 Plus Cell Dissolution System (Hanson Research,
Chatsworth, CA).
Fourier transform infrared (FTIR) spectroscopy was
completed at each step of the functionalization process
using a Spectrum One (Perkin Elmer, Waltham, MA)
equipped with an MCT detector. This was to determine
successful material functionalization.
Material sorption isotherms were completed using a
Nova2000e (Quantachrome, Boynton Beach, FL) to
determine surface area, pore volume, and pore size.
Thermogravimetric analysis (TGA) was completed using
Figure 1: Functionalized SBA-15 acetaminophen release
the TGA 5500 (TA Instruments, New Castle, DE) to
with stirred solution (cyan) and incipient wetness (green)
determine material composition and drug loading
impregnation; Unfunctionalized acetaminophen release
concentration.
with stirred solution (blue) and incipient wetness (black)
Mathworks MATLAB 2017a was used to model the drug
impregnation.
release from the acetaminophen loaded silica pellets. The
Conclusions:
full equation can be seen in Equation 1.
𝑀𝑡
Current surface functionalization methods for silicas
= 𝜙𝑏 [1 − 𝑒𝑥𝑝(−𝑘𝑏 𝑡)] +
𝑀∞
improve percent acetaminophen released as compared to
2
their unfunctionalized counterparts. However, there is no
32 ∞
1
𝑞𝑛
1 − 2 ∑𝑛=1 2 𝑒𝑥𝑝 (− 2 𝐷(𝑡 − 𝑡𝑏 ))
𝜋
𝑞𝑛
𝑅
significant change in percent acetaminophen released in
𝜙𝑑
the diffusional phase.
(2𝑝+1)2 𝜋2
1
Total amount release was improved, but release time was
))
∙ ∑∞
𝑒𝑥𝑝
(
𝐷(𝑡
−
𝑡
𝑏
𝑝=0 (2𝑝+1)2
𝐻2
[
]
not, so additional surface functionalizations are being
Equation 1: Full mathematical model used for release,
looked at to extend release time.
covering burst diffusion and controlled release out of a
References:
cylinder.
Smith MA. Micropor Mesopor Mat. 2010 (131:204-209).
Moritz M. Appl Surf Sci. 2013 (283:537-545).

Decyl-silanized titanium loaded with 2- heptylcyclopropane-1-carboxylic acid inhibits
Staphylococcus aureus biofilm
Zoe Harrison, University of Memphis

Implanted biomaterials are susceptible to bacterial contamination and provide a substrate for biofilm
formation. Bacteria within biofilms can evade immune cell clearance and are extremely tolerant to
antimicrobials, increasing treatment challenges. Diffusible signal factors (DSF) such as cis-2-decenoic
acid (C2DA) have been shown to prevent bacterial attachment to surfaces and also to eradicate preformed biofilms. However, C2DA is susceptible to isomerization into its least active trans- form (T2DA)
when exposed to light, radiation, and other common biomaterial sterilization methods. A synthetic DSF
developed in our lab, 2-heptylcyclopropane-1-carboxylic acid (2CP), is stable and resistant to
isomerization, making it a potentially efficacious antibacterial coating for medical implants. This study
sought to modify titanium coupons with silanization using n-decyltrimethoxysilane(DTMS) to increase
surface hydrophobicity, and to then load with hydrophobic DSF to determine efficacy in preventing
Staphylococcus aureus biofilm formation. Coupons were silanized then loaded with 2CP, C2DA or T2DA
then incubated with 10^5 CFU of S. aureus for 24h. Unloaded silanized coupons and unloaded untreated
coupons served as controls. Planktonic bacterial growth and biofilm growth on coupons were quantified
using BactiterGlo viability assay. Results found that DSF-loaded coupons significantly inhibited both
planktonic bacteria growth and biofilm development; coupons loaded with T2DA resulted in
approximately 60% biofilm viability and 40% planktonic viability, compared to approximately 20%
viability for coupons loaded with 2CP and C2DA. Untreated coupons had 100% bacterial viability,
whereas silanized unloaded coupons increased bacterial growth to 150%. Results demonstrate the
potential success of this titanium coating strategy for infection prevention in biomedical implants.

Covalent Immobilization of Heparin on Gelatin Methacryloyl
as a Platform for Sustained Drug Delivery
Fan

Wilson College of Textiles, North Carolina State University, Raleigh (USA), 2 College of Textiles, Donghua University, Shanghai (China)
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After gelation, the hydrogel was washed in PBS and the loading
efficiency of heparin on the scaffold was calculated by comparing the
amount of heparin detected in the wash solution to the total amount
loaded previously. As shown in the figures above, HepMA10 had a
higher retention compared to other scaffolds.
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Methacrylated heparin
(HepMA) was synthesized
by substituting the hydroxyl
and carboxyl groups on
heparin with methacrylate
pendant groups using
MAAh, making it possible
to crosslink HepMA in the
GelMA network.
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Binding of IL-4 to the GelMA-HepMA hydrogel was achieved by
immersing it overnight in a solution of 100 ng IL-4 in cell culture media.
The scaffolds were washed three times in PBS to wash off unbound IL4. The release of IL-4 from the hydrogel was measured by ELISA.
The hydrogel containing unmodified heparin resulted in a burst release
of IL-4, while all the other scaffolds showed an initial burst release
followed by a gradual release for at least 14 days.
The GelMA hydrogel control and the low-level-modified HepMA1
showed the slowest release of IL-4. They also improved cell viability
compared to the other hydrogels. Unmodified heparin and HepMA1
with the addition of IL-4 also caused larger single cell size compared to
the GelMA control. Further study is needed to evaluate the gene
expression profile of the macrophages.
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The presence of HepMA in GelMA did not affect
the macrophage viability and morphology

Synthesis of Methacrylated Heparin (HepMA)

GelMA-HepMA10

G

97%

RESULTS

GelMA-HepMA5

14

98%

94%

GelMA-HepMA1

GelMA+HepMA5 GelMA+HepMA10

After successful synthesis of HepMA, we incorporated it into the GelMA
hydrogel. The GelMA-HepMA prepolymer solution contained 10%
GelMA, 1% HepMA, 0.25% IC2959 dissolved in 0.1M PBS. The
GelMA-HepMA scaffolds were stained with DMMB reagent as shown
above. Blue indicates the absence of heparin while pink confirms the
presence of heparin. The GelMA scaffold, as the negative control,
showed solid blue staining. The GelMA-heparin, GelMA-HepMA1,
GelMA-HepMA5 showed only a limited amount of heparin, whereas
GelMA-HepMA10 showed an extensive presence.
99%

GelMA-Heparin

10X

GelMA

M2

• In this study, we chemically modified heparin using methacrylate
anhydride (MAAh) to covalently immobilize heparin to a gelatin
methacryloyl (GelMA) hydrogel.
• The degree of modification on heparin molecules was measured using
NMR, and the retention of heparin in the hydrogel was measured
using a dimethylmethylene blue (DMMB) assay.
• The scaffold was designed to sustain the release of IL-4, aiming at
modulating macrophages to a pro-regenerative phenotype and
promoting tissue regeneration [1]. The macrophage response was
evaluated in vitro.
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The release of IL-4 from GelMA-HepMA hydrogel ameliorated
macrophage viability and altered macrophage morphology
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Here, heparin was chemically modified using 1, 5 and 10 fold molar
excess of MAAh compared to the hydroxyl groups in heparin. They
are referred to as HepMA1, HepMA5, HepMA10, respectively.
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The degree of methacrylation on
heparin was measured using
NMR and calculated by
comparing methacrylate vinyl
protons (highlighted in blue in the
spectra above) to the protons of
the repeating disaccharide unit of
heparin (grey). As shown in the
figure on the right, a higher level
of heparin functionalization was
achieved by adding a higher
quantity of MAAh to the reaction.
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The inflammatory response to the biomaterials or scaffolds is critical
to the outcome of tissue engineering. A prolonged inflammation will
retard the tissue regeneration process, whereas, by modulating
macrophages from the M1 “pro-inflammatory” phenotype to the M2
“pro-regenerative” phenotype, the tissue regeneration process can be
accelerated and promoted.
Heparin has been implicated to have an affinity for a variety of
cytokines. For instance, interleukin-4 (IL-4) modulates macrophages
to a pro-regenerative phenotype, and also promotes tissue
regeneration.
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THP-1-cell-induced macrophages were cultured on the GelMAHepMA hydrogel to evaluate the macrophage response in vitro. In the
figures, (E & F) macrophages showed an elongated morphology on
the (E) GelMA-heparin and (F) GelMA-HepMA10 samples, which
shows a similar morphology to M2 macrophages [4]. There was no
significant difference in cell viability and cell area between the
different groups, except that the GelMA-heparin scaffold increased
the cell viability compared to the GelMA hydrogel.

Contact: Fan Zhang | Email: fzhang12@ncsu.edu

In this study, we used MAAh to chemically modified heparin so
as to covalently immobilize it to a GelMA hydrogel scaffold and
provide sustained release of IL-4. Increasing the degree of
modification enhanced the loading efficiency and the retention
of heparin on the scaffold. The GelMA-HepMA hydrogel
showed no toxicity and no significant effect on the morphology
of the THP-1 cell induced macrophages. The gene expression
of the THP-1 cells will be undertaken to evaluate the phenotype
change of the macrophages in response to the IL-4 loaded
GelMA-HepMA hydrogel.

REFERENCES
[1] Hibino N et al J Thorac Cardiovasc Surg 2010;139:431.
[2] Brown et al Macromolecular bioscience 2017,17(12) : 1700158.
[3] Loessner D et al Nat Protoc 2016;11:727.
[4] Cha, BH et al Adv Healthc Mater, 2017; 6(21):1700289.

Potential of genipin-crosslinked collagen wet-spun multifilament yarns for rotator cuff tendon tissue engineering
Yihan Huang1, Robert Tonndorf2, Jacqueline H. Cole3, Martin W. King1,4.
1
Wilson College of Textiles, North Carolina State University, Raleigh, NC
2
Institute of Textile Machinery and High Performance Material Technology, Technische Universität Dresden, Germany
3
Joint Department of Biomedical Engineering, University of North Carolina, Chapel Hill, NC and North Carolina State
University, Raleigh, NC
4
College of Textiles, Donghua University, Shanghai, China
Statement of Purpose: The rotator cuff tear is one of the
leading musculoskeletal injuries in the United States with
over 250,000 repair procedures performed annually with an
estimated cost of 474 million dollars, while the re-tear rate
is still as high as 20-94% 1,2,3,4. Augmentation grafts are the
current treatment for massive rotator cuff tears, but
biological grafts cannot provide sufficient mechanical
support while synthetic grafts are associated with a higher
risk of infection. Along with the fact that the location of a
re-tear usually occurs at the tendon-bone interface, tissue
engineering is an appropriate strategy to mimic the
enthesis. Collagen is the predominant component in
tendons, making up to 60-85% of the dry weight of the
tendon. Collagen multifilament yarns were first
successfully manufactured by wet spinning technique in
2020 5, and due to the self-assembled production process,
these collagen yarns need to be crosslinked to stabilize
their structure. Therefore, this study is design to optimize
the crosslinking conditions for collagen yarns, and study
their mechanical properties, biological performance, and
resistance to degradation after being crosslinked.
Methods: Multifilament collagen yarns were first
immersed in an alcoholic solution of genipin (Wako
Chemicals, Japan). The crosslinking conditions were then
varied by modulating the genipin concentration,
crosslinking temperature, and incubation time. The degree
of crosslinking was determined via 2,4,6-trinitrobenzenesulfonic (TNBS) acid solution (Millipore Sigma) which
measured the percentage of free amino groups remaining
in the specimens after crosslinking. The swelling ratio was
calculated according to the weight change of the yarns after
being immersed in phosphate buffered saline (PBS)
solution for 2 hours.
The tensile strength of the collagen yarns after crosslinking
was measured under both dry and wet conditions by tensile
tests performed on a MTS Criterion 43 Mechanical Tester.
Degradation evaluation will be performed by immersing
the crosslinked collagen yarns in phosphate buffered saline
(PBS) solution (Sigma-Aldrich) and incubating at 37°C for
6 weeks, and measuring the weight and tensile properties
every 2 weeks. The biocompatibility of the genipincrosslinked collagen yarns will be evaluated according to
tenocyte adhesion and proliferation on the yarns for 7 days.
The alamarBlueTM assay will be used to monitor the
metabolic activity level of the cells; cell number will be
calculated at each time point by using a generated standard
curve. Cell proliferation and migration will be observed by
a live/dead assay.

Results: The results showed that the ultimate load
increased and swelling ratio decreased with a higher degree
of crosslinking. In addition, the TNBS assay showed that
higher genipin concentration, higher incubation
temperature and longer crosslinking times resulted in a
higher degree of crosslinking. The tensile test for the
crosslinked collagen yarns under dry conditions showed
that the ultimate load of the yarns increased significantly
after being crosslinked, but no significant difference was
observed between the groups. However, the ultimate load
fell significantly after being hydrated, and the genipin
concentration, crosslinking time & incubation temperature
all played a role in affecting the hydrated ultimate tensile
load of the collagen yarns. The collagen yarns crosslinked
in 1.0% genipin solution at 37°C for 72 hours showed the
highest ultimate load and lowest swelling ratio.

Figure 1: The effect of genipin concentration, crosslinking
time and temperature on the ultimate tensile load of the
collagen yarns
Conclusions: The following conditions to achieve the
highest tensile strength with lowest swelling ratio have
been identified. It is recommended that the wet-spun
multifilament collagen yarns be treated with a 1.0%
genipin solution at 37°C for 72h during further fabrication
and investigations.
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3. Prabhath A. Int. J. Pharm. 2018;544;358-371.
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Bioelectronic Ion Pumps for Long Term In-Vitro
Applications
Harika Dechiraju, John Selberg, Manping Jia, Houpu Li, Pattawong Pandsodtee, Giovanny Marquez, Marcella Gomez, Mircea
Teodorescu, Marco Rolandi
Department of Electrical and Computer Engineering, University of California Santa Cruz

Abstract
Bioelectronic devices that can interface electronics with biological system can be used as actuators to control biological processes. [1] In this work, we present a bioelectronic platform that can control pH and [K+] in
buffered media solutions and implement a fluorescence sensing based feedback control algorithm in order to close the loop between sensing and actuation. We also report systematic investigation of various aspects
of device performance using electrical characterization techniques and computational modeling.

Bioelectronic Ion Pump
2-Acrylamido-2-methyl-1propanesulfonic acid
(AMPSA)(50%)

Poly(ethylene glycol)
diacrylate (PEGDA)(8%)
h৵

Nanoparticle modified- gold electrodes control ionic concentration in response to
voltage. A voltage applied between the reservoir and targets moves ions across an
ion conducting hydrogel from the reservoir to the target. Gold contacts modified
using Ag/AgCl nanoparticles

a. Ion conduction through hydrogel. The hydrogel has a large number of fixed
negatively charged ions (anion). The positively charged ion of interest (cation) hops
along the fixed anions. b. Ion exchange at gold contacts. By applying a voltage to
the nanoparticle modified contacts, ions are absorbed or released into the target
based on the voltage applied.

K+ Delivery using Ion Pump
a.

0V

1V

0V

Ion Conducting Hydrogel AMPSA and PEGDA are mixed and the mixture is crosslinked using UV
light. The resulting hydrogel is ion conducting and has fixed negative charges. This hydrogel
conducts cations upon applying voltage across the polymer.

Closed-Loop Control
a.

b.

b.

100um

c.

a. Response of the pump to a 100ms pulse. The ion pump’s response to a 1V pulse shows that
the devices can reach about 2uA of current for the applied voltage in a 100ms thereby showing
the temporal resolution of the pump. b. Physical modeling of the K+ pump using COMSOL. The
model shows diffusion of the delivered K+ through a 100um pore. These results establish the
spatial resolution of the ion pump. c. Fluorescence response of the pump. The change in
fluorescence intensity of the K+ sensing dye changes according to the applied voltage. A +ve
voltage increases the [K+] of the target as is reinforced by the increase in fluorescence intensity
during the cycle. Similarly, a –ve voltage removes K+ from the system as can be confirmed by the
corresponding decrease in fluorescence intensity

a. Setup of closed-loop control. The sliding mode control algorithm is interfaced with a raspberry pi controller that controls the
ion pump. The ion pump is used to create a change in the local [K+] which is monitored using fluorescence dyes. These images
are captured using a fluorescence microscope and are fed back into the control algorithm in order to determine the next
sequence of control for the ion pump. b. An example of the fluorescence intensity of [K+] change following a set trajectory
(sine wave) for about 25 minutes.

Future Work
The ion pumps will be integrated with macrophage cell cultures and closed loop control will be used to
induce macrophage polarization in-vitro. The performance of the pumps will also be further
characterized for various other ions and small biomolecules.
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Recapitulating Form and Function in Hydrogel Composites Towards Clinical Translation
of Osteochondral Tissue Engineering
Sarah Schoonraad, University of Colorado Boulder

Osteochondral (OC) tissue engineering requires recapitulating form and load-bearing function of the
native tissue. The goal of this research is to develop a scaffold that guides mesenchymal stem cells
(MSCs) differentiation and supports tissue-specific functions of cartilage and bone. To address form, we
developed soft tissue-mimetic poly(ethylene glycol)-based hydrogels that incorporate extracellular
matrix analogs (e.g., chondroitin sulfate for cartilage and hydroxyapatite for bone) and tethered growth
factors (e.g., TGF-β3 for cartilage and BMP-2 for bone). Tethering in TGF-β3 enhanced the hyaline
chondrogenic response shown by abundant collagen II and minimal collagen I and X deposition. To
address function, these hydrogels were reinforced with stiff 3D-printed structures fabricated by digital
light processing (DLP)-stereolithography. A single cohesive unit was created with an octet-truss cartilage
layer structure, designed to support high strains with a modulus of 1MPa, atop a “bone” layer composed
of vertical parallel pillars which maximized the modulus at ~10MPa, minimized strains, and ensured a
porosity >70%. This composite was assessed in a rat OC defect model for 28 days with a tissue-matched
0.15mm thick cartilage layer. The composite was readily aligned with the appropriate native layers in
vivo, and cells infiltrated the structure. The scalability of this system was tested in a porcine OC defect
model by leveraging DLP to print structures with tissue-matched 2.5mm thick cartilage layers. Repair
tissue infilled the structure and bone growth was observed by micro-CT in the bone layer. Overall, this
combination of soft biomimetic hydrogel reinforced with a functionally graded 3D-printed structure,
shows feasibility and scalability, and promise for OC regeneration.

Injectable Bioceramics for Dental Applications
Asma Tufail, COMSATS University Islamabad, Lahore Campus

A thermo-responsive injectable bioactive glass (BAG) was prepared that has ability to set at body
temperature. The composite had the advantage to fill irregular shape implantation site and quick setting
at body temperature. The in vitro bio-adhesion was studied in bovine tooth, where samples were
immersed in artificial saliva and deionized water, while cytotoxicity was investigated with pre-osteoblast
cells by MTT assay. SEM and EDX were performed to evaluate the structural and elemental morphology
of the newly developed apatite layer and μ-CT was carried out to analyze the microarchitecture of the
apatite layer and to see its attachment with the tooth cavity walls after specified intervals. The mineral
density analysis was used to differentiate the newly formed apatite with tooth apatite. The setting time
of injectable was 10-40 minutes depending on composition and mode of setting. The SEM and Micro-CT
results showed that the injectable bioactive glass had the ability to regenerate dentin, hence it can be
utilized as lining material in tooth restorations in order to protect the pulp as well, bone regeneration in
minimally invasive procedures in future.

Toll-like Receptors Contribute to the Foreign Body Response in a
Biomaterial-dependent Manner
Brittany J. Thompson a, Leila S. Saleh b, Stephanie J. Bryant a,b
b

a Material Science and Engineering Program
Department of Chemical and Biological Engineering
University of Colorado, Boulder, CO 80309 USA

Background and Motivation

Results

Discussion
• Albumin is the most abundant protein in serum. BSA adsorbed to all five materials
regardless of hydrophilicity. The two hydrophobic materials, MGS and PEEK, had
similar protein adsorption. Protein adsorption to the different PEG hydrogels was
not dependent on the modulus or the swelling ratio. These findings demonstrate
that proteins readily adsorb to materials independent of their physical properties.

Material Characterization

Material

n=3

500 ±70 kPa n=15

-

19 ±9.2

PEG-NB 10wt%

140 kPa n=3

-

31 ±7.2

9.9 ±1.5

PEG-NB 20wt%

250 kPa n=3

-

49±17

7.9 ±0.99

PEG-DA

15 ±1 MPa n=4

93 ±7

25±1.5

-

PEEK

1.2 ±0.1 GPa n=3

65 ±13

25±4.9

-

• DAMPs can signal by TLR2, TLR4, or both. The deletion of TLR 2 or TLR 4 partially
reduces the FBR severity to PEG-DA and MGS, suggesting that there are DAMPs on
the surface of these materials that exclusively signal by TLR2 and other that
exclusively signal by TLR4.

Histological Assessment of the FBR

• TLR2 or TLR4 were not required for the FBR to PEG-NB hydrogels and to PEEK. One
possible explanation is that the DAMPs on these materials signal through both TLR2
and TLR4. Alternatively, other pattern recognition receptors (e.g., other TLRs) may
be involved.
• Taken together, these findings show that TLR signaling in the FBR is biomaterial
dependent. The way proteins unfold on the surfaces of a material could cause
different TLR-mediated responses.

Future Work

PEG-DA 500 ±70 kPa n=15 19 ±9.2 6.1 ±0.13
PEG-NB 10wt%
140 kPa n=3 31 ±7.2 9.9 ±1.5
PEG-NB 20wt%
250 kPa n=3 49±17 7.9 ±0.99
MGS15 ±1 MPa n=4
±7
25±1.5 Fibrous Capsule93Thickness
PEEK
1.2 ±0.1 GP n=3
65 ±13 25±4.9 -

Quantification of the FBR
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All hydrogels were formed using 0.05% photoinitiator (Irgacure 2959) in phosphate buffered saline.
Each solution was sterile filtered and polymerized under 32 nm light at 6 mW/cm for 7 minutes. Sterile
MGS was acquired from Invotec International, and PEEK was acquired from Victrex and autoclaved to
sterilize.
Each material was implanted subcutaneously in mice and the location of each material was randomly
assigned. Each mouse received four implants, one above each shoulder and one above each hip. A blunt
dissection technique was used to push the implant away from the initial incision to prevent any wound
healing response interference. Two strains of mice were engineered, a TLR 2 knockout (2KO), and a TLR 4
knockout (4KO), and wildtype (WT) were used as a control. The implants were left in the mice 28 days in
order to characterize the chronic stage of the FBR. Each material was punched at 5 mm in diameter and
1 mm thick. Compressive modulus was measured to 15% strain, and the hydrogels were measured fully
swelled. Hydrophobicity was measured using water contact angle, and >65 degrees is considered
hydrophobic. Protein adsorption was measured using bovine serum albumin (BSA) and a Pierce protein
adsorption assay. Histology was performed on all samples and stained with Masson’s trichrome stain to
quantify the inflammatory cell layer and the fibrous capsule layer. Quantification was measured using
ImageJ. Statistics were run using one factor Anova.

**

300

Thickness (µm)

Poly(ether ether ketone) (PEEK)
Subcutaneous Implantation

• Characterize the hydrophobic regions of PEG-DA to better understand the protein
adsorption.
• Determine the FBR to each of these materials in a TLR 2 and TLR 4 double knockout
(DKO) mouse.
• In vitro study using bone marrow derived macrophages from each strain of mouse
to determine the pro-inflammatory cytokine production to each material. This study
would also allow us to analyze whether serum proteins unfolded on the surface of
each material trigger an inflammatory response in mice. Mouse serum will be used
in these studies instead of fetal bovine serum to eliminate any inflammation that
may be caused by a difference of species. Each material will be soaked in serum
before plating the cells to simulate protein adsorption and impure LPS will be used
to activate TLR 2 and TLR 4. The pro-inflammatory cytokine expression and
production will be measured using qPCR and ELISA’s. Preliminary ELISA data is
shown below, this study is ongoing.

Sections were stained with Masson’s
TrichromeModulus
stain. Green
arrows
indicate the fibrous capsule, orange
Material Compressive
Contact
Angle (degrees)
Adsorption
of BSA
(ug/mm2)
triangles indicate the inflammatory celln=3
layer,
and the
black
star indicates the location of the implant. All
n=3 Mass swelling ratio
images are of the dorsal side of the
implant
and were taken at 10x. Scale bar is 50 μm.
n=3-6

350

Medical Grade Silicone (MGS)

• PEG-DA caused the most severe FBR and surprisingly was much greater than the
PEG-NB hydrogels. This finding suggests that the PEG chemistry may not be driving
the FBR to PEG-DA. Several differences between PEG-DA and the two PEG-NB
hydrogels that could have contributed to the more severe FBR include: a) a higher
stiffness, b) the presence of unreacted acrylate groups that is more reactive than
norbornene, and c) hydrophobic regions that result from the polyacrylate kinetic
chains that may impact the types of protein adsorbed.

6.1 ±0.13

MGS

Materials and Methods

8-arm 10k PEG-norbornene (blue)
Crosslinked with 1k PEG-dithiol (black)
1:1 thiol:ene
Used in two different formulations:
10 wt% (PEG10)
20 wt% (PEG20)
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The foreign body response (FBR) is an innate immune response driven by macrophages. This response
causes chronic inflammation that surrounds an implant and can lead to pain and implant loosening.
Overtime, this response completely encapsulates essentially all non-biological implants with fibrous
collagen. Immediately after implantation of a non-biological material in tissue, proteins adsorb to the
surface (A). It is theorized that damage associated molecular patterns (DAMPs) adsorbed to and around
the implant can trigger a pro-inflammatory signaling cascade that initiates the FBR. DAMPs are patterns in
molecules that cells can recognize as being caused by damage to tissues, such as HMGB1, which is
released when cells necrose. In addition, proteins unfolded on the surface of a material may reveal
epitopes that are recognized as DAMPs and trigger an inflammatory response. Within hours of
implantation neutrophils migrate to the implant (B) and begin recruiting monocyte-derived macrophages
to the implant site (C). Eventually, the macrophages become frustrated because they cannot phagocytose
the material and as a result, fuse into foreign body giant cells (FBGC) (D). Macrophages and FBGCs recruit
fibroblasts, that create an avascular collagenous capsule around the implant (E). This capsule completely
walls off the implant and prevents it from interacting with the rest of the body. This response negatively
impacts biosensor implants and tissue engineering scaffolds that need to interact with the body longterm.
Toll like receptors (TLRs) are pattern recognition
receptors that recognize molecular patterns associated
with damage and pathogens. It is known that TLR 2 and
TLR 4 are capable of recognizing DAMPs that are derived
from endogenous proteins. Upon activation, TLR 2 and
TLR 4 lead to the activation of NF-κB which releases proinflammatory cytokines such as interleukin 6 and tumor
necrosis factor alpha (TNF-α). This occurs through the
MyD88 pathway that has been previously shown to
mediate the FBR.1
The severity of the FBR varies depending on the
material properties of the implant that effect protein
adsorption on the surface, such as: surface roughness,
chemistry, modulus, and mesh size. Thus, 5 commonly
used biomaterials with a wide range of material
properties was chosen to study the role of TLR 2 and TLR
4 in the FBR. The goal of this study was to investigate the
role of TLR 2 and TLR 4 in the FBR to a wide range of
commonly used biomaterials in vivo.
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Based on these preliminary results,
neither PEG-DA nor MGS cause an
inflammatory response when only serum
proteins are adsorbed to the material,
leading us to believe that serum proteins
are not acting as DAMPs on the surface of
PEG-DA and MGS. Further investigation is
needed to determine if LPS is triggering
TLR 2 in the absence of TLR 4, and thus it
is unclear whether TLR 2 or TLR 4 is
causing the release of TNF-α.

2KO
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n = 3. * = p < 0.05. ** = p < 0.01
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0
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n = 4-9. * = p < 0.05. ** = p < 0.01. The fibrous capsule and inflammatory cell layers were measured using
ImageJ.

Of the materials investigated, the FBR is most severe to PEG-DA. The fibrous capsule
thickness and the inflammatory cell layer thickness in response to PEG-DA and MGS was
significantly reduced when either TLR 2 or TLR 4 is deleted.
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A Fully Biological Gas Exchange Membrane for a
Biomimetic Artificial Lung
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Clinical Motivation
• Chronic Obstructive Pulmonary Disease (COPD) - progressive lung

Fig. 4:

disease associated with airflow obstruction and decreased gas exchange.
• Affects 16.4 million U.S. patients + kills 156,000/year1
• Causes >1 million hospitalizations annually.2
• < 2,700 lung transplants annually due organ shortages3 and other
therapies fail in terms of gas exchange efficacy and/or duration of use

A. Collagen I gel fabrication

B. Thickness vs. Initial Conc.

i. Hydrated gel
(3.77 mg/mL)

Rehydrated Thickness (µm)

Biofabrication Methods and Characterization Results
2D Scaffold Fabrication and Acellular Characterization

2 cm

Alternative Therapies- Inadequate / Unavailable

ii. XZ of cast gel
Optical
Coherence
Tomography:

iii. XZ of gel dried
then rehydrated

Scale bar: 20 µm

Fig. 2:

Surface-induced clot on plastic oxygenators

MAQUET QUADROX

Device failure

1-4 weeks

6-9

(Modified from
Transonic, 2018)9

blood flow

CLOT
ACCUMULATION

poor O2 transfer

In contrast, in vivo, blood
contacts endothelial cells
which passively and
actively inhibit
coagulation.11,12

Fig. 3: A. 3D geometry:
Fig 3: A. Macro-scale 3D
geometry with stacked
collagen I channels

COLLAGEN I
Stacked, parallel plate
channels

B. cross-sections showing
the 2D interface.
Channels rolled blood flow
for a compact full- through
scale device channels

2D interface:
humid air space
blood channel

blood
endothelial cells
extracellular matrix
epithelial cells
humidified air space

Fig. 5: A. Cell seeding set-up. B. Cell-type
specific viability comparisons (Welch's t-tests)
for live-dead imaged tissues (see C.),
cultured in an air-liquid vs liquid-liquid
environment. HUVECs contact HUVEC
media (all 7 days), while A549s switch to air
on day 3 for the last 4 days or remain in
media.

< 50 µm

HUVEC (top)

• 2D scaffold was fabricated + measured to be 18.8 ± 4 µm.
• Acellular COLL I membranes minimize water movement
from plasma to the air-side to 7.75 µL/cm2/mmHg/hour
• Cocultured tissues (42.1 ± 7 µm) are nutrient supported in
air-liquid culture with cell fractions >85% viable.
• Cellularization significantly decreased permeability of an
albumin mimic (70 kDa-FITC Dextran) and cocultures were
the least permeable (ex: 14-day coculture: 2.11 E-4 cm/hr).
• Dextran permeability did not change between 7 & 14 days.
• The 2D interface was formed as a COLL I channel,
analogous to those in the full-scale device design.
• Channels are cellularizable and perfusable while
suspended in air.

A549 (bottom)

Future Work
• Channels will be cellularized and perfused.
• Channels will then be used to quantify gas exchange and
compatibility with blood.
• Results will inform whether the fully biological interface has
potential for use as the membrane of a biomimetic
oxygenator.
• We will then switch to primary cell types and scale up
surface area with a multi-channel device.

A.

Acknowledgments

Permeability to Blood Protein

Dextran - 20 mg/mL, media side

Sink, air side, sampled at 3 hours
Fig 7: A. Methods schematic for 70 kDaFITC Dextran, an albumin mimic, tissue
permeability. XZ cross-section shown for
part B images. B. Confocal images (25x) of
stained Zonula Occluden-1 (i, iii) and
Vascular Endothelial (ii) or Epithelial
Cadherin (iv) for 7-day cocultured cell layers
C. Permeability for 7- or 14-day groups
(n=6-8) with Brown-Forsythe ANOVA test.

C. 70 kDa FITC-Dextran Permeability

B. Air-Liquid Coculture, Day 7
Nuclei
i.

Nuclei
iii.

ZO-1 Nuclei

VE-Cad

ii.

ZO-1

Nuclei
iv.

E-Cad

2) Dissolve wax

Paraffin sheet = lumen placeholder

B. Rehydrated, acellular channel

C. Perfusability
blood
mimic

side-wall
10 mm

20 mm
Rehydrated walls: 16.8 ± 3.4 µm

Suspended in air

Fig 7: A. Flexible mold casting, biomaterial processing, & result post wax dissolution (B). C. Perfusion demonstration while suspended in air.
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Perfusable Collagen I Channels

1) AIR DRY
Step 1: Engineer
the 2D membrane

Liquid-liquid

HUVEC: human
umbilical vein
endothelial cells

A. Cast COLL I solution around wax
and ports:

B. Channel-stack cross section:
200 µm blood channel

LIVE
DEAD
NUCLEI

Fig. 7:

air flow between +
around channels

C. Live-Dead:

A549: lung
epithelial cells

A. Use of 70 kDa FITC
dextran = an albumin mimic:

Hypotheses:
• A biomimetic oxygenator with a fully biological gas exchange membrane
that interfaces endothelial cells with blood will provide longer-lasting
support than current devices.
• The membrane will likely require epithelial cells to minimize blood
component efflux into the air space.

Edges sealed

B. Coculture Cell Viability

Fig. 6:

Device Design and Approach

PH2O : 7.75
µL/cm2/mmHg/hour

Cellularization & Live-Dead of Air Liquid Culture

Fig. 5:

pump

Bovine
plasma (37°C)
Bovine
plasma
(37°C)
Transwell
at bottom of
fluid column

Fig 4: A. (i) Pre- and (ii) post- dehydration COLL I gels imaged with (iii) OCT or multi-photon (MP)
microscopy (iv). B. MP image quantification of thickness vs casting solution concentration. C. COLL
I membrane in commercial Transwell. D. Fluid permeability across acellular membranes (n=7).

A. Cell Seeding (area: 0.9 cm2)

(Modified from
Comber et al.) 4

20 µm
thick

Initial COLL I Conc. (mg/mL)

Multi-photon image

Scale bar: 1 mm

plastic
oxygenator

3.77mg/mL
→ 18 ± 4 µm

HUVEC layer

Modifed from
Transonic, 2018)9
(

ECMO diverts blood from
the vasculature into an
external oxygenator to
supplement native organ
function.

AIR
DRY

COLL I replaces
Corning Transwell
plastic membrane

D. Fluid Permeability

Air-liquid

Extracorporeal
membrane
oxygenation (ECMO)

ii. Post H2O
soak + air dry

C. Transwell Incorp.

A549 layer

Fig. 1:

Results and Conclusions
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Programmed Bending of a 3D Bioprinted Heart Tube Inspired by Morphogenesis
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RESULTS

• A long-term goal of cardiac tissue engineering is to engineer whole heart organs to replace the damaged
heart.
• Cardiac bioprinting has emerged as a potential tool to generate whole heart macroscopic structures, but
current bioprinted hearts display reduced function compared to the adult in vivo heart.
• During embryonic heart development, the heart undergoes morphogenesis starting as a linear tube,
which then bends, loops, and septates to form its mature three-dimensional structure. This
morphogenesis process is thought to impart specific mechanical stresses and strains, which are critical
to later heart organ structure and function.
• Here, we sought to use embryonic heart morphogenesis as a guiding principle with the ultimate goal of
building heart-like organs with enhanced contractile function.

a

c

b

d

a. Confocal image of heart tube showing heart muscle tissue (red) wrapped around 3D printed collagen tube (green).
SB= 2 mm.

APPROACH

b. Confocal image of tube surface showing dense layers of interconnected cardiomyocytes on tube surface. SB= 20
µm.

(1) 3D Printing of Collagen Tube
a

Linear Heart Tubes Can Be Generated From 3D printed Symmetric Collagen Tubes
Actin a-actinin Nuclei

OVERVIEW

b

c

d

c. Engineered heart tubes can contract and generate pressure within their lumens to displace fluorescent beads
Panel shows initial location of beads (red) during heart muscle relaxation (diastole). SB=300 µm.
d. Displacement of beads during active engineered heart tube contraction (systole). SB=300 µm.

Fibroblast Compaction Force Bends Asymmetric Tubes
c

b

d

Top

Symmetric

a

Side

Bottom

d. Image of 3D printed collagen tube.

(2) Generation of Heart Tube

Side

Outer curvature

b

a

Inner curvature

Asymmetric

a. Computer aided design (CAD) model of tube.
b. CAD model converted to sliced model using Slic3r to enable 3D printing.
c. The tube was printed out of type I collagen using Freeform Reversible Embedding of Suspended Hydrogels
(FRESH).

c

a.
b.
c.
d.

Cross-sections of symmetric and asymmetric tubes. SB= 300 µm.
Brightfield image of tubes in well prior to casting. SB= 2 mm.
Heart muscle tissues cast around tubes. SB= 2 mm.
Heart tubes in culture. Asymmetric tubes bend significantly following fibroblast compaction. SB= 2 mm.

Heart Tube Bending Creates Regional Differences in Cardiomyocyte Alignment
a

Linear Tube

a. 3D printed collagen tube in polydimethylsiloxane (PDMS) well to enable heart muscle tissue casting around
the tube. SB= 2 mm.

c. Fibroblasts within the matrix compact the matrix around the tube to form an engineered heart tube. SB= 2 mm.

(3) Concept of Fibroblast Compaction Force Driven Heart Tube Bending

a

a. Symmetric (linear) tubes displayed no
significant difference in cardiomyocyte
alignment in different regions of the heart
tube. SB= 20 µm.
b. Asymmetric (bent) tubes in general
displayed a higher degree of cardiomyocyte
alignment. The outer curvature of the bent
heart tube demonstrated a trend towards
increased alignment (p=0.0547) when
compared to the top region of the
symmetric tube. SB=20 µm.

Asymmetric Tube
Non-uniform Wall Thickness
b

450 µm

We hypothesized that we could alter
the dimensions of the tube and use
the force applied during fibroblast
compaction to drive heart tube
bending similar to early heart
morphogenesis.
a. Symmetric tubes have a uniform
wall thickness. Following fibroblast
compaction,
we
expect
no
significant
tube
bending
or
deformation.
b. Asymmetric tubes have a thinner
wall on one side (150 µm) and a
thicker wall on the other side (450
µm). We hypothesize that following
the applied fibroblast compaction
force asymmetric tubes will bend
similar
to
early
heart
morphogenesis.

Bent Tube
Previous research has suggested that heart
tube bending morphogenesis drives increased
cardiomyocyte alignment on the outer
curvature of the bent heart tube (Aumon et al.
PLoS Biology. 2007, Chi et al. PLoS Biology.
2008) and we were interested in investigating
this in our simulated morphogenesis model.

b. Heart muscle tissues consisting of 90% embryonic stem cell derived cardiomyocytes and 10% cardiac
fibroblasts within a collagen/Matrigel mixture were cast around 3D printed collagen tubes. SB= 2 mm.

Symmetric Tube
Uniform Wall Thickness

b

SUMMARY
• Engineered heart tubes can be created using a combination of 3D printing and casting
approaches and display dense cardiomyocytes on their surface in a largely isotropic
orientation.
• Asymmetric heart tubes bend following fibroblast compaction whereas symmetric tubes
stay linear.
• Heart tube bending results in regional differences in cardiomyocyte alignment with a higher
degree of alignment being observed on the outer curvature of the bent heart tube.
• This work was funded by the Additional Ventures Cures Collaborative [to A.W.F], the Dowd
Fellowship [to J.B], and the Carnegie Mellon Presidential Fellowship [to J.B].

The photo-shielding effects of nanoceria on gelatin
Joanna Shephard, Carter Spivey, Kai White | University of Georgia Center for Undergraduate Research Opportunities

Materials and Methods

Abstract

Here, we present our ﬁndings on the UV-shielding property of nanoceria in

Nanoceria: ~ 100 nm on average

its ability to prevent gelatin denaturation. The changes to conﬁrmation of

Prepared using Cerium (III) Nitrate, deionized water, ammonium

gelatin during exposure to UV-C radiation were monitored using

hydroxide, Citric acid and allowed to oxidize overnight.

Fourier-transform infrared spectroscopy (FTIR) to examine how transmittance

Hydrogels: 11.1 % w/w gelatin and DI

changed in several key identifying peaks. This was completed in nanogels with

Hydrogel solution was prepared and autoclaved. Gels were allowed to

various concentrations of nanoceria.

dry in biological safety cabinet over 48 hours.

The transmittance increased in regions where a functional group has been

Nanogels: 11.1 % w/w gelatin and DI

damaged by the absorption of UV radiation. The Amide-A (3400), Amide-I

Prior to drying nanoceria was added in various concentrations (0.01,

(1600) and Amide-II (1500) regions of the spectrum were used for analysis.

0.02, 0.1, 0.5 g/mL).

Each region showed a an in transmittance following irradiation. This increase

Irradiation: Samples were irradiated for 60 min at 253.7 nm

in transmission was greater in samples which had the lowest concentration of

Irradiation occurred following drying to prevent water absorption of

nanoceria.

light.

Fig 1. Dried Nanogel Samples

To observe the changes to gelatin structure Fourier Transform Infrared
Spectroscopy (FTIR) machine to scan the individual samples of

.

Conclusion
There was a increase in transmittance across all regions of analysis following
radiation indicating the radiation induced destruction of the gelatin monomer.
Amide-A (3400 cm-1) corresponds to N-H stretching
Experienced 22% increase in transmittance on average (0 g/ml to 0.1 g/ mL)
Amide-I (1600 cm-1) corresponds to C=O and C-N stretching
Experienced 49% increase in transmittance on average (0 g/ml to 0.1 g/ mL)
Amide-II (1500 cm-1) corresponds to approximately equal parts C-N and N-H
Experienced 47% increase in transmittance on average (0 g/ml to 0.1 g/ mL)
Therefore, groups with trials with a lower concentration nanoceria were more likely
to experience damage across all regions. These results indicate that when
incorporated into dried hydrogels nanoceria does have photo-shielding capabilities.

Fig 2. Dried Nanogel Samples Post-Irradiation

nanohydrogels.

Results
f

Future Research

Introduction

Collagen Focused
We intend to use this study to inform the procedure of subsequent
research on the photo-shielding effects of nanoceria on collagen.
We expect to observe similar results since gelatin is a hydrolyzed
derivative of collagen.

Nanoceria refers to nanoparticles of cerium oxide (IV) within
the size range of 1 and 100 nm. It is a versatile, catalytic
material with several biomedical applications. Nanoceria has
been used in surface coatings, polymer composites, and clothing

Alternative Analysis Methods
The next step in this research is to create a clear understanding of what
functional groups are damaged and the mechanism with which this
occurs.
Additionally, we will examine changes to nanoceria’s conformation and
ability to work as a free radical scavenger following irradiation.
For these analyses Circular dichroism (CD) spectroscopy, UV-Vis and
H-NMR will be employed.

as long term UV protectant. Therefore, it has become imperative
to examine the UV shielding capabilities of nanoceria, and how
it can be incorporated into biological UV protection.
Gelatin is widely applied in biomedical engineering to
improve cell adhesion, as a component for hydrogel formation
and for scaffolding materials. Despite its broad uses, gelatin’s
sensitivity to photo-degradation limits its applications. These
constraints may be mediated through inclusion of other
biocompatible materials.

0.1 g/mL
0.05 g/mL

0.01, 0.02, g/mL
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Engineering Biomimetic 3D Skeletal Muscle Architectures
Using FRESH 3D Printed Collagen Scaffolds
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OVERVIEW
Motivation: Muscular diseases and injuries
affect millions of individuals each year and
can lead to significant impairment or loss of
muscle function. Muscle tissue serves many
critical functions, including protecting and
supporting the skeleton, enabling locomotion,
and maintaining homeostasis. There are a
variety of muscle architectures that are
present throughout the body. Muscle function
is highly dependent on muscle architecture.

*

Immunofluorescent Images Reveal
Cell Alignment to Scaffold Architecture
•Engineered muscle tissues
were stained at day 5+14 for
actin (red), myosin heavy
chain (MHC) (green), and
nuclei (magenta)
•Cells were aligned along the
collagen filaments and fused
into multinucleated myotubes
Scale bars: 500 μm

Current Therapies:

Tissues Generate Contractions with a
Positive Force-Frequency Relationship

• Clinical: autologous muscle transfer faces
complications such as donor site morbidity,
infection, and/or necrosis, which can
ultimately lead to complete graft failure
• Research: transplantation
successful

of

exogenous

Representative Force Traces
myoblasts

is

only

moderately

Parallel

Unipennate

Bipennate

• Engineered skeletal muscle tissue is a potential solution to restore muscle
function, but current tissue engineering approaches are not able to recapitulate
the various native muscle architectures
Goal: Engineer skeletal muscle tissues with complex native-like architectures
using Freeform Reversible Embedding of Suspended Hydrogels (FRESH) 3D
bioprinting.

APPROACH

• Engineered muscle tissues under field stimulation displayed muscle contraction
and demonstrated a positive force-frequency relationship
• Tissues approached tetanus at higher frequencies (~20 Hz)

Scaffold Architecture Can Direct Vascularization In Vivo

RESULTS
FRESH 3D Printing
Three muscle architectures
were selected: parallel,
unipennate, and
bipennate.
Images demonstrate that
scaffolds can be FRESH
bioprinted with high fidelity
(scale bars: 2 mm).

Parallel

Histological Sections

Bipennate Unipennate

1. Print parameters (infill pattern, density, angle) were selected in slicing software to mimic
native muscle architectures.
2. Acidified collagen type I was FRESH bioprinted into a pH-buffered bath to create scaffolds.
3. Scaffolds were transferred to sterile PDMS chambers, which were used to house tissues
during cell culture.
4. C2C12 myoblasts were cast in a fibrinogen-thrombin solution around the collagen scaffold.
5. Over time, cell-mediated compaction drove cell infiltration into the collagen scaffold followed
by differentiation into highly aligned muscle constructs.

• Engineered muscle tissues were
subcutaneously implanted into
C3H mice for ten days
• Histological sections
demonstrated that in select
areas, vascular ingrowth occurred
along printed collagen fibers
(yellow arrows indicate red blood
cells)
• Future work includes
incorporating VEGF into the
collagen ink to determine if this
can induce widespread
vascularization

Scale bars: 50 μm

SUMMARY
• FRESH 3D bioprinting can be utilized to create scaffolds mimicking a variety of
native skeletal muscle architectures
• Scaffolds can direct myogenesis, creating highly aligned muscle tissues with
parallel, unipennate, and bipennate myofiber architectures
• Tissues generate contractions with a positive force-frequency relationship and
approach tetanus ~20 Hz
• Scaffold architecture may direct vascularization in vivo
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Surface Engineering Of Cationic Shell On Gold Nanoparticles For Near InfraredTriggered Photodynamic Therapy Of Tumor-Bearing Animals
Miso Lee, Kangwon National University

Surface-decoration of gold nanoparticles (AuNPs) has been extensively studied for various biomedical
applications including drug delivery vehicles and imaging agents because of unique surface and optical
characteristics. In our study, AuNPs were surface-engineered with cationic corona composed of poly(2(Dimethylamino)ethyl methacrylate) (DAMA) by surface-initiated atom transfer polymerization (SI-ATRP)
to enhance the incorporation of photosensitizer (chlorin-e-6, Ce6) for photodynamic therapy. The
dynamic light scattering analysis data indicated that the diameter and zeta potential of DAMA@AuNPs
increased 3-folds after surface decoration. The red shift in UV-Vis absorption spectra also confimed the
size increase of DAMA@AuNPs. Besides, mass spectroscopy indicated that pDAMA on AuNPs surface
were made up of 2~3 monomers. The incorporation of Ce6 affected size and zeta potential of AuNPs as
well as exhibited two major peaks in UV-Vis spectra and three characteristic bands in Raman spectra.
Moreover, Ce6@DAMA@AuNP showed an increased generation of singlet oxygen, release of Ce6 and
decreased size upon near-infrared (NIR) irradiation. Additionally, Ce6@DAMA@AuNP exhibited better
cellular uptakes and cytotoxicity against cancer cells when compared to free Ce6 in an irradiation timedependent manner. NIR-irradiated animals administered with Ce6@DAMA@AuNP also exhibited higher
levels of tumor suppression without noticeable body weight loss. This result was ascribed to higher
localization of Ce6 at tumor sites to induce apoptosis of cancer cells. Thus, we envision that the
engineered AuNP with cationic corona can be tailored to effectively deliver photosensitizers to tumor
sites for photodynamic therapy.

Engineered Biosensors in an Encapsulated And Deployable System (eBEADS)
for detection of environmental health hazards
*Rachel Hegab, Brooke Luisi, Chanel Person and Julie Gleason
Johns Hopkins University Applied Physics Laboratory
Laurel, MD, USA



A)

Hydrogel supports whole cell
sensor viability by allowing gas
and nutrient permeability.

Hydrogel prevents cell leakage
into the environment by providing
a durable encapsulation

28 Days

3

B)

2.5

25°C
OD600

4°C

25°C

60%
% Live

50%
40%

1

7
14
Time (Days)

21

28

Figure 1: A) The compressed Z stack images of live/dead stained biosensor beads qualitatively illustrate how the viability of biosensor cells is
maintained over a month stored at 4°C and 25°C. Scale bars are 20 µm. B) Quantitative image analysis of confocal images confirms steady viability of
biosensor cells in microbeads stored at 4°C and 25°C after a month. Error bars are standard deviation between three biological replicates.

10 µm

48

72

Time (Hours)
Figure 2: The optical density at 600 nm
(OD600) of surrounding media of the
immersed polyacrylamide alginate beads
containing cells over 72 hours illustrates
minimal leakage of cells into growth media.
Error bars are the standard deviation of a
biological triplicate.`

Demonstration of eBEADS
12 hours

1

24

0

6 hours

1.5

0

10%

Initial

2

0.5

30%

0%

0 µm

Containment

7 Days

1 Day

20%

Engineered Biosensors in an Encapsulated And
Deployable System (eBEADS) was created to
demonstrate a portable, passive biosensor for realtime detection of 2-phenylphenol in the
environment.

Survivability

Containment
70%

Objective

Material Design Criteria

Initial

4°C



Long term exposure to low levels of the
fungicide, 2-phenylphenol, elicit negative longterm effects on aquatic and human health.
Existing sensors lack the ability to passively
detect trace levels in the environment in real
time with high specificity and sensitivity.
Whole cell biosensors provide a method of
passive, real time detection, but require robust
biocontainment for field portability.

Rachel.Hegab@jhuapl.edu

Survivability

Background


Have information to share?

Conclusions

24 hours


Figure 3: The images show the 2phenylphenol with amplification
circuit biosensor cells encapsulated
in the polyacrylamide-alginate
microbeads over 24 hours exposed
to 10 µM (top panel) and 0 µM
(bottom panel) 2-phenylphenol.
After 24 hours of exposure, the
encapsulated
2-phenylphenol
biosensor beads demonstrate a
visual color change in response to
the analyte’s presence.



The polyacrylamide-alginate
hydrogel microbeads provide
a matrix to support long term
cell viability while preventing
leakage.
The eBEADS can detect 10
µM 2-phenylphenol and
produce a visual response
within 24 hours.

This work was internally funded by
the JHU APL Research Exploratory
& Development Department on a
IR&D grant.

Immunomodulatory Microneedle Patch for Periodontal Tissue Regeneration
Xuexiang (Cher) Zhang, Mohammad Mahdi Hasani-Sadrabadi, Jana Zarubova, Song Li
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introduction

Results - in vitro

RESULTS - IN VIVO cont.

Periodontitis is a prevalent chronic destructive
inflammatory disease affecting tooth-supporting
tissues in humans. CDC reports that 47% of adults
over the age of 30 years have some form of
periodontal disease and one in five seniors have
lost all their teeth. 










For macrophage: sustained release of IL-4 from MN
patches over time significantly suppressed the
expression of pro-inflammatory genes such as iNOS
and IL-1β while inducing anti-inflammatory genes
such as MRC1 and ARG-1.

Therapeutic patches effectively inhibited the
bacterial growth, significantly reduced the level of
pro-inflammatory cytokines, increased the
expression of anti-inflammatory cytokines and
successfully induced pro-healing genes 

Eight weeks post-insertion, the bone regeneration
at the defect site was assessed by using
microcomputed tomography (microCT).

The inflammation is caused by an increasing
population of pathogenic bacteria. As the host
immune cells fights bacteria, they also deteriorate
the gums, bones, and other tissues that support
the teeth.

For T cells: Sustained release of IL-4 and TGF-
significantly induced Treg formation, which was
more effective than adding the soluble form of IL-4
and TGF-β in culture media.

MATERIALS & Methods
Drug delivery in the oral cavity is challenging due
to bacterial infection, saliva secretion and poor
local retention. To address this challenge and
achieve local and sustained drug delivery, we have
developed a biodegradable microneedle (MN)
patch that can be inserted into the pocket
between the tooth and gingival tissue for a
painless and suture-free placement into the
gingival tissue.

Results - in vivo
The functionality of the designed MN patch was
tested in vivo by using a rat model of periodontitis.

C

onclusions

e developed a modular MN patch that delivered
both antibiotic and cytokines into the local
gingival tissue to achieve immunomodulation and
tissue regeneration.
W

Anti-bacteria

1

2

3

4

5

Periodontitis

Transgingival

Administration

Patch

Dissolution

Drug Release

Needle Degradation

Healthy


Tissue

Here we design a modular MN patch for a
multiplex delivery: (1) the base membrane of the

MN patch is dissolvable for a burst release of
antibiotics, (2) biodegradable nanoparticles (NPs)
in MNs offers a sustained delivery of antibiotics,
and (3) heparin-coated mesoporous silica
microparticles (SiMPs) are used as carriers to
maintain protein stability and ensure a prolonged
delivery of IL-4 and TGF-β.
Disssolvable Support
Nanoparticles
Microparticles

I

mmuno-modulation
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Using fibrous biomaterials to understand the role of the
microenvironment during stem cell differentiation
Suh Hee Cook, Nasif Mahmood, Kiran Mumtaz, Jessica M. Gluck

Textile Engineering, Chemistry and Science; Wilson College of Textiles; North Carolina State University
The incorporation of biomaterials and three-dimensional (3D) structures to culture
systems has changed how we approach basic problems in vitro by recreating more
physiological relevant cellular models. Significant progress has been made in the
development of biomaterials and their surfaces. We recapitulate different physical
elements of the microenvironment using a synthetic fibrous platform to determine how
the microenvironment contributes to cellular adhesion and biocompatibility of
pluripotent stem cells throughout the entirety of the microenvironment, not just the
surface. We define biocompatibility as sustaining an environment to foster cellular
proliferation as well as maintain cellular function. In the case of pluripotent stem cells,
we develop biomaterials to encourage cellular adhesion throughout the 3D structure
as well as both maintain pluripotency and exhibit differentiation potential.

Materials and Methods

A

B

scaffolds (B) and “dual deposition” scaffolds (C).

Biodegradable electrospun scaffolds with Noggin coating
• Polycaprolactone (PCL) and gelatin were dissolved in 1,1,1,3,3,3-hexafluoro-2propanol and extruded at a flow rate of 3mL/hr. 14kV was applied to electrospin.
• Noggin is a recombinant proteins that blocks the BMP pathway and promotes wound
healing. We coated our electrospun scaffolds with Noggin to created a corneal
bandage for the treatment of indolent corneal ulceration
A) PCL-gelatin

B) PCL-gelatin + noggin

50µm

F-actin
Nucleus
NIH 3T3

A

Figure 3: Biodegradable
electrospun scaffolds with
coating Scanning electron
micrographs of PCL-gelatin
electrospun scaffolds (A)
and PCL-gelatin scaffolds
with noggin coating (B).
50µm
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Figure 5: Electroconductive electrospun scaffolds We sought to recapitulate the microenvironment of cardiac tissue by creating a conductive scaffold capable of propagating action
potentials. Immunocytochemistry of cells seeded on electrospun scaffolds 7 days of culture (A-I) highlights the biocompatibility of our scaffolds. NIH 3T3 cells maintained on scaffolds
(A-B, D-E, G-H) and human induced pluripotent stem cells (hiPSCs) maintained on scaffolds (C,F,I) for remain viable for 7 days. Biocompatibility was evaluated using cytoskeleton
marker, F-actin, and Live/Dead assays of cells maintained for 7 days on electrospun scaffolds (A-C), Sandwich scaffolds (D-F) and Dual Deposition scaffolds (G-I). Paraffin sectioning
(J,K) highlight NIH 3T3 cells migrating to the interior of the scaffold using nuclear stain and H&E imaging (insets J,K). hiPSC-derived cardiomyocytes (hiPSC-CMs) at day 14 post
differentiation (L) were used for Live/Dead assays (C,F,I) and remain viable after 7 days. Scaffold conductivity as mean conductance (M) was determined using a multimeter to measure
in the both the parallel and orthogonal directions (N). Electroconductive sandwich and dual deposition scaffolds were able to input an electrical stimulation to cells seeded on scaffolds
sustained at 0.5V for at least 20min. We plan to use these scaffolds in the future to input an electrical stimulation to drive cardiac differentiation and induce a mature phenotype of
hiPSC-derived cardiomyocytes.

Results: Biodegradable electrospun scaffolds with Noggin coating
A
Fluorescence Value

A
Electroconductive electrospun
scaffolds
• Polycaprolactone (PCL) and gelatin
were dissolved in 1,1,1,3,3,3Electrospun (ES) Scaffold
hexafluoro-2-propanol and
extruded at a flow rate of 3mL/hr.
14kV was applied to electrospin
B
onto copper shim collector.
• “Sandwich” scaffolds were made by
electrospinning PCL-gelatin, carbon
ES-CNT-ES
nanotube (CNT) arrays were
‘Sandwich’ Scaffold
manually stretched over the fibers
and then another layer of PCLC
gelatin was electrospun on top.
• “Dual deposition” (DD) scaffolds
were created by simultaneously
ES + CNT Dual
electrospinning PCL-gelatin under
Deposition (DD) Scaffold
the same conditions as described
200µm
while winding CNT arrays on to the
Figure 2: Conductive electrospun scaffolds Scanning electron
same rotating mandrel.
micrographs of PCL-gelatin electrospun scaffolds (A), “sandwich”

10µm

F-actin
Nuclei

Results: Electroconductive electrospun scaffolds

ES+CNT ‘Dual
Deposition’
scaffolds

Figure 1: Collagen ringspun yarns Scanning electron micrographs of collagen yarns.

D

Figure 4: Collagen ringspun yarns We evaluated the biocompatibility of natural collagen fibers ringspun into yarns. Scanning electron micrographs of NIH 3T3 cells seeded on
collagen yarns after 7 days of culture (A-C). NIH 3T3 cells maintained on tissue culture plastic (D) and seeded on collagen yarns after 7 days (E) stained for cytoskeleton marker, Factin (green) and nuclei (blue). Collagen yarns demonstrate excellent biocompatibility and sustain metabolic activity (data not shown). We plan to use collagen yarns in the future for
several tissue engineering applications.

ES-CNT-ES
‘Sandwich’ scaffolds

Collagen yarns
• Bovine collagen fibers (provided by Kaneka North America)
• Ringspun into yarns with fineness Ne 20/1

C

100µm

PCL-gelatin
electrospun
scaffolds

We have developed several different fibrous structures to serve as synthetic
microenvironments to use for tissue engineering applications, specifically to evaluate
the role of the microenvironment during stem cell differentiation.

Results: Collagen yarns

Mean conductance (KS)
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Figure 6: Biodegradable electrospun scaffolds with Noggin coating We created PCL-gelatin electrospun scaffolds to use for corneal wound healing of indolent corneal ulcers. After
coating scaffolds with Noggin to promote wound healing, we evaluated the biocompatibility using corneal epithelial cells (CECs). Metabolic activity was analyzed using AlamarBlue (A)
which shows all scaffolds with varying concentration of Noggin promote CEC sustain CEC proliferation. Immunocytochemistry (B-F) shows that CECs maintain their functionality (CK12,
green) when maintained on scaffolds coated with varying concentrations of Noggin for at least 7 days. We will continue to optimize our scaffolds to determine the best concentration of
Noggin to apply to support wound healing.

Conclusions

• We are able to successfully recapitulate the 3D
microenvironment of native tissues using synthetic biomaterials.
• Our scaffolds are demonstrated to be highly biocompatible.
• We plan to continue our work in wound healing, cardiac tissue
engineering and corneal tissue engineering.
@JessicaGluckPhD @Gluck.Lab

jmgluck@ncsu.edu
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AN ALKYL POLYGLUCOSIDE BASED OIL-IN-WATER EMULSION FORMULATION WITH DEPOT WATER CONCEALING LIQUID CRYSTALS
FOR DERMAL WOUND REPAIR
Kaushita

1#
Banerjee ,

Harishkumar

2
Madhyastha ,

Rajendra Sandur

3
V,

Narayanaswamy

4
Thiagarajan ,

Padma

1*
Thiagarajan

1 School of Biosciences and Technology, Vellore Institute of Technology, Vellore, India, 2 Division of Cardiovascular Physiology, University of Miyazaki, Japan, 3 Department of Pharmacology, Krupanidhi
College of Pharmacy, Bengaluru, India, 4 Material Science Division, CSIR-National Aerospace Laboratories, Bengaluru, India
INTRODUCTION

RESULTS

METHODS

Fig. 1. Microscopic images of untreated m5S fibroblasts and those
treated with 15% sunflower oil. 1(a-b) shows no production of
intracellular ROS, 1(c-d) shows images (20X) of crystal violet
stained cells for morphological analysis, 1(e-f) shows results of in
vitro monolayer scratch assay (100μm) after 4h, 1(g-h) shows
images for observing healthy /apoptotic / necrotic cells after
staining (10X, Scale: 50μm)

In dynamic biological systems, skin healing is
intricately complex and physiological. The layered
architectural continuum of skin requires several
sequentially coordinated steps to ensure quick
restoration of temporal dynamism, to achieve rapid
wound closure. Optimal wound moisturization
prevents water loss from the site of damage and
minimizes hypertrophic scars. It regulates epidermal
thickness and maintains dilation of intracellular
spaces for rapid restoration of skin functions.
Sunflower oil contributes to skin integrity and
firmness and are is an important components of
pharmaceutical and cosmeceutical products.
Blending the oil with a suitable emulsifier, to form
oil-in-water formulations can overcome the
limitations of application of crude oil with regard to
its spreadability, consistency and ensure dermal
compatibility.
Formulation stabilities are essentially controlled by
the structural features of their emulsifiers that
impart rheological litheness to the constituent
systems. Alkyl polyglucoside (APG) emulsifiers
derived from natural sources with excellent
biocompatibility and safe ecological profiles, serve
exceptionally well in this regard. Their long-chain
behenyl and arachidyl alcohol, and arachidyl glucose
moieties, form liquid crystals that entrap
‘interlamellar depot water’ within them and bestow
a hydrating effect on the constituent systems. Topical
application of such formulation systems creates a
gel-like protective environ that is most suited for
augmented healing of dermal wounds.

AIM
Herein, healing potential of an alkyl polyglucosidesunflower oil formulation, on incision and excision
model induced wounds in female Wistar rats, has
been explored. It is thus envisaged that depot water
in the liquid crystals of this emulsion synergistically
supports bioactivity Helianthus annuus oil to
facilitate topical wound healing as effectively as
synthetic antibiotics like neomycin, elucidating as a
feasible substitute for antibiotic treatment.
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Fig. 2a. ECM gene product expression levels b. ratio of
expression levels of ECM genes with β-actin
b

Fig.
3.
OPM
micrographs
(10X,100μm) of formulation showing
liquid crystals with increasing
temperatures. The last image shows
crystal breakdown from 90°C
onwards. (a) WAXD profile, (b)
Thermogram of formulation

Fig. 4a. Images for induced wound on 0th day and
after 10th and 20th post wounding days 4b.
Wound contraction (%) in untreated animals
(Group I), and animals treated with positive
control (Group II) and sunflower oil formulation
(Group III) (significant differences (p<0.05) from
Group I represented as “*”)

Fig.5 (a-f) H&E stained skin sections* and (g-l) MT
stained skin sections of Group I, II and III animals
(*black, red and yellow arrows indicate formation of
granulation tissue, edema /ulceration and
epithelialization respectively)

CONCLUSION
The formulation, hence, could serve as a prospective topical candidate for the accelerated repair of
topical wounds and an alternative to many antibiotic creams used for similar applications
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Modification of structural and Mechanical properties of Bio-glass/ Tio2 Nano
Composite scaffold with a Nano Composite coating based on PHB for Tissue
engineering
Melika Rafiee, M.Sc; Dr Saeed Karbasi, Full Professor; Dr Mahboobeh Mahmoodi, Associate Professor
Azad University of Yazd

Introduction


Bone defects and diseases have impacted the majority
of the middle-aged population, which has led to
develop a variety of methods to treat these disorders.
Tissue Engineering is one of the advanced sciences,
which has contributed to the treatment of these
disorders. One of the biggest challenges for the
engineers is to design a scaffold with suitable physical,
mechanical and bioactive characteristics.

Materials and methods


In this thesis the design of a suitable scaffold for bone
tissue engineering has been studied. First the Nanobioglass powder was achieved by heating the pure
ingredients in 1400 ˚C. Next the nBG/nTio2 composite
scaffolds with 30 w% of nBG and 6 w% of nTiO2 were
produced using the replication method. Then the
scaffolds with 6 w% of P3HB and 5, 10 and 15 w% of
Hydroxyapatite (HA) were coated for 30 seconds.
Scaffolds physical properties were studied by using
XRD, XRF, SEM and FTIR.

Compressive Strength of nBG, nBG/Tio2, nBG/ PHB, nBG + Tio2/
PHB, nBG/ Tio2/ PHB with 5%, 10% and 15%

Porosity measurement of nBG, nBG/Tio2, nBG/ PHB, nBG + Tio2/
PHB, nBG/ Tio2/ PHB with 5%, 10% and 15%

A

B

C

D

E

F

Result


The results demonstrated that it would be possible to
achieve a scaffold with 82.5% porosity, 200-600 μm
pore size and compressive strength of 0.08 - 0.21 MPa
by using the replication method. It was concluded that
the most optimized scaffold was consisted of 30 w% of
nBG, 6 w% of nTiO2, 6 w% of P3HB and 15 w% of HA
with 82.5% porosity and 0.21 MPa of compressive
strength. At last, in order to evaluate the level of
bioactivity of the scaffolds, they were kept in the
simulated body fluid (SBF) in 37 ˚C in incubator for
three weeks. The results from, SEM and ICP revealed
the formation of HA on the scaffolds and therefore
their enhanced bioactivity with nTiO2 and HA. This
scaffold showed promising results and it can be used in
bone tissue engineering.

SEM image of A)/D) nBG/ Tio2 +PHB/5% HA, B)/E) nBG/ nTio2+
PHB/10% HA, C)/F) nBG/ nTio2+ PHB/15% HA with 50X and 200X
resolution

Conclusion
A



The result of porosity and scaffold morphology showed
that adding HA and P3HB composite to nBG/ nTio2
scaffold resulted decreasing in porosity, but the size,
volume and interconnectivity of the proses were
suitable. The result of mechanical test showed that
adding HA and P3HB composite to nBG/Tio2 composite
scaffold, increased compressive strength that is really
important in bone tissue engineering. At last the result
of bioactivity showed that adding HA/P3HB caused in
significant increasing bioactivity on nBG/nTio2 Scaffold.

C

B

D

SEM Images of Composed HA on A) and B) nBG/ Tio2+PHB/15%
HA after 7 days in SBF with 2000/ 5000 resolution and on C) and B)
nBG/ Tio2+PHB/15% HA after 14 days in SBF with 2000/ 5000
resolution

Calcium Ion of nBG Scaffold and nBG / nTio2 Composite Scaffold
With and without Coating

Composite materials with the addition of mesoporous bioactive glasses doped with therapeutic ions
Szymon Salagierski1, Michał Dziadek1,2*, Barbara Zagrajczuk1, Katarzyna Cholewa-Kowalska1
1 Department

of Glass Technology and Amorphous Coatings, AGH University of Science and Technology, Krakow, Poland;
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Introduction

Materials & methods

Composite materials are an extremely dynamically developing
group of biomaterials due to the possibility of combining desired
properties of the components. By combining various materials in
specific amounts, we can control the properties of the final
product, such as bioactivity, degradation or release of biologically
active substances.

The Co- and Cu-doped mesoporous bioactive glasses (MBGs) S2: 80SiO2–(16-x)CaO–xMeO–4P2O5 (where x – 0, 5; Me – Co, Cu) were
obtained using modified sol-gel method. Then MBGs were introduced into the polymer matrix made of poly(ε-caprolactone) (PCL) in
the amount of 30 wt.%. Composites in the form of films were obtained using solvent casting method. The aim of this research was to
assess the impact of the presence of Co- and Cu-doped MBGs on the bioactivity (SBF test), therapeutic ion release, as well as
mechanical, and surface (topography/morphology, wettability, surface free energy) properties of the obtained composites.

Surface properties

In vitro bioactivity & Ion release
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Conclusions
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Objective

Work Plan

➢ Amniotic Membrane (AM) has been recast as a
potential source of composite biomaterial by
various preparation techniques that aim at
retaining growth factors and secretome.
➢ AM scaffold its topography, its constituting array
of bioactive molecules, and modality of
application remain nascent.
➢ AM incorporated with embelin, a natural
benzoquinone compound for neutralizing free
radicals, while simultaneously accelerate wound
healing.
Results

Conclusion
The facile separation and detailed
characterization of AM unravel the
array of growth factors favorable as
scaffold/biomaterial.
Embelin that enhances the antioxidant property and has been used in
combination with naturally sourced
biomaterial.
This Scaffold helps in depositing
collagen to the wound site, increase
the strength of tissues, forms crosslinkages between collagen fibres and
quenches the oxygen radicals which
causes tissue damage.
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Introduction:
Hydrogel materials are three-dimensional networks of hydrophylic polymer chains that can swell without dissolving in aqueous media and hold large amounts
of water. Their porosity, high swelling ability,and hydrophilic nature make them perfect materials as carriers of hydrophilic biologically active compounds.
Moreover they can mimic biomechanical characteristics of extracellular matrix (ECM). Due to their unique properties hydrogel materials have enormous
potential in many biomedical areas. The aim of this study was synthesis and in vitro investigation of hydrogel materials based on chitosan (CS) and pectin (PC)
crosslinked with 2,3,4-trihydroxybenzaldehyde (THBA), with the addition of sol-gel-derived bioactive glass (BG) and rosmarinic acid (RA). Swelling and
degradation was investigated by incubating the materials in phosphate buffered saline (PBS), while the antioxidant activity was evaluated using ABTS and
DPPH free radical scavenging assays and ferric reducing antioxidant power (FRAP). The release of THBA and RA from hydrogels to PBS was evaluated using
HPLC. Moreover the in vitro mineralization in simulated body fluid (SBF) and cell studies on human normal skin fibroblasts (BJ) and human colon cancer
epithelial cells (HT-29) were held.

Materials:
Hydrogel materials were produced based on two biopolymers - chitosan (CS) and pectin (PC), crosslinked with 2,3,4-trihydroxybenzaldehyde (THBA).
Also rosmarinic acid (RA) and a bioactive glass (BG) were used as functional components.

Results:

Swelling

Mass loss

SEM images, EDX and ATR-FTIR spectra

Antioxidant activity

Release of RA

In vitro cell studies

TG curves

Conclusions:
The conducted studies showed that crosslinking process resulted in high swelling capacity and delayed degradation of hydrogels. Moreover THBA provided
high antioxidant activity and a selective antiproliferative effect on cancer cells, PC altered swelling and degradation behaviours, BG exhibited the ability to
mineralize in SBF, while the addition of RA enhanced antioxidant and anticancer activities. The obtained results indicated that this hydrogels represent
promising multifunctional biomaterials with a wide range of tunable biological properties with great potential for use in tissue engineering.
This work was supported by the National Science Centre, Poland, grant nos. 2017/27/B/ST8/00195 (KCK)
and program „Excellence initiative – research university” for the AGH University of Science and Technology.

Enthesis-inspired transitional mineral layers for collagen hydrogel constructs
Florence H.Y. Lui1,2, Serafina G. Lopez3, Jongkil Kim3, Leigh Slyker3,
Leyin Zheng1, Alikhan B. Fidai3, Charles C. Sorrell2, Lawrence J. Bonnassar3, Lara A. Estroff1
of Materials Science and Engineering, Cornell University, Ithaca, NY, USA; 2School of Materials Science and Engineering, UNSW Sydney, Sydney,
NSW, Australia; 3Meinig School of Biomedical Engineering, Cornell University, Ithaca, NY, USA

Introduction

• Collagen hydrogels are increasingly used in tissue-engineered constructs to replace
damaged joints[1]. The native tissues that they replace typically osseointegrate with
bone via a fibrocartilage transitional region that has a gradient of mineral content[2].
• A tissue-engineered analogue of this transitional structure is advantageous for the
osseointegration of collagen hydrogels to bone (e.g. synthetic intervertebral disc
(IVD) and meniscus constructs).
• Synthetic constraints represent key technical challenges to the integration of
biologically-relevant mineralized gradients within cell-containing collagen hydrogel
constructs and/or the surface deposition of a conformal mineral layer.

Objective

Engineering of a multi-layer mineral gradient structure in tissue-engineered
collagen hydrogels under incubation conditions (humidified, 37 °C, and 5% CO 2).

Results

Treatment 2

Treatment 3

(SE) mode.

Treatm ent 2
Surface

Surface

Fig. 4: Related preliminary studies – SEM micrographs of
OvMSCs seeded in the transitional layer (CaCO3 -NP conc. of 2.5
mg/mL). a) Day 23 (planar): discontinuous conformal mineral layer by
DC; b) Day 23 (planar): structures that resemble mineralized collagen
observed (yellow arrow); c) Day 7 (planar): see Fig. 3b). Structures
resembling mineralized collagen (yellow arrow) are observed near cells
(red arrow). Fig. 3a and 3b imaged in SE mode, Fig. 3c imaged in

c)

1 μm

2 μm
e)

backscattered electron (BSE) mode.

10 μm

FTIR – Chemical Composition

f)

100

Collagen
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• Treatment 2 (Fig. 1): A surface layer of mineral (<10 μm) was deposited on the
collagen hydrogel by drop-casting (DC) a suspension of CaCO3 nanoparticles (CaCO3NP, 2.5 mg/mL in 10× PBS) for 20 min in an incubator (37 °C and 5% CO2).
• Treatment 3 (Fig. 1): A transitional layer of collagen + mineral (2 mm) was formed
by incorporating CaCO3-NPs in the WS (final conc. of 2.5 mg/mL). The collagen +
mineral solution was extruded onto the collagen hydrogel and the DC steps
described for Treatment 2 were repeated to deposit a surface mineral layer.
• Cellular Constructs: Cells (ovine bone marrow stromal cells (OvMSC), P3) were
seeded in the collagen layer at a density of 8 × 106 cells/mL.
• Incubation/Culturing Conditions: Samples were transferred to a new well-plate and
cultured in DMEM for 3 days and 7 days.
• Scanning Electron Microscopy (SEM) was performed to assess the morphology and
structure. Samples were fixed/stained with formalin/OsO4, dehydrated with
ethanol/hexamethyldisilazane (HDMS) series dilutions, and sputter-coated (Au-Pd).
• Fourier Transform Infrared Spectroscopy (FTIR) was performed to determine the
chemical composition of the mineral particles after treatment in WS and DC.
• Live/Dead Assay (calcein, ethidium homodimer-1) was performed to determine cell
viability and to assess biocompatibility. Cells (ovine bone marrow stromal cells
(OvMSC), P3) were seeded in the collagen layer at a density of 8 × 106 cells/mL.
• Related preliminary studies: SEM micrographs of OvMSCs seeded in the
transitional layer (CaCO3-NP, 2.5 mg/mL) and cultured for 7 days and 23 days.

2 μm

1 μm

Fig. 3: SEM micrographs of acellular samples. a) Day 3,
Treatment 2: rosette-like morphology of the particles are characteristic
of synthetically-formed carbonate apatite; b) Day 3, Treatment 3:
mineral clusters entangled in network of collagen fibrils (yellow arrow);
c) Day 3, Treatment 3: discontinuous conformal deposition of mineral
particles; d) Day 7, Treatment 2: see Fig. 3a; e) Day 7, Treatment 3:
see Fig. 3b; f) Day 7, Treatment 3: see Fig. 3c. All samples imaged in

SE mode.
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Fig. 5: FTIR spectra of CaCO3 -NPs treated with the WS and DC
solution for ~1h during the fabrication process. Chemical
composition of the mineral after WS treatment is predominantly
calcite, whereas phosphate peaks characteristic of carbonate apatite
are observed in mineral particles after immersion in 10X PBS during
the DC process.
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Fig. 1: Schematic diagram of three different experimental designs.
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Fig. 2: SEM micrographs. a) Collagen fibrils in collagen-only layer;
b) CaCO3 -NPs after WS treatment for ~1h. Particles agglomerated to
form clusters of ~1 μm; c) CaCO3 -NPs after treatment with DC
solution of 10X PBS for ~1h. All samples imaged in secondary electron
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Methods

• Collagen: Type 1 collagen was extracted from Sprague-Dawley rat tails, lyophilized,
and reconstituted in 0.1% (v/v) acetic acid at 20 mg/mL[3]. The reconstituted
collagen was mixed with a working solution (WS) comprised of 1N NaOH, 1× PBS,
and 10× PBS to initiate gelation[3].
• Treatment 1 (Fig. 1): Collagen hydrogels (2mm) were formed by extruding the
collagen solution onto a glass plate and incubated for 10 min (37 °C and 5% CO2).

SEM – Morphological Structure

Collagen

a)

Transitional layer
Collagen

200 μm

Fig. 6: Live/dead assay for Treatment 3 (collagen hydrogel
construct with transitional mineral layer and DC surface layer). a)
Day 1: Collagen layer with high cell viability; b) Day 7: Collagen layer,
where high cell viability persists and cell spreading behavior is observed; c)
Day 7: Cell migration is observed in the interface region of the collagen
layer and transitional layer.
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Fig. 7: Cell viability after 1 day and 7 days. Cell viability
was >90% for all treatments after 1 day and >85% after 7 days,
indicating biocompatibility; n=3, error bars denote standard error.

Conclusions and Future Work

• A multi-layer mineral gradient structure in tissue-engineered collagen hydrogels was achieved.
• SEM micrographs of CaCO3-NPs following WS treatment indicate that the • Long term (Day 14, 21, 28) cultures of acellular and cell-seeded samples will be performed (including SEM and
FTIR to to determine changes in fiber/mineral composition, organization, and integration).
nanoparticles agglomerated into clusters (Fig. 2b), while those following DC
treatment exhibit significant intergrowth (Fig. 2c).
• Histology/immunohistochemistry will be performed to determine protein expression (e.g., collagen, osteopontin,
osteocalcin) as a function of culture time and construct design. Gene expression analysis to determine the
• SEM micrographs of the surface DC layer indicate that the mineral particles exhibit a
differentiation pathway of ovine bone marrow stromal cells. Target time points are Day 0, 3, 7, 14, 21, 28.
rosette-like morphology characteristic of synthetically formed carbonate apatite
(Fig. 3a,d). The transitional layer is comprised of mineral clusters entangled within a • Transmission electron microscopy (TEM) may be performed to confirm the presence of mineralized collagen.
• FTIR, Raman mapping, and/or SEM/Energy Dispersive X-ray spectroscopy (EDS) of hydrogel constructs to
collagen fibril network (Fig. 3b,e). Day 3 and Day 7 results are consistent (Fig. 2d).
determine chemical composition of mineral gradients. Target time points are Day 0, 3, 7, 14, 21, 28.
• Structures resembling mineralized collagen are observed in SEM samples from
related studies where cells are seeded in the transitional layer (Fig. 4); this may be
Significance
attributed to cell remodeling of apatite/collagen to mineralized collagen.
• Potential to enable the osseointegration of cell-seeded collagen hydrogels directly to bone
• FTIR spectra indicate that precursor CaCO3-NP particles remained as calcite
• Potential cell remodeling of apatite/collagen to mineralized collagen without synthetic mediators
following WS treatment, but phosphate peaks characteristic of carbonate apatite
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Discrete subaortic stenosis (DSS) is a rare congenital heart
disease in which a fibrotic membrane forms in the left ventricular
outflow tract (LVOT) of the heart. The cellular mechanisms of
this disease are currently unknown. We hypothesize that
physical environmental factors contribute to DSS formation by
upregulating inflammation and fibrosis. There is a need for an in
vitro model of DSS to be able to understand how physical
environmental factors, like high wall shear stress and tissue
stiffening, influence the cells of the LVOT during DSS formation.

Compression Testing Data
10% PEGDA 20k Da MW / 10% GelMa Sample 1
16000

Stress (N/m^2)

Background

6000
4000

40000

20000

2000
0
-2000

A

-4000

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0

B

Strain (m/m)

0

0.05

0.1

-20000

0.15

0.2

0.25

0.3

0.35

Strain (m/m)

Figure 2. Compression Testing of GelMA/PEGDA hydrogels reveal
tunability of the scaffold, ranging from values of A) 40 kPa to B) 250 kPa.
We are currently working to develop a 3D co-culture hydrogel model composed
of gelatin methacryloyl (GelMA) and polyethylene glycol diacrylate (PEGDA)
that can be tuned in stiffness to mimic normal and pathological left ventricle
stiffnesses.

Results

A

B

C

Figure 3. A) Images of hydrogel seeded with co-culture of cells (EECs
and CFs) shown at B) 3 days and C) 7 days after seeding with live/dead
staining.

Discussion & Next Steps

After exposing cells isolated from the LVOT to a range of shear stresses, we found
that the expression profiles of different genes are influenced by time and shear
rate. At 1.5 hours, ICAM1 was significantly upregulated in the low, medium, and
high shear conditions. At 8 and 16 hours, VCAM1 was significantly downregulated
in the low, medium, and high shear conditions. We also have developed a 3D coculture model of GelMA and PEGDA to vary the mechanical stiffness from 40 kPa
to 240 kPa to mimic tissue stiffening observed in cardiac fibrosis. Initial results
suggest that the cells we have seeded into this scaffold are viable at 3 and 7 days.
Collectively, results we have obtained suggest that the cells of the LVOT respond
to the physical environments they experience, which could contribute to DSS. We
are working to further characterize the cellular response after being seeded into
the hydrogel model. Additionally, we are considering other heart diseases that
could benefit from being studied with the model we have developed.

Model Development
Method used to model elevated wall shear stress

We have a developed a system in which we can expose cells isolated
from the LVOT to normal and pathological fluid shear stresses, and
characterize their response over 1.5-24 hours.

Figure 1. After exposing cells of the LVOT to Low (15
$%&'(

$%&'(
),
)*+

Medium (20

$%&'(
),
)*+

and High (35
) shear for 1.5-24 hours, the genetic expression of the cells
)*+
was evaluated with qPCR.
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