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Program Agenda
Thursday, September 19, 2024

8:00 AM - 8:30 AM

Outside Indoor Pit

Registration / Check-in

8:30 AM - 8:45 AM

Indoor Pit

Welcome by Site Chairs

8:45 AM - 10:00 AM

McLeod Suites Room
318, Senate Chambers
Room 333, & Meeting
Room 340

Concurrent Session I-A: Drug Delivery 1
Invited Speaker:
Tim O-'Shea, Boston University

8:45 AM - 10:00 AM

McLeod 318, Senate
Chambers 333 &
Meeting Room 340

Concurrent Session I-B: Biomaterials-Interface
Interaction 1

Invited Speaker:

Jeff Ruberti, Northeastern University

8:45 AM - 10:00 AM

McLeod 318, Senate
Chambers 333 &
Meeting Room 340

Concurrent Session I-C: Immune Engineering 1
Invited Speaker:
Kara Spiller, Drexel University

10:00 AM - 11:15 AM

McLeod Suites Room
318, Senate Chambers
Room 333, & Meeting
Room 340

Concurrent Session II-A: Drug Delivery 2

10:00 AM - 11:15 AM

McLeod 318, Senate
Chambers 333 &
Meeting Room 340

Concurrent Session 11-B: Biomaterials-Interface
Interaction 2
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Program Agenda

Thursday, September 19, 2024

10:00 AM - 11:15 AM

McLeod 318, Senate
Chambers 333 &
Meeting Room 340

Concurrent Session 1I-C: Immune Engineering 2
Invited Speaker:
David Mooney, Harvard University

11:15 AM - 11:30 AM

Indoor Pit

Coffee Break

11:30 AM - 12:45 PM

McLeod Suites Room
322

Plenary Session I:
Shana Kelley, Northwestern University
Joel Collier, Duke University

12:45 PM - 1:45 PM

Indoor Pit

Lunch

1:45 PM - 3:00 PM

McLeod Suites Room
318, Senate
Chambers Room
333, & Meeting
Room 340

Concurrent Session llI-A: Biolnterfaces
Invited Speaker:
Shelly Peyton, Tufts University

1:45 PM - 3:00 PM

McLeod 318, Senate
Chambers 333 &
Meeting Room 340

Concurrent Session I11-B: Regenerative Medicine
Invited Speaker:
Anita Shukla, Brown University

1:45 PM - 3:00 PM

McLeod 318, Senate
Chambers 333 &
Meeting Room 340

Concurrent Session IlI-C: Biomaterials and
Medical Product Commercialization

Invited Speaker:

Helen Za, Rensselaer Polytechnic Institute
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Program Agenda

Thursday, September 19, 2024

3:00 PM - 4:00 PM

McLeod Suites
Room 318

Rapid Fire Presentations

3:00 PM - 4:00 PM

1-Minute Poster
Talks in Senate
Chambers

1-Minute Poster Talks

4:00 PM - 4:15 PM

Indoor Pit

Coffee Break

4:15 PM - 5:30 PM

McLeod Suite Room
322

Plenary Session lI:
Sarah Stabenfeldt, Arizona State University
Danielle Benoit, University of Oregon

5:30 PM - 6:30 PM

Robinson Quad
Tents

Poster Session

6:30 PM - 7:30 PM

Robinson Quad
Tents

Mixer
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Program Agenda

Friday, September 20, 2024

8:15 AM - 8:45 AM Outside Indoor Pit Registration / Check-in

Concurrent Session IV-A: Engineering Cells and
Their Microenvironments 2

Invited Speaker:

Chris Chen, Boston University

McLeod Suites
8:45 AM - 10:00 AM Room 318 & Senate
Chambers

Concurrent Session IV-B: Orthopedic
Biomaterials 1

Invited Speaker:

Treena Arinzeh, Columbia University

McLeod Suites
8:45 AM - 10:00 AM Room 318 & Senate
Chambers

McLeod Suites
10:00 AM - 10:15 AM Room 318 & Senate Coffee Break
Chambers

McLeod Suites
10:15 AM - 11:30 AM Room 318 & Senate
Chambers

Concurrent Session V-A: Engineering Cells and
Their Microenvironments 2

Concurrent Session V-B: Orthopedic
Biomaterials 2

Invited Speaker:

Lin Han, Drexel University

McLeod Suites
10:15 AM - 11:30 AM Room 318 & Senate
Chambers
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Program Agenda
Friday, September 20, 2024

Plenary Session lllI:

McLeod Suites Elazer Edelman, Massachusetts Institute of
Room 322 Technology

Cynthia Reinhart-King, Rice University

11:30 AM - 12:45 PM

12:45 PM - 1:45 PM Indoor Pit Lunch

McLeod Suites Concurrent Session VI-A: Bioelectric Materials
1:45 PM - 3:00 PM Room 318 & Senate Invited Speaker:

Chambers Rebecca Carrier, Northeastern University

McLeod Suites Concurrent Session VI-B: Tissue Engineering 1
1:45 PM - 3:00 PM Room 318 & Senate Invited Speaker:

Chambers Mehmet Toner, Harvard University

McLeod Suites Concurrent Session VII-A: Nanomaterials
3:00 PM - 4:15 PM Room 318 & Senate Invited Speaker:

Chambers Samir Mitragotri, Harvard University

McLeod Suites
3:00 PM - 4:15 PM Room 318 & Senate Consurrent Session VII-B: Tissue Engineering 2
Chambers

Robinson Quad

4:15 PM - 5:30 PM
Tents

Student Award Ceremony

Robi d
5:30 PM - 7:30 PM obinson Qua Mixer
Tents
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2024 Regional Symposia Chair:

Anita Shukla, PhD. Brown University

Northeast Regional Symposium Co-Chairs:

Ambika Bajpayee, PhD, Northeastern University
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Brian Kwee, PhD, University of Delaware
Tommy Pashuck, PhD, Lehigh University
Ryan Pearson, PhD, University of Maryland
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CONCURRENT SESSION I-A: DRUG DELIVERY 1
9:15 AM - 9:30 AM

Intra-joint sustained release of Neosaxitoxin for Long-Term Osteoarthritis Pain Relief

Hengli Zhang, Northeastern University, Hengli Zhang; Departments of Bioengineering, Northeastern University,
Boston, MA; zhang.hengli@northeastern.edu

Chenzhen Zhang; Departments of Bioengineering, Northeastern University, Boston, MA;
zhang.chenz@northeastern.edu

Jessica Huang; Departments of Bioengineering, Northeastern University, Boston, MA;
huang.yiju@northeastern.edu

Jun Li; Department of Internal Medicine, Division of Rheumatology, Rush University Medical Center, Chicago, IL;
jun_li@rush.edu

Ezra M. Cohen; Division of Immunology, Boston Children's Hospital, Harvard Medical School, Boston, MA;
Ezra.Cohen@childrens.harvard.edu

Rachel E. Miller; Department of Internal Medicine, Division of Rheumatology, Rush University Medical Center,
Chicago, IL; Rachel_Miller@rush.edu

Ambika G. Bajpayee; Departments of Bioengineering, Northeastern University, Boston, MA;
a.bajpayee@northeastern.edu

INTRODUCTION: Osteoarthritis (OA) induces chronic pain with an upregulation of inflammatory
mediators by activating synovial joint sensory nerves and nociceptorsl. Specific voltage-gated
sodium channels on nociceptors are potential therapeutic targets for chronic OA pain relief.
Neosaxitoxin (NSTX), a small hydrophilic paralytic shellfish toxin can suppress pain signaling by
blocking Nav1.7 channels on nociceptors2. Lower dosage of NSTX has similar analgesic effect and
potentially fewer side effects than anesthetics like bupivacaine and lidocaine3. However, its
efficacy in OA pain management has never been clinically evaluated, and its rapid clearance from
joints post-intra-articular (IA) administration limits its therapeutic duration4,5. Here we examine
NSTX's pain-suppressive capabilities in post-traumatic OA (PTOA) animal models, employing Poly
(lactic-co-glycolic acid) (PLGA) microparticles for sustained release, with an innovative addition
of alginate for improved encapsulation of NSTX and surface modification with Avidin for
increased in vivo joint retention.

RESULTS: Our in vivo studies exhibited a short pain relief effect lasting 1-2-hour post-I1A
administration of free NSTX in DMM mice and ACLT rats, highlighting the necessity for prolonged
drug delivery strategies. Alginate-PLGA microparticles with an average diameter of 9.9 + 5.8 um,
demonstrated a remarkable 92.6% encapsulation efficiency for NSTX when incorporating 2%
alginate. This drug-delivery-system achieved a sustained NSTX in vitro release over a month, with
4.1% burst release, maintaining their bioactivity comparable to its unencapsulated form. Surface
modification with Avidin reversed the microparticles' charge from -24.2 £ 2.9 mV to +8.4 £ 0.3



mV, enhancing retention in rat joints and indicating a successful strategy for extending NSTX's
therapeutic in OA pain management.

SIGNIFICANCE: NSTX can effectively suppress pain in PTOA rodent models, however, suffers rapid
clearance from the joint. Alginate-PLGA microparticles can enhance its intra-joint retention time
and enable controlled release for long-term pain relief with a single dose. The ongoing
experiment focuses on evaluating the pain relief performance of Avidin-Alginate-PLGA-NSTX in
in vivo experiments with dose-dependent studies.

REFERENCES: [1] Miller+, Cytokine 2014 [2] Stevens+, Frontiers in pharmacology 2011 [3] Neal+,
Reg Anesth Pain Med 2012 [4] Bajpayee+, Nature Rheum 2017 [5] Evans+, Nature Rheum 2013

ACKNOWLEDGEMENTS: NIH Tufts CTSI Award #5UL1TR002544, NIH RO1AR077019,
P30AR079206



Concurrent Session I-A: Drug Delivery 1
9:30 AM - 9:45 AM

Engineering potent mRNA vaccines through innovation in delivery material and antigen design
Akash Gupta, MIT, Akash Gupta (akashgup@mit.edu)
Arnab Rudra (arudra@mit.edu)
Kaelan Reed (kpreed@mit.edu)
Austin Danko (adanko@mit.edu)
Robert Langer (rlanger@mit.edu)

Daniel Anderson (dgander@mit.edu)

Infectious diseases remain the biggest threat to public health claiming thousands of lives
annually, hence development of protective vaccines is a global priority. Strategies that can
address challenges such as viral resistance, waning immunity, pan-strain efficacy and
reactogenicity (adverse reactions), can offer lasting and sustainable resolution to this issue.
Notably, success of COVID-19 vaccines highlights the potential of LNP-mRNA technology as a
versatile platform for rapid and scalable vaccine development. These emerging vaccine platforms
typically comprise of two major components - (i) mRNA sequence for antigen production, and (ii)
lipid nanoparticles for RNA delivery. While mRNA transcripts can be engineered to generate novel
antigen constructs, LNPs can be engineered to overcome delivery challenges and generate
desired adaptive immune response. Here, we have taken a multi-pronged approach to develop
next-generation vaccines through innovation in both delivery vehicle and mRNA antigen design.
To develop potent lipid nanoparticles, we have utilized combinatorial chemistry to generate a
vast array of novel ionizable lipids which exhibit high mRNA transfection in vivo upon
intramuscular administration. Subsequently, we optimized the molecular structure of top
ionizable lipid using medicinal chemistry approach and perform structure-immunogenicity
studies to generate potent vaccine LNP formulations. These LNPs generate 10-100-fold higher
humoral and cellular response as compared to FDA approved LNP formulations. This superior
immune response was attributed to enhanced antigen production combined with the
immunostimulatory nature of the ionizable lipids that generated strong and persistent germinal
centers, necessary for a stronger immune response. Subsequently, we vaccinated humanized
mice using a germline targeting immunogen which generated 5-10-fold higher bnAb (broadly
neutralizing antibody) precursor B-cells as compared to clinically used immunogens. Finally, we
designed novel mRNA sequences encoding networked peptide epitopes to generate T-cell based
vaccines. By varying the copy number for each epitope in these cassettes, we were able to
generate potent cellular response against sub-dominant viral epitopes. Overall, our study offers
novel insights into engineering of delivery vehicles and antigen design to develop mRNA-vaccines
that generate potent and durable immunity against multiple infectious diseases.



Concurrent Session I-A: Drug Delivery 1
9:45 AM - 10:00 AM

Charge-Reversed Exosome mediated mRNA delivery for Cartilage Targeting and Repair

Tanvi Vinod Pathrikar, Northeastern University, Tanvi Vinod Pathrikar: Northeastern University,
pathrikar.t@northeastern.edu

Helna Mary Baby: Northeastern University, baby.h@northeastern.edu
Chenzhen Zhang:Northeastern University, zhang.chenz@northeastern.edu
Jun Li: Rush University Medical Center, jun_li@rush.edu
Alia M. Obeidat: Rush University Medical Center, alia_m_obeidat@rush.edu
Andreia lonescu: Northeastern University, a.ionescu@northeastern.edu
Susan Chubinskaya: Rush University Medical Center, Susanna_Chubinskaya@rush.edu
Anne-Marie Malfait: Rush University Medical Center, anne-marie_malfait@rush.edu
Rachel E. Miller: Rush University Medical Center, rachel_miller@rush.edu
Ambika G. Bajpayee: Northeastern University, a.bajpayee@northeastern.edu

INTRODUCTION: Osteoarthritis (OA) is a chronic degenerative joint condition characterized by
pain, inflammation, and cartilage degradationl. Previous studies have leveraged the negative
fixed charge density of cartilage to develop a specialized arginine-rich short-length cationic
peptide carrier with a net charge of +14 with superior transport and retention in cartilage2.
Exosomes (Exos), being native lipid nanoparticles (LNPs), possess inherent therapeutic potential
and exhibit lower immunogenicity3. However, their relatively large size (40-200 nm) and
negatively charged lipid bilayer impede effective penetration into the deep layers of negatively
charged cartilage. We anchored cartilage-targeting cationic peptide on the surface of Exos to
modify their surface charge using buffer pH as a charge-reversal switch. In this study, we
employed eGFP mRNA as a proof-of-concept to assess the effectiveness of cationic Exos as gene
delivery vehicles. Additionally, we utilized IL-1Ra mRNA as a disease-modifying gene, delivered
via cationic Exos, and demonstrated their efficacy in mitigating cartilage degradation.

RESULTS: We successfully reversed the surface charge of Exos from -25.4+1.3t0o-2.5+ 1.5 mV,
with no observable change in their size. Cationic Exos exhibited full-thickness cartilage
penetration in an OA mouse model. Importantly, our research demonstrated the promise of
utilizing cationic Exo for efficient mRNA delivery, as evidenced by the delivery of eGFP/IL-1Ra
MRNA in mouse joints and OA-conditioned human cartilage explants. Additionally, levels of
prostaglandin E2 confirmed potential disease-modifying effects of IL-1Ra mRNA in OA-
conditioned human cartilage.

SIGNIFICANCE AND FUTURE DIRECTIONS: Cationic Exos have the capacity to accommodate
sizable nucleic acids and facilitate the precise transport of eGFP/IL-1RA mRNA to chondrocytes
in the deep layers of cartilage tissue. Consequently, cationic Exos exhibit promise as an optimal
non-viral vehicle for delivering genes aimed at modifying diseases. We plan to evaluate the



efficacy of IL-1RA mRNA-loaded cationic Exos in a medial meniscus transection (MMT) rat model
of post-traumatic OA.

REFERENCES: [1] Bajpayee+, Nature Rheum 2017; [2] Vedadghavami+, Acta Biomater 2019; [3]
Tian+, Nature BioMed Eng 2021

ACKNOWLEDGMENTS: NIH NIBIB Trailblazer R21 (EB028385-01) and NIAMS (P30AR079206)



CONCURRENT SESSION II-A: DRUG DELIVERY 2

10:00 AM - 10:15 AM
WITHDRAWN

10:15 AM - 10:30 AM

Dual coil-coiled protein domain mimic and drug delivery vehicle for SARS-CoV-2
Deven Paul, New York University Tandon School of Engineering, Deven Paul, a, dkp299@nyu.edu

Dustin Britton, a, drb450@nyu.edu,
Chengliang Liu, a, cll494@nyu.edu
Sihan Jia, a, sj3093@nyu.edu
Jakub Legocki, a, jakub.legocki@nyu.edu
Yingxin Xiao, a, yx2036@nyu.edu
Xunging Jiang, b, xunging.jiang@nyulangone.org
Xiang-Peng Kong, b, xiangpeng.kong@nyulangone.org
Jin Kim Montclare, a,c,d,e,f, jkm318@nyu.edu

a Department of Chemical and Biomolecular Engineering, New York University Tandon School of Engineering,
Brooklyn, NY 11201, USA

b Department of Biochemistry and Molecular Pharmacology, New York University Grossman School of Medicine,
New York, NY 10016, USA

c Bernard and Irene Schwartz Center for Biomedical Imaging, Department of Radiology, New York University School
of Medicine, New York, NY 10016, USA

d Department of Chemistry, New York University, New York, NY 10012, USA
e Department of Biomaterials, New York University College of Dentistry, New York, NY 10010, USA

f Department of Biomedical Engineering, New York University, New York, NY 11201, USA

Since severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) depends on the helical
protein-protein interaction (PPl) between the N- terminal a-helix of angiotensin converting
enzyme 2 (ACE2) and the SARS-CoV-2 receptor binding domain (RBD), it has become a prime
target for the creation of protein domain mimics (PDMs). Our latest creation, ACE-MAP, is a
multivalent assembled protein based on ACEBINDER (Britton et al., 2022) that is dependent on
the fusion of a binding domain with the coiled-coil domain of cartilage oligomeric matrix
protein (COMPcc) via a kinked rigid linker (Britton et al., 2024). We develop ACE-MAP-2 for
resilient binding across SARS-CoV-2 variants, such as D614G, B.1.617.2, BA.2, and XBB1.5, using
an optimized binding sequence, ACEBINDER2, and an optimized kinked linker for greater
solvent exposure. Furthermore, we show that ACE-MAP-2 can be employed in concert with
other strategies to neutralize SARS-CoV-2 by utilizing its coiled-coil pore for small molecule
encapsulation of ritonavir. This gives ACE-MAP-2 the dual function of acting as a PDM
antagonist and a drug delivery system. These qualities of ACEMAP-2 allow it to have distinct but



similar characteristics to ADCs in situations when there are no antibody-drug conjugates for
SARS-CoV-2. These properties allow ACE-MAP-2 to encapsulate and deliver a targeted
therapeutic payload without the need for covalent linkage.

Concurrent Session lI-A: Drug Delivery 2
10:30 AM - 10:45 AM

Dual stimuli-responsive silver loaded nanoparticles eliminate Staphylococcus biofilms
Zhaowei Jiang, Brown University, Zhaowei Jiang 1, Yingying Wang 2 and Anita Shukla 1,*
1. School of Engineering, Institute for Biology, Engineering, and Medicine, Brown University, Providence, RI, USA;
2. Department of Chemistry, Brown University, Providence, RI, USA;

*Corresponding author: anita_shukla@brown.edu

Staphylococcus biofilm infections pose a significant challenge due to their prevalence and
resilience. Nanoparticles (NPs) are promising drug-delivery vehicles for the targeted delivery of
antimicrobials into biofilms. In this work, we engineered gelatin nanoparticles (GNPs) that exhibit
pH- and bacterial enzyme-triggered drug release, resulting in excellent antibiofilm efficacy. The
GNPs are hypothesized to degrade by bacterial gelatinases at the site of infection, releasing the
therapeutic payload. Silver nanoparticles (AgNPs) were synthesized within the gelatinase-
responsive core, serving as a broad-spectrum antibiotic alternative. To enhance antibiofilm
properties, we conjugated deoxyribonuclease | (DNase) to the GNPs to form the complete
responsive NP formulation (R-GNP). DNase degrades extracellular DNA, a major component of
the biofilm matrix. To ensure stability, we conjugated a pH-degradable poly(ethylene glycol)
derivative to the DNase-coated GNPs. We hypothesized that the low pH at the biofilm site would
cause the coating to be shed, exposing the DNase. Dynamic light scattering measurements
showed an increase in NP hydrodynamic diameter with the addition of AgNP in the GNPs and a
further increase with surface functionalization. Transmission electron microscopy confirmed the
successful formation of AgNPs within the GNPs, while inductively coupled plasma-optical
emission spectrometry suggested 17.7 £ 0.1 % (w/w) Ag ions within the R-GNPs. The conjugation
of DNase was confirmed by monitoring plasmid degradation upon incubation with the R-GNPs
via gel electrophoresis, while the conjugation and pH-responsiveness of the co-polymer were
verified via Fourier-transform infrared spectroscopy, following overnight incubation of NPs in an
acidic pH. Antibiofilm efficacy of the NP formulations was evaluated using Staphylococcus aureus
25923 (SA), Staphylococcus epidermidis 12228 (SE), and Pseudomonas aeruginosa PAO1 (PA). SA
and SE form acidic biofilms, while PA forms basic biofilms, and only SA and PA produce
gelatinases. The R-GNPs led to significant eradication of SA and SE biofilms, with an 80%
reduction in biofilm biomass at 32 pug/mL for SA and SE, and 128 pg/mL for PA. In a murine
superficial S. aureus biofilm infection model, treatment with R-GNPs led to a significant reduction



in bacterial burden compared to non-treated controls. This study introduces a stimuli-responsive
nanoparticle treatment as a novel strategy to combat bacterial biofilms.

Concurrent Session lI-A: Drug Delivery 2
10:45 AM - 11:00 AM

Milk Exosomes Anchored with Hydrophilic and Zwitterionic Motifs Enhance Mucus Permeability
for Applications in Oral Gene Delivery

Hengli Zhang, Northeastern University, Hengli Zhang; Departments of Bioengineering, Northeastern University,
Boston, MA; zhang.hengli@northeastern.edu

Chenzhen Zhang; Departments of Bioengineering, Northeastern University, Boston, MA;
zhang.chenz@northeastern.edu

Héctor A. Millan Cotto; Departments of Bioengineering, Northeastern University, Boston, MA;
millancotto.h@northeastern.edu

Timothy L. Boyer; Departments of Bioengineering, Northeastern University, Boston, MA;
boyer.t@northeastern.edu

Matthew R. Warren; Departments of Bioengineering, Northeastern University, Boston, MA;
warren.ma@northeastern.edu

Chia-Ming Wang; Departments of Bioengineering, Northeastern University, Boston, MA;
wang.chia@northeastern.edu

Joshua Luchan; Departments of Bioengineering, Northeastern University, Boston, MA; luchan.j@northeastern.edu
Pradeep K. Dhal; Sanofi SA Global R&D, Waltham, MA; pradeep.dhal@sanofi.com

Rebecca L. Carrier; Department of Chemical Engineering, Northeastern University, Boston, MA;
rebecca@coe.northeastern.edu

Ambika G. Bajpayee; Departments of Bioengineering, Northeastern University, Boston, MA;
a.bajpayee@northeastern.edu

INTRODUCTION: Exosomes have emerged as a promising tool for drug and gene materials
delivery, owing to their biocompatibility and non-immunogenic naturel,2. However, challenges
persist in achieving successful oral delivery due to their susceptibility to degradation in the harsh
gastrointestinal (Gl) environment and impeded transport across the mucus-epithelium
barrierl,3. To overcome these challenges, we have developed high-purity bovine milk exosomes
(mExo) as a scalable and efficient oral drug delivery system, which can be customized by
incorporating hydrophilic and zwitterionic motifs on their surface with click-chemistry-based
post-insertion technique4. PEGylation and mucin-mimicking peptide (MP) was introduced to
increase the hydrophilicity of mExo and prevent hydrophobic interactions. Alternating peptide
(AP), block peptide (BP), and DLPC zwitterionic motifs were anchored on the mExo surface to
imitate mucus-penetrating viruses.



RESULTS: Surface-modified mExo significantly improved transport rates by 2.5-4.5-fold in native
porcine intestinal mucus after the introduction of hydrophilic and zwitterionic surface
modifications, as demonstrated by transwell setup and fluorescence recovery after
photobleaching (FRAP) analysis. Remarkably, mExo functionalized by BP, consisting of cationic
and anionic amino acids arranged in blocks at the two ends, demonstrated superior tolerability
in the acidic gastric environment (with a protein recovery rate of 84.8 + 7.7%) and exhibited a
2.5-fold increase in uptake by intestinal epithelial cells. Both mExo and mExo-BP demonstrated
successful intracellular delivery of functional siRNA, resulting in up to 65% suppression of the
target green fluorescence protein (GFP) gene expression at a low dose of siRNA (5 pmol) without
causing significant toxicity.

SIGNIFICANCE: Here we demonstrated that surface modification of mExos with hydrophilic and
zwitterionic motifs confers particle stability, enhances permeability through intestinal mucus,
and improves uptake by intestinal epithelial cells. mExo-BP has significant potential to serve as a
stable oral drug delivery system with high bioactivity. In future work we will introduce enteric
coatings on mExo surfaces.

REFERENCE: [1] Warren+, Biomater. Sci. 2020 [2] Luan+, Acta Pharmacol. Sin. 2017 [3] Lock+ Adv.
Drug Delivery Rev. 2018 [4] Zhang and Zhang+, Biomater. Sci. 2023

ACKNOWLEDGEMENTS: NSF Career Award 2141841 and NIH Trailblazer R21 grant EB028385



CONCURRENT SESSION 1I-A: DRUG DELIVERY 3
11:00 AM - 11:15 AM

Mucin mimics and impacts the function of polymeric inhibitors in stabilizing drug
supersaturation.

Victus Kordorwu, Northeasten University, Victus Kordorwu - Department of Chemical Engineering, College of
Engineering, Northeastern University, Boston, Massachusetts, 02115, United States. —
kordorwu.v@northeastern.edu

Steven Castleberry - Small Molecule Pharmaceutical Sciences, Research and Early Development, Genentech Inc.,
South San Francisco, CA 94080, United States — castleberry.steven@gene.com

Steve Lustig - Department of Chemical Engineering, College of Engineering, Northeastern University, Boston,
Massachusetts, 02115, United States. — s.lustig@northeastern.edu

Rebecca L. Carrier - Department of Chemical Engineering, College of Engineering, Northeastern University, Boston,
Massachusetts, 02115, United States. — r.carrier@northeastern.edu

Many drugs entering clinical trials today rely on supersaturating formulations such as amorphous
solid dispersions (ASD) to enhance the bioavailability of poorly water-soluble active
pharmaceutical ingredients (API). The in vivo performance of these formulations is often
investigated through biorelevant dissolution testing using simulated intestinal fluid. Often
overlooked in biorelevant dissolution is the presence of mucus within the intestinal environment
and its possible role in affecting formulation performance. In this study, the impact of mucus on
the precipitation of weakly basic and acidic model compounds from their supersaturated
solutions was investigated using commercially available porcine mucin type (lll). A combination
of analytical approaches including high performance liquid chromatography and polarized light
microscopy were used to evaluate the kinetics of crystallization from supersaturated solutions
generated by the solvent shift approach. Crystal growth rate was quantified by measuring the
rate of de-supersaturation in the absence and presence of mucin and polymeric additives.

The presence of mucin within the supersaturated environment was demonstrated to significantly
alter the rate of drug precipitation in vitro. The impact of mucin on precipitation was then
compared to commercially used polymer precipitation inhibitors hydroxypropyl methyl cellulose
(HPMC) and Kollidon® VA 64 which are commonly used in ASD formulations. Surprisingly, mucin
at concentrations as low as 0.2% (w/v) was able to significantly reduce drug precipitation similar
to polymer precipitation inhibitors. Additionally, we observed that the presence of mucin in the
supersaturated environment altered the precipitation inhibitory effects of HPMC and Kollidon®
VA64, suggesting that mucin could play an important and complicated role in formulation
performance in the intestine.

This work suggests an important role of mucus in formulation performance which is largely
overlooked in biorelevant dissolution systems used to evaluate today’s formulations. A rational



modification to common biorelevant dissolution testing to include appropriate mucus activity is
critical for developing supersaturated drug delivery formulations and improving the prediction of
drug precipitation risk.
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Development of a Biohybrid Tendon Interface for Engineered Muscle

Nicolas Castro, MIT, Nicolas Castro, MIT, castrnx@mit.edu

Unlike metal and plastic, biological materials can communicate with their surroundings, adapt to
stimuli, and self-repair damage. Incorporating these materials into engineered systems could
foster smarter, more adaptable machines. We have shown that engineered skeletal muscle
stretched around an elastomer ‘skeleton’ can generate force and drive locomotion. However, the
interface between the biotic and abiotic components of this robotic system are friction-based,
leading to inefficient force transmission. In the body, muscle is covalently tethered to bone via
tendons, which efficiently transmit force. Thus, we have developed a bioinspired synthetic
tendon to act as a biohybrid interface, enabling the design of more modular and adaptive
biohybrid machines.

We developed a tough adhesive hydrogel tendon, composed of a poly(acrylic acid) hydrogel
functionalized for tissue adhesion with N-Hydroxysuccinimide ester groups, in collaboration with
the Zhao Lab at MIT. Muscle tissues were manufactured from C2C12 mouse myoblasts seeded
into a fibrin and Matrigel matrix. Peel tests of these differentiated and undifferentiated muscle
tissues bound to the synthetic tendon revealed that the biotic-abiotic interface could withstand
forces >500mN before breaking. This is significantly greater than those generated from the
contraction of engineered muscle (~300uN), demonstrating a robust binding. A cell viability assay
and pH exposure test confirmed that the synthetic tendon had no significant impact on muscle
health, indicating general biocompatibility.

Furthermore, we have been able to bind strips of mature engineered skeletal muscle tissue
between two strips of synthetic tendon, akin to myotendinous junctions in vivo. We have
leveraged this tendon-muscle-tendon (TMT) construct as a modular actuator that can be
mechanically coupled to robotic skeletons to generate force and produce motion. We have
evaluated the effects of varying synthetic tendon stiffness and preload tension on the force
production capability of these units, enabling the optimized design and deployment of TMT
actuators in untethered machines. In short, we have developed a hydrogel tendon system that
serves as a robust biocompatible musculoskeletal interface. In addition to robotics, we anticipate
the future application of our system as implantable muscle grafts with suturable tendons to
repair injured and diseased muscle in vivo.
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Piezo1 Facilitates Shear-Stress-Priming of the NLRP3 Inflammasome

Adam Fish, University of Massachusetts Amherst, Ashish Kulkarni, University of Massachusetts Amherst
aakulkarni@umass.edu

The effect of shear stress on cells is widely studied in literature where it alters cell morphology,
cytokine secretion, and gene expression, however, little is known about how shear stress plays
a role in inflammatory responses of innate immune cells. No studies have mechanistically
investigated how physiologically relevant shear stress magnitudes in a microfluidic device
system can prime NLRP3 inflammasome activation. We utilized gPCR for observing changes in
the gene expression of NLRP3-associated proteins and a small-molecule inhibitor to determine
the mechanism through which shear stress induces priming for NLRP3 inflammasome
activation. In this study, we aim to gain a deeper understanding of how shear stress regulates
the inflammatory response in innate immune cells.

To determine the effect of shear-stress exposure on NLRP3 inflammasome activation, iBMDMs
were primed with physiologically relevant magnitudes of shear stress followed by nigericin
treatment. We discovered that ASC-CFP speck formation was positively correlated to shear
stress magnitude in wild-type cells, with no significant changes in knock-out cells. This
observation indicated that NLRP3 and caspase-1 are both necessary in the mechanism of shear-
stress-primed NLRP3 inflammasome activation in macrophages. The mechanism of shear-
stress-primed NLRP3 inflammasome activation was investigated through performing qPCR
which determined an increase in the relative expression of known players for NLRP3
inflammasome activation. Additionally, we performed an inhibitor study using Dooku1, a well-
known inhibitor of mechanosensitive ion channel Piezo1, where 50 uM treatments showed
significant reductions in the formation of NLRP3 and Piezol gene expression.

In conclusion, we determined the mechanism through which shear stress can selectively prime
for NLRP3 inflammasome activation. We supported these observations with imaging, knock-out
cell studies, IL-1B ELISA, gPCR analysis, and a study with a Piezol inhibitor indicating the
involvement of both NLRP3 and Piezol in shear stress priming of the NLRP3 inflammasome.
This study determined that physiologically relevant shear stress exhibits a positive correlation
on intracellular signaling mechanisms and the activation of the inflammatory response in innate
immune cells.
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Biodegradable Polyester Coacervates and Electrospun Polyester Mats for Topical Hemorrhage
Control

Prathamesh Mane, University of Akron, Avanti Pandit - University of Akron- ap362@uakron.edu; Dr. Abraham Joy -
Northeastern University- a.joy@northeastern.edu

Non-compressible hemorrhage accounts for 90% of deaths following traumatic injury in military
settings. Hemorrhage control products need to stop the bleeding in <3 minutes in a military
setting and less than 40 minutes in civilian settings and is easy to use by first responders. Ideal
hemostatic biomaterials mimic, amplify, and leverage natural hemostatic mechanisms. They
should ideally be biocompatible, and biodegradable to avoid cumbersome operative removal of
these materials. Ease of use, low cost, and storage stability are other considerations for
translational purposes. Existing hemostatic materials do not meet all the above requirements.

In this study, we have fabricated biodegradable polyester electrospun mats and coacervating
polyester tissue adhesives. We are investigating the effect of these materials with diverse
chemistries in accelerating the clotting cascade and crosslinking components of blood and
tissue to form an adhesive hemostatic plug. We hypothesize that selected functional groups
combined with specific geometrical features of the fibers will address hemorrhage. Electrospun
mats are chosen due to their high surface area, porosity, possibility to control fiber diameters,
and their material resemblance to widely used gauze products. The coacervates are chosen as
tissue adhesives due to their low interfacial tension which will help them flow into wound
crevices. Our current in vitro results show that the mats accelerate the clotting cascade while
our in vivo experiments show demonstrate that both material types reduce bleeding time
individually and in combination.
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Matrix Stiffness and Viscoelasticity Influence Human Mesenchymal Stem Cell
Immunomodulation

Bethany Almeida, Clarkson University, Rose Leader (leaderr@clarkson.edu), Department of Mechanical and
Aerospace Engineering, Clarkson University

Sara Olsen (olsensj@clarkson.edu), Department of Chemical and Biomolecular Engineering, Clarkson University

Bethany Almeida (balmeida@clarkson.edu), Department of Chemical and Biomolecular Engineering, Clarkson
University

Chronic, non-healing wounds are a growing financial and medical burden, with the global
wound care market valued at approximately $20B in 2022. Human mesenchymal stem cells
(hMSCs) implanted at the wound site are an attractive therapy for chronic, non-healing wounds
due to their immunomodulatory behavior. However, hMSCs have high heterogeneity, low
viability, poor engraftment, and a risk of eliciting an immune response, thereby reducing
therapeutic potential. Prior studies have demonstrated that substrate stiffness and
viscoelasticity have been shown to modulate hMSC differentiation. However, the effects of
stiffness and viscoelasticity on hMSC immunomodulation remain largely unknown. In addition,
the mechanisms by which these biophysical cues affect immunomodulation have yet to be
elucidated. Thus, we seek to elucidate the synergistic effects of substrate stiffness and
viscoelasticity on hMSC immunomodulatory behavior using highly tunable polyacrylamide
(PAAmM) gels. Three gels were fabricated, a low-stiffness gel, a medium-stiffness gel, and a high-
stiffness gel, with expected Young’s Moduli (E) of 1.16 + 0.54, 4.47 + 1.19, and 8.73 £ 0.79 kPa,
respectively. To impart viscoelastic properties to the gels, linear acrylamide was fabricated and
mixed with the acrylamide and bis-acrylamide monomer mixture prior to gelation. Mechanical
characterization confirmed that observed Young’s moduli match expected values for both non-
viscoelastic and viscoelastic gels. The storage modulus, which relates to the elastic behavior of
materials, increases proportionally with Young’s modulus, and the loss modulus, related to the
viscous behavior of materials, increases, as expected, from the non-viscoelastic to viscoelastic
low- and medium-stiffness PAAm gels (40.1 to 110 and 109 to 190 Pa, respectively; n=1). The
PAAmM gels were found to be cytocompatible, and F-actin and nuclei staining demonstrated
noticeable differences in cell morphology. As differences in hMSC morphology are known to
affect hMSC behavior, this demonstrates the potential for variations in immunomodulatory
potential due to differences in hMSC interactions with the different PAAm gels. Current work is
focused on quantifying viscoelastic properties, viability, focal adhesion formation, morphology
changes over time, and immunomodulatory potential changes over time by investigating the
production of immunomodulatory cytokines by hMSCs cultured on these gels.
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Soft Poly(ethylene) Glycol Hydrogels Support Morphogenesis of 3D Cultured Human Pluripotent
Stem Cells

Mike Seitz, Syracuse University, Yuanhui Song, Syracuse University, ysong07 @syr.edu
Zhen Ma, Syracuse University, zmall2@syr.edu

Era Jain, Syracuse University, erjain@syr.edu

Models of the peri-implantation embryo assembled from human pluripotent stem cells (hPSCs)
have enjoyed a recent explosion in popularity, as these cells can capture developmental events
that are impossible to study in vivo. However, most models rely on matrigel to provide a 3D
microenvironment, which is poorly defined, varies between batches, and does not permit tuning
of biochemical or physical cues, such as cell-matrix adhesion or matrix stiffness. While models
assembled in chemically defined matrices have been established, all current methods rely on
matrix adhesion to drive hPSC morphogenesis. To create a more modular platform for
investigating how matrix cues influence early development, we first designed a “blank-slate”,
non-adhesive hydrogel matrix through the crosslinking of PEG thiol and acrylate macromers,
which could support primed hPSC morphogenesis into lumenal, epiblast-like structures without
additional biochemical cues. To better understand the role of matrix stiffness in primed hPSC
morphogenesis, we next encapsulated cells into soft (~250 Pa), intermediate, (~1000 Pa), and
stiff (~3000 Pa) hydrogels. Aggregates formed under these different matrix stiffnesses were then
characterized for their viability, prevalence of epiblast morphological and molecular
characteristics, and germ-layer differentiation capacity. Matrix stiffness was found to influence
aggregate growth and morphogenesis, with soft and intermediate stiffness hydrogels yielding the
highest aggregate viability. Intermediate stiffness hydrogels were found to be the most
conducive to lumenogenesis, as aggregates cultured in these matrices had the highest rate of
lumen formation and expansion. While aggregates in soft and intermediate hydrogels underwent
apico-basal polarization, aggregates in stiff hydrogels did not. Immunofluorescence revealed that
aggregates from intermediate hydrogels expressed stemness markers after six days of culture.
Like the epiblast, these aggregates could further differentiate into ectoderm, mesoderm, and
endoderm progenitors. As our matrices were able to support hPSC viability, lumenogenesis,
pluripotency, and differentiation, they hold potential as a platform for modeling the peri-
implantation epiblast. Observed differences in lumen morphology suggest that matrix
biophysical cues affect lumenogenesis, the mechanisms of which warrant further investigation.
As Michael-addition chemistry allows the facile incorporation of adhesion ligands, this platform
can additionally be used to investigate the role of biochemical cues in hPSC morphogenesis.
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Differential Gene Expression of Patient Circulating Tumor Cells on Engineered Biomaterials
Lily Cordner, Brown University, Paul Cao (paul_cao@brown.edu), Brown University

lan Wong (ian_wong@brown.edu), Brown University

Introduction: Circulating tumor cells (CTCs) isolated from the bloodstream represent a “missing
link” between primary tumors and metastatic colonies, and may yield new insights into
“homing” and “dormancy” at preferred dissemination sites. Estrogen receptor positive breast
cancers preferentially metastasize to bone, with some metastases to liver and lung, which
represent profoundly different metastatic niches with varied matrix, stromal, and immune
components. In order to understand how CTC gene expression and mechanophenotype are
regulated by matrix or stromal interactions, we seek to reverse engineer the metastatic niche
using a tissue-mimetic microenvironment.

Methods: Patient-derived breast cancer CTC lines were kindly provided by S. Maheswaran, and
isolated from metastatic breast cancer patients with informed consent and IRB approval. CTC
lines were cultured in suspension on Ultra Low Adhesion (ULA) plates or on lung, bone, or liver
decellularized extracellular matrix (ECM) in a 96-well plate for four days, with regular imaging
using confocal microscopy. After four days, CTCs were isolated from the media and ECM, using
collagenase, then sent for RNA-seq at Genewiz / Azenta. Gene expression profiling was
performed using over representation analysis (ORA) and gene set enrichment analysis (GSEA).
The ORA provided stringent and relaxed gene lists based on a significance threshold of FDR <
0.1 and p < 0.05, respectively.

Results and Discussion: CTCs exhibited profound differences in clustering behavior when
cultured on different ECM, with dispersed few-cell clusters, relative to low adhesion conditions,
where they formed larger aggregated clusters. Further, CTCs exhibit differences in cellular
morphology when seeded on different ECM, including protrusions and multinucleation.
Previous RNA sequencing results from CTCs dispersed on Matrigel vs ULA revealed differences
in gene expression, including gene sets associated with surface receptors, ECM proteins,
cytokines, leukocytes, and proteins involved in extracellular signal-related kinases signaling.

Conclusion: We show that patient CTCs respond to different culture conditions by altering their
mechanophenotype based on cell-cell and cell-matrix adhesions. Ongoing work will profile CTCs
on different engineered matrices at varied stiffnesses, and the effect of chemotherapeutic
drugs and targeted inhibitors.

Acknowledgements: S. Maheswaran (Massachusetts General Hospital) for the gift of CTC lines
(BRx-68), funding from NIGMS under P20GM109035.
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A simple and versatile method for integrating microscale topographical cues in engineered
muscle from a variety of cell sources

Tamara Rossy, Massachusetts Institute of Technology, Tamara Rossy, Massachusetts Institute of Technology,
trossy@mit.edu

Laura Schwendeman, Massachusetts Institute of Technology, Ischwend@mit.edu

Ritu Raman, Massachusetts Institute of Technology, ritur@mit.edu

Skeletal muscle is a key player of the locomotor system. Reduced muscle contractility is
associated with diseases like DMD and ALS. In vitro muscle models producing physiologically-
relevant forces allow to explore new therapeutic strategies. Skeletal muscle is also an excellent
candidate actuator for soft robotics. However, these applications are limited by the difficulty of
controlling muscle fiber alignment in vitro. For example, random alignment reduces
comparability between biological replicates in therapeutic screens. Controlling muscle
orientation would also permit complex motions for robotics, like actuating circular valves.
Existing strategies to align muscle tissue often rely on microfabricated scaffolds that impair
microscopy, in addition to requiring complex fabrication protocols. Alternative methods in
which proteins are patterned on stiff abiotic substrates lack important cues from the
extracellular matrix, and ultimately result in muscle delamination. Directly patterning grooves
in hydrogels overcomes these limitations. However, current protocols are tedious and comprise
manual handling steps, which limits their accessibility and yield. Here, we developed a fast and
simple approach to generate 2.5D sheets of aligned muscle. We used 3D printed stamps to
pattern microscopic ridges onto a fibrin gel before seeding human or murine muscle cells. We
explored the relation between cell size and groove size by varying the width and depth of the
pattern. Dimensions comparable to the size of single cells yielded the most aligned muscle
fibers, likely by constraining the direction of growth and fusion of myoblasts. Upon electrical
stimulation, muscle contracted along the direction of fiber alignment, as quantified with our
custom computational framework. Next, we applied our method to different culture formats
and complex geometries, like a microfluidic channel and a multilayered ring configuration
mimicking ocular muscle. We seeded the latter with murine muscle cells which had been
engineered to express light-sensitive channelrhodopsin. We controlled the contraction of the
concentric and radial layers separately by selectively shining blue light on either region, thereby
reproducing how the iris opens and closes the pupil. Overall, our method provides the
community with a versatile way of introducing microscale topographical cues in extracellular
matrix hydrogels, which could eventually be extended to patterning tissues beyond muscle.
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Investigating region specific mechanical properties of the spinal cord on cellular diversity and
function

Emily Pallack, Tufts University, Nisha lyer, Tufts University Department of Biomedical Engineering,
nisha.iyer@tufts.edu

Tissue mechanics in the central nervous system (CNS) play a crucial role in guiding differentiation
and fostering cellular diversity, essential for its complex structure and function. Our lab has
recently developed methods to produce region-specific neurons from hindbrain to lumbar spinal
cord in adherent 2D cultures. Here, we are interested in understanding how varying the
mechanical properties of hyaluronic acid-based (HA) hydrogels affect region-specific neuronal
differentiation in 3D. HA is a major component of native spinal cord ECM and is widely studied
as a biomaterial in neural systems. Different brain regions demonstrate significantly lower
stiffness (0.1-1kPA) compared to the spinal cord, which also has varying stiffness between
cervical (4 to 6 kPa), thoracic (10 to 12 kPa), and lumbar (6 to 8 kPa) regions. We hypothesize
that culturing region-specific spinal progenitors on mimetic substrates will improve neuronal
differentiation efficiency, which has significant implications for design of advanced in vitro
models and compatible transplant materials. H9 human embryonic stem cells were differentiated
to cervical (HOXC6+), thoracic (HOXC9+), or lumbar (HOXD10+) progenitor motor neurons with
tri-lineage (astrocyte, oligodendrocyte, motor neurons (MNs)) potential, and cryopreserved for
experimental consistency. We developed HA hydrogels supplemented with collagen and laminin
to match the mechanical properties of the brain and these three spinal regions. Stiffness of the
prepared HA hydrogels is validated by rheology and microindentation. Ongoing work will assess
cell viability and differentiation to MNs (TUJ1, Isl1l), astrocytes (SOX9, GFAP), and
oligodendrocytes (Olig2, O4) over 1 to 3 weeks on these different substrates. Outcomes from this
work will inform biomaterial design strategies for targeted therapies that cater to the unique
cellular environments of different spinal regions, including for therapeutic use after spinal cord
injury.
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Investigating the role of collagen stiffness in modulating immune and cancer trafficking markers
on lymphatic endothelial cells

Stephen Larson, Worcester Polytechnic Institute, Brian Ruliffson, Worcester Polytechnic Institute,
bnruliffson@wpi.edu

Catherine Whittington, Worcester Polytechnic Institute,
cfwhittington@wpi.edu

Lymphatic vasculature actively facilitates cell transport and regulates physiological and
pathophysiological conditions, including cancer (e.g. breast, pancreatic), where fibrosis alters
biophysical properties (e.g., increased stiffness) of the extracellular matrix (ECM) surrounding
peritumoral lymphatic capillaries. ECM stiffening to pathological levels can impact lymphatic
vessels trafficking of cells from the immune system to tumor sites and aids in cancer metastasis
away from the primary tumor, through trafficking markers and soluble factors. Our study aims to
tune the stiffness of the ECM environment around lymphatic capillaries by photo-crosslinking
methacrylated collagen (ColMA) with ruthenium/sodium persulfate at 405 nm. This approach
allows us to investigate stiffness-mediated changes in the expression of immune cell trafficking
markers (ICAM-1, VCAM-1, E-selectin) on lymphatic endothelial cells (LEC). Normal and
pathological ECM stiffnesses were obtained by exposing ColMA gels to 0 seconds (uncrosslinked,
~1.4 kPa), 30 seconds (~5.7 kPa), and 90 seconds (~8.6 kPa) of 405nm light. Qualitative
assessment of immunostained LECs cultured on fibronectin-coated gels showed ICAM expression
was highest on 30 second photo-crosslinked ColMA, and consistent VCAM expression across 30
and 90 second crosslinked ColMA. E-selectin was expressed the most on 90 second photo-
crosslinked ColMA. There was also noticeable upregulation of VCAM, ICAM, and E-selectin in LECs
cultured with TNF-a (10 ng/mL) on 2D, which could relate to immune and cancer cell activity and
trafficking since macrophages and pancreatic cancer cells are known to secrete TNF-a and other
cytokines. Next steps are to quantify differences in trafficking molecule expression. We have also
differentiated THP-1 monocytes into mature dendritic cells and M1 macrophages in anticipation
of future studies that are designed to evaluate functional trafficking of dendritic cells and
macrophages across LEC monolayers on ColMA of varied stiffness. In addition, we will investigate
stiffness related expression of migration markers CXCR4 and Mac-1 on dendritic and pancreatic
cancer cells to apply our model to tumor cell trafficking with and without immune cells. By
leveraging photo-crosslinked ColMA, the trafficking capabilities of lymphatic vessels for immune
and cancer cells in a fibrotic environment can be explored and better understood.
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Protein corona formation on lipid nanoparticles alters the NLRP3 inflammasome activation

Maharshi Debnath, University of Massachusetts Amherst, James Forster Il - University of Massachusetts
Ambherst, jforster@umass.edu

Anujan Ramesh, Harvard University, anujanramesh@umass.edu

Ashish Kulkarni, University of Massachusetts Amherst, akulkarni@engin.umass.edu

Nanoparticles when in the blood stream absorb proteins in the surroundings to form a complex
termed as protein corona. While it has been elucidated that the new identity in the form of
protein corona can affect the nanoparticle-cell interaction in several ways (Oh, J. Y. Nat.
Commun. 2018), but the effect of protein corona on innate immune system is yet to be explored.
In this study, we described the potential impacts of the corona formation on surface interactions
as well as intracellular signaling pathways by explaining the shift in immunogenicity involved in
lipid nanoparticles (LNPs).

Two systems of LNPs were synthesized via ethanol dilution method, by varying the molar ratios
of each constituent lipids. The protein corona was formed by incubating the LNPs with normal
rat serum and the composition was quantified by LC-MS, where the top 20 proteins formed
around 70 percent of the entire protein corona for both the LNPs. LNP2, having 50 molar percent
ionizable lipid was found to significantly activate higher NLRP3 inflammasome on LPS primed
iBMDMs as compared to LNP1, which has no ionizable lipid. Interestingly, the corona formation
caused a notable decrease in the

inflammasome activation. This was verified by IL-1B release from ELISA and ASC specks
formation from confocal microscopy. The reduced lysosomal rupture was described as the major

mechanism behind the suppressed NLRP3 activation. As a next step, the cellular uptake studies
helped us to realize the involvement of multiple endocytic pathways of LNPs in macrophages.
Also, the lipid constituents and the corona formation were found to be major factors in deciding
the potential internalization pathways.

In conclusion, we were able to demonstrate the inverse correlation of protein corona with the

NLRP3 inflammasome complex. The reduced lysosomal disruption by the corona as compared to
pristine LNPs was reported as the primary cause of the corona based NLRP3 inflammasome
suppression. The findings described the mechanism of internalization followed by the
nanoparticles in the absence and presence of corona. Overall, the results suggest the lipid
formulation and corona composition to play a vital

role in regulating internalization mechanisms as well as intracellular signaling pathways.
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Surface modified exosomes for targeted delivery of mRNA to the retina via topical application

Héctor Millan Cotto, Northeastern University, Héctor Millan Cotto; Northeastern University, Department of
Bioengineering; millancotto.h@northeastern.edu

Tanvi V. Pathrikar; Northeastern University, Department of Bioengineering; pathrikar.t@northeastern.edu
Bill Hakim; Northeastern University, Department of Bioengineering; hakim.bi@northeastern.edu
Helna M. Baby; Northeastern University, Department of Bioengineering; baby.h@northeastern.edu
Hengli Zhang; Northeastern University, Department of Bioengineering; zhang.hengli@northeastern.edu
Peng Zhao; Northeastern University, Department of Bioengineering; pe.zhao@northeastern.edu
Ronak Ansaripour; Northeastern University, Department of Bioengineering; ansaripour.r@northeastern.edu

Rouzbeh Amini; Northeastern University, Department of Bioengineering & Mechanical Engineering;
r.amini@northeastern.edu

Rebecca Carrier; Northeastern University, Department of Bioengineering and Chemical Engineering;
rebecca@coe.northeastern.edu

Ambika G. Bajpayee; Northeastern University, Department of Bioengineering, Mechanical Engineering, and
Chemical Engineering; a.bajpayee@northeastern.edu

INTRODUCTION: Vitreoretinal diseases remain a challenge due to a lack of reliable retinal-
targeting treatment optionsl. Topical treatment could avoid the risks from invasive methods but
is currently unfeasible due to slow corneal uptake resulting in “90% drug loss1-3. Exosomes are
cell-derived extracellular vesicles that facilitate intercellular communication via genetic
materiald. Their intrinsic physiochemical properties make them a promising retinal-targeting
carrier but are insufficient to permit topical delivery5. Their anionic lipid bilayer eases
intracellular penetration into the anionic cornea but cannot cling to its surface to prevent
flushing. Their size might allow them to circumnavigate the crystalline lens to reach the vitreous
humor (VH), but the VH’s high water content hinders hydrophobic particle-diffusion. Therefore,
we anchored cationic motifs on milk-derived exosomes to increase their surface charge and
hydrophilicity allowing them to cling onto the corneal surface and effectively diffuse through the
VH thus enabling topical-route retinal targeting.

RESULTS: Avidin or cationic peptide carrier (RRRR(NNRRR)3R) motifs conjugated to DSPE-PEG
lipid were anchored into the exosome’s bilayer. Cationic-motif-modification increased exosome
surface charge from -24 to -2 mV and improved corneal transport by 2-fold. Exosomes did not
impact the electro-mechano-chemical properties of corneal explants or crystalline lens. In



healthy VH, cationic-motif-modified exosomes were retained ~3x longer than native which would
suit sustained delivery of small anti-inflammatory drugs in younger patients. In
glycosaminoglycan-depleted VH, they diffused ~2x faster which would favor delivery of genomic
material to photoreceptors in older patients. Cationic-motif-modified exosomes had a 20-fold
stronger presence at the superficial retina compared to native and, unlike native, penetrated to
the photoreceptors. Cationic-motif-modified exosome-delivered eGFP mRNA had 3x stronger
signal compared to native and did not impact tissue viability.

SIGNIFICANCE AND FUTURE DIRECTIONS: These findings, for the first time, demonstrate the
potential of cationic-motif-modified exosomes for mRNA delivery to photoreceptors in the retina
via topical delivery. Future studies will explore their use in a mouse animal model.

REFERENCES: [1] Tawfik+, Arch Pharmacol 2022; [2] Peyman+, Retina 2009 [3] Zhang+, J. Contr
Rel 2004 [4] Pegtel+, Annu Rev Biochem 2019 [5] Wassmer+, Sci Rep 2017
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Formulation and delivery of tissue-engineered bioelectric threads with hiPSC-derived
cardiomyocytes for regenerating electrical conduction in the heart

Kareen Coulombe, Brown University, Arvin H. Soepriatna, Ph.D.1, Elena Song1, Stephanie Roserl, Bum-Rak Choi,
Ph.D. 2, Kareen L.K. Coulombe, Ph.D.1

1 Center for Biomedical Engineering, School of Engineering, Brown University, Providence, RI, 2 Cardiovascular
Research Center, Cardiovascular Institute, Rhode Island Hospital and Alpert Medical School of Brown University,
Providence, RI

arvin_soepriatna@brown.edu, elena_song@brown.edu, stephanie_roser@brown.edu, bum-rak_choi@brown.edu,
kareen_coulombe@brown.edu

Deficits in cardiac conduction underlie different types of arrhythmias, such as atrioventricular
block and reentrant circuits due to fibrosis in the setting of atrial fibrillation or ventricular
tachycardia after heart attack. Current treatments include pacemaker implantation to replace
electrical activation of the ventricles or ablation procedures to burn conduction circuits, but they
are fraught with complications and do not restore conduction in the diseased heart. Thus,
implanting an engineered cardiac tissue (ECT) that acts as a wire or “bioelectric thread” to
provide a direct conduction path to restore electrical coordination around/across the affected
myocardium is a promising novel therapeutic approach. To that end, we developed a bioelectric
thread and a custom delivery device leveraging biomaterials to improve coupling between two
regions of electrically active cardiomyocytes. We differentiated ventricular cardiomyocytes
(CMs) from human induced pluripotent stem cells (hiPSCs) by small molecule modulation of Wnt
and metabolic-based lactate purification (CM purity >80%). Coextrusion of fibrinogen and
thrombin into a HEPES bath enabled polymerization of fibrin threads which were then stretched
and dried, coated in Matrigel, and seeded with hiPSC-CMs mixed with 5% human ventricular
cardiac fibroblasts at 5x105 cells/cm. Conductive and contractile bioelectric threads were
cultured for 2 weeks under 1 Hz electrical stimulation prior to analysis of action potential duration
(APD) and conduction velocity (CV) by optical mapping. Bioelectric threads had maximal APD =
547 + 29 ms and CV = 2.51 * 0.59 cm/s. Immunofluorescence for "a" -actinin and connexin-43
showed hiPSC-CM alignment with the fibrin thread core with disperse gap junctions, suggesting
an electrical syncytium. Bioelectric threads are loaded into tubing and a needle-based delivery
system was used ex vivo to demonstrate insertion and placement into muscle. When positioned
in vitro on top of two 3D ECTs separated by 1 cm, bioelectric threads electrically coupled within
3 days, enabling direct electrical propagation from one ECT to the other. Collectively, these
results demonstrate that bioelectric threads can establish a CM bridge for electrical propagation,
be delivered into muscle, and have the potential to improve conduction to enable the
development of therapies to treat diseases of cardiac electrical conduction.
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Silicon Nanowired Motor Neurospheres for Improved Electrophysiological Maturation

Justin Wang, Tufts University, Justin T. Wang, Tufts University, jwang52@tufts.edu
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University, brian.timko@tufts.edu

Spinal motor circuits are constructed through complex networks of chemical synapses, primarily
between spinal motor neurons and interneurons. However, electrical synapses, mediated
through gap junctions, are also hypothesized to play an important role in the generation of
locomotive patterns and are implicated in the pathophysiology of diseases like amyotrophic
lateral sclerosis and incomplete spinal cord injury. To date, few studies have examined the
relevance of gap junctions to human motor neuron networks in vitro. Moreover, current methods
of neuronal differentiation are hindered by poor electrophysiological maturity, which may affect
the potential for functional recovery and circuit reformation in neuron transplantation therapies.

To address this gap, we introduced quasi-1-dimensional silicon nanowires into motor
neurospheres. Silicon nanowires are high-aspect-ratio crystalline nanostructures that are
biodegradable, possess tunable electrical conductivity, and can infiltrate intracellular
environments without compromising cell viability. These unique properties allow silicon
nanowires to act as conductive bridges between the intracellular spaces of neurons, forming
synthetic gap junctions that eventually degrade over time.

We thus hypothesized that the integration of silicon nanowires into neuronal cultures could
mimic synaptic pruning that occurs in normal embryonic and postnatal development. These
synthetic gap junctions could thus accelerate electrophysiological maturation, increase synaptic
connectivity, and encourage the development of physiologically relevant oscillatory circuits.
Heavily doped silicon nanowires were introduced into cervico-thoracic motor neurosphere
cultures derived from human embryonic stem cells. The use of 3D culture systems facilitated the
self-organization of these nanowired neurospheres, while also maximizing the physiological
relevance of our culture system for future expansion into in vivo applications.

As an initial exploratory study into the effects of nanowire integration, we characterized the time
course of nanowire degradation, assessed the cytoskeletal responses of neurons to silicon
nanowires, identified effects of chemical and electrical synaptic remodeling, and quantified
functional electrophysiological maturity and circuit behavior.

This work thus lays the foundation for further advancements in the biological interfaces between
high-aspect-ratio nanostructures and neurons. Our studies also suggest possible future
applications for silicon nanowires as a therapeutic nanomaterial, by enabling the generation of
3D neuronal cultures that can better integrate with host neuronal circuits.
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mRNA-based non-viral gene therapy is gaining enormous attention due its potential to either
treat incurable diseases arising from genetic diseases or work as a powerful vaccine as
demonstrated by the Moderna and Pfizer COVID19 vaccines. Both vaccines utilize lipid
nanoparticles (LNPs) as their delivery system, but this system is currently a liquid suspension that
requires stringent storage conditions and has a relatively short shelf life (6 months). Furthermore,
such technology requires encapsulating the genetic material inside the LNPs which often affects
the stability of the loaded genetic material. These limitations are associated with higher
production, storage, and distribution costs. We propose the use of polymer-lipid hybrid
nanoparticles that can be stored in a powdered state alongside powdered genetic material in the
same vial, and reconstituted just before administration. Our delivery system will be available in
a powdered (lyophilized) format and will be conveniently mixed with powdered genetic material
in the same vial. This approach eliminates any need to preload the mRNA in the delivery system,
thus there is no possibility to compromise its stability. Therefore, the genetic material is expected
to retain at least the 2 years of shelf life if stored at -20°C. Our delivery system is a powdered
polymer-lipid hybrid nanoparticles that is made of three biocompatible, safe and translatable
components: poly(lactic-co-glycolic acid); cationic polymer and ionizable lipid. Through the
precise control of the manufacturing technique and the ratio of each component we managed to
prepare more than 80 different formulations with different sizes and surface properties. The size
of our lead formulation is <100 nm with net positive charge. We were then successfully able to
lyophilize the NPs in the presence of sucrose without affecting the NP properties. Furthermore,
our lyophilized lead formulation was capable of complexing and retaining mRNA following
reconstitution via simple hand shaking. Importantly, our lead formulation once complexed with
EGFP encoded mRNA was capable of achieving up to 65% transfection efficiency in HEK293
without affecting cell viability. Our proposed technology is expected to act as a universal non-
viral gene delivery system that allows for broad global distribution and accessibility.
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Microneedle (MN) assays have been extensively reported and applied toward a variety of
wearable biosensing for continuous health tracking. These devices can penetrate through the
skin, allowing access to the interstitial fluid (ISF) which contains biomolecules of great clinical
significance. Traditional MN biosensors utilize solid and rigid MNs as the device electrodes which
are not compatible with mechanically soft and curved skin. Rectifying this significant mismatch
in physical properties using functional polymeric and flexible biomaterials holds the potential to
open extensive opportunities in the development of biocompatible systems that seamlessly
integrate with human skin with unique capabilities in clinical healthcare.

To address this unmet need, my group has developed novel wearable platforms that unlike
previous rigid MN biosensors use, for the first time, flexible, hydrogel microneedle (HMN)
electrodes for continuous, real-time measurement of patient health status. While HMNs have
been used in drug delivery and cosmetic applications, their potential for in-situ sensing has
remained unexploited until now. Our electrodes utilize state-of-the-art conductive and flexible
yet mechanically strong polymers to tackle the problems associated with rigid MN biosensors.
The backbone of our HMN electrodes is hyaluronic acid (HA), a biocompatibility polymer. To
enhance the electrical conductivity of the electrode patches, we introduced doping into the
polymer by incorporating PEDOT:PSS, a conductive and biocompatible polymer. For the first time,
we leverage the functional groups found in HA and bind them with various molecules for a variety
of sensing applications. For example, we employed methacrylate functionalization to create a
crosslinked hydrogel, as well as to covalently attach aptamer probes for rapid and reagentless
biosensing. This covalent bonding effectively addresses the long-lasting issue of biorecognition
detachment and enhances the sensor's longevity. We linked dopamine (DA) with HA to create a
HMN-based pH meter, capitalizing on DA's pH-responsive behavior. Additionally, by exploiting
DA's redox properties, we generated platinum nanoparticles (Pt NP) in situ for non-enzymatic
glucose detection and reported the first HMN-continuous glucose monitoring (CGM) device. We
also recently employed the DA of DA-HA as a redox mediator to measure ketone bodies,
developing a first-of-its-kind HMN-continuous ketone monitoring (CKM) device.
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In situ force probe characteristics influence measurements of cellular mechanical
microenvironments
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The mechanical microenvironment of cells is a critical determinant in how they behave. This is
especially true for cells in musculoskeletal tissues, which experience a variety of static and
dynamic forces during normal activity. Despite the importance of cellular-level forces, their direct
measurement has been challenging. To address this gap in knowledge, our group developed
hydrogel-based force probes mimicking the size and elasticity of living cells. By embedding the
probes within a self-assembling population of stem cells, we could monitor the
microenvironmental forces present during processes such as mesenchymal condensation. The
current study implemented this test platform across >600 self-assembled spheroids to
investigate the impact of probe size (small/large), elasticity (soft/stiff), and surface coating
(uncoated/collagen-I/N-cadherin) on force measurements. Results for average pressure, elastic
energy, and elastic energy density showed that soft probes measured similar forces regardless of
their size (15-35 um), whereas stiff probes exhibited large variability and overall inaccuracy.
Uncoated probes experienced primarily compressive forces within spheroids (-170 + 170 Pa),
whereas collagen-I- and N-cadherin-coated probes exhibited both compressive and tensile forces
(-120 + 170 Pa and 40 + 350 Pa, respectively) facilitated by cell adhesions. When spheroids were
treated with cytochalasin D, which depolymerizes actin, average pressures reverted closer to
zero. Treatment with nocodazole, which interferes with microtubule polymerization, elicited no
significant change. In addition to establishing the feasibility of this platform for a highly arrayed
format, we also found that using “virtual Time O probes” introduced minimal error into the
measurements, provided the probes used were monodisperse. This approach greatly increased
the number of probes that could be used for measurements and eliminated the need to track
their movement across time points. While microenvironmental force measurements at present
are primarily of value for basic science investigations, they can potentially be used as indicators
of tissue assembly since cellular-level forces can change as matrix is deposited and remodeled.
The findings of the current study can further these investigations by recommending soft, large
probes as a starting point for acquiring accurate microenvironmental force measurements, with
custom ligand coatings to interrogate specific cell-cell/matrix interactions within developing
neotissues.



Concurrent Session I-B: Biomaterials-Interface Interaction - 1
9:30 AM - 9:45 AM

One-step in situ printing of macroporous scaffolds for treatment of full-thickness wounds

Mohamadmahdi Samandari, UConn Health, Amir Seyedsalehil, Farnoosh Saeedinejadl, Steven Torol, Fatemeh
Alipanah1, Mohamadmahdi Samandaril, Ali Tamayol1l

1 Department of Biomedical Engineering, University of Connecticut Health Center, Farmington, CT, 06030 USA

seyedsalehi@uchc.edu, saeedinejad@uchc.edu, storo@uchc.edu, alipanahrostami@uchc.edu,
samandari@uchc.edu, atamayol@uchc.edu

Introduction: Skin wounds exert significant burdens on military personnel, civilians, and the
healthcare system. Current treatments rely on dressings that seal the wound with poor
regeneration capacity. Treatments that provide supporting scaffolds that enable cellular
infiltration, vascularization, and remodeling of the wound bed without upregulating the
inflammation can improve the rate and quality of healing. Applying temporary scaffolds like
hydrogels that support tissue regeneration is a promising strategy for wound treatment.
However, conventional hydrogels' small pores limit cell ingrowth and vascularization, while
inducing inflammation. Although macroporous hydrogels can solve these challenges, their
fabrication, and implantation into irregularly shaped wounds is challenging.

Materials and Methods: We developed a handheld apparatus for reliable, facile, and continuous
formation, deposition, and in situ crosslinking of hydrogel foams to form macroporous scaffolds
directly within the wound. Gelatin methacryloyl (GelIMA) was mixed with air at a controlled ratio
to form GelMA foams. Different process parameters were optimized for the production of a
homogeneous macroporous structure. Mechanical properties, biodegradation, printability, and
cellular permissibility of the scaffolds were analyzed in vitro. The functionality of the strategy was
then tested in a full-thickness murine wound model and wound healing was evaluated for up to
12 days through gross image and histological analyses.

Results: The device was able to reliably form and deposit foams using the optimized conditions,
which resulted in the formation of a macroporous scaffold with ~5 kPa compression modulus and
a significantly reduced biodegradation time compared to normal GelMA. Furthermore, the
scaffolds enabled increased cell infiltration and spreading when cells were cultured on and within
the macroporous scaffolds. Interestingly, while bulk GelMA scaffolds inhibited wound closure
due to the minimal cell infiltration capacity, foams applied to the wounds significantly increased
the healing rate. A thicker granulation tissue with a matured skin structure was observed in vivo
for the foam group compared to no treatment and normal GelMA scaffold administration.

Conclusions: One-step in situ printing of macroporous scaffold developed in this work presents a
highly translational, simple, and robust strategy for the treatment of large deep wounds when
compared to current clinical practices.
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Skin is the largest organ of the body and serves as the main protective barrier against harmful
chemicals and pathogens encountered daily. Skin has been widely characterized in its healthy
state; however, the properties of skin once infected by pathogens, like bacteria, have not been
thoroughly investigated. Current treatments for bacterial skin infections including debridement,
topical ointments, and systemic antibiotics have various limitations that can lower their efficacy.
There is growing interest in the use of microneedles (MNs) to enhance the treatment of these
infections. For example, MNs can be used as localized antibiotic delivery systems, taking
advantage of their ability to physically penetrate skin. The forces required to puncture healthy
skin with MNs have been characterized for different parts of the body and for diverse
demographics. To the best of our knowledge, there have been no studies focused on exploring
how bacterial skin infections affect MN puncture forces. Therefore, this study aimed to
investigate mechanical force criteria, such as compressive and puncture forces, required for a
solid MN to puncture infected versus non-infected skin. Porcine dorsal skin was infected with
Pseudomonas aeruginosa, a Gram-negative pathogen that readily infects skin. Bacteria density
was determined at 24-, 48-, and 72-hrs post-skin inoculation via homogenization of the tissue
and colony enumeration. We determined that there was a consistent bacteria burden at each
time point for infected skin (3.63x107, 9.40x106, 8.90x108 CFU/mL for 24, 48, and 72 hr,
respectively), while non-infected skin showed no bacteria growth. Next, the elastic modulus of
bacteria infected and non-infected skin was determined via indentation. We found that
uninfected skin exhibited a significantly greater elastic modulus than non-infected skin. A wide
distribution of point puncture forces of the MN through 48-hr infected skin was observed, while
MN puncture in uninfected skin was 409.9 + 96.2 mN at a depth of 1.3 £ 0.07 mm. These findings
indicate that MNs do not exhibit high puncture forces on infected skin and that MNs that exhibit
low fracture forces during fabrication and optimization may be used for drug delivery to infected
skin.
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Obesity is a known risk factor for developing pancreatic cancer, yet biological associations
between obesity and pancreatic cancer initiation are not fully understood. In patients with
obesity, adipocytes are present in higher quantities, and the surrounding extracellular matrix
(ECM) experiences increased stiffness. ECM stiffening is involved in pancreatic cancer
progression, but its role in cancer initiation alongside obesity is understudied. The current study
examines individual and combined effects of adipocyte signaling and ECM stiffness on normal
human pancreatic cell phenotype to monitor any characteristics related to malignant
transformation. Adipocyte signaling is provided using adipocyte conditioned media (ACM), and
ECM stiffening was produced by photo-crosslinking methacrylated type | collagen with lithium
phenyl-2,4,6-trimethylbenzoylphosphinate (LAP) at 450 nm. First, pancreatic cell viability in
adipocyte culture media was evaluated by culturing human pancreatic duct epithelial cells (H6c7)
in 2D with varying volumetric ratios (100%, 75%, 50%) of regular adipocyte media or ACM to
pancreatic cell media. An AlamarBlue metabolic assay was then used to determine the highest
adipocyte media concentration that maintained high cell viability for use in subsequent 3D
culture experiments. Results showed no significant change in viability with 50% ACM:pancreatic
media compared to control pancreatic media. H6c7 cells were then suspended within low-
stiffness (~0.5 kPa) and high-stiffness (~4 kPa) methacrylated type | collagen matrices to simulate
normal and diseased ECM stiffness, respectively, and cultured for three days in 50% ACM. Cell
staining was performed to assess changes in proliferation (Ki67) and actin morphology
(Phalloidin) that could indicate phenotypic changes similar to what is observed in early
malignancy. CellProfiler image analysis was used to count Ki67-positive cells and evaluate cells
on elongation shape parameters. H6c7 cells exposed to ACM exhibited reduced proliferation and
slightly more elongated morphology, suggesting a tendency toward a migratory phenotype.
Proliferation further decreased at higher collagen stiffness. Study results suggest that ACM
influences normal pancreatic cell behavior, and next steps are to compare results to ongoing
parallel studies with pancreatic cancer cell lines and modified H6c7 cells. Overall, this work offers
an important initial understanding of the effects of obesity on pancreatic tissue to provide
insights into pancreatic cancer.
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Introduction: Cartilage lesions can occur after traumatic over-loading of joints and progress into
chronic disorders like osteoarthritis (OA). This study aims to develop a tunable ex vivo OA model
using equine osteochondral plugs to effectively screen therapeutics and lubricants, and to use
cartilage electromechanical properties to guide plug extraction and alleviate sample-to-sample
variability.

Methods: Equine osteochondral blocks (N=4) harvested postmortem were subjected to
electromechanical quantitative parameter (QP) assessment with a Benchtop Arthro-BST probe.
Plugs (D=4.8mm) were then extracted with a drill press and assigned to Control (n=5), Injured
(n=6), or Injured+TNFa (n=6) groups. Plugs were fitted in custom 2-chamber systems and
incubated for 6-days at 37°C/5%C0O2 in DMEM/F12/0.1% BSA/13nM Dexamethasone media.
Mechanical injury (50% strain at 100%/s rate) was applied to Injured samples (n=12) at day-0,
with Tumor Necrosis Factor Alpha (TNFa, 100ng/mL) added to the cartilage chamber of the
Injured+TNFa group. Cartilage chamber media was sampled on day-3 and day-6. Cartilage
thickness and surface alterations were assessed with stereomicroscope images. Unconfined
compression and rotational friction-on-glass was performed aseptically with a mechanical tester
prior to injury on day-0 and again 6-days later. Cell viability, glycosaminoglycans (GAG) tissue
content and histology was analyzed post-mechanical tests. Statistical significance was
determined with ANOVA post-hoc or Kruskal-Wallis tests.

Results: Initial QP values confirmed high variability in cartilage properties among osteochondral
samples, correlating with both the acute severity of macroscopic cracks at the cartilage surface
(p=0.00094), and with changes in mechanical and tribological properties of plugs 6-days post-
injury. Low QP (QP<12) plugs exhibited greater fibril modulus decline, while High QP plugs
(QP>12) plugs showed more drastic changes in permeability and relaxation constant. High-QP
plugs showed higher responsiveness to TNFa, doubling GAG release compared to Low-QP plugs
(p=0.0029), leading to visible gradient of GAG depletion in cartilage histology.

Conclusion This study demonstrated electromechanical QP as a promising tool in refining in vitro
OA models using equine osteochondral plugs and proved to be instrumental in understanding
sample-to-sample variability. A tunable OA model holds promise in supporting the development
of OA therapeutics tailored to the diverse stages and severity of this disease.
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Antibacterial and immunomodulatory colloidal scaffolds for the treatment of burns
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Introduction: The management of high-energy blast injuries and burns is complicated by high
rates of soft tissue contamination and prolonged delays to bedside care. Such burns often result
in infections, as such the timely delivery of antimicrobials, along with debridement and wound
covering with healing agents is crucial. Yet, this is not feasible in an austere battlefield
environment and poorly healed burns can significantly reduce quality of life. Therefore,
immediate treatment of burns using antimicrobial and immunomodulatory scaffolds is a
significant but unmet need.

Materials and Methods: We developed a simple and robust strategy for in situ fabrication and
delivery of macroporous gelatin methacryloyl (GelMA) scaffolds releasing minocycline, a broad-
spectrum antibiotic, and proteoglycan 4 (PRG4), an immunomodulatory protein. The scaffold was
fabricated by supplementation of LAP photoinitiator, followed by foaming using a micromesh-
equipped double-syringe approach. The foam was then deposited in situ and crosslinked with
blue light. The scaffolds were characterized in vitro using scanning electron microscopy,
mechanical testing, stability evaluation, degradation assessment, release kinetics,
biocompatibility testing, antimicrobial activity against methicillin-resistant Staphylococcus
aureus (MRSA), and anti-inflammatory effects on RAW macrophages. The optimized
concentration was used for the treatment of porcine burn wounds and the quality and rate of
the healing were assessed up to 21 days using gross images and histology.

Results: An optimized precursor containing 15% GelMA, 0.4 mg/ml minocycline, 1Img/ml PRG4,
and 0.67% LAP was identified with ~100 um pore size, ~67% porosity, ~5 kPa compression
modulus, biodegradability, long term stability (>14 days), a sustained release of PRG4 (>7 days),
and a rapid release of minocycline (~24 hr). The optimized composite was biocompatible when
exposed to human dermal fibroblasts and murine myoblast, and significantly reduced
inflammatory markers (TNF-a) secretion from activated macrophages. The scaffolds were able to
reduce MRSA bacterial load by >5X. Porcine studies confirmed scaffolds prevented infection and
improved the quality of healing.
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Conclusions: We developed a highly translational robust strategy for the immediate treatment
of burn wounds via in situ fabrication of adherent macroporous scaffolds enabling cell migration
and regeneration, while releasing compounds to prevent infection and reduce inflammation-
associated scarring.
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Microphysiological systems (MPS), or organ-chip devices, provide a physiologically relevant in
vitro model that are able to better recapitulate the microenvironment of the body. Gut-chip
devices have become a promising method for researching drug delivery, disease mechanisms,
and developmental biology. However, current MPSs of the gut mainly feature the gut lining, or
epithelium, and lack the enteric nervous system (ENS) component that is responsible for critical
digestion and sensation functions. In addition, the relationship between the ENS and epithelium
is an understudied area with several unknown mechanisms regarding epithelium barrier
dysfunction, a symptom of inflammatory bowel disease and irritable bowel syndrome. Together,
these disorders affect over 15% of the global population. The ENS is also increasingly becoming
implicated in neurological disorders like anxiety, depression, chronic pain, and even Parkinson’s
disease, theorized to have a gut-first origin. To allow for well-controlled probing of the
mechanisms behind ENS dysfunction, we developed an MPS that features interfacing epithelial
cell and enteric neuron populations. The device is fabricated using laser cut thermoplastics
assembled by layer. The neuro-epithelial interface features a semi-permeable membrane that
can support the passage of media components, metabolites, and neurite extension. The MPS
design also supports a high throughput, pumpless design that is still capable of producing
physiologically relevant shear. This work highlights some microenvironmental differences in
epithelial cell properties that occur in the presence or absence of enteric neurons. We showed
that enteric neurons contribute to an increased epithelial barrier strength through fluorescent
molecule diffusion and transepithelial resistance measurements. We also saw changes in growth
factor consumption and gene expression related to innate immunity with enteric neuron’s
present. These findings open new inquiries into the mechanisms behind neuro-epithelial
interactions, how exogenous factors like the microbiome influence them, and how these
relationships relate to disorders of both the gastrointestinal tract and nervous systems. The
design used here has the ability to incorporate additional cell types of interest including immune
or smooth muscle cells and could extend to other organ systems that feature innervated
epithelial or endothelial layers.
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Cell behavior enhancement by collagen/heparin layered coatings
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In this talk, collagen (COL) and heparin (HEP) layered coatings prepared via the layer-by-layer
assembly will be presented as a robust coating to enhance cell behavior. We performed an
exhaustive characterization of the COL/HEP coatings confirming their construction, chemistry,
and their stability at body temperature. We evaluated the response of both human mesenchymal
stromal cells (hMSCs) and human Schwann cells (hSCs) cultured on these coatings as well as in
the presence of modulatory cytokines. Our results show that hMSCs cultured on COL/HEP
coatings have a better response to soluble interferon-gamma regarding proliferation, protein
expression, immunosuppressive properties and cell morphology as compared to the uncoated
culture plates. hSCs cultured on COL/HEP coatings also demonstrated an enhancement in growth,
protein expression, cell migration, and response to the nerve growth factor as compared to the
uncoated culture plates. These COL/HEP coatings have strong potential to enhance the
manufacturing of hMSCs or to serve as coatings for nerve implants.
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Background: Cardiac arrhythmias often manifest from and are exacerbated by pathological
geometrical remodeling of the heart. However, their mechanism remains elusive. Therefore, our
objective is to investigate the role that geometry and tissue tension play in arrhythmogenesis of
engineered heart tissues (EHTSs) in vitro. Methods: We differentiated high purity cardiomyocytes
(CMs, >80% cTnT+) from human-induced pluripotent stem cells (hiPSCs) via Wnt-modulation and
metabolic-based lactate purification. hiPSC-CMs were mixed with 5% human cardiac fibroblasts
in collagen-1 and casted onto custom-designed PDMS molds to generate EHTs with unique
geometries. Square, rectangular, and teardrop-shaped molds with isotropic or anisotropic
peripheral post-spacing for tension distribution were evaluated. We cultured EHTs for 1 week
under 1Hz electrical field stimulation to promote tissue compaction and electromechanical
maturation before optical mapping of action potentials (APs) from a point electrode stimulation.
Results: EHTs constructed in square molds with isotropic post-spacing were non-arrhythmic while
those created in molds with alternative geometries were highly arrhythmic with spiral wave
reentrant arrhythmias (0% vs. 86% arrhythmia incidence). This increase in arrhythmogenicity was
associated with a 1.4-fold increase in AP duration (APD) dispersion throughout the EHTs, with
activation maps showing conduction blocks across regions with large APD gradients, establishing
reentrant pathways. We found that posts positioned on opposing sides of tissues to induce
anisotropy increased conduction velocity along the perpendicular axis of the post by 2-fold,
compared to the parallel axis. Interestingly, culturing EHTs in maturation media that supports CM
bioenergetics reduced arrhythmia incidence and increased the pacing rate threshold for
arrhythmogenesis. Conclusion and Future Works: Ongoing work investigates how mold
geometries alter CM architecture in EHTs via immunohistochemical staining. Collectively, tissue
geometries and tension distribution influence the arrhythmogenic state of EHTs by affecting APD
heterogeneity and conduction, which can be leveraged to investigate substrate-level arrhythmia
mechanisms. Funding: This work is funded by an AHA postdoctoral fellowship awarded to AHS.
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Development and characterization of a geometrically-tunable blood shunt for pediatric heart
reconstruction

Christopher Rodell, Drexel University, Akari J. Seiner (as5599@drexel.edu)
Elisabeth Posthill (ep592@drexel.edu)
Lindsay Hager (lah395@drexel.edu)
Amy L. Throckmorton, Ph.D. (alt82@drexel.edu)

Christopher B. Rodell, Ph.D. (cbr58 @drexel.edu)

Congenital heart defects affect more than 40,000 babies born in the US each year; one in four
will require surgery in the first year of life. In the most severe form of these heart defects, children
are born with only half of their heart properly developed and undergo life-saving heart
reconstruction surgery. The procedure includes the placement of a blood shunt — a fixed-
diameter tube that diverts blood to the lungs to be oxygenated. Mortality rates following shunt
implantation remain high despite decades of treatment optimization. This is because current
shunts are unable to grow with the child in the coming months, resulting in hypoxia and a need
for repeated invasive thoracotomy to place a larger shunt. Here, we develop a geometrically
tunable blood shunt that can change in diameter on demand, allowing blood flow through the
shunt to be tuned to meet the child’s needs without surgical intervention.

Dextran was methacrylated by glycidyl methacrylate (50% substitution) and crosslinked into
hydrogels (10%w/v) by Michael-addition with dithiothreitol (DTT; DTT/methacrylate ratios of 20-
50%). Hydrogel volumes and moduli were assessed at baseline and after secondary
photopolymerization that was performed to induce de-swelling. 40% DTT/methacrylate afforded
excellent volume reduction (40%) with moduli (8.46+0.67kPa) comparable to soft connective
tissues and was selected for prototype development. Biocompatibility with a blood-contacting
environment was assessed in vitro. Hydrogels did not hinder cell proliferation (PrestoBlue),
induce inflammatory response (RAW-Blue reporter assay) or hemolysis (ASTM 756-13, relative
to non-hemolytic controls [LDPE] and clinically-used shunt tubing [polytetrafluoroethylene,
PTFE]). PTFE tubing was surface modified by polydopamine to enable hydrogel adhesion. When
irradiated via a fiberoptic catheter, hydrogels contracted towards the outer tubing. Clinically-
indicated increases in lumen diameter (15-18%) necessary to support infant growth were
obtained in <1min; changes far-exceeding clinical demands (40%) were possible. The dual-stage
crosslinking approach is a promising strategy to create responsive biomedical implants that
change in size with childhood growth, and the geometrically tunable shunt design may prevent
repeated open thoracotomy in this fragile patient population.
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Cardiac extracellular matrix-derived matrikine to modulate healing response post-myocardial
infarction

Yan-Ru Lai, Tufts University, Elizabeth Porter (Elizabeth.porter@tufts.edu): Department of Biomedical Engineering,
Tufts University

Kyle Edmunds (Kyle.edmunds@tufts.edu): Department of Biomedical Engineering, Tufts University
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Introduction: Cardiovascular disease (CVD) remains the leading cause of death worldwide and
the primary cause of CVD-related death is myocardial infarction (Ml). Patients who experience a
moderate-to-severe Ml will eventually progress to heart failure where only transplantation is an
effective treatment. Therefore, the development of regenerative means to repair the heart is
vital. A major challenge in repairing the heart is the limited proliferative capacity of postnatal
cardiomyocytes (CMs), where they shift from hyperplastic to hypertrophic growth following
birth. Studies have demonstrated that the cardiac extracellular matrix (cECM) and matricellular
proteins play an important role in promoting cardiac differentiation and CM proliferation. Our
lab has previously identified a peptide (F1R1) derived from proteolytically digested fibrillin-1 that
leads to improved proliferation in cardiomyocytes. Here, we investigate the potential of F1R1
peptide, a fragment of fibrillin-1 previously identified in our lab, as a therapeutic method to
improve cardiac regeneration post-Ml.

Methods: Ml was induced in rats via left anterior descending artery (LAD) ligation and animals
were randomly assigned to one of 5 different groups: F1IR1 peptide, scrambled F1R1 peptide,
fetal pig cECM, adult pig cECM and no treatment control. The fetal and adult pig cECM were as
previously described by our lab and others. All treatments were solubilized in phosphate-
buffered saline and injected post-MIl. Echocardiography was employed to monitor cardiac
function for 2 months post-treatment. Following isolation of the hearts, tissue was analyzed via
histology and our novel ECM structure-function analysis method.

Results and Discussion: In vitro studies indicated that not only does F1IR1 promote cardiomyocyte
proliferation but it also reduces cardiac fibroblast activation in response to TGF-beta. Our first
cohort of animals for the in vivo were recently finished and we are currently analyzing the
functional data (echocardiography and pressure-volume loops) and processing the tissue for
histology and our ECM structure-function analysis. Early results support the potential of cECM-
derived matrikines as a promising strategy for cardiac regeneration.
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Hybrid Double Network with Cryogels Tunable Degradation Rates for Cartilage Tissue
Engineering

kaixiang zhang, Syracuse university, Michael Patrick Seitz1,2, Zining Yang1,2, Era Jain1,2

1.Department of Biomedical and Chemical Engineering, 2.Bioinspired Syracuse: Institute for Material and Living
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Trauma or repeated injuries to joints can lead to localized cartilage damage, significantly
elevating the risk of osteoarthritis—a debilitating joint condition. Unfortunately, the inherent
capacity for self-repair of damaged articular cartilage is limited, presenting a critical clinical
challenge yet to be addressed. Current clinical strategies for treating localized cartilage damage
primarily involve surgical interventions, which have been met with limited success. As a result,
there's an increasing exploration into biodegradable hydrogels as viable scaffolds for the repair
or reconstruction of cartilage defects. Of particular interest are hybrid double network (DN)
hydrogels, distinguished by their superior toughness compared to traditional hydrogels.
However, the applicability of current DN hydrogels in cartilage tissue engineering is constrained
by their nano-porous, non-degradable, and the absence of an interconnected macro-porous
architecture, which hinders cell and tissue integration. Cryogels are a type of hydrogels, and they
are gel matrices with interconnected macroporous structures synthesized by “cryogelation”,
which is the crosslinking of gel precursors at subzero temperatures.

In this study, we have engineered a biodegradable, macroporous hybrid DN cryogel by
synergizing two distinct crosslinked networks: multi-arm polyethylene glycol (PEG) acrylate and
alginate. This hybrid DN cryogel is synthesized through a combination of a highly biocompatible
click reaction for the PEG network and ionic bonding for the alginate network. By selecting
structurally similar crosslinkers to establish the PEG network, we can tailor hybrid DN cryogels
with customizable degradation kinetics. The resulting PEG-alginate hybrid DN cryogels exhibit an
interconnected macroporous structure, enhanced mechanical strength, and rapid swelling
behavior. These interconnected macropores facilitate the deep penetration of mesenchymal
stem cells (MSCs) at high densities. Furthermore, we have achieved sustained release of growth
factors IGF-1 and TGF-B1 from the cryogels. We also demonstrated the potential of these cryogel
scaffolds to induce differentiation of MSCs into chondrocytes by leveraging growth factor
stimulation. This investigation introduces an innovative approach to create macroporous hybrid
DN cryogels with adjustable degradation rates, offering a promising scaffold solution for cartilage
tissue engineering.
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Cartilage-Targeting Cationic Exosomes for the Delivery of Receptor Antagonist of Interleukin-1
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INTRODUCTION: Osteoarthritis is a degenerative joint disease that affects tissues like cartilage.
MSC-derived exosomes (Exos) have recently been shown to facilitate cartilage repair in injury-
stimulated OA animal modelsl. However, the negatively charged lipid bilayer of Exos is repelled
by the anionic cartilage matrix which hinders their transport in the tissue. The high negative
charge along with rapid clearance from the intra-articular joint space makes drug delivery to
cartilage extremely challenging2. Our lab has previously designed a cartilage-targeting arginine-
rich cationic peptide carrier with a net charge of +14 (CPC+14) that showed full-depth penetration
in cartilage and long retention time3. We hypothesize that by modifying the surface of Exos to
make them positively charged for delivering IL-1RA into the cartilage, sustained administration
will be possible with a single dose via depot delivery. We have synthesized cationic Exos by
conjugating CPC+14 and a cationic glycoprotein Avidin to their lipid bilayer for effective targeting
in the cartilage along with IL-1RA anchored for therapeutic effects.

RESULTS: For the first time, we engineered charge-reversed cationic Exos by anchoring cartilage-
targeting cationic motifs on their surface via click chemistry. We successfully synthesized cationic
Exos by anchoring cationic motifs like CPC+14 and Avidin on the surface of Exos along with IL-1RA
and reversed the zeta potential from -27.96 £ 3.0 to -1.6 + 1.1 and -2.3 £ 0.85 respectively. Exo-
CPC+14 exhibited superior transport, retention, and uptake in early-stage arthritic cartilage
explants compared to native Exos. Exo-CPC+14 effectively targeted early-stage arthritic cartilage
and successfully delivered the loaded IL-1RA to chondrocytes, thus suppressing IL-1-induced
catabolism over 8 days with a single dose.

SIGNIFICANCE AND FUTURE DIRECTIONS: These Exo-based delivery systems have the potential
to create intra-cartilage drug depots following their administration and facilitate delivery of any
loaded drug or gene to its targets. Ongoing work focuses on evaluating the effectiveness of IL-
1RA delivered using cationic Exos in injury-induced small animal arthritic models.



REFERENCES: [1] Chen+, Membranes (Basel); [2] Bajpayee+, Nature Rheum 2017; [3]
Vedadghavami+, Acta Biomater 2019

ACKNOWLEDGEMENTS: NIH NIBIB Trailblazer R21 EB028385 and NSF Career Award 2141841
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Designing Cartilage-Targeting and Drug Depot-Forming Cationic Fusion Protein of Insulin-Like
Growth Factor 1

Bill Hakim, Northeastern University, Bill Hakim[1], Timothy L. Boyer[1], Srirupa Chakraborty[2], Ambika G.
Bajpayee[1,3] Department of Bioengineering[1], Chemistry and Chemical Biology[2], and Mechanical
Engineering[3], Northeastern University, Boston, MA

Introduction: Drug delivery to cartilage for osteoarthritis (OA) treatment suffers from rapid
clearance from synovial fluid (SF) and hindrance by the dense cartilage matrix. Cationic
nanocarriers can overcome these challenges by elevating drug uptake via electrostatic
interactions with the high negative fixed charge density (FCD) of aggrecan-rich cartilage[1].
Previously, we designed a cartilage-targeting arginine-rich cationic peptide carrier (CPC) with an
optimal +14 net charge that enables 400x higher intra-cartilage uptake than its neutral
counterparts. Here we (i) investigate the effect of spatial arrangement of cationic and
hydrophobic residues of CPC on their transport and binding properties in healthy and OA
cartilage, and (ii) use this knowledge to optimize CPC design for sustained insulin-like growth
factor 1 (IGF-1) delivery to cartilage for OA treatment.

Results: Spatially concentrated cationic and hydrophobic residues exhibited stronger intra-
cartilage binding of CPCs resulting in reduced transport rates compared to peptides of the same
net charge but with spatially distributed cationic or hydrophobic residues. Their uptake in
arthritic cartilage of diminished FCD, however, was enhanced owing to short-range effects of H-
bonds, charge-dipole, and hydrophobic interactions that synergistically stabilize intra-cartilage
charge-based binding[2]. In the presence of SF, CPCs with higher hydrophobicity and clustered
hydrophobic residues exhibited lower intra-cartilage uptake owing to competitive binding
interactions with SF constituents like globulin and albumin. The work demonstrates that it is
necessary to spatially distribute charges along the peptide length while minimizing its
hydrophobicity index for effective targeting of arthritic cartilage. CPC+14 with alternating
arginine and asparagine exhibited the fastest intra-cartilage transport, >40x intra-cartilage
uptake in the presence of SF, and long-term retention. CPC was conjugated to an OA anabolic
drug, IGF-1, to synthesize a cationic fusion protein, CPC-IGF-1. Molecular modeling confirmed
that CPC-IGF-1 retained its bioactivity as indicated by proper IGF-1 domain folding and minimum
steric clashes with IGF-1 receptor.

Significance and future works: CPCs can electrically charge OA therapeutics enabling effective
cartilage-targeting and drug depot-forming properties. CPC-IGF-1 will be tested in vivo to
evaluate its cartilage repair ability with only a one-time injection.

Acknowledgment: NSF CAREER AWARD 2141841

References: [1]Bajpayee+, Nature Rheum 2017; [2]Vedadghavami+, Acta Biomaterialia 2022
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A Biocompatible Injectable Cytokine Trap For Local Inmunomodulation Of Rheumatoid Arthritis
Marwa Sallam, Brown University, Tejal Desai, School of Engineering Brown University
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Rheumatoid arthritis (RA) is a chronic autoimmune disorder that represents a public health
concern. It is the major cause of mobility-related functionality loss among adults in the US.
Although antibody-based products for neutralizing inflammatory cytokines have made
remarkable improvement in RA treatment, a substantial portion of RA patients do not respond
to those therapies. There is a clinical demand for new treatment modalities which can locally
restore the cytokine balance.

In this project, we designed an injectable biomaterial scaffold as a cytokine delivery system with
a prolonged residence time at the disease site for sustained delivery of therapeutically relevant
cytokine levels to locally program the immune response to protect against cartilage and bone
destruction while avoiding the off-target effects. We fabricated & optimized polymeric
polycaprolactone nanowires using a nano-templating technique utilizing an anodized aluminum
oxide (AAO) membrane with a specific pore size as the template for the formation of with
nanowires with lengths ranging from 2-25 um while keeping the diameter of 200 nm. The
nanowires showed size dependent interactions with macrophages. Nanowires were further
loaded with IL-4 using alternating layers of oppositely charged bioactive polymers. The levels of
anti-inflammatory and proinflammatory cytokine in the cell culture media were assessed by
ELISA. The polarization behavior of macrophages were evaluated by staining for cell surface and
intracellular M1 & M2 markers and flow cytometry analysis on the consecutive days to evaluate
the sustained polarization capability of IL-4 loaded NWs The IL-4 loaded nanowires showed
sustained release of IL-4 for a period of one week. Treatment of bone marrow derived
macrophages prestimulated with lipopolysaccharide with IL-4 nanowires shifted them to an anti-
inflammatory phenotype as demonstrated by increase levels of CD206 and Arginase-1. The
therapeutic efficacy of the cytokine loaded nanowires for their ability to potentiate cytokine
balance and mitigate the disease symptoms are under investigation in-vivo in a collagen induced
arthritis mouse model.
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Nucleus Pulposus-Targeted Drug Delivery using Avidin Functionalized Polymeric Microcarriers
for Intervertebral Disc Degeneration
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INTRODUCTION: Intervertebral disc (IVD) degeneration is a major cause of low back pain,
characterized by alterations in biochemical and biomechanical functions of disc [1]. Cytoskeletal
F-actin fibers regulate cell mechanobiology in degenerated discs through the RhoA pathway [2].
Activation of RhoA using a recombinant protein CNO3 confers protection against degradative
effects in nucleus pulposus (NP) [3]. Systemic delivery of CNO3 is challenging due to avascular
nature of NP. Although intradiscal injection enhances CNO3 bioavailability, its rapid diffusion
results in short-lived benefits and requires repeated dosing [4]. Our previous research has
leveraged the negative fixed charge density of NP to develop a cationic avidin-dextran conjugate
for month-long retention in NP [5]. In this study, we surface-engineered PLGA MPs by conjugating
Avidin to make them cationic to mitigate the rapid clearance from NP and as a carrier for CNO3.
Our goal is to enable a month-long NP retention of cationic PLGA MPs and achieve a sustained
CNO3 release with a single dose.

RESULTS: Encapsulation efficiency of CNO3 in our optimized PLGA MPs was 80.7 =+ 1.5% with a
reduced burst of 13% and a sustained release of about 77.2 + 10.6 ng/day for a month. The
bioactivity of CNO3 at different time points of release kinetics was confirmed in terms of its
potency to activate Rho pathway in NP. The net negative charge of PLGA MPs was reversed to
0.6 £+ 0.4 mV after avidin conjugation. Cationic PLGA MPs demonstrated a localized drug
distribution in the NP tissue for a month without diffusing to the surrounding tissue.

SIGNIFICANCE AND FUTURE DIRECTIONS: Our engineered cationic PLGA MPs enhance intra-NP
retention and enable controlled CNO3 release for long-term therapeutic benefits with a single
dose. Hence, our system obviates the frequency of intra-discal injections. We plan to evaluate
the efficacy of CNO3-loaded cationic PLGA MPs in an injury-induced IVD degeneration rat model.

REFERENCES: [1] Risbud+, Nat Rev Rheumatol, 2014. [2] Fearing+, JOR Spine, 2018. [3]
Hernandez+, Sci Adv. 2020. [4] Gorth+, J Exp Orthop,2014. [5] Wagner+, Sci Rep, 2020.

ACKNOWLEDGMENTS: Supported in part by NIH NIAMS R21 AR080516, RO1 AR077760, T32
AR080744.
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Fabrication of Nanoparticles Loaded Microparticles for Sustained and Targeted Drug Delivery of
Zoledronate to Activated Macrophages for Osteoarthritis Treatment.

Paul Sagoe, Syracuse University, Paul N.K Sagoel, 2, and Era Jainl, 2, 1. Department of Biomedical and Chemical
Engineering, 2. Bioinspired Institute, Syracuse University, Syracuse, NY, pnsagoe@syr.edu, erjain@syr.edu

Osteoarthritis (OA) is a debilitating joint disease marked by cartilage degradation. Despite being
a major contributor to functional disability and projected to impact ~1 billion people globally by
2050, there is no cure for OA. Mounting evidence indicates that cartilage debris resulting from
joint overuse, injury, or aging often triggers an immune response, leading to macrophage
recruitment, activation, and subsequent secretion of proinflammatory and catabolic mediators
in the joint. This local inflammation further drives the degradation of remaining cartilage,
consequently creating a deteriorating cascade leading to disease progression. Thus, specifically
targeting macrophages holds promise for modulating inflammation, and in effect, halting OA
progression. Zoledronate (Zol), a drug with high affinity and toxicity to macrophages, shows
promise in abating macrophage activity. However, its early synovial clearance limits its
intraarticular targeting efficacy. To address this limitation, we have developed a novel drug
delivery system: nanoparticle in microparticle (NiM) to sustainably deliver Zol to target activated
macrophages for OA therapy.

Zol was complexed with calcium to form nanoparticles (CaZol-NPs,~45nm) via reverse
microemulsion technique and loaded into polymeric microparticles (PEG-PLGA-MPs) to obtain
our NiM formulation (CaZol-NiM,~7um). Zol-loaded particles were confirmed and characterized
with analytical and microscopy techniques. The toxicity of Zol-loaded particles to activated
macrophages was studied with MTT while their release was determined spectrophotometrically.
To investigate targeted cell uptake, a folic acid(FA) conjugated formulation(CaZol-NiM-FA) was
synthesized. Additionally, a mouse model of OA was established by ACL rupture via cyclic loading
of the knee joint, and the macrophage population was characterized.

Compared to CaZol-NP, we observed that CaZol-NiM exhibited lower cytotoxicity and showed
sustained release over 10 days. Confocal imaging and flow cytometry validated cellular uptake of
all particle formulations, with enhanced uptake demonstrated by CaZol-NiM-FA. Furthermore,
we identified folate-receptor2 (FR-2)-positive populations of macrophages in the OA mouse
model.

Overall, CaZol-NiM-FA shows promise for sustained and targeted delivery of Zol to activated
macrophages, emphasizing our system’s capacity for longer joint residence time. Notably, the
overexpression of FR-2-positive macrophages in the OA mice model, coupled with the strong
affinity between FR-2 and folate derivatives underscores the potential of CaZol-NiM-FA as an
immunomodulatory therapy for OA.



CONCURRENT SESSION VI-B: TISSUE ENGINEERING -1

2:15PM - 2:30 PM
WITHDRAWN

2:30 PM - 2:45 PM

Developing Multistage Fluidic Chips for Muscle and Neuron Co-Culture
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In vivo studies have shown that muscle exercise is correlated with improved motor function and
control in both physiological and pathological states, indicating a potential role for muscle fiber
contraction in modulating motor neuron growth [1]. However, as cell-specific signaling can be
hard to isolate and control in vivo, the relationship between motor neuron recruitment and
muscle activation remains understudied due to lack of relevant mesoscale in vitro model systems.
We have designed and fabricated a multistage modular neuromuscular fluidic chip design
consisting of a central “spinal cord”, containing independently controllable motor neuron
spheroids, and distal “limbs” containing independent mature muscle tissue. State-of-the-art
neuromuscular co-culture microfluidic systems only enable monitoring single motor units in
isolation and physically separate motor neurons and skeletal muscle into separate
compartments, thereby minimizing biochemical and mechanical communication. By contrast,
our mesoscale chip enables monitoring multiple independent motor units in parallel and has an
open-well format that encourages biochemical and mechanical crosstalk between skeletal
muscle and motor neurons, as both modes of exercise signaling have been shown to modulate
innervation [2]. Moreover, our device is designed to facilitate media replacement for highly
metabolically active neuromuscular cultures and to precisely observe neurite extension towards
muscle and synaptic pruning during development and in response to injury. Our chips consist of
3D-printed stages that leverage kinematic couplings to align stages with high precision and shows
promise in supporting live muscle and neuron cultures to further understand neuromuscular
interactions for applications in tissue engineering and regenerative medicine.

[1] Rousseau, E., Raman, R., Tamir, T., Bu, A,, Srinivasan, S., Lynch, N., Langer, R., White, F.
M., and Cima, M. J., 2023, “Actuated Tissue Engineered Muscle Grafts Restore Functional
Mobility after Volumetric Muscle Loss,” Biomaterials, p. 122317.

[2] Bu, A., Afghah, F., Castro, N., Bawa, M., Kohli, S., Shah, K., Rios, B., Butty, V., and Raman,
R., 2024, “2.5D Actuating Substrates Enable Decoupling the Mechanical and Biochemical Effects
of Muscle Exercise on Motor Neurons,” p. 2024.03.02.583091.
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An organoid-derived model to explore the spatiotemporal expression of leukemia inhibitory
factor in patients with and without endometriosis
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Endometriosis is a medical condition characterized by the ectopic growth of endometrial-like
tissue outside the uterine cavity for which limited treatment options exist. Globally, it is
estimated that up to 190 million women and people with a uterus of reproductive age are
impacted by endometriosis. The symptoms of endometriosis include debilitating pelvic pain,
dyspareunia, and it is the leading cause of infertility. Of patients with endometriosis, up to of 50%
of patients have endometriosis-associated infertility. Leukemia inhibitory factor (LIF) is a
pleiotropic cytokine and fertility marker associated with endometrial receptivity. Research
suggests that LIF expression is downregulated in the eutopic endometrium of patients with
endometriosis, however the role of LIF in cellular mechanism by which this occurs is not
understood. The use of our recently developed poly-ethylene glycol (PEG)-based hydrogel
provides a unique platform to perform long-term analysis of complex hormonal stimulation
without interference from exogenous factors present in naturally derived hydrogels. | build on
this platform by modeling both lumenal and glandular epithelial structures within this hydrogel
and dissecting the spatial and temporal expression of LIF via high resolution imaging and
morphometric analysis.

In this study, we utilized our synthetic 8-arm PEG-vinyl sulfone hydrogel functionalized with
integrin binding peptides and cell matrix binders to generate lumenal (LE) and glandular (GE)
structures of the endometrial epithelium from patient-derived endometrial organoids (EEOs).
Utilizing this model, we assessed spatiotemporal LIF and LIF receptor expression in organoids
derived from the eutopic endometrium of patients with endometriosis and control patients.
Alongside LIF, other markers of receptivity such as pinopode formation, ciliation, and MUC1
staining was assessed via immunostaining. To validate the formation of lumenal and glandular
structures, cultures were be fixed and immunostained with an antibody panel to confirm the
presence of endometrial lumenal (WNT7A, MSLN, VTCN1) and glandular epithelial markers
(FOXA2, SCGB2A2).

Given that LIF is a marker associated with endometrial receptivity, strategies to rescue
dysregulated LIF in endometriotic tissue might offer therapies to enhance endometrial
receptivity in the patient populations that are impacted by infertility. Future directions aim to
explore how LIF signaling is regulated by epithelial-stromal cell crosstalk.
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Enhancement of Cartilage Regeneration in an Injured Murine Growth Plate Using a Cytokine-
Loaded Nano-Matrix
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Background: The growth plate cartilage responsible for long bone elongation among children and
teenagers represents the most vulnerable site of long bones, injuries of which can induce
mesenchymal stem cell (MSC) infiltration, causing bony bridge formation and growth arrest.
Surgical intervention has a failure rate of up to 38%. Thus, our focus is a localized cytokine
delivery approach to guide recruited MSCs to reparative chondrogenesis. Stromal cell-derived
factor 1 (SDF1) is a potent chemoattractant driving MSC migration, while the transforming
growth factor-beta2 (TGFB2) promotes chondrogenic differentiation of MSCs and inhibits
chondrocyte hypertrophy. The Janus base Nano-Matrix (NM), a biomimetic scaffold comprising
DNA-inspired Janus base nanotubes (JBNts) and matrilin-1 (Matn1), facilitates an optimal
microenvironment conducive to cartilage regeneration.

Objectives: We aimed to inhibit bony bridge formation and enhance cartilage regeneration in a
murine growth plate injury model through local delivery of a Layer-by-Layer (LbL) Janus Base
Nano-Matrix (NM) loaded with SDF1 and/or TGFB2 all carried within fibrin gel.

Methods: A lateral 0.5 mm diameter defect was created under fluorescence stereo microscopy
in the right proximal tibia growth plate of two-week-old transgenic mice expressing tri-lineage
fluorescent reporters for collagen types |, 1l, and X, using a dental bur. The groups were:
untreated control, uninjured contralateral control, NM/fibrin vehicle, or NM/fibrin with SDF1
and/or TGFB2. X-ray imaging one day before and 21 days post-surgery at the study endpoint was
used to quantify the tibia growth. Micro-computed tomography (LCT) and histology were applied
to evaluate the volume and spatial distribution of the bony bridge within the injured growth plate
and chondrogenesis.



Results: Three weeks post-surgery, NM/TGFB2 significantly reduced bony bridge volume
compared to the untreated injury control. NM/TGFB2/SDF1 did not reduce bony bridge volume
but shifted the formation to the growth plate periphery relative to untreated and NM/TGFB2
groups. This would be easier to remove surgically, so it is perceived as a clinically beneficial
outcome.

Conclusions: NM/TGFB2 treatment enhanced chondrogenesis and inhibited bony bridge
development. The addition of SDF1 further facilitated this process by relocating the bony bridge
from the interior of the growth plate to its periphery, thereby simplifying its surgical extraction.
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Humanized microphysiological organ-on-chip systems have the potential to serve as a patient-
relevant and cost-effective alternative to traditional 2D-cell culture or animal models. However,
current organ-on-chip designs often lack capabilities to specifically access cell types for endpoint
analyses, which limits their use with biological analysis techniques. Here we present a multi-layer
organ chip for modeling complex multi-tissue systems, which features a 2D-cell culture and 3D-
cell culture layer which are removable from each other. To our knowledge, our organ-on-chip
design is the first to include multiple removable cell culture layers.

This organ-on-chip design includes three removable layers: a glass-bottom 3D-cell culture layer,
a 2D-cell culture layer, and a media reservoir. Each cell culture layer can contain up to three
chambers. The 2D and 3D layers contact each other through a semi-permeable membrane, and
the 3D chambers contact each other through GelPins [1-3], which allow the contact of adjacent
cell types. Additionally, the media reservoir can be replaced with a flow component to allow fluid
flow over the 2D-cell culture layer. This organ chip is fabricated using a cut-and-assemble method
[1-3], which avoids the tedious workflow of traditional soft lithography and allows rapid design
modifications. Briefly, polyethylene terephthalate, polymethyl methacrylate, Viton, and clear
resin pieces are attached together with 3M 966 tape to form the three layers, which are then



assembled using stainless-steel screws and nuts [4]. As each layer of this organ-on-chip is
removable, each cell type can be conveniently accessed for biological assays.

To verify feasibility, a variety of human cell types have been cultured on this organ chip, including
aortic smooth muscle cells, endothelial cells, intestinal smooth muscle cells, and differentiating
neural progenitor cells. These preliminary studies have demonstrated the aptitude of the organ-
on-chip for modeling multi-tissue systems, potentially with innervation or vascularization. With
further investigation, this versatile organ-on-chip has immense potential for research in drug
screening, biomaterials development, and/or mechanistic studies.

1. Soucy, J.R,, et al. Advanced Biosystems, 2020.
2. Hosic, S., et al. US Patent US20190083979A1, 2022.
3. Hosic, S., et al. ACS Biomaterials Science & Engineering, 2021.

4. Banerjee, S., et al. MRS Fall Meeting & Exhibit. 2022.
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Vascular perfusion, largely controlled by the high surface area and altered resistance provided by
the microcirculation, is vital to maintain tissue integrity and function. An impaired
microcirculatory network due to injury, ischemia, or disease stimulates maladaptive remodeling
and disrupts broader tissue function. Microvascular regeneration remains an elusive therapy in
the clinic, defining a critical need to regenerate the local microvasculature of target tissues. We
hypothesize that sustained, local delivery of an optimized combination of growth factors will
stimulate angiogenesis and facilitate vascular remodeling to increase perfused microvascular
density. We developed and characterized a fully defined, injectable collagen | and alginate
hydrogel that sustains developmentally relevant, local protein release for >14 days in vitro.
Leveraging biomimicry of the native ECM with covalent heparin-modification of the alginate and
shear-thinning behavior, the defined biomaterial alone enhanced average vessel size 15-fold and
endothelial cell recruitment 12-fold when compared to Matrigel. Second harmonic generation
using multiphoton microscopy revealed isotropic early collagen fibril organization and in vitro,
endothelial cell-based 3D network formation assays confirmed proangiogenic function of
released proteins. We used an iterative fractional factorial design of experiments approach and
an in vivo subcutaneous gel plug assay to identify VEGF, Shh, IGF-1, and PDGF as the most potent
proangiogenic factors from 10 initial candidates. Empirical evaluation of 1-, 2-, and 3-protein
combinations of these factors identified VEGF, IGF-1, and PDGF (VIP) as an optimal protein
cocktail for local, in vivo vascularization, enhancing perfused vascular density by 6-fold vs. the
biomaterial alone. Thus, we optimized a highly angiogenic protein cocktail and developed an
injectable, defined biomaterial for its local, sustained delivery, providing a promising
revascularization therapy for local microvascular regeneration.
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Comparison of Traditional and Supercritical CO2 Sterilization Methods on Grafts: A Pig Full
Thickness Wound Model Study
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Introduction: Graft sterilization is a critical step in biomaterials processing, ensuring safety and
efficacy in clinical applications. Traditional methods, such as e-beam, gamma irradiation and
ethylene oxide (ETO) gas sterilization, may impact graft properties. Supercritical carbon dioxide
(CO2) sterilization presents a novel approach with potential benefits for preserving graft
integrity. This study investigates the effects of traditional versus supercritical CO2 sterilization
methods on graft performance using a pig full thickness wound model.

Methods: Full thickness wounds were created in a pig model, and grafts were sterilized using
either a traditional method (e-beam) or supercritical CO2. Wound healing progress and graft
integration were assessed through histological analysis, including evaluation of epithelialization,
granulation tissue formation, and collagen deposition. Tensile strength and biomechanical
properties of the integrated grafts were also evaluated.

Results: Preliminary results indicate comparable wound healing outcomes between traditional
and supercritical CO2 sterilized grafts, with similar levels of epithelialization, granulation tissue
formation, and collagen deposition observed in both groups. However, grafts sterilized using
supercritical CO2 exhibited enhanced biomechanical properties, including increased tensile
strength and elasticity, compared to traditionally sterilized grafts.

Conclusion: Our findings suggest that supercritical CO2 sterilization may offer advantages over
traditional methods in preserving graft biomechanical properties while maintaining comparable
wound healing outcomes. Further investigation is warranted to elucidate the underlying
mechanisms and optimize the use of supercritical CO2 sterilization for biomaterial grafts in
clinical applications.
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Decoupling the effects of mechanical and biochemical exercise stimuli on neurite outgrowth on
an actuating hydrogel

Angel Bu, Massachusetts Institute of Technology, Ritu Raman, Massachusetts Institute of Technology,
ritur@mit.edu

New in vivo findings indicate that muscle exercise affects peripheral nerves, yet the challenges
of separating cell-specific biochemical and mechanical influences in the in vivo environment
encourage further investigation of this phenomenon in vitro. In this study, we optimized a
tunable hydrogel that mimicked the stiffness of native muscle to sustain long-term 2.5D muscle
contraction in vitro, without delamination. The ability to culture contractile muscle for longer
periods of time allows us to leverage muscle’s function as an endocrine organ and harvest its
exercise-secreted cytokines, termed “myokines”. Motor neurons stimulated with myokines from
“low intensity” and “high intensity” exercise groups demonstrated a significant and dose-
dependent increase in morphological metrics such as neurite outgrowth and migration area. Bulk
RNA sequencing of our motor neurons revealed an upregulation in signaling pathways and gene
expression associated with axonal growth cones and neuron-neuron synaptic transmission.
Principal component analysis was able to distinctly separate the transcriptomic data into the
control, low-intensity, and high-intensity groups. To understand the mechanical effects of
exercise on motor neurons, we utilized our established methodology for Magnetic Matrix
Actuation (MagMA) to embed actuatable magnetic microparticles in fibrin substrates. This
enabled us to dynamically stretch our motor neurons to mimic forces generated during muscle
exercise. Similar to biochemical stimulation, we observed that mechanical stimulation
equivalently increased neurite outgrowth and migration area as compared to controls, though
the transcriptomic impact of mechanical stimulation was minimal. We believe this discrepancy
to be caused by the large amount of RNA released from the spheroids which only the surface is
dynamically stretched during magnetic actuation. Our actuating hydrogel platform thus enabled
us to investigate the impact of muscle exercise on motor neuron growth and maturation through
both biochemical and mechanical signaling pathways, robustly validating a previously only
hypothesized role for exercise in mediating nerve growth.
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Itaconate-based nanoparticles alter macrophage polarization to improve the treatment of
inflammatory diseases

Andrea Cottingham, University of Maryland, B altimore, Dr. Ryan M. Pearson; University of Maryland, Baltimore;
rpearson@rx.umaryland.edu

Inflammation plays a key role in protecting the body against foreign invaders. When the
triggering event is poorly controlled, severe inflammation and global dysregulation of immune
responses can occur. These overreactive responses are often tied to infection, autoimmune
disorders, cancer, and other chronic conditions. Macrophages play a pivotal role in sepsis
progression, functioning as APCs that identify pathogens, initiate the immune response, engage
in phagocytosis to eliminate foreign material, and spear inflammation resolution. A dysregulated
balance between proinflammatory (M1-like) and anti-inflammatory (M2-like) macrophages is
present in many inflammatory diseases and identifying strategies to skew their phenotype
towards and anti-inflammatory state, holds significant therapeutic potential. Itaconate (ITA) is a
key metabolite of activated macrophages and is well known to possess immunomodulatory and
cytoprotective properties in inflammatory and infectious diseases and have antimicrobial
properties. Here, we developed itaconate-based polymers and formulated them into
nanoparticles (NPs) to allow for precise intracellular delivery to innate immune cells to mitigate
inflammation, alter macrophage polarization, and improve survival in a lethal mouse model of
LPS-induced endotoxemia.

ITA polymers were synthesized via polycondensation by reacting ITA with 1,10- decanediol and
formulated into NPs using the single emulsion method. Polymers of different molecular weights
were characterized using 1H-NMR and GPC. NPs displayed sizes between 300-500 nm and
negative zeta potentials as determined by dynamic light scattering and nanoparticle tracking
analysis. Bone marrow-derived macrophages were treated with NPs at various concentrations in
the presence or absence of LPS stimulation. Luminex assays showed decreases in inflammatory
cytokines and flow cytometry demonstrated NP treatment induced significant changes in
macrophage phenotype using CD206 as a marker for M2-like and MCHIl was decreased. In
addition, treatment with NPs indicated little toxicity. Prophylactic treatment (i.p. administration;
2 mg) of mice with NPs followed by 20 mg/kg LPS challenge, led to a significant survival
enhancement.

The goal of this research was to create a novel treatment strategy for anti-inflammatory
immunomodulation through alteration of macrophage polarization. Dysfunctional macrophage
polarization is at the crux of many diseases, thus this treatment has the potential to be employed
for the treatment of multiple inflammation-associated diseases and conditions.
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Regulatory T-cells (Tregs) are potent anti-inflammatory immune cells that have been shown to
broadly suppress pro-inflammatory immune cells during tissue injury and regeneration. Muscle-
specific Tregs, a subset of Tregs that are recruited to skeletal muscle injuries, have also been
shown to secrete growth factors that can drive satellite cell differentiation, innervation, and
vascularization. However, Tregs are recruited to severely injured muscles at low frequencies,
resulting in degenerating pro-inflammatory microenvironments and fibrosis. We engineered
injectable, oxidized (degradable by hydrolysis), calcium crosslinked alginate hydrogels to provide
sustained release of interleukin-33 (IL-33), to recruit ST2+ muscle-specific Tregs, or amphiregulin
(AREG), to activate EGFR+ Tregs, for application in treating severe, ischemic muscle injuries. IL-
33 demonstrated strong electrostatic affinity for the alginate hydrogel, as demonstrated by
minimal burst release of the protein and absence of prolonged release of IL-33 by the hydrogel.
Interestingly, incorporation of charged laponite nanodiscs into the hydrogel with IL-33
dramatically increased the burst release of IL-33 and resulted in moderate prolonged release of
IL-33 for over 10 days in vitro. Incorporation of AREG in the alginate hydrogel resulted in
moderate burst release, followed by more sustained release of AREG over 10 days in vitro.
Incorporation of laponite reduced the burst release and rate of release of AREG from the
hydrogel over the course of 10 days. Reducing the calcium crosslinking concentration of the
hydrogel enhanced the rate of release of AREG. On-going and future work will evaluate how IL-
33 or AREG releasing alginate hydrogels can be injected into the ischemic muscles of mice with
severe hindlimb ischemia to 1) locally recruit or activate muscle-specific Tregs and 2) enhance
the innervation, vascularization, and regeneration of the ischemic muscle.
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HDM-Encapsulated PLGA Nanoparticle Mitigates Th2-Mediated Immune Responses in a Model
of House Dust Mite Allergy
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House dust mite (HDM) is one of the prominent causes of indoor aeroallergens affecting
approximately 100 million people worldwide. Untreated allergy to HDM leads to disease
presentations such as atopic dermatitis and asthma. Symptom management of HDM allergies
combine the use of antihistamines, corticosteroids and leukotriene inhibitors, all non-specific
immunomodulators. Allergen specific immunotherapies (AIT) represents an antigen-specific
treatment option to modulate the dysregulated Th2- mediated immune response that
contributes to HDM allergy. However, AlTs require repeated and long-term administration of
HDM extracts, which pose serious side effects to patients such as anaphylactic shock. Polymeric
nanoparticles (NPs) can be used to encapsulate allergenic proteins to provide a safer alternative
to delivery of HDM extracts and provides a therapeutic platform for antigen specific tolerance.
Here, we encapsulated HDM allergens into poly(lactic-co-glycolic acid)-based NPs (PLGA(HDM))
and assessed its efficacy using a clinically relevant mouse model of HDM-induced allergic airway
disease induced by intranasal immunization. We found that intravenous administration of
PLGA(HDM) efficiently suppressed Th2-mediated cytokines such as IL-4, IL-5, and IL-13.
PLGA(HDM) also caused an increase in IFNy as a function of HDM loading, and decreased IL-17A.
Histopathological examination revealed a considerable reduction in inflammation in PLGA(HDM)
treated mice, with significant reduction in eosinophils and macrophages in the lung. Together
these results indicate that PLGA(HDM), without the need for adjuvants, is a potential therapeutic
approach to modulate Th2-mediated immune responses, reduce immune cell infiltration, and
ameliorate airway inflammation in an HDM model of allergic airway disease.
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Lymph node biophysics change during and after inflammation
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The lymph node (LN) is a critical immune tissue whose main function is to coordinate our adaptive
immune response. During infections or other inflammatory challenges, LNs rapidly expand to
withstand the influx of B and T cells through migration and proliferation. During resolution of
the inflammation, the LNs then slowly contract again. We have previously shown that
nanoparticles can be used to assess the mechanical properties of LN extracellular spaces,
including elastic and viscous moduli, and here we used this technology to assess how the
extracellular spaces of LNs change over the course of an inflammatory response. We found that
by day 3 (peak inflammation) nodes have approximately doubled in size and gradually go back to
their original size by day 14 (full resolution). We correlated day 1 to be initial inflammation and
saw average pore sizes to be largest on this day 1030 + 10 (SD) nm, which also exhibited the
largest range of pore sizes 500-8900nm. At peak inflammation (day 3) the LNs also exhibit the
highest elastic (G’) and viscous (G”) moduli (1.33 and 0.94 Pa, respectively) with G’/G” >> 1
indicating that the tissue has a more elastic (solid-like) response. As the inflammatory response
continued to peak inflammation (day 3), pore sizes began to decrease to an average of 880 + 10
(SD) nm, with a range of 500-8700nm. At full resolution (day 14), the node has returned to its
uninflamed size and we found an average pore size of 690 + 2 (SD) nm, with a range of 500-
4150nm. Interestingly, when we compare viscoelasticity and pore size changes in B and T cell
zones, they have similar trends but pore size starts much higher in the B cell zone and does not
return to its original size. Similarly, elastic and loss moduli are both slightly increased at recovery.
Overall our work is the first to assess biophysical changes in the LN during inflammation and
suggests that a single inflammatory course may permanently alter the LN microenvironment.
Future studies include investigating how these changes in LN extracellular mechanical properties
affect cell behavior within the tissue.
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Injectable granular hydrogels enable avidity-controlled biotherapeutic delivery
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Biotherapeutics exhibit excellent target specificity and are used to treat a range of diseases from
cancer to autoimmune dysfunction. Their use benefits from sustained local delivery to
concentrate drugs at the site of action and prolong therapeutic effects. The delivery of multiple
biotherapeutic signals at different rates, such as to recapitulate natural developmental or healing
processes, remains challenging. Here, we develop locally-injectable hydrogels composed of a
supramolecular host, B-cyclodextrin, that undergoes guest-host complexation with guest-
modified proteins to enable their tunable release.

Dextran and B-cyclodextrin were methacrylated by glycidyl methacrylate and co-polymerized
(5mM LAP, 10mW/cm2) to yield hydrogels (G'~15kPa) with a high host concentration. Hydrogels
were processed into microgels (34.016.7um) by extrusion fragmentation and centrifuged to yield
aninjectable granular hydrogel. Bovine serum albumin (BSA, a model biomolecule) and cytokines
were conjugated to guests (adamantane, Ad) via EDC in near-quantitative yield (1-10 Ad:BSA),
with maintenance of guest—host affinity (12.01.81uM, isothermal calorimetry); avidity was
assessed by surface plasmon resonance and release monitored in vitro. The avidity of Ad-BSA
conjugates increased with the extent of guest-modification (kd=1.58x10-4 to 3.95x10-5 1/s).
Guest-modification attenuated burst release (>5-fold) and sustained BSA release for over one
month with release rates inversely related to avidity. Guest-modification of cytokines (IL-10, IL-
4, IFN) did not alter their bioactivity (qPCR, bone marrow-derived macrophages) and enabled
their controlled release (>2-fold less cumulative release, relative to unmodified controls).
Cytokine-loaded hydrogels remained bioactive at the endpoint. Biocompatibility was assessed in
healthy BalbC mice (15uL kidney subcapsular injection) relative to saline injection controls;
kidney function was assessed (transdermal glomerular filtration rate, blood urea nitrogen, and
serum creatinine) over 28 days. Hydrogel injection did not negatively impact kidney function. In
sum, the bioconjugation proceeds under mild conditions, maintains therapeutic bioactivity, and
is therefore applicable to a range of biotherapeutics (e.g., chemokines, cytokines, and antibodies)
that may benefit from sustained local delivery, including for tissue repair following acute kidney
injury.
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Therapeutic macrophage activation using RNA-lipid nanoparticles in metastatic ovarian cancer
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Inhibiting checkpoints of T cell activation has proven therapeutic efficacy, however only a
minority of patients respond. Macrophages, the predominant immune cell in many solid tumors,
are potent immunosuppressors. Here, we hypothesized that siRNA-driven checkpoint silencing
in macrophages would (i) promote their activation, (ii) enhance cancer phagocytosis and (iii)
antigen presentation, to ultimately promote a therapeutic antitumor T cell response.

siRNA was designed in silico to silence a macrophage phagocytosis-checkpoint, and siRNAs with
various sequences and methylation patterns were screened in vitro to assess silencing efficiency
(gPCR). Lipid nanoparticles (LNPs) were formulated with a novel, biodegradable, ionizable lipid,
and LNPs screened to optimize macrophage transfection. Protein-level silencing of the
phagocytosis-checkpoint, and macrophage phenotype, were quantified using flow cytometry.

Results: Optimized siRNA-LNPs allowed high levels of silencing (~90%) in peritoneal macrophages
following low-dose (0.01 mg/kg), intraperitoneal, administration. The novel siRNA-LNPs
demonstrated macrophage-tropism in vivo, with uptake mediated by clathrin-mediated
endocytosis and macropinocytosis, independent of ApoE and LDLR. siRNA-LNP driven silencing
shifted murine and primary human macrophages towards an immunostimulatory phenotype, in
vivo and ex vivo, respectively; and, compared to antibody-based checkpoint-blocking, minimized
counterproductive mutual phagocytosis (macrophage-macrophage attack triggered by antibody-
opsonization). siRNA-driven macrophage-checkpoint silencing was synergistic with cancer-
opsonizing antibody therapy, the combination yielding ~70% cancer phagocytosis vs <10%
phagocytosis by cells lacking either opsonizing-treatment or siRNA-silencing, ex vivo. Following
macrophage coculture with ovalbumin-expressing melanoma cells, siRNA-LNP lead to a 2-fold
increase in MHCI cross-presentation of the ovalbumin antigen. Ultimately, in a murine model of
peritoneal metastasized ovarian cancer, intraperitoneal administration of siRNA-LNP + a cancer
opsonizing-antibody significantly prolonged survival. Administration of siRNA-LNP with standard
chemotherapy, significantly slowed tumor growth even following treatment cessation. The
slowed growth was concomitant with increases in effector memory CD4 and CD8 T cells. These
data demonstrate that siRNA-LNP elicits potent checkpoint silencing in macrophages, and that
such macrophage activation ultimately drives the development of antitumor adaptive immunity.
Together this data indicate that RNA-LNPs, and innate immune checkpoint inhibition, are
promising platforms for cancer immunotherapy.
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MECHANOCHROMIC POLYURETHANE SHAPE MEMORY POLYMERS FOR INFECTION
SURVELLANCE IN CHRONIC WOUNDS
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Background: Chronic wounds are difficult to resolve due to a combination of impaired wound
physiology and bacterial infections. To that end, our lab developed a polyurethane (PUR) shape
memory polymer that changes shape in the presence of bacteria to aid in infection surveillance
in chronic wounds. To improve this capability, this study explores the incorporation of spiropyran
(SP) mechanophores into PURs. These chromogenic compounds reversibly generate optical
variations in fluorescence and color in response to external stimuli (such as force or light), due to
the conversion of the closed SP structure to the corresponding open merocyanine (MC) structure,
thereby acting as molecular force sensors. We hypothesize that SP-containing PUR (PUR/SP)
wound dressings could be designed to undergo simultaneous shape and color changes in the
presence of bacteria to enhance visible detection of infected wounds.

Methods: To incorporate SP, 0.31, 0.63, 1.25 and 2.5 mg of SP were dissolved in a solution of our
control PUR in chloroform. The solutions were poured into Teflon dishes, and the solvent was
evaporated, leaving PUR/SP films. Films were exposed to visible light for 48 hours. Rectangular
samples were cut from the films and heated in an isothermal oven, strained, and cooled. A second
set of samples was irradiated with UV light for 24 hours. After imaging on the bench, under
fluorescence, and under UV, samples were heated to recover their original shapes and imaged
again. Dog bones were cut from films and exposed to tensile force (2 mm/min strain rate) with a
24 N load cell with imaging before/after.

Results: Strained samples and samples irradiated by UV light showed a visible color change from
red to yellow-brown. In addition, these samples showed increased fluorescence. Thus,
application of UV light or force to PUR/SP films resulted in conversion between the red SP and
yellow-brown MC forms of the mechanophore. Upon exposure to visible light, there was a
conversion back to the original SP form.

Conclusions: Current work is focused on incorporating SP into our bacteria-responsive PUR to act
as a molecular force probe, providing color-based surveillance of infection for future use in
chronic wound dressings.
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Flexible Electronics as a Companion Digital Diagnostic for Dysphagia: Needs Assessment Drives
Novel Polymeric Nanocomposites for Surface Stimulation Applications
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Dysphagia, or difficulty in swallowing, can result from different etiologies such as stroke,
neuromuscular disorders, including myasthenia gravis and amyotrophic lateral sclerosis, blunt
force trauma, or extrinsic compression of the esophagus. Diagnosed patients deal with financial
strain, with individuals having to spend more than $6,000 on average compared to the general
patient population, due to factors such as longer length of stay, and additional diagnostic testing
and treatment. Patients with dysphagia are at an extreme health risk as dysphagia can result in
other conditions such as aspiration and malnutrition. Current clinical therapies consist of dietary
modifications, postural adjustments, and resistance-based exercises. Neuromuscular
electrostimulation (NMES) provides rapid treatment that promotes neuroplasticity,
angiogenesis, and skeletal muscle hypertrophy and repair through tetanic muscle contraction.
However, gaps in NMES treatment, including homogenization of procedures, such as determining
optimal electrode placement, electrical frequency, and intensity, present clinical challenges,
consisting of skin irritation, risk of erythema, and non-specific cathodal vasodilation. Despite
standard-of-care commercial devices utilizing NMES, there remains an unmet engineering need
for the development of soft flexible wearable electroceutical devices that facilitate delivery of
electroceutical therapy for long-term applications. The development of flexible electrodes with
low through thickness impedance, necessary biocompatibility, and long-term adhesion are
required to address current short comings. This study focuses on the development of a platform
electrode for applications warranting electroceutical therapy. Herein this poster evaluates the
structure property relationship of a polymeric nanocomposite for surface stimulation
applications towards treating dysphagia. This work will present preliminary results from this
development with a key focus on correlating clinical needs to benchtop experimental design.
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Hands-on Engineering Exercises Positively Impact Student Learning in Nanotechnology
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The 'Nanoengineering and Nanomedicine course at Brown University focuses on teaching new
developments in the field of nanotechnology for biomedical applications, ranging from drug
delivery to diagnostics. The goal is for students to understand and critically analyze state-of-the-
art research in this field, and gain exposure to tools and methods used in nanomaterials
fabrication and characterization. This study aimed to determine whether coupling of hands-on
laboratory experiments in nanofabrication and characterization with traditional classroom-based
learning approaches (e.g., lectures, homework, exams, discussion) in this course, would support
student understanding of lipid-based nanomaterials. The Fall 2023 cohort consisted of 26
biomedical engineering students (8 engineering undergraduates, 14 Master of Science graduate
students, and 4 Doctor of Philosophy graduate students). Undergraduate and graduate students
were divided into four groups (6-7 students per group). Two of these groups fabricated and
characterized liposomes using the thin film hydration approach and extrusion, followed by the
use of dynamic light scattering to examine hydrodynamic size. The remaining two groups
monitored and characterized lipid bilayer formation using quartz crystal microbalance with
dissipation monitoring (QCM-D). Students were assigned three surveys (pre-laboratory, post-
laboratory, and post-laboratory report) to assess the effectiveness of combining hands-on
experiences with lecture-based learning modalities. A comparison of the pre-and post-laboratory
surveys revealed an overall positive increase in understanding of liposome fabrication and QCM-
D as a characterization tool for in situ bilayer formation across all educational levels, indicating
that the laboratory exercises enhanced student understanding of these nanoengineering
concepts. Furthermore, preparation of the laboratory report following the hands-on experiments
aided student learning of key nanotechnology concepts introduced in the experiments and
deepened their understanding beyond what was achieved through participation in the lab
exercises alone.
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Towards developing optimal hyper-elastic liposomes for drug delivery: Combined molecular
simulation and experimental studies

Francisco Hung, Northeastern University, Jiaming Xu (1), xu.jam@northeastern.edu
Vyshnavi Karra (1), karra.v@northeastern.edu
Stephen Adepoju (1), adepoju.st@northeastern.edu
Simran Pandey (1), pandey.sim@northeastern.edu
Mary Williams (1), williams.mar@northeastern.edu
Jimena Perez Tetuan (2), pereztetuan.j@northeastern.edu
Francisco Hung (1), f.hung@northeastern.edu
Rudolf Abdelmessih (1), abdelmessih.r@northeastern.edu
Danielle Large (2), large.d@northeastern.edu
Debra Auguste (1,2), d.auguste@northeastern.edu
(1) Department of Chemical Engineering, Northeastern University
(2) Department of Bioengineering, Northeastern University

Liposomes have gained prominence in drug delivery due to their enhanced therapeutic
outcomes, biocompatibility, and ability to bolster drug stability, amplify solubility, and facilitate
controlled release. In cancer research, however, the challenge of enhancing drug delivery efficacy
to tumor sites remains a central topic. While the effects of properties such as liposome size,
shape and surface charge on drug delivery applications have been widely studied, mechanical
properties such as liposome elasticity and rigidity remain significantly underexplored. Results
from a recent experimental study (1) indicate that elastic liposomes made of DOPC (1,2-dioleoyl-
sn-glycero-3-phosphocholine), where their stiffness was modulated by fillers inside the
liposomes, had increased uptake by human breast cancer cells in vitro, and had significantly
larger tumor accumulation in vivo compared to more rigid liposomes. It was proposed that soft
liposomes can squeeze through pores and penetrate fibrous tissue, bind surface receptors, and
enter cells primarily by fusion with their membranes, whereas more rigid liposomes would be
taken up primarily by cell endocytosis. These results suggest that liposome elasticity can be
optimally tuned to enhance drug delivery in cancer treatment. In this talk we will provide an
overview of our recent (2,3) and ongoing combined simulation-experimental studies, which
aimed at fundamentally understanding how the mechanical properties of the liposomes are
affected by variables such as the molecular structure of the lipids (tails, headgroups), the
composition of the liposome, and the presence of embedded hydrophobic drugs.

(1) Guo, P.; Liu, D.; Subramanyam, K.; Wang, B.; Yang, J.; Huang, J.; Auguste, D. T.; Moses, M. A.
Nanoparticle Elasticity Directs Tumor Uptake. Nat. Commun. 2018, 9 (1), 130.
https://doi.org/10.1038/s41467-017-02588-9.



(2) Xu, J.; Karra, V.; Large, D. E.; Auguste, D. T.; Hung, F. R. Understanding the Mechanical
Properties of Ultradeformable Liposomes Using Molecular Dynamics Simulations. J. Phys. Chem.
B 2023, 127 (44), 9496—9512. https://doi.org/10.1021/acs.jpcb.3c04386.

(3) Abdelmessih, R. G.; Xu, J.; Hung, F. R.; Auguste, D. T. Integration of an LPAR1 Antagonist into
Liposomes Enhances Their Internalization and Tumor Accumulation in an Animal Model of
Human Metastatic Breast Cancer. Mol. Pharm. 2023, 20 (11), 5500-5514.
https://doi.org/10.1021/acs.molpharmaceut.3c00348.
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Rapid Fire #: 1

Comparison of Sterilization Methods on Biomarker Libraries of Dehydrated Placenta Membrane
Products: E-beam vs Supercritical CO2

Mora Melican, Tides Medical
Olivia Logan BS, Babak Safavieh PhD, Isabella Sledge MD

Introduction: Human Amniotic Membrane (hAM) is a valuable biomaterial utilized for wound coverage in
various clinical settings. Dehydration is a common processing step to ensure product stability and shelf
life. Two widely used dehydrated membrane products, Artacent Wound® and Artacent Wound Pro®, are
terminally sterilized using different methods, namely E-beam and Supercritical CO2, respectively. This
study aims to characterize and compare the protein content and biomarker libraries of these products.

Methods: Total protein content, SDS-Page Gel analysis, and Microarray techniques were employed to
assess protein composition in Artacent Wound® and Artacent Wound Pro®. Additionally, biomarkers and
cytokines were categorized into angiogenic, immune-modulating, and regenerative aspects for
comprehensive analysis.

Results: Analysis of protein content and biomarker libraries revealed differences between Artacent
Wound® and Artacent Wound Pro®. While both products exhibited distinct protein profiles, variations in
biomarker composition were observed, particularly in angiogenic, immune-modulating, and regenerative
biomolecules. The sterilization method appeared to influence the retention of specific biomarkers and
cytokines within the hAM products.

Conclusion: This study provides valuable insights into the impact of sterilization techniques on the protein
content and biomarker libraries of dehydrated placenta membrane products used in wound coverings.
Understanding the effect of sterilization methods on biomarker retention is essential for optimizing the
clinical efficacy of hAM products and advancing wound care strategies. Further investigation is warranted
to elucidate the underlying mechanisms and refine sterilization protocols for enhanced biomarker
preservation in hAM-based therapies.



Rapid Fire #: 2
Collective Transitions from Orbiting to Matrix Invasion in 3D Multicellular Spheroids
Jiwon Kim, Brown University

Jiwon Kim (jiwon_kiml@brown.edu),1* Alex Hruska (alex_hruska@brown.edu),1 Alejandro Marzoratti
(alejandro_marzoratti@alumni.brown.edu),1 Hyuntae Jeong (hyeontae_jeong@brown.edu),1 and lan Y.
Wong (ian_wong@brown.edu)1t

1 School of Engineering, Brown University, Providence, RI, 02912

Epithelial morphogenesis is governed by the dynamic reciprocity between groups of cells and the
extracellular matrix, but this emergent phenomenon remains poorly understood. Here, we utilize live cell
confocal microscopy to simultaneously interrogate collective cell migration and matrix deformation in 3D
biomaterials. Remarkably, we show that multicellular spheroids of mammary epithelial cells exhibit highly
coordinated circumferential orbiting, which transitions towards invasive strands oriented radially as the
biomaterial is progressively remodeled. Intriguingly, the initial morphology of the multicellular spheroid
also exhibits geometric alterations that are predictive of subsequent invasion. We further show these
morphological dynamics can be linked to spatially non-uniform tractions within the biomaterial. Finally,
we physically and biochemically perturb these collective dynamics to gain mechanistic insight into the
underlying processes. Overall, this work establishes design principles for how epithelial tissues can be
shaped by biomaterials to model development and disease.



Rapid Fire #: 3
Development of Multi-Drug Resistant Tumor Model Using 3D-Hydrogel Matrices
Ira Hysi, Northeastern University
Aditya Banga, Deeksha Diwan, Venus Sahu, Mansoor Amiji, Lara Milane

A major contributor of poor patient prognosis in cancer, including ovarian cancer, is the development of
disease relapse and resistance to chemotherapy. The clinical manifestation of therapeutic resistance
occurs through multiple pathways and is termed multi-drug resistance or MDR To develop a model of
MDR tumors in vitro, we have used human ovarian cancer cell line (SKOV-3) and evaluated their response
to stress introduced by overlaying hydrogels with different thickness. The hydrogel layer was manually
added above adherent SKOV-3 cells using a syringe to make our model biomimetic to the tumor
microenvironment, while maintaining cell viability. The hydrogel was composed of 10% gelatin
methacrylate (GelMA) and 1% gellan gum for enhanced viscosity and was ionically crosslinked by
submersion in a calcium chloride solution for improved structural integrity. The hydrogel underwent
resistance tests to examine its shear stress limits and swelling tests to calculate the crosslinking density
for a range of crosslinking solution concentrations and duration. To investigate the mechanical effects of
hydrogel on the cell layer, the cells were stained with f-actin and imaged to detect cell stress. Diffusion
tests were also conducted to evaluate the diffusion of oxygen through the hydrogel layer to the cells as
validation of the hydrogel-induced hypoxia. Furthermore, the hydrogel-based model aims to draw
parallels with other hypoxic related work, a condition of low oxygen concentration facilitating reactions
within mitochondrial networks that promote tumor survival and progression. The results of the
Mitochondrial Network Analysis (MiNA) showed an increase in mitochondrial expression as the cells’
response to the introduction of a hypoxic microenvironment, mimicking the response demonstrated by
in vivo models and reflecting the effectiveness of the in vitro model. Thus, this affordable and accessible
model by application of hydrogels can help scientists better understand the development of MDR and
response to therapy in different tumor models



Rapid Fire #: 4

Leveraging synthetic polyurethanes for the modulation of bacterial surface motility and physiological
behaviors

Zixi Chen, The University of Akron
Apoorva Vishwakarma, The University of Akron, avl02@uakron.edu
Abraham Joy, Northeastern University, a.joy@northeastern.edu

Modulating bacteria surface behavior can increase the efficiency of industrial biomanufacturing and
clinical therapies. While genetic engineering methods have been extensively applied to manipulate
microorganisms for supporting engineering living materials, there is only nascent research on the use of
chemical approaches to modulate bacterial behavior. Here, we report a straightforward and simple
approach to modulate bacteria’s surface motility and physiological behaviors via a platform of
biosurfactant mimetic and water-soluble polyurethanes. Our results showed that -COOH-containing
polyurethanes significantly promoted the swarming and twitching area of P. aeruginosa PAO1 by 17-fold
and 80-fold, respectively. Conversely, the polymer with -NH2 functional groups restricted the swarming
area of P. aeruginosa by 58%. This modulation of bacterial motility results from the synergistic regulatory
effects of the polyurethane platform on surface wetting, bacteria proliferation, and the production of the
second messenger cyclic di-GMP. Moreover, we found a 4-fold increase in the production of the
extracellular polymeric substance (EPS) yield in the presence of -COOH-containing polyurethane. Taken
together, combining the inhibitory effect of P4-NH2 and the pro-motility effect of P2-COOH, we
successfully achieved selective bacterial migration on agar to generate the desired bacterial migration
pattern over time. Therefore, this novel biosurfactant-mimetic polyurethane platform emerges as a
simple means of controlling microbial systems as well as enhancing the downstream effects of EPS
production.



Rapid Fire #: 5

Quantifying Donor-Dependent Morphological and Functional Differences in Primary Human Muscle
Cultures

Brandon Rios, Massachusetts Institute of Technology
Sonika Kohli, Penn State, sonika@mit.edu

Engineering in vitro platforms enable high-throughput modeling of living systems and are prevalent in
efforts to discover and test therapies for diseases. Many in vitro models of skeletal muscle rely on
immortalized murine cell lines that do not always generate accurate models of native tissue. Using primary
muscle cells from human donors could thus provide a more accurate method of engineering tissues that
model native architecture and function. However, the long-standing issue of inter-patient variability in
modeling and treatment of diseases remains an issue for in vitro systems derived from primary muscle
cells. There is thus a strong need to first characterize inter-patient differences in the morphology and
function of engineered muscle derived from primary cells before attempting to model and/or treat any
system or disease. To our knowledge, a detailed description of donor variability contributions to the
morphology and function of human skeletal muscle tissue has not been investigated. We have conducted
a thorough analysis of diverse donors that span the age and health spectrum to establish how much
functional variability can be attributed to normal inter-donor variability versus specific contributions due
to pathology. Our database enables us to make quantitative comparisons of muscle fiber type, length,
width, fusion index, and frequency-dependent force generation capacity across many individuals. Unlike
iPS-derived models, which often lack the maturity of native tissue and are largely suited to modeling
diseases of known genetic origin, our database enables quantifying, for the first time, the functional
impact of disease with unknown or multivariate causes that affect aging adults. We show, for example,
that our database enables benchmarking muscle health and strength for patients with amyotrophic lateral
sclerosis (ALS) as compared to an array of healthy age-matched controls. Our research will provide novel
methods and open-source databases that enable benchmarking human muscle cultures for mechanistic
studies of human disease and high-throughput drug testing.



Rapid Fire #: 6
Comparison between rodent and human heart chips’ response to dosed pharmaceuticals
Nolan Burson, Northeastern University

Nolan Burson, Northeastern University, Department of Chemical Engineering,
burson.n@northeastern.edu

Ryan Koppes, Northeastern University, Department of Chemical Engineering,
r.koppes@northeastern.edu

Cardiovascular disease is the leading cause of death in the Western world, with 931 578 deaths in the US
during 2021. Furthermore, pharmaceuticals designed to manage cardiovascular disease have the lowest
likelihood of FDA approval based on leading indications during Phase 1 testing. There is a need for
cardiovascular pharmaceuticals; however, based on the Phase 1 data, there are issues with the animal
models used to develop these pharmaceuticals. An alternative model is a microfluidic platform known as
Organs-on-a-chip (OOC). This in vitro platform leverages a three-dimensional culture space,
heterogeneous cell population, and biophysical stimuli to mimic in vivo conditions and features. We have
previously developed and validated a heart chip of isolated rat cardiomyocytes and sympathetic neurons.
Recent work has led to creating a humanized model consisting of human stem cell-derived
cardiomyocytes. The rodent and human heart chip was used to screen the effects of epinephrine,
milirone, and isoproterenol and determine the adverse effects of the listed compounds. We used video
edge capture to determine the cardiomyocytes' beat rate, contractility force, and synchronicity before
and after dosing with the pharmaceuticals. The results show that each system behaves similarly to the
reported effects of each compound. Further work towards an innervated human heart chip and more
complex pharmaceuticals can highlight the species differences in the two systems. Success in a human in
vitro heart model can aid in the development of novel cardiovascular drugs, leading to a reduction in
death and an increase in approved medications.



Rapid Fire #: 7

Injectable Synthetic Platelet-Based Therapy Enhances Healing Potential in Stem Cells Delivered for Joint
Injuries

Melika Osareh, North Carolina State University

Melika Osareh - Joint Department of Biomedical Engineering, North Carolina State University/The
University of North Carolina — Chapel Hill, Raleigh, NC ; Comparative Medicine Institute, North Carolina
State University - Raleigh, NC; mosareh@ncsu.edu

Grant Scull - Joint Department of Biomedical Engineering, North Carolina State University/The
University of North Carolina — Chapel Hill, Raleigh, NC ; Comparative Medicine Institute, North Carolina
State University - Raleigh, NC; gmscull@ncsu.edu

Jacob Thompson - Joint Department of Biomedical Engineering, North Carolina State University/The
University of North Carolina — Chapel Hill, Raleigh, NC ; Comparative Medicine Institute, North Carolina
State University - Raleigh, NC; jdthomp5@ncsu.edu

Ysabel Rey - Joint Department of Biomedical Engineering, North Carolina State University/The
University of North Carolina — Chapel Hill, Raleigh, NC; ysrey@ncsu.edu

Sofie Finkelstein - Joint Department of Biomedical Engineering, North Carolina State University/The
University of North Carolina — Chapel Hill, Raleigh, NC; sifinkel@ncsu.edu

Chloe Davis - Joint Department of Biomedical Engineering, North Carolina State University/The
University of North Carolina — Chapel Hill, Raleigh, NC; ckdavis3@ncsu.edu

Dr. Matthew Fisher - Joint Department of Biomedical Engineering, North Carolina State University/The
University of North Carolina — Chapel Hill, Raleigh, NC ; Comparative Medicine Institute, North Carolina
State University - Raleigh, NC; mbfisher@ncsu.edu

Dr. Ashley Brown - Joint Department of Biomedical Engineering, North Carolina State University/The
University of North Carolina — Chapel Hill, Raleigh, NC ; Comparative Medicine Institute, North Carolina
State University - Raleigh, NC; aecarso2@ncsu.edu

Anterior cruciate ligament (ACL) injuries can occur due to sports or other activities and constitute a major
clinical problem worldwide. While extra-articular injuries of the joint are able to heal, intra-articular
injuries, such as ACL injuries, have a limited healing capacity. This is believed to be due, in part, to the
proteolytic environment of the synovial fluid (SF) with a high clearance rate surrounding the ligament and
the low presence of necessary clotting factors such as fibrinogen and thrombin, which hinders the healing
process by not allowing fibrin scaffolds to form. For the same reason, therapeutics aiming to use
mesenchymal stem cells (MSCs) for promoting intraarticular healing and joint cartilage regeneration, for
example in the case of early term osteoarthritis, suffer from lack of cell persistence in the area. In previous
studies, platelet-like-particles (PLPs), designed to mimic activated platelets, have successfully established
stable formation of a fibrin matrix in synovial fluid from injured joints. A PLP-enhanced fibrin clot could be
an effective delivery system for MSCs to the joint area. This study tests MSC activity within PLP-enhanced
fibrin clots. Activity was determined by incorporating bovine fetal MSCs within fibrin clots +/- PLPs and
assessing cell viability, cell migration, and exosome release and uptake. The presence of exosomes is



believed to enhance healing through delivery of healing cytokines, proteins, and by promoting signals for
recruitment of further healing factors. PLP-enhanced clots induced higher cell viability and retention, and
significantly higher concentrations of released exosomes relative to non-PLP-driven exosomes. These
findings underscore the potential of PLPs in promoting further stages of healing beyond clot stability, to
allow enhanced MSC activity for remodeling of tissue. The study provides valuable insights into the
application of PLP-enhanced fibrin-based injectable therapeutics for successful delivery of MSCs to intra-
articular injuries and early term osteoarthritis.



Rapid Fire #: 8
Hybrid LNP prime dendritic cells for nucleotide delivery
RIDDHA DAS, Massachusetts General Hospital, Harvard Medical School

Riddha Das, Elias A. Halabi, Ina Fredrich, Juhyun Oh, Hannah M. Peterson, Xinying Ge, Ella Scott, Rainer
Kohler, Christopher S. Garris, Ralph Weissleder*

Center for Systems Biology, Massachusetts General Hospital, 185 Cambridge St, CPZN 5206, Boston, MA
02114

Efficient activation of professional antigen-presenting cells—such as dendritic cells (DC)—in tumors and
lymph nodes is critical for the design of next-generation cancer vaccines and may be able to provide anti-
tumor effects by itself through immune stimulation. The challenge is to stimulate these cells without
causing excessive toxicity. We hypothesized that a multi-pronged combinatorial approach to DC
stimulation would allow dose reductions of innate immune receptor-stimulating agonists while enhancing
drug efficacy. To achieve this goal, we developed a hybrid lipid nanoparticle (LNP) platform featuring
“nanoparticle-in-a-nanoparticle” design that contains i) a toll like receptor (TLR) agonist poly I:C and ii) a
second nanoparticle based on cyclodextrin as a “sponge” for encapsulating small molecule therapeutics
to enhance DC stimulation. We show that a single dose of hybrid LNPs alone, effectively eradicate tumors,
and generated long-lasting, durable anti-tumor immunity in mouse models. This approach lead to vastly
enhanced efficacy over LNP/TLR3 alone while showing negligible toxicity at pharmacological
concentration.



Rapid Fire #: 9
Macrophage-targeted drug delivery for systemic and local immune modulation
Christopher Rodell, Drexel University
Shreya S. Soni (sss397 @drexel.edu)
Mrinal Patel (mrinal.patel@pennmedicine.upenn.edu)
Arielle D'Elia (amd579@drexel.edu)
Pavan Atluri, M.D. (pavan.atluri@pennmedicine.upenn.edu)
Christopher B. Rodell, Ph.D. (cbr58 @drexel.edu)

Macrophages (MF) are mediators of the immune microenvironment that span diverse behaviors, ranging
from prototypical inflammatory (M1-like) to pro-healing (M2-like) phenotypes. While small-molecule
drugs are available to treat many diseases by modulating MF behavior, their efficacy remains limited by a
poor understanding of which drugs can promote desirable MF cell-state transitions and inadequate drug
pharmacokinetics (poor solubility, non-specific cell uptake, rapid blood clearance, and off-target effects).
Biomaterial-based drug delivery systems enable cell- and tissue-targeting strategies to overcome these
challenges. Furthermore, the recognition of drugs by macrocyclic hosts provides a readily adaptable
method to encapsulate a variety of therapeutics for delivery, including within soluble nanoparticles (for
systemic cell-targeted therapies) or injectable hydrogels (for local applications, such as focal tissue injury).
This talk will discuss two applications of these systems, which include in the context of cancer
immunotherapy and the prevention of post-ischemic heart failure.

Tumor-associated macrophages (TAMs) are abundant in solid cancers, assuming a pro-angiogenic and
immunosuppressive M2-like phenotype that supports tumor growth and immune escape. Recent
methods have focused on identifying therapeutic drugs that re-polarize TAMs to a tumor-destructive M1-
like phenotype. Through high-content screening and gPCR analysis in primary murine and human cells,
we identified a drug (R848) that potently induced a tumor-destructive state (IC50=7.2nM). Cyclodextrin
nanoparticles (CDNPs) were prepared by crosslinking cyclodextrin with lysine. Drug-loaded CDNPs (CDNP-
R848, >10%w/w drug loading) accumulated in tumors by MF-specific update and eradicated tumors in
multiple models (MC38, GI261). Treatment synergized with frontline anti-PD1 checkpoint therapy.

In contrast, tissue injuries such as myocardial infarction are characterized by exuberant local
inflammation. We therefore developed hydrogels composed of CDNPs crosslinked by polymer-
nanoparticle interactions. The hydrogels are shear-thinning for ease of injection and self-healing for local
retention. Through cell-reporter assays, we identified celastrol’s ability to induce a pro-healing MF state
(1C50<100nM). Hydrogels released CDNP-celastrol for >14 days with >80% inhibition of inflammatory
response. In a murine model of ischemia-reperfusion injury, targeted delivery of celastrol prevented left-
ventricular remodeling and preserved heart function. In sum, small-molecules can potently modulate MF
phenotype and their therapeutic efficacy is improved through cell- and tissue-targeted delivery to aid
clinical translation.



Rapid Fire #: 10
Targeted delivery of nanoparticles to hematopoietic stem cells
Tamara Dacoba, MIT
Tamara Dacoba, MIT, tdacoba@mit.edu
Namita Nabar, MIT, nnabar@mit.edu
Paula Hammond, MIT, hammond@mit.edu

Drug delivery strategies based on nanoparticles (NPs) have significantly advanced the therapeutic
landscape in the recent years. Layer-by-layer (LbL) NPs can deliver a great variety of drug cargos allowing
tunable biodistributions. Genetic blood disorders have posed an important therapeutic challenge, where
so far only ex vivo cell therapies have resulted in effective cures. Although promising, these strategies
carry high production and implementation costs, limiting the accessibility in areas and populations of
higher incidence. The ability to reach hematopoietic stem and progenitor cells (HSPCs) in vivo would
contribute to advancing the field toward more translatable and accessible treatments. This work aimed
at evaluating the potential of the LbL platform to develop a targeted NP system that can direct therapies
to HSPCs in vivo.

Given the low numbers of HSPCs in vivo, a highly specific targeting system will increase its efficacy. We
first hypothesized that we could leverage the modularity of LbL NPs to decrease unwanted interactions
with circulating cells by rationally selecting the outer layer. We compared three different outer layers and
observed that some of them associated more with myeloid cells, and even T cells, while Layerl stood out
as the most inert surface. We then used this polymer as a scaffold to conjugate different HSPC-targeting
antibodies (Abs) to. In vitro studies in mouse progenitor cells demonstrated different NP uptake and
trafficking patterns depending on the Ab, with two outstanding leading candidates. Interestingly, in vivo
studies of these Ab-LbL NPs pointed to an alternative and understudied candidate (Ab5) as the one with
the highest HSC targeting in vivo, suggesting the role of other physiological parameters not recapitulated
in vitro. We further confirmed the translatability of targeting this receptor to human HSPCs (CD34+ cells)
in vitro, showing an enhanced cell uptake over the non-targeted formulations.

In conclusion, we have designed a drug delivery platform based on the LbL assembly and engineered it to
decrease unspecific interactions with circulating blood cells, while targeting HSPCs in vivo.



Rapid Fire #: 11
Enzyme-responsive hydrogel tissue expanders for guiding facial growth in microphthalmia patients
Stephanie Fung, Children's Hospital of Philadelphia
William R. Katowitz, Children's Hospital of Philadelphia, katowitzw@chop.edu
James A. Katowitz, Children's Hospital of Philadelphia, katowitz@chop.edu
Riccardo Gottardi, Children's Hospital of Philadelphia & University of Pennsylvania, gottardir@chop.edu

Microphthalmia and anophthalmia, conditions where a child is born with at least one abnormally small or
missing eyeball, results in abnormal facial development. A current standard of care is a hydrogel-based
osmotic expander that mimics the missing or underdeveloped eyeball to guide bone and soft tissue
expansion in the orbital socket. One challenge with these devices is a rapid initial rate of expansion, which
can lead to inflammation of the surrounding tissue. To overcome this limitation, we created a library of
hydrogel compositions in combination with an enzyme-responsive interpenetrating network (IPN) of
chitosan to control the rate and extent of swelling. Chitosan is degraded by lysozyme, an enzyme that
occurs naturally in tears. The IPN was designed to control the initial rate of expansion, and enzymatic
degradation of the network would result in a linear rate of swelling. Hydrogels with varying ratios of
methyl methacrylate, n-vinyl pyrrolidone, and crosslinker were synthesized via bulk free radical
polymerization. Saponification was used to generate an ionic hydrogel. Dried hydrogels were swollen in
an acidic solution of chitosan, then incubated in an aqueous solution of genipin to induce crosslinking. To
guantify composition-dependent swelling, gels were incubated in saline at 37C under constant shaking.
For swelling of gels with IPNs, gels were incubated in PBS or PBS with lysozyme at physiological
concentrations. Swelling potential of the base hydrogel was controlled by monomer and initiator
percentage and degree of ionization. The chitosan IPN degraded over time in the presence of lysozyme,
leading to a linear, enzyme- and crosslinker concentration-dependent increase in hydrogel swelling over
time. Preliminary data from subcutaneous implantation of the hydrogels in rats demonstrate translation
of composition-driven swelling behavior from in vitro to in vivo, thus validating the utility of these
hydrogels as tissue expanders for a range of applications.



Rapid Fire #: 12
A Sprayable Hydrogel-Based Wound Dressing for Burn Treatment

Mert Gezek, UMass Lowell, Mine Altunbek1, Mert Gezek1,2*, Gulden Camci-Unall,3
1Department of Chemical Engineering, University of Massachusetts Lowell, 1 University Avenue, Lowell,
MA, 01854, USA, 2Biomedical Engineering and Biotechnology Program, University of Massachusetts
Lowell, 1 University Avenue, Lowell, MA, 01854, USA, 3Department of Surgery, University of
Massachusetts Medical School, 55 Lake Avenue North, Worcester, MA, 01605, USA
mine altunbek@uml.edu, Mert Gezek@student.uml.edu, gulden camciunal@uml.edu

Second- and third-degree burns cause severe skin damage which cannot be regenerated without medical
attention. The treatment of these wounds is challenging since the irregular size and depth, location,
inflammation, reactive oxygen species production, microbial invasion, and ischemic condition can hinder
the healing. The limited oxygen supply and infection in the wound area are critical for the wound-healing
process. Hydrogel-based dressings are promising for these types of wounds by presenting multiple
functions for the treatment.

A hydrogel-based wound dressing containing hyaluronic acid and gelatin was developed to maintain
homeostasis in the wound microenvironment and promote regeneration by enhancing cell migration and
proliferation. HAMA and GelMA enable controllable photocrosslinking and form a durable hydrogel on
the wound surface. A sprayable formulation was assessed for their easy administration in situ. GelMA
precursor solution within a range of 5-15 % (w/v) was evaluated to have a sprayable formulation using
different types of spray bottles. An ex vivo pig skin model was used to demonstrate sprayability of
precursor solution and formation of stable hydrogel after administration. HAMA (1% w/v) was added into
the precursor solution to provide elasticity and structural strength to the dressing. Calcium peroxide was
also added to provide self-oxygenation and antibacterial properties. Various concentrations of CaO2 were
added to the determined precursor solution. The composite hydrogels were characterized based on their
mechanical, swelling, oxygen-releasing, and antibacterial properties.

A composite hydrogel with 10 % GelMA and 1 % HAMA was found as a sprayable formulation. Mechanical
and swelling behaviors exhibited typical characteristics of hydrogel-based wound dressings, aiding in
maintaining wound area homeostasis and absorbing exudates. Ca02 decomposition provided oxygen,
particularly at concentrations of at least 12 mg/mL for up to two weeks in vitro. The released oxygen
relieved metabolic stress in fibroblasts and reduced cell death under hypoxia. Furthermore, the zone of
inhibition test showed that the composite hydrogel-based dressing exhibited antibacterial properties
against common wound infectious bacteria including P.aeruginosa and S.aureus. The effective activity
changed depending on the concentration of Ca02.

Overall, developed multifunctional sprayable hydrogel is self-oxygenating and antibacterial, enhancing
wound healing and skin regeneration for second- and third-degree burns.
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Rapid Fire #: 13
Photocurable citrate-based elastomers for tissue engineering
Ni Chen, Worcester Polytechnic Institute
Ni Chen, Worcester Polytechnic Institute, nchen5@wpi.edu
Yonghui Ding, Worcester Polytechnic Institute, yding7 @wpi.edu

Biodegradable citrate-based polymers (CBPs) have emerged as a distinctive biomaterial platform with
significant potential for various biomedical applications, including regenerative engineering. The highly
versatile mechanical properties, which can be tailored to match surrounding tissues, are crucial for their
use in implantable biomedical devices, ensuring mechanical stability, structural integrity, and tissue
integration. A photocurable methacrylate CBP (mCBP) has been developed to enable the high-resolution
and high-speed fabrication of biodegradable scaffolds via a light-projection-based 3D printing technique.
However, current mCBP inks often produce rigid and brittle polymers due to a high degree of crosslinking.
In this study, we aim to modify the crosslinking network of mCBPs through the introduction of reactive
diluents and/or chain transfer agents into the mCBP ink and thereby modulate the mechanical properties
of photocured polymers. It was found that the addition of isobornyl acrylate (IBOA) resulted in remarkably
tougher polymers. Specifically, it increased the Young's modulus by 2 folds (56 MPa vs. 29 MPa) and
enhanced the ductility, measured by maximum elongation at fracture, by 2 folds (34% vs. 16%). Further
addition of 3,6-dioxa-1,8-octanedithiol (DOD) produced a more ductile polymer, with ductility increasing
to 56% compared to 16% for the pristine polymer, while the Young's modulus decreased to 9.2 MPa.
Moreover, the modified inks could be successfully 3D printed into scaffolds with complex structures. In
summary, this work demonstrates that by introducing reactive diluents and/or chain transfer agents into
the mCBP inks, a wide range of mechanical behaviors of degradable polymers are readily achieved while
retaining the same 3D printability to produce scaffolds with anatomically accurate structures.
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Antimicrobial Hemostatic Shape Memory Polymer Foams for Infection Prevention in Traumatic Wounds
Ernest Emmanuel Obeng, Syracuse University

1. Ernest Emmanuel Obeng, Biomedical and Chemical Engineering Biolnspired Institute, Syracuse
University, Syracuse, New York, 13244, eeobeng@syr.edu

2. Paris Smith, Biotechnology and Neuroscience, Syracuse University, Syracuse, New York, 13244,
psmith22 @syr.edu

3. Dr. Mary Beth Monroe, Biomedical and Chemical Engineering, Biolnspired Institute, Syracuse
University, Syracuse, New York, 13244, mbmonroe@syr.edu

The primary cause of trauma-related deaths prior to arrival at medical centers remains uncontrolled
bleeding. Within a week following their injury, 39% of patients with traumatic wounds develop a
polymicrobial infection. Hemostatic materials with antibacterial and antibiofilm properties that reduce
infection rates could therefore enhance the healing of traumatic wounds. Previous studies have shown
the successful incorporation of phenolic acids (PAs) into hemostatic shape memory polymer (SMP) foams
by two mechanisms (chemical and physical) to produce dual PCA (DPCA) foams, which demonstrate
excellent antimicrobial and antibiofilm properties against native E. coli, S. aureus, and S. epidermidis; co-
cultures of E. coli and S. aureus; and drug-resistant S. aureus and S. epidermidis, compared with clinical
controls. To build on this work in efforts to improve coagulation processes in antimicrobial foams, dual
phenolic acid (DPA) foams containing vanillic acid (DVA), ferulic acid (DFA), and p-coumaric acid (DPCA)
were synthesized. Biofilm formation on foam surfaces will be quantified using confocal laser scanning
microscopy and metabolic activity analysis through intracellular adenosine triphosphate levels. These
analyses will provide quantitative insights into the antimicrobial and antibiofilm performance of the
foams. Subsequently, biofilm formation, metabolic activity, and colony forming units (CFUs) will be
monitored over a 7-day period in an ex vivo model using porcine skin wounds that have been inoculated
with bacteria. In parallel, blood/material interactions will be characterized using whole porcine blood in
static and dynamic models of traumatic wounds in terms of platelet interactions, coagulation times, and
hemorrhage control.



Poster #: 2

Polyurethane shape memory polymer foam hemostatic dressings with enhanced cell attachment to
improve wound healing

Natalie Petryk, Syracuse University

Mary Beth Monroe, Syracuse University, mbmonroe@syr.edu

Motivation: Polyurethane (PUr) shape memory polymer (SMP) foam dressings have increased clotting
efficacy compared to the clinically available treatment options for traumatic wounds. They can be tailored
to degrade if left in a wound after stopping bleeding to serve as a scaffold for tissue regeneration. The
incorporation of a bioactive component can further promote healing by improving cell attachment and
proliferation on the porous foam scaffolds. Here, we physically adsorbed gelatin and collagen to PUr SMP
foams and studied the effect it had on cell-material interactions.

Methods: PUr SMP foams were synthesized using a gas-blowing process. Then, foam samples were
incubated in a 200 ug/mL solution of Type A Gelatin or Type | Collagen for 1 hour. Control foams (no
bioactive coating) and foams with the physically adsorbed gelatin and collagen were sterilized and seeded
with NIH/3T3 GFP cells. The samples were imaged with fluorescent microscopy at 24, 48, and 72 hours.
Cell attachment was quantified for each time point using Imagel. The effect of the bioactive coatings on
shape memory properties (shape fixity and shape recovery) was also tested.

Results: PUr SMP foams coated in collagen and gelatin had increased cell attachment compared to the
control foam after 24 h. Moreover, the collagen and gelatin-coated samples demonstrated cell
proliferation, with increasing cell attachment at 48 and 72 h, compared to the control samples which had
a decrease in cell attachment after 24 h. The physical adsorption of both collagen and gelatin had no effect
on shape recovery, yet improved shape fixity compared to the control foam due to increased hydrogen
bonding interactions.

Conclusions: The physical adsorption of gelatin and collagen to the PUr SMP foams improved cell
attachment and proliferation and provides a method for tailoring our system without changing chemistry
during foam synthesis. Future work will compare physical incorporation to the chemical incorporation of
methacrylated gelatin into the PUr SMP foam network. Since gelatin and collagen are commonly used in
the design of hemostatic dressings for their procoagulant properties, we will also explore blood-material
interactions, expecting improved clotting capabilities which can further improve overall wound healing
outcomes.
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Background: Crohn’s disease (CD) is an inflammatory bowel disease that affects ~1M people in the US. A
major complication in CD is fistulas, wound tracts that cause pain and infection. Surgery and plugs can be
used to treat fistulas, but they have limited efficacy. To address this need, we developed a highly tunable
polyvinyl alcohol/gelatin (PVAGel) hydrogel system with potential for use in healing applications.
Curcumin is a natural compound with unique features, including anti-inflammatory and antibacterial
properties, that contribute towards wound healing. Here, we physically incorporate curcumin into our
PVAGel hydrogel system and characterize its potential for Crohn’s fistula healing in vitro and ex vivo.

Methods: We synthesized hydrogels using the thiol-ene reaction between methacrylated PVA (PVAMA),
thiolated PVA (TPVA), and methacrylated gelatin (GelMA). Hydrogels were prepared by mixing
TPVA/PVAMA/GelMA (ratio 1:4:2) and TPVA/PVAMA (ratio 1:4) in cell media and then adding lithium
phenyl-2,4,6-trimethylbenzoylphosphinate. Curcumin was dissolved in dimethyl sulfoxide (75 mg/ml) and
blended into the two hydrogel solutions at varying concentrations (0.34, 0.68, and 1.02 uM). The solutions
were crosslinked under UV light for 9 minutes and then characterized in terms of surface chemistry,
mechanical properties, curcumin release profiles, cytocompatibility, in vitro scratch closure, ex vivo
wound healing, and antimicrobial properties.

Results: Infrared spectroscopy demonstrated successful incorporation of curcumin into PVAGel hydrogels.
Initial tensile testing demonstrates that the system has high toughness and flexibility, indicating suitability
for fabricating fistula plugs. A live/dead assay with NIH/3T3 cells showed that all samples have high cell
viability (296%). Curcumin release rates were higher in GelMA-containing gels, and they depended on
curcumin incorporation amounts. Current work is focused on characterizing effects of curcumin on the
epithelial-to-mesenchymal transition, in vitro scratch closure, ex vivo pig skin wound closure, and bacterial
growth inhibition.

Conclusions and Future Work: Our work presents a scalable method to incorporate curcumin into PVAGel
hydrogels for potential use in Crohn’s fistula treatment and wound healing applications. Curcumin-
containing gels show adequate mechanical properties for fistula plugs, high cytocompatibility, and
effective curcumin release. Future work includes incorporation of mesenchymal stem cells into these
hydrogels to provide a cellular-based cue for healing.
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Intestinal mucus, a natural hydrogel, modulates interactions between our underlying tissues and the
contents of our gastrointestinal track. Understanding the molecular interactions of mucin glycoprotein, a
critical building block of mucus, with signaling molecules such as bile salts, phospholipids, and fatty acids,
is important to comprehend their significance in intestinal inflammation and associated diseases and
facilitate the development of related therapeutics. In this study, we performed all-atom(AA)and coarse-
grained (CG)classical molecular dynamics simulations of simplistic molecular models of the intestinal
mucin MUC2 and its interaction with bile salts (sodium taurocholate and sodium taurodeoxycholate) and
phospholipids (DOPC- 1,2-dioleoyl-sn-glycero-3-phosphocholine). The complete atomistic structure of
MUC2 was assembled using AlphaFold2, homology modeling, and cryoEM maps, and used the model to
study interaction patterns of the signaling molecules throughout the length of MUC2. In order to
understand the aggregation properties of these glycoproteins which lead to their hydrogel behavior, we
have constructed a 3D prototype peptide-glycan network, based on consensus MUC2 Variable Number of
Tandem Repeats (VNTR)sequence, and native glycoform distribution. Intestinal signaling molecules have
been introduced at physiological concentration to the mesh to elucidate the structural determinants that
mediate binding and signaling. Key drivers of intermolecular associations such as hydrogen bonds, salt
bridges, hydrophobic packing, as well as effects on rheological properties of mucin with the signaling
molecules have been determined. CG simulations are also reported to study bile micelles (formed by bile
salts, phospholipids, and fatty acids) with the mucin. The outcomes of this double-pronged approach of
combined AA and CG simulations will be presented and discussed.
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Metastatic breast cancer remains one of the leading causes of cancer-related deaths. Despite treatment
or removal of the primary tumor, many patients experience a relapse event after a latency period known
as dormancy. In many cases, by the time a primary tumor is detected a select number of cancer cells will
have detached and either be circulating through the body or inhabiting pre-metastatic niches at distant
tissue sites. This poses a challenging issue as current therapeutics are unable to target and eliminate these
single dormant cells, more pressingly, there are few physiologically relevant in vitro models to study this
crucial part. Current models contain several limitations including high proliferation rates, lack of
standardized dormancy markers, and utilizing cellular dormancy over existing tumor dormancy models.
To combat this problem, we use live cell lineage approach to distinguish and track potential dormant cells
across a variety of microenvironments and conditions. From previous Peyton lab members, we modified
an existing induced-dormancy protocol by subjecting MDA-MB-231, MCF7, and HCC1954 cells to serum
deprivation and imaging for 48 hours before mimicking their ‘reawakening’ with serum additions. By
noting which cells started dividing after the 48-hour mark, we were able to postulate that these cells
contained a dormant phenotype where proliferation began again once conditions were ideal. Past studies
have confirmed that the distribution of dormant cells is heavily reliant on intrinsic and extrinsic factors,
such as extracellular matrix composition and cell-to-cell interactions, where greater amounts of these
dormant cells were found in 3D collagen gels over other environments. Currently, we’re studying the
effects of knocking out and inhibiting AXL, a receptor that aids in immune evasion, in triple negative MDA-
MB-231 breast cancer cells. Due to its importance in a variety of signaling pathways, AXL has become a
more popular clinical target. Preliminary data suggests that AXL knockout cells lead to greater quiescent
cell distribution and in this way, we propose that AXL is a driving force for senescent and dormant behavior
and provides a novel clinical target with greater specificity for dormant cells.
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Non-small cell lung cancer (NSCLC) is a global health challenge. Despite significant advances, patients
succumb to NSCLC most often because the disease becomes multi-drug resistant (MDR). One of the
mechanisms by which this disease attains MDR is due to factors from the tumor microenvironment (TME)
that promote cell survival even under pressure from otherwise powerful chemotherapy and targeted drug
therapies. Conventional 2D tissue culture methods inadequately mimic this TME, which limits our ability
to understand how the TME promotes MDR in preclinical models and in patients. | am developing 3D
biomaterials and 3D spheroids to model cell-matrix and cell-cell interactions important to NSCLC in the
TME. In collaboration with the Pritchard lab, | am culturing drug-sensitive, drug-resistant, and gene drive-
modified NSCLC cells in 3D environments to understand how the TME regulates their relative growth and
drug response rates. My preliminary results have revealed a striking phenomenon: drug-resistant cells
proliferate faster in 3D clusters compared to 2D single cell cultures, even without drug pressure. This
finding suggests that a therapy or a dosage that may seem effective in a 2D environment may give
different results in a 3D setting. My ongoing work is optimizing the ratio of the three PC9 cell populations
within spheroids to effectively eradicate the PC9 drug-resistant within a 3D environment using the gene
drive cells, pairing 3D environments and a mouse model. This research has the potential to help develop
more effective therapies for NSCLC patients and ultimately bridge the gap between preclinical and clinical
results.
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Moldable plastics are sold, in the form of pellets as consumer products and over-the-counter dental
materials with seemingly little regulatory oversight. Despite the anticipated dermal and oral contact,
manufacturers share little information with consumers about these materials. Inherent to their function,
moldable plastics pose a risk of dermal and oral exposure to unknown leachable substances. Moldable
plastics advertised for modeling and dental applications were determined to be polycaprolactone (PCL)
or thermoplastic polyurethane. The bioactivities of the most popular brands advertised for modeling
applications of each type of polymer were evaluated using a zebrafish embryo bioassay. Water-borne
exposure to the PCL pellets proved acutely toxic above 1 pellet/mL while the TPU pellets did not affect
the targeted developmental endpoints at any concentration tested. Aqueous leachates of the PCL pellets
were similarly toxic. Extracts from the PCL pellets were assayed for their bioactivity using the Attagene
FACTORIAL platform. The extracts activated nuclear receptors and transcription factors for xenobiotic
metabolism (pregnane X receptor, PXR), lipid metabolism (peroxisome proliferator-activated receptor
gamma, PPARg), and oxidative stress (nuclear factor erythroid 2-related factor 2, NRF2). Chemical
analyses by non-targeted high-resolution comprehensive two-dimensional gas chromatography (GCxGC-
HRT), tentatively identified PCL oligomers, a phenolic antioxidant, and residues of suspected anti-
hydrolysis and crosslinking additives in the extracts. In a follow-up zebrafish embryo bioassay, biomedical
grade PCL was tested and elicited comparable acute toxicity to the PCL pellets. It is suggested that the
toxicity was due to oligomers and nanoplastics released from the PCL rather than chemical additives.
These results challenge the perceived and assumed inertness of plastics and highlight their multiple
sources of toxicity.
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Implanted biomaterials and devices face compromised functionality and efficacy in the long term owing
to foreign body reactions and subsequent formation of fibrous capsules at the implant—tissue interfaces.
To alleviate the formation of the fibrous capsule at the implant—tissue interface, various approaches have
been developed, including drug-eluting coatings, hydrophilic or zwitterionic polymer coatings, active
surfaces and controlling the stiffness and/or size of the implants. However, despite recent advances, the
mitigation of fibrous capsule formation for implanted biomaterials and devices remains an ongoing
challenge in the field, highlighting the importance of developing new solutions and strategies. Here we
demonstrate that an adhesive implant—tissue interface can mitigate fibrous capsule formation in diverse
animal models, including rats, mice, humanized mice and pigs, by reducing the level of infiltration of
inflammatory cells into the adhesive implant—tissue interface compared to the non-adhesive implant—
tissue interface. Histological analysis shows that the adhesive implant—tissue interface does not form
observable fibrous capsules on diverse organs, including the abdominal wall, colon, stomach, lung and
heart, over 12 weeks in vivo. In vitro protein adsorption, multiplex Luminex assays, quantitative PCR,
immunofluorescence analysis and RNA sequencing are additionally carried out to validate the hypothesis.
We further demonstrate long-term bidirectional electrical communication enabled by implantable
electrodes with an adhesive interface over 12 weeks in a rat model in vivo. These findings may offer a
promising strategy for long-term anti-fibrotic implant—tissue interfaces.
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Introduction: Human Amniotic Membrane (hAM) is a valuable biomaterial utilized for wound coverage in
various clinical settings. Dehydration is a common processing step to ensure product stability and shelf
life. Two widely used dehydrated membrane products, Artacent Wound® and Artacent Wound Pro®, are
terminally sterilized using different methods, namely E-beam and Supercritical CO2, respectively. This
study aims to characterize and compare the protein content and biomarker libraries of these products.

Methods: Total protein content, SDS-Page Gel analysis, and Microarray techniques were employed to
assess protein composition in Artacent Wound® and Artacent Wound Pro®. Additionally, biomarkers and
cytokines were categorized into angiogenic, immune-modulating, and regenerative aspects for
comprehensive analysis.

Results: Analysis of protein content and biomarker libraries revealed differences between Artacent
Wound® and Artacent Wound Pro®. While both products exhibited distinct protein profiles, variations in
biomarker composition were observed, particularly in angiogenic, immune-modulating, and regenerative
biomolecules. The sterilization method appeared to influence the retention of specific biomarkers and
cytokines within the hAM products.

Conclusion: This study provides valuable insights into the impact of sterilization techniques on the protein
content and biomarker libraries of dehydrated placenta membrane products used in wound coverings.
Understanding the effect of sterilization methods on biomarker retention is essential for optimizing the
clinical efficacy of hAM products and advancing wound care strategies. Further investigation is warranted
to elucidate the underlying mechanisms and refine sterilization protocols for enhanced biomarker
preservation in hAM-based therapies.
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Motivation: To combat the large number of deaths from uncontrolled hemorrhage, we developed a
polyurethane (PUr) foam dressing that can be inserted into a non-compressible wound to stabilize the
bleed and remain there for the duration of the healing process. To ensure that the tissue regrows properly,
the foam must degrade in ~8 weeks to match the expected traumatic wound closure rate. Dressing
degradation also eliminates the need for additional medical attention related to dressing removal, which
can cause re-bleeds and tissue damage. To that end, we incorporated degradable monomers containing
sulfides and esters to increase the rate of PUr foam degradation.

Methods: Degradable monomers were synthesized using click chemistry. Briefly, 1 mole of
trimethylolpropane tris(3-mercaptopropionate) or dipentaerythritol hexakis was reacted with 3 or 6
moles of 3-buten-1-ol, respectively, using a photoinitiator and UV light. The resulting trithiol and hexathiol
monomers were added during PUr foam synthesis in 15% or 30% of the total hydroxyl components. Foam
degradation was studied in 3% hydrogen peroxide (H202) to characterize oxidative degradation and
phosphate buffered saline (PBS) for hydrolytic degradation analysis over 12 weeks at 37°C. Samples were
analyzed at weeks 2, 4, and 5-12 in terms of mass loss, erosion, thermal, and mechanical properties.

Results: After 8 weeks, the PUr foams underwent negligible degradation in PBS. In 3% H202, the 30%
trithiol foam experienced the most degradation, with approximately 53% mass remaining, and the 30%
hexathiol foam degraded slightly slower, with 62% mass remaining at 8 weeks. The 15% trithiol and
hexathiol foams had 73% and 68% mass remaining at 8 weeks. Corollary decreases in size (erosion),
mechanical, and thermal properties were observed. The control foam had a remaining mass of 92%,
indicating that the new degradable monomers effectively increased degradation rates.

Conclusions: Although, full degradation was not observed at 8 weeks, the addition of monomers with
sulfide and ester groups did increase degradation rate. Current work is focused on synthesizing additional
sulfide/ester-containing monomers to further increase degradation rates and enable PUr placement
during hemostasis and healing.
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Chemical characterization of extractable residues and degradation products for medical devices are an
important aspect of biological evaluation. To address challenges with characterizing radioactive materials,
novel container-closures (ABK Biomedical), without B-emitting Yttrium-90 (Y-90) microspheres, were
radiation stressed by E-beam at a dose rate of ~60kGy/h up to >450kGy (total exposure); to simulate
exposure to the inner-surfaces in direct contact with 600mg Y-90 microspheres during normal
production/shelf-life.

Container-closure degradation was assessed at variable dose rates (~*60kGy/h to ~285kGy/h) by Oxidation
Induction Time testing according to 1ISO 11357-6:2018 using Differential Scanning Calorimetry (DSC) and
Thermal Gravimetric Analysis (TGA). Fill-volume extractions were performed at surface area to volume
ratios of ~4cm2/mL in purified water at 50°C for 24h iterative extractions under mild agitation (80 rpm).
Exhaustive endpoint was determined by gravimetric non-volatile residue (NVR) for two pooled device-
extracts (n=3 replicates per extraction), with exhaustive endpoint defined as NVR below the LOD
(<0.03mg) or <10% the first extraction according to ISO 10993-18:2020 (requiring at minimum three 24h
iterative extractions). Pooled device-extracts (24h, 48h, and 72h) and contained saline were analyzed by
gas chromatography/liquid chromatography-mass spectrometry (GC/LC-MS), headspace GC-MS,
inductively coupled plasma-mass spectrometry (ICP-MS) and ion chromatography (IC). Toxicological Risk
(TR) was assessed according to 1S010993-17:2023 for long-term effects (based on contact with long-term
implantable microspheres) including acute/subacute/subchronic/chronic toxicity, genotoxicity,
carcinogenicity, developmental and reproductive toxicity.

DSC and TGA demonstrated no evidence of container-closure degradation post exposure to E-beam. Zero
extractable mass by gravimetric NVR was detected after 24h, 48h, and 72h extractions (below LOD
(0.03mg)), thus meeting the exhaustive endpoint criterion. TR for the biological endpoints assessed based
on worst-case clinical use were deemed tolerable based on Margin of Safety (MOS) values > 1 (5 to
60,000,000) for elemental extractables (19) identified above the LOQ, with estimated exposure for the
organic extractable (Trifluoroacetic Acid) identified and semi-quantitated above the analytical evaluation
threshold, determined to be below the 120 pug/day Toxicological Screening Limit.

Achievement of these biological endpoints support the safety of this novel container-closure to house Y-
90 microspheres intended for use as internal radiation brachytherapy for local tumor control in patients
with unresectable Hepatocellular Carcinoma.
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Introduction: Heart disease including myocardial infarction represents the largest cause of mortality
globally. This is partially due to the poor regenerative capacity of the heart, mainly owing to the post-
mitotic nature of cardiomyocytes (CMs) after birth. While fetal cardiac extracellular matrix (ECM) has been
shown to induce cell-cycle reentry by adult CMs, the identification of specific peptides required for this
effect and how to cultivate them in a scalable way has not been fully developed. This research seeks to
investigate the potential of in vitro derived cardiac ECM (ivECM) as a therapeutic biomaterial.

Methods: First, the culture primary cardiac fibroblasts from fetal and neonatal rat were optimized for
maximum matrix deposition. Cultures were then decellularized and the resulting ivECM was characterized
via LC-MS/MS and compared to native whole ECM. Finally, the fetal and neonatal ivECM and native ECM
were assessed in terms of their influence on CM proliferation and maturation viaimmunohistochemistry.

Results and Discussion: Experiments and analysis are still ongoing, but early results indicate that we can
optimize ECM production by cardiac fibroblasts by altering serum concentration and the addition of
macromolecular crowding. Current studies are focused on analyzing the LC-MS/MS data of in vitro culture
derived ECM and assessing the impacts of this ECM on cell function in the context of the heart.
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Macrophages (MF) are mediators of the immune microenvironment that span diverse behaviors, ranging
from prototypical inflammatory (M1-like) to pro-healing (M2-like) phenotypes. While small-molecule
drugs are available to treat many diseases by modulating MF behavior, their efficacy remains limited by a
poor understanding of which drugs can promote desirable MF cell-state transitions and inadequate drug
pharmacokinetics (poor solubility, non-specific cell uptake, rapid blood clearance, and off-target effects).
Biomaterial-based drug delivery systems enable cell- and tissue-targeting strategies to overcome these
challenges. Furthermore, the recognition of drugs by macrocyclic hosts provides a readily adaptable
method to encapsulate a variety of therapeutics for delivery, including within soluble nanoparticles (for
systemic cell-targeted therapies) or injectable hydrogels (for local applications, such as focal tissue injury).
This talk will discuss two applications of these systems, which include in the context of cancer
immunotherapy and the prevention of post-ischemic heart failure.

Tumor-associated macrophages (TAMs) are abundant in solid cancers, assuming a pro-angiogenic and
immunosuppressive M2-like phenotype that supports tumor growth and immune escape. Recent
methods have focused on identifying therapeutic drugs that re-polarize TAMs to a tumor-destructive M1-
like phenotype. Through high-content screening and gPCR analysis in primary murine and human cells,
we identified a drug (R848) that potently induced a tumor-destructive state (IC50=7.2nM). Cyclodextrin
nanoparticles (CDNPs) were prepared by crosslinking cyclodextrin with lysine. Drug-loaded CDNPs (CDNP-
R848, >10%w/w drug loading) accumulated in tumors by MF-specific update and eradicated tumors in
multiple models (MC38, GI261). Treatment synergized with frontline anti-PD1 checkpoint therapy.

In contrast, tissue injuries such as myocardial infarction are characterized by exuberant local
inflammation. We therefore developed hydrogels composed of CDNPs crosslinked by polymer-
nanoparticle interactions. The hydrogels are shear-thinning for ease of injection and self-healing for local
retention. Through cell-reporter assays, we identified celastrol’s ability to induce a pro-healing MF state
(1C50<100nM). Hydrogels released CDNP-celastrol for >14 days with >80% inhibition of inflammatory
response. In a murine model of ischemia-reperfusion injury, targeted delivery of celastrol prevented left-
ventricular remodeling and preserved heart function. In sum, small-molecules can potently modulate MF
phenotype and their therapeutic efficacy is improved through cell- and tissue-targeted delivery to aid
clinical translation.
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Efficient activation of professional antigen-presenting cells—such as dendritic cells (DC)—in tumors and
lymph nodes is critical for the design of next-generation cancer vaccines and may be able to provide anti-
tumor effects by itself through immune stimulation. The challenge is to stimulate these cells without
causing excessive toxicity. We hypothesized that a multi-pronged combinatorial approach to DC
stimulation would allow dose reductions of innate immune receptor-stimulating agonists while enhancing
drug efficacy. To achieve this goal, we developed a hybrid lipid nanoparticle (LNP) platform featuring
“nanoparticle-in-a-nanoparticle” design that contains i) a toll like receptor (TLR) agonist poly I:C and ii) a
second nanoparticle based on cyclodextrin as a “sponge” for encapsulating small molecule therapeutics
to enhance DC stimulation. We show that a single dose of hybrid LNPs alone, effectively eradicate tumors,
and generated long-lasting, durable anti-tumor immunity in mouse models. This approach lead to vastly
enhanced efficacy over LNP/TLR3 alone while showing negligible toxicity at pharmacological
concentration.
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With the increasing necessity of tissue-specific and often patient-specific drug therapies for the treatment
of complex diseases, there has been a commensurate increase in the need for fine-tuned and reliable
molecular packaging materials to help ensure the efficacy of these drugs. Many well researched materials
such as lipid nanoparticles and viral vectors have proven particularly effective in the delivery of nucleic
acid gene therapies; however, some somatic tissues exhibit molecular environments which pose great
challenges to gene therapy even with current delivery methods. Somatic environments like the intestinal
lining and lung epithelium can develop a thick layer of mucus in a patient suffering from diseases like
Crohn’s or cystic fibrosis respectively. Cystic fibrosis specifically could theoretically be cured by supplying
a functional copy of the CFTR gene to a patient, but all attempts to deliver such a gene using currently
favored methods have failed due to the delivery vehicles becoming lodged in the thick pulmonary mucus
instead of reaching their intended cellular targets. Here, we propose utilizing a novel composite drug
carrier consisting of glycosylated structural cationic polymers and cell penetrating peptides (CPPs) in a
polyplex formulation with an mRNA payload to effectively deliver a gene to a fibrotic lung. These
components are suggested to solve three specific problems: cationic polymers to ionically associate with
mRNA strands, CPPs to initiate endocytosis, and glycans to penetrate the mucus layer. Due to the highly
modular and combinatoric nature of polymers, peptides, and glycans, high-throughput molecular
dynamics simulations and machine learning driven algorithms are proposed to quickly and efficiently
identify viable candidate combinations before experimental validation. This work will ideally contribute
to a computational, data driven platform capable of predicting an optimal combination of monomers in a
polymer-based drug delivery system for delivery of a certain drug to a specified somatic environment.
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Maternal mortality rates in the United States have risen over the last five years, nearly doubling from 17.4
to 32.9 deaths per 100,000 live births [1]. Defined as “the death of a woman while pregnant or within 42
days of termination of pregnancy” [2], maternal deaths are disproportionately higher in black women and
women 40 or older [1]. This aligns with an increase in chronic health conditions in women when they
become pregnant, which exacerbate pre-existing conditions and increases risk for development of
pregnancy-related complications. The limited information on pharmaceutical interactions during
pregnancy drives the need for research on the interactions of drug and gene delivery vehicles with the
placental barrier for the development of therapies for pregnancy-related complications, such as
preeclampsia, and pre-existing conditions, such as bipolar disorder, during pregnancy. The potential of
lipid vesicles as a delivery mechanism has risen in recent years, notably with the use of lipid nanoparticles
(LNPs) for the Moderna and Pfizer-BioNTech COVID-19 vaccines [3]. Our work aims to determine the
optimal ionizable lipid that has been used in an FDA-approved LNP formulations to now be used for nucleic
acid delivery to placental trophoblast cells. LNPs were formulated through microfluidic mixing to contain
ionizable lipids, helper lipids, cholesterol, and polyethylene glycol(PEG)-conjugated lipids. These LNP
formulations contained either SM-102, ALC-0315, or DIlin-MC3-DMA (MC3) ionizable lipids, which are used
in Moderna’s Spikevax™ COVID-19 vaccine, Pfizer-BioNTech’s Comirnaty® COVID-19 vaccine, and
Alnylam’s Onpattro® polyneuropathy medication, respectively. All LNPs were loaded with luciferase-
producing messenger RNA (mRNA). HTR-8/SVneo trophoblast cells were dosed with mRNA loaded LNPs,
and gene expression was assessed at various timepoints. The luminescence results demonstrated all LNPs
had successful uptake by trophoblast cells and subsequent gene expression. The SM-102 formulation
resulted in a ~10-fold increased gene expression compared to the formulations containing ALC-0315 and
MC3. GFP-tagged mRNA loaded LNPs were formulated and characterized to confirm luciferase results.
Based on this data, SM-102 will be further investigated for mRNA delivery in 3D trophoblast cultures.

[1] Hoyert et. al., NCHS Health E-Stats, 2023. [2] World Health Organization, International stats., 2009. [3]
Tenchov et. al., ACS Nano, 2021.
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Mucus, a highly complex biological material composed of glycosylated proteins, serves as a vital protective
barrier on mucosal surfaces throughout the body. Understanding mucus barrier properties is fundamental
for the development of effective drug delivery systems. The observation that native milk emulsion
droplets are coated in mucins and are highly effective in delivery of a variety of types of molecular cargo
motivates exploration of the potential role of the mucin coating. This work describes the exploration of
the impact of incorporation of mucin on transport of colloidal particles through intestinal mucus. Diffusion
coefficients of nanoparticles with incorporated mucin were measured to understand the effect of mucin
as a biomaterial for oral delivery formulations. Multiple particle tracking experiments were conducted to
characterize muco-adhesive or muco-diffusive characteristics of particles with and without incorporated
mucins to gain a deeper understanding of how mucins may impact efficiency of nanoparticle movement
through the mucus layer. In addition, the absorption of a series of poorly water-soluble drugs (PWSD) with
differing physicochemical properties was assessed from media containing bile micelles with or without
mucin and fatty acid incorporation. Exploring the individual effects of exogenous mucin and fatty acids
can help delineate their roles in modulating the behavior of nanoparticles within the mucus layer, offering
potential insight into effective development of muco-adhesive or muco-diffusive drug delivery systems.
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Introduction: Biofilm infections pose a significant challenge in wound management due to biofilms’
tolerance to antimicrobial agents. Present in 90% of chronic wounds, biofilms affect 2% of the US
population within their lifetime. Our previous work demonstrated that the metabolite pyruvate’s
presence is crucial for both biofilm formation and maintenance, and its enzymatic depletion leads to
dispersion of both gram-positive and negative biofilms.

Methods: We have synthesized a novel hydrogel-based wound dressing that varies in sodium alginate
concentrations, using calcium chloride as the crosslinker, to entrap pyruvate dehydrogenase (PDH) for
depleting pyruvate. Hydrogels mechanical/structural properties were investigated via compression
testing, swell testing, and scanning electron microscopy (SEM) for morphology and porosity. PDH (0, 2084,
2778, or 3473mU) was encapsulated into hydrogels of 2%(w/v) sodium-alginate and 0.3M calcium
chloride (Alg2-Ca3). The presence of PDH in the hydrogel and its enzymatic activity were quantified by
bicinchoninic acid (BCA) protein assay and B-NADH absorption, respectively.

Results and discussion: The hydrogel’s elastic modulus was 50KPa, which is slightly higher than that of
human skin, important for durability. SEM quantified Alg2-Ca3 pores at 88.37+39.3nm, large enough to
hold ~45nm PDH, but their tortuosity blocked PDH escape. Hydrophilicity and swelling are essential for
the hydrogel to adsorb exudate and pyruvate to interact with the encapsulated PDH. Alg2-Ca3
demonstrated significant swelling (1579.8%) in phosphate buffered saline (PBS) over 24 hours. The
average activity of the PDH before encapsulation was 9.07+3.2 mU/ml, which was within the range (5-10
mU/ml) to induce biofilm dispersion. By increasing PDH encapsulated from 2084 to 3473mU, hydrogels
activity increased from 0.7 to 2.02mU/ml. The BCA assay quantified enzyme encapsulated in the
synthesized beads, showing a concentration-dependent trend, and the average entrapment efficiency
was 8.88%, which is similar to the efficiency seen with PLGA nanoparticles (9%).

Conclusion: These findings suggest that the encapsulation of PDH in sodium alginate can potentially serve
as a novel wound dressing that prevents and eliminates biofilm infections by pyruvate depletion. Future
studies will focus on increasing the concentration of encapsulated PDH, optimizing PDH loading and
efficiency, conducting biofilm studies in-vitro and in-vivo, and evaluating cytotoxicity in human cells
studies.
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Drug delivery strategies based on nanoparticles (NPs) have significantly advanced the therapeutic
landscape in the recent years. Layer-by-layer (LbL) NPs can deliver a great variety of drug cargos allowing
tunable biodistributions. Genetic blood disorders have posed an important therapeutic challenge, where
so far only ex vivo cell therapies have resulted in effective cures. Although promising, these strategies
carry high production and implementation costs, limiting the accessibility in areas and populations of
higher incidence. The ability to reach hematopoietic stem and progenitor cells (HSPCs) in vivo would
contribute to advancing the field toward more translatable and accessible treatments. This work aimed
at evaluating the potential of the LbL platform to develop a targeted NP system that can direct therapies
to HSPCs in vivo.

Given the low numbers of HSPCs in vivo, a highly specific targeting system will increase its efficacy. We
first hypothesized that we could leverage the modularity of LbL NPs to decrease unwanted interactions
with circulating cells by rationally selecting the outer layer. We compared three different outer layers and
observed that some of them associated more with myeloid cells, and even T cells, while Layerl stood out
as the most inert surface. We then used this polymer as a scaffold to conjugate different HSPC-targeting
antibodies (Abs) to. In vitro studies in mouse progenitor cells demonstrated different NP uptake and
trafficking patterns depending on the Ab, with two outstanding leading candidates. Interestingly, in vivo
studies of these Ab-LbL NPs pointed to an alternative and understudied candidate (Ab5) as the one with
the highest HSC targeting in vivo, suggesting the role of other physiological parameters not recapitulated
in vitro. We further confirmed the translatability of targeting this receptor to human HSPCs (CD34+ cells)
in vitro, showing an enhanced cell uptake over the non-targeted formulations.

In conclusion, we have designed a drug delivery platform based on the LbL assembly and engineered it to
decrease unspecific interactions with circulating blood cells, while targeting HSPCs in vivo.
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Epithelial morphogenesis is governed by the dynamic reciprocity between groups of cells and the
extracellular matrix, but this emergent phenomenon remains poorly understood. Here, we utilize live cell
confocal microscopy to simultaneously interrogate collective cell migration and matrix deformation in 3D
biomaterials. Remarkably, we show that multicellular spheroids of mammary epithelial cells exhibit highly
coordinated circumferential orbiting, which transitions towards invasive strands oriented radially as the
biomaterial is progressively remodeled. Intriguingly, the initial morphology of the multicellular spheroid
also exhibits geometric alterations that are predictive of subsequent invasion. We further show these
morphological dynamics can be linked to spatially non-uniform tractions within the biomaterial. Finally,
we physically and biochemically perturb these collective dynamics to gain mechanistic insight into the
underlying processes. Overall, this work establishes design principles for how epithelial tissues can be
shaped by biomaterials to model development and disease.
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A major contributor of poor patient prognosis in cancer, including ovarian cancer, is the development of
disease relapse and resistance to chemotherapy. The clinical manifestation of therapeutic resistance
occurs through multiple pathways and is termed multi-drug resistance or MDR To develop a model of
MDR tumors in vitro, we have used human ovarian cancer cell line (SKOV-3) and evaluated their response
to stress introduced by overlaying hydrogels with different thickness. The hydrogel layer was manually
added above adherent SKOV-3 cells using a syringe to make our model biomimetic to the tumor
microenvironment, while maintaining cell viability. The hydrogel was composed of 10% gelatin
methacrylate (GelMA) and 1% gellan gum for enhanced viscosity and was ionically crosslinked by
submersion in a calcium chloride solution for improved structural integrity. The hydrogel underwent
resistance tests to examine its shear stress limits and swelling tests to calculate the crosslinking density
for a range of crosslinking solution concentrations and duration. To investigate the mechanical effects of
hydrogel on the cell layer, the cells were stained with f-actin and imaged to detect cell stress. Diffusion
tests were also conducted to evaluate the diffusion of oxygen through the hydrogel layer to the cells as
validation of the hydrogel-induced hypoxia. Furthermore, the hydrogel-based model aims to draw
parallels with other hypoxic related work, a condition of low oxygen concentration facilitating reactions
within mitochondrial networks that promote tumor survival and progression. The results of the
Mitochondrial Network Analysis (MiNA) showed an increase in mitochondrial expression as the cells’
response to the introduction of a hypoxic microenvironment, mimicking the response demonstrated by
in vivo models and reflecting the effectiveness of the in vitro model. Thus, this affordable and accessible
model by application of hydrogels can help scientists better understand the development of MDR and
response to therapy in different tumor models
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In the treatment of neurodegenerative diseases, neural stem cells play a pivotal role, yet there remains
much to unravel about their mechanisms of neurogenesis and astrogenesis, particularly in adulthood.
Given the presence of integrin a6B1 within the subventricular (SVZ) niche, we selected differently-sized
laminin 511 fragments, a primary extracellular matrix (ECM) component within this niche, to directly
engage with integrin a6B1 to better understand their role. Our objective was to investigate the impact of
mechanotransduction mediated by binding of laminin 511 subunits with integrin a6Bf1 and its possible
link to the differentiation status of neural stem cells. The substrates were prepared by conjugating laminin
511 fragments onto the glass coverslips, and neural stem cells were subsequently seeded onto these
treated substrates. Our findings revealed that neural stem cells exhibited robust adhesion and
proliferation across all substrate types. Intriguingly, their morphology exhibited significant variations on
different substrates, a phenomenon further influenced by integrin B1 blockade. Moreover, the study
identified significant differences in YAP translocation to the nucleus upon integrin 1 blockage, resulting
in a significant increase in astrocytic differentiation. Overall, this study's outcomes provide a promising
avenue for developing novel strategies aimed at mitigating astrocytic differentiation during aging and
injury while promoting neurogenesis.
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Hydrogels are water-swollen polymer networks that are increasingly used as tissue-mimicking
biomaterials for 3D cell culture. Hydrogels in this context can serve as in vitro models of disease and/or
as drug testing platforms that can capture the influence of 3D cell-microenvironment interactions.
However, the 3D microenvironments introduce design challenges, including matching the stiffness,
transport properties, and functional biochemical features of native tissue extracellular matrix. Prior work
in our lab has established hydrogel formulations that match the stiffness and biochemical features of
human tissues including brain, lung, and bone marrow, but solute transport effects in these hydrogels
have not been investigated. Since synthetic polymer hydrogels typically have relatively homogeneous
mesh sizes that are orders of magnitude smaller than those of gelatin, collagen, and Matrigel, they are
likely much more restrictive to solute transport than those protein-based hydrogels, even when matching
stiffness. Here, we investigated the role of microenvironment-restricted solute transport on hydrogel-
encapsulated cell behaviors. We encapsulated breast cancer cells in homogeneous, thiol-vinylsulfone-
crosslinked poly(ethylene glycol) (PEG) hydrogels with matrix metalloproteinase-degradable crosslinks
and integrin-binding pendant peptides. These hydrogels spontaneously crosslink in 5-20 minutes under
pH-neutral, physiological conditions without cytotoxic catalysts, making them ideal for encapsulating
stress-sensitive cell types. Our formulation matches the stiffness of Matrigel, and encapsulated cells are
well-distributed throughout the 10-uL gels. However, we found that solute transport is greatly restricted
in PEG hydrogels compared to Matrigel, especially for large solutes such as cytokines, serum proteins, and
antibodies. Because our lab has previously established that serum deprivation can induce a dormancy-like
state in breast cancer cells, we are currently investigating whether hydrogel-restricted serum protein
transport during cell encapsulation is sufficient to stimulate dormancy. In this way, we propose solute
transport restriction as a novel physical microenvironmental contribution to breast cancer dormancy,
which can be controlled, tailored, and optimized in hydrogels design alongside stiffness, confinement, and
bioactivity.
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The immune response to biomaterials is a critical area of contemporary research, particularly in light of
numerous implant failures reported in medical applications. Macrophages are primary responders to
foreign materials and are known to polarize into M1 or M2 phenotypes, assuming pro-inflammatory or
anti-inflammatory functions, respectively. When unable to phagocytose or endocytose materials due to
factors such as size, macrophages may fuse into multinucleated giant cells (MGCs) for degradation
purposes. Our study involved conjugating various small molecules, including 3-phenyl propanoic acid (A),
thianaphthene-2-carboxylic acid (S), 2-(3-chloro-2-methylanilino) benzoic acid (W), 2-[4-(4-
Chlorobenzoyl)phenoxy]-2-methyl propanoic acid (U) and 2-(p-Chlorophenoxy)-2-methyl propanoic acid
(V). These molecules were incorporated into a polyester matrix, applied onto coverslips using spin-coating
techniques, and formulated into solutions with dimethyl sulfoxide (DMSO) to examine the influence of
different material forms on macrophage behavior. In this study, we utilized RAW 264.7 cells, a
monocyte/macrophage cell line derived from an Abelson murine leukemia virus-transformed lineage of
BALB/c mice origin. The macrophage responses were assessed via RT-qPCR for genes including II-1b, TNF-
o as M1 markers, and Argl as M2 marker. Findings indicated that polyester conjugates with A, S, and W
directed RAW cell polarization towards M1 phenotypes, whereas U and V influenced M2 polarization.
Additional immunocytochemistry analysis was conducted for CD68, CD86, CD206, and Arginase-1. Soluble
polymer forms elicited comparable responses in the RAW cells, with certain cases showing significantly
higher gene expression levels than their filmed counterparts. These observed effects on macrophages
may arise from a variety of mechanisms, such as immune checkpoint receptor or ligand binding to the
functional group of polymers, downstream signaling pathway activation, cytokine production modulation,
cellular metabolism alteration, etc. Future research will focus on elucidating the specific mechanisms
responsible for macrophage polarization induced by these substances.
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Immunotherapy has had a tremendous impact on cancer burden, however as many as 75-80% of cancer
patients do not respond to current treatments. In these cases, single-agent immunotherapy is unable to
activate a robust immune response due to immunosuppressive microenvironments featuring multiple,
non-redundant immunosuppressive adaptations. While combination immunotherapy may enhance
outcomes in these so-called ‘cold’ tumors, traditional delivery methods (e.g., systemic infusion) typically
result in severe autoimmune side effects, thereby limiting the maximum tolerated dosage and practicality
of such approaches. To address this, we are developing an injectable hydrogel engineered to reprogram
the immune microenvironment within the tumor. This will enhance the efficacy of immunotherapy while
limiting its systemic toxicity. The hydrogel system is modular, and we have shown that it is able to both
tether immunostimulatory cytokines and encapsulate multiple immunostimulatory molecules. Our
approach combines cytokines and antibody therapeutics to engage both the myeloid and lymphoid
compartments of the tumor microenvironment (TME). Our results thus far indicate this biomaterial
enhances the potency of immunostimulatory IL-2 family cytokines and also enhances retention of biologic
drugs. We anticipate that this approach will transform the local immune microenvironment to sensitize
tumors to immune checkpoint blockade.

We will present results of this strategy in the context of the B16F10 mouse model of melanoma, a well-
characterized immunosuppressive ‘cold” TME. TME changes will be assessed with flow cytometry,
multiplexed immunofluorescence, and cytokine assays. We will assess the safety profile of our system
through bodyweight monitoring, blood tests, and histology of major organs. Further, we will investigate
synergistic outcomes upon combination with PD1/PDL1 checkpoint blockade. We anticipate our approach
will provide a translationally relevant route towards enhancing immunotherapy in ‘cold’ tumors,
potentially broadening the clinical impact of cancer immunotherapy.
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Targeted nanoparticles have been extensively explored for their unique ability to deliver their payload to
a selective cell population while reducing off-target side effects. The design of actively targeted
nanoparticles requires the grafting of a ligand that specifically binds to a highly expressed receptor on the
surface of the targeted cell population. Optimizing the interactions between the targeting ligand and the
receptor can maximize cellular uptake of the nanoparticles and subsequently improve their activity. Here,
we evaluated how the density and presentation of targeting ligands dictate the cellular uptake of
nanoparticles. To do so, we used a DNA scaffolded PLGA nanoparticle system to achieve efficient and
tunable ligand conjugation.

A prostate-specific membrane antigen (PSMA) expressing prostate cancer cell line was used as the first
model. The density and presentation of PSMA targeting ligand ACUPA was precisely tuned on the DNA
scaffolded nanoparticle surface and their impact on cellular uptake was evaluated. It was found that
matching the ligand density with the cell receptor density achieved the maximum cellular uptake and
specificity. Furthermore, DNA hybridization mediated targeting chain rigidity of the DNA scaffolded
nanoparticle offered ~3 times higher cellular uptake compared to ACUPA-terminated PLGA nanoparticle.
Our findings also indicated a ~3.7-fold reduction in the cellular uptake for the DNA hybridization of the
non-targeting chain.

In another study, a-Clec9A antibody was grafted on the nanoparticle surface for conventional dendritic
cell 1 (cDC1) targeting. The nanoparticles deliver STING agonist MSA-2 efficiently to this dendritic cell
subset for enhanced antitumor immune response; derived by in vitro and in vivo studies.

Overall, our results provide a rational guideline for designing actively targeted nanoparticles and highlight
the application of DNA scaffolded nanoparticles as an efficient active targeting platform.
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Microphthalmia and anophthalmia, conditions where a child is born with at least one abnormally small or
missing eyeball, results in abnormal facial development. A current standard of care is a hydrogel-based
osmotic expander that mimics the missing or underdeveloped eyeball to guide bone and soft tissue
expansion in the orbital socket. One challenge with these devices is a rapid initial rate of expansion, which
can lead to inflammation of the surrounding tissue. To overcome this limitation, we created a library of
hydrogel compositions in combination with an enzyme-responsive interpenetrating network (IPN) of
chitosan to control the rate and extent of swelling. Chitosan is degraded by lysozyme, an enzyme that
occurs naturally in tears. The IPN was designed to control the initial rate of expansion, and enzymatic
degradation of the network would result in a linear rate of swelling. Hydrogels with varying ratios of
methyl methacrylate, n-vinyl pyrrolidone, and crosslinker were synthesized via bulk free radical
polymerization. Saponification was used to generate an ionic hydrogel. Dried hydrogels were swollen in
a