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Introduction: Type 1 diabetes mellitus (DM) is a disease 
characterized by destruction of the β-cells in the pancreatic 
islets of Langerhans1. The current primary treatment is daily 
multiple insulin injections. This treatment cannot provide 
normal physiological insulin on-demand feedback control, and 
therefore the insulin amount is not tuned to gylcemia. The goal 
of this project is to develop hydrogel based carrier systems 
that allows single β-cells to form functional islets in less than 
two weeks and in the meantime to allow complete vascular 
network formation in the hydrogel in less than 2 weeks for 
physiological function of islets (Fig. 1). We started from MIN-
6 and primary β-cells for developing the hydrogel system, and 
then we will use human induced pluripotent stem cells (iPSCs) 
derived β-cells in the next set of in vitro and in vivo 
experiments. With optimized hydrogel system, we expect 
long-term survival and insulin secretion from islets by 
providing proper permissive support, relieving the immediate 
needs in vascular support due to high permeability to nutrient 
supply and waste removal, and promoting angiogenesis for 
proper insulin release and feedback. The working hypothesis 
is that β-cells may behave differently, in terms of viability, 
adhesion, morphology, proliferation, islet formation and 
function inside the hydrogels with different stiffness and 
adhesive components. 

   

 
Fig.1: Model for the islets and vascular network formation in hydrogel system. 

 

Materials/Methods: An in situ cross-linkable hydrogel based 
on multi-Arm PEG and modified laminin peptides, and other 
additives had been developed. Hydrogels formed at 
physiological conditions due to conjugate addition reactions. 
A rheometer (AR1000, TA Instruments Inc.) was used for the 
rheological characterization of all hydrogel samples. Murine 
pancreatic β-cells of the MIN-6 cell line were entrapped in 
hydrogel. LIVE/DEAD staining was used to evaluate cell 
viability of the MIN-6 β-cells inside the hydrogels. For β-cells 
glucose-stimulated insulin secretion, samples were incubated 
in a low glucose concentration solution for 45min, and then 
placed in a high glucose concentration solution for 1 h. The 
high glucose solutions were collected for insulin measurement 
with an Insulin ELISA kit. 
 

Results/Discussion: Figure 2A shows the time sweep profiles 
of storage modulus (G’) for the ratios of functional groups on 
multi-arm PEG and PEG acrylate at the same PEG 
concentration as 5%. The range of hydrogel storage modulus 
is increased from about 100Pa to 2600Pa (Fig.1B). As for cell 
viability, more than 90% cells survive in all samples up to 7 
days. And β-cells entrapped in 5% 1:2 and 1:3 hydrogels 
started to aggregate after 4 days to form islets (Fig. 3). For 
insulin secretion, at 4 days, the β-cells encapsulated in the 
samples of 1:2 and 1:3 hydrogels secreted significantly higher 
amounts of insulin, and the cell-secreted insulin amount 

almost caught 2D plate control (Fig. 4). Peptides 
conjugated to hydrogels benefits islets formation (Fig. 5). 
With the increase of LN peptide concentrations, more 
islets can form in hydrogels. 
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Fig. 2: Rheological characterization of PEG based hydrogels with 
different ratios of functional groups on multi-arm PEG and PEG acrylate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusions: Optimized injectable hydrogel system 
based multi-Arm PEG and modified laminin peptides, can 
provide permissive environment suitable for the formation 
of islets in vitro with insulin releasing function. 
Acknowledgement: This work is supported by NSF RII EPS-
0903795. 

References: 
1. Mathis D. Vence, L. Benoist, C. Nature 2001, 414, 792-798. 
2. Laney M. Weber, et al. Biomaterials 2007, 28, 3004-3011. 

5% 1:2 7d 5% 1:3 7d 5% 1:1 7d 5% 2:1 7d 5% 3:1 7d

5% 1:2 4d 5% 1:3 4d 5% 2:1 4d 5% 3:1 4d5% 1:1 4d

Fig. 3: LIVE/DEAD staining of β-cells encapsulated in PEG based 
hydrogels with different ratios of functional groups  
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Fig. 4: Glucose-stimulated insulin secretion of β-cells encapsulated in PEG 
based hydrogels with different ratios of functional groups 
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Fig.5: LIVE/DEAD staining of β-cells encapsulated in peptide functionalized 
PEG based hydrogels as 5% 1:2 at 12 days 

Abstract #636
©2011 Society For Biomaterials



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


