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The individual and synergistic effects of extracellular matrix interactions on isolated islet function in culture
were investigated within a three-dimensional poly(ethylene glycol) (PEG) hydrogel encapsulation
environment. First, we observed similar glucose-stimulated insulin secretion from unencapsulated murine
islets and islets photoencapsulated in PEG gels. Then islets were encapsulated in gels containing the
basement membrane proteins collagen type IV and laminin, individually and in combination, at a total
protein concentration of 100pg/ml, and islet insulin secretion in response to high glucose was measured over
time. Specific laminin interactions were investigated via islet encapsulation with adhesive peptide sequences
found in laminin as well as via functional blocking of cell surface receptors known to bind laminin. Over
32days, islet interactions with collagen type IV and laminin localized within the three-dimensional
extracellular environment contributed to two-fold and four-fold increases in insulin secretion, respectively,
relative to islets encapsulated without matrix proteins. Hydrogel compositions containing both matrix
proteins and > 75% laminin further increased islet insulin secretion to approximately six-fold that of islets
encapsulated in the absence of matrix proteins. Encapsulation with the peptide sequence IKVAV resulted in
increased islet insulin secretion, but not to the extent observed in the presence of whole laminin. Increased
insulin secretion in the presence of laminin was eliminated when islets were exposed to functionally
blocking anti-os integrin antibody prior to islet encapsulation with laminin. Our results demonstrate the
potential of specific matrix interactions within an islet encapsulation microenvironment to promote
encapsulated islet function.

Keywords:

Islet encapsulation

PEG hydrogel
Cell-matrix interactions
Collagen type IV
Laminin

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

To date, the design of an islet encapsulation barrier has largely
focused on optimizing material biocompatibility and tailoring mate-
rial properties to exclude the transport of antibodies while allowing
adequate diffusion of low molecular weight nutrients and metabolites.
Immunoisolation materials have been designed to be bioinert for the
purposes of minimizing host response and eliminating material
toxicity to encapsulated islets. The resulting inert islet encapsulation
environments are extremely different from the native islet micro-
environment, which is rich in vasculature and extracellular matrix
interactions. The loss of islet-matrix interactions during isolation has
been associated with reduced islet survival and function (Wang and
Rosenberg., 1999a; Nagata et al., 2002; Ris et al., 2002; Hammar et al.,
2004; Pinkse et al., 2006), and even implicated in transplanted islet
failure (Thomas et al., 1999). Taking this into consideration, bulk-
photopolymerized poly(ethylene gycol) (PEG) hydrogels were applied
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to islet encapsulation not only as another potentially immunoprotec-
tive barrier material, but also to address an area that has been largely
overlooked, the controlled introduction of matrix interactions that
promote islet survival and function within the islet encapsulation
microenvironment.

The native extracellular islet environment includes a surrounding
islet capsule comprised of the basement membrane-associated
proteins, collagen type IV, laminin, and fibronectin (Meda and
Bosco, 2001), as well as basement membrane secreted by the dense
islet microvasculature, also rich in collagen type IV and laminin
(Nikolova et al., 2006). Improved survival and function of isolated
islets following the re-establishment of cell-matrix interactions in
vitro indicate that at least partial restoration of the islet extracellular
environment is possible outside of the native pancreas tissue (Beattie
et al., 1991; Perfetti et al., 1996; Wang and Rosenberg, 1999a; Bosco
et al.,, 2000; Ris et al., 2002; Nagata et al., 2002; Edamura et al., 2003;
Kaido et al., 2004; Woods et al., 2004; Nikolova et al., 2006; Pinkse
et al.,, 2006; Parnaud et al., 2006; Labriola et al., 2006). In reports that
studied whole islet culture on matrix substrates, as opposed to
individual B-cell culture, the basement membrane proteins collagen
type IV and laminin were repeatedly identified as matrix contacts that
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Fig. 1. Insulin release from unencapsulated and encapsulated islets (n=6) in 1 h static incubation with A) varying glucose concentrations, and B) 16.7 mM glucose measured over
28 days in culture represented as a percentage of that released from unencapsulated islets within 24 h of isolation. No statistical differences in insulin secretion were observed in

response to varying glucose concentration or within the first week in culture.

improved not only isolated islet cell survival but also increased
glucose-stimulated insulin secretion (Nagata et al., 2002; Pinkse et al.,
2006; Nikolova et al., 2006). Nagata et al. further examined matrix
interactions in three-dimensional culture using collagen based
hydrogels and found that the addition of collagen type IV and laminin
within collagen type I hydrogels improved three-dimensionally
cultured islet function (Nagata et al., 2002). However, the complexities
of serum protein interactions with collagen type I gels may introduce
confounding influences on islet function.

To test the influence of matrix interactions on islet function within
a three-dimensional microenvironment, islets were encapsulated in
PEG hydrogels presenting cell-matrix interactions found in the native
islet environment, specifically laminin and collagen type IV. Because
cells do not interact directly with the hydrophilic PEG network, we
were able to observe the isolated effects of extracellular interactions
with individual and combined matrix components. To better under-
stand the specific cell-matrix interactions influencing islet function,
specific laminin interactions were investigated via islet encapsulation
with adhesive peptide sequences found in laminin, as well as
functional blocking of cell surface receptors known to bind laminin.

2. Results
2.1. Insulin secretion from islets encapsulated in PEG hydrogels

Following isolation, islets were encapsulated in PEG hydrogels and
exposed to 1.1mM, 8.3mM, and 16.7mM glucose challenge during the
first week in culture. The amount of insulin released from each sample
in response to 8.3mM and 16.7mM glucose was normalized to that
released in 1.1mM glucose from the respective sample, and the
percent increase in insulin secretion over basal conditions was
compared to insulin release values from unencapsulated islets
exposed to the same stimulation conditions within 3days of isolation
(Fig. 1A). Insulin secretion in response to high glucose (16.7) was
approximately five-fold greater than basal secretion (1.1mM) from
both encapsulated and unencapsulated islets. Insulin release in
8.3mM glucose was approximately twice that in 1.1mM glucose and
also similar between encapsulated and unencapsulated islets. No
significant differences were observed in insulin secretion from islets in
normal culture (unencapsulated) and from islets within the three-
dimensional PEG environment.

The maintenance of islet function in culture was investigated by
stimulation with high glucose (16.7mM) repeatedly over 28days in
culture. The amount of insulin released per encapsulation sample was
normalized by the respective ATP content of the sample to eliminate

variance between samples due to differing cell number. Insulin
secretion from encapsulated islets at specified time points is
presented as a percentage of insulin release values for unencapsulated
islets within 24h of isolation, which was also normalized by ATP
content (Fig. 1B). The amount of insulin released by encapsulated islets
during 1h in high glucose solution was sustained over one month in
culture, while insulin released from unencapsulated islets diminished
between week one and week two and was undetectable after 28days.
In addition to these functional results, islet survival over 28days
within PEG gels was observed via staining with a fluorescent
membrane-integrity assay (LIVE/DEAD®, Invitrogen) and previously
reported (Weber et al., 2006).

2.2. Islets encapsulated with individual basement membrane proteins

Collagen type IV and laminin are the most abundant matrix proteins
found in the vascular basement membrane identified within islets in situ
(Nikolova et al., 2006), and the effects of islet-matrix interactions with
these proteins on insulin secretion were investigated within PEG
hydrogel encapsulation environments. Isolated murine islets were
encapsulated in PEG hydrogels containing collagen type IV and laminin,
individually, at a concentration of 100ug/ml, and insulin secretion from
islets in response to static glucose stimulation was measured over one
month in culture. An ECM protein concentration of 100ug/ml was
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Fig. 2. Glucose-stimulated insulin release from islets encapsulated in PEG hydrogels
(n=6) containing collagen type IV and laminin compared to that from islets in
unmodified PEG environments with culture time. Proteins were encapsulated in the
gels at a concentration of 100 mg/ml.
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selected based on the range of ECM concentrations used in previous
investigations of islet-matrix interactions in two-dimensional culture
(Wang and Rosenberg, 1999a; Bosco et al., 2000; Ris et al., 2002;
Edamura et al., 2003; Kaido et al., 2004) and in collagen gels (Nagata
et al,, 2002) as well as results of a preliminary investigation within the
three-dimensional PEG encapsulation environment using MIN6G (3-cells
(Weber et al., in press). Varying ECM protein concentration from 10 to
250pg/ml did not affect MING insulin secretion. Islet insulin secretion
was normalized by sample ATP content and compared to insulin
released from islets encapsulated in the absence of matrix interactions
(Fig. 2). The presence of collagen type IV in the extracellular
environment contributed to an approximately two-fold increase in
insulin secretion (p < 0.01), and insulin secretion from islets encapsu-
lated in laminin-containing gels was almost four-fold greater than from
islets encapsulated without matrix proteins (p < 0.01).

2.3. Islets encapsulated with ECM combinations

Because the basement membrane is comprised of both collagen
type IV and laminin, PEG hydrogel environments were modified with
three combinations of these proteins: 17% collagen type IV and 83%
laminin, 25% collagen type IV and 75% laminin, and 50% collagen type
IV and 50% laminin. For each condition, the total concentration of
matrix protein was 100ug/ml, and therefore, the notations for each
combination represent not only the percentage of each protein by
weight, but also the matrix protein concentration in pg/ml. The 17%
collagen type IV and 83% laminin matrix composition corresponds to a
1:1 molar ratio of the matrix proteins, a similar relative composition to
that found in cell-secreted basement membranes (Kleinman et al.,
1986). Insulin secretion from islets encapsulated with 50% of each
protein was not statistically different from the amount of insulin
released from samples containing only laminin (Fig. 3). However, islets
encapsulated with combinations that contained more laminin than
collagen type IV released greater than 50% more insulin compared to
laminin alone (p < 0.01). These results suggest that collagen type IV
and laminin synergistically influence islet insulin secretion.

To further explore this intriguing result, the interactions between
collagen type IV and laminin were considered. Entactin, also known as
nidogen, is a basement membrane protein that facilitates the
connection of collagen type IV and laminin networks within basement
membrane. Entactin has a high affinity to laminin, and a 1:1 molar
laminin/entactin complex can be isolated from mouse EHS tumor
(Timpl, 1999). Islets were encapsulated in gels containing entactin in
addition to collagen type IV and laminin, to determine if the ability of
entactin to direct collagen type IV and laminin binding would further
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Fig. 3. Glucose-stimulated insulin release from islets encapsulated in PEG hydrogels
containing varying ratios of collagen type IV and laminin compared to that from islets in
PEG environments presenting matrix protein interactions individually over 28 days in
culture. Total protein concentration in each gel was 100 mg/ml (n=4).
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Fig. 4. Glucose-stimulated insulin secretion from islets encapsulated in PEG gel
compositions with two relative amounts of collagen type IV and laminin and with and
without entactin, a matrix protein known to facilitate binding between collagen type IV
and laminin, with culture time. Total protein concentration in each gel was 100 mg/ml
(n=4).

potentiate the synergistic effects of these matrix proteins on
encapsulated islet insulin secretion. However, the presence of entactin
within PEG gel environments resulted in insulin release values similar
to those from islets encapsulated with collagen type IV and purified
laminin (Fig. 4) in the absence of entactin.

2.4. Islets encapsulated with peptide recognition sequences found in
laminin

Given the prominent effect of laminin on islet insulin secretion,
islets were encapsulated with five adhesive peptide sequences found
in laminin: IKLLI, IKVAV, LRGDN, PDSGR, and YIGSR (Yamada, 1991;
Masters and Anseth, 2004) to better understand specific cell-matrix
interactions. The presentation of IKVAV within the encapsulation
environment resulted in statistically higher islet insulin secretion
relative to islets with no matrix interactions or any of the other
peptide sequences studied (Fig. 5, p <0.01). However, insulin secretion
in the presence of IKVAV was significantly less than that secreted by
islets in PEG gels containing whole laminin (p < 0.01). Insulin secretion
in the presence of a scrambled version of IKVAV, the peptide sequence

—<—IKLLI

0 2 4 6 8 10 12 14
Time {days)

Fig. 5. Glucose-stimulated insulin release from islets encapsulated in PEG gels modified
with individual adhesive peptide sequences found in laminin over 14 days in culture
(n=4). Each peptide was incorporated in the gels at a concentration of 5 mM. VVIAK
served as a scrambled peptide control for IKVAV. Only gel environments containing
IKVAV resulted in increased insulin secretion (p<0.01).
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Fig. 6. Glucose-stimulated insulin release from islets encapsulated in PEG gels modified with peptide combinations IKVAV+YIGSR and IKLLI+IKVAV (A), and PDSGR+YIGSR (B),
compared to insulin released in response to individual peptides over 14 days in culture (n=4). Total peptide concentration in each gel was 5 mM.

VVIAK, was not statistically different from control levels secreted in
the absence of matrix interactions, indicating that the specific
sequence order of IKVAV is critical to the influence of this peptide
on islet function. Average insulin secretion values for islets in gels
containing LRGDN were greater than control levels, but this increase
was not statistically significant (p = 0.06).

Additionally, the influence of laminin-derived peptide pairs on
islet function was investigated. IKVAV and IKLLI were shown to
independently promote encapsulated MIN6 [3-cell insulin secretion
(Weber et al., 2007), and additional synergistic peptide pairings
include IKVAV and YIGSR (Tong et al., 2001) and PDSGR and YIGSR
(Kleinman et al., 1989; Aucoin et al., 2002). Insulin release from islets
encapsulated with peptide pairs containing IKVAV was comparable
to that from islets encapsulated with IKVAV alone (Fig. 6A).
Interestingly, in gel environments modified with both PDSGR and
YIGSR, islets secreted more insulin than with either peptide
individually (Fig. 6B, p < 0.01), but insulin release from islets in
these gels was less than that with IKVAV. Clearly, small laminin
peptide fragments can enhance islet function by promoting specific
cell-matrix interactions, but the nature of the enhancement is less
significant than that of the entire laminin protein.

2.5. ECM receptor blocking and islet insulin secretion

The influence of two known laminin receptors, integrin ogf>; and
the 67-kDa laminin receptor, on islet-laminin interactions also was
explored in a competitive binding experiment. Islets were incubated
with blocking antibodies for the integrin subunit ag and the 67-kDa
laminin receptor, and the effects on insulin secretion from islet
encapsulated with laminin were observed. Islets exposed to the
laminin receptor antibody released insulin at a level similar to those
encapsulated with laminin but not exposed to antibody. In contrast,
exposure to g antibody prior to encapsulation with laminin,
completely obliterated the enhanced insulin secretion observed in
the presence of laminin and resulted in insulin secretion levels similar
to that from islets encapsulated without matrix protein. The values
presented in Fig. 7 were measured after 7days in culture and are
representative of those observed throughout two weeks in culture.

3. Discussion

Glucose-stimulated insulin secretion from islets encapsulated in
PEG hydrogels was similar to that of freshly isolated, unencapsulated
islets. Furthermore, encapsulated islet insulin secretion in response to
glucose challenge (16.7mM) was maintained at levels similar to that of
controls over one month in culture. Functional preservation may be

due to the three-dimensional support of isolated islet morphology
within the hydrogel environment. These results support the cyto-
compatibility of the photopolymerization conditions used for hydro-
gel formation and of the subsequent hydrogel environment with
respect to maintaining murine islet function in three-dimensional
culture. Hydrogel formation within an aqueous solution affords the
opportunity to dissolve matrix protein in the precursor solution for
physical entrapment upon network photopolymerization and to study
the individual and combined effects of cell-matrix interactions on
encapsulated islet function.

[slet interactions with laminin and collagen type IV present in the
extracellular environment of PEG hydrogels resulted in increased
glucose-stimulated insulin secretion. The influence of these individual
matrix proteins in a three-dimensional encapsulation environment is
in agreement with previous investigations of islets cultured on
collagen type IV and laminin substrates (Bosco et al., 2000; Nagata
et al,, 2002; Edamura et al., 2003; Kaido et al., 2004; Nikolova et al.,
2006). Beyond these single component gel systems, hydrogel
environments containing both collagen type IV and laminin were
synthesized and found to further promote islet insulin secretion,
specifically in gels containing a higher ratio of laminin relative to
collagen type IV. Interestingly, the synergistic matrix compositions are
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Fig. 7. Glucose-stimulated insulin release from islets exposed to functional blocking
antibodies to integrin g and the 67-kDa laminin receptor prior to encapsulation in PEG
gels containing laminin compared to that from untreated islets encapsulated with and
without laminin after 7 days in culture (n=6). Laminin concentration in the gels was
100 mg/ml. * denotes statistically significant experimental result (p<0.01).
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similar to that found in native basement membrane (Kleinman et al.,
1986), the primary ECM component within islets in situ (Nikolova
et al., 2006). The ability of matrix interactions within a hydrogel
encapsulation environment to positively influence islet insulin
secretion in vitro indicates the potential of matrix-functionalized
islet encapsulation barriers to promote function of transplanted islets.
Because islet donor shortage is a major obstacle in islet transplanta-
tion therapy, any encapsulation barrier modifications that result in
improved islet function will aid in reducing the amount of islets
required for effective treatment.

While much of the basement membrane present within the native
islet structure is associated with the islet vasculature, islets are also
surrounded by an ECM capsule that contains collagen type IV and
laminin (Meda and Bosco, 2001; Nikolova et al., 2006), and this
capsule is largely disrupted during islet isolation (Wang et al., 1999b).
The presence of matrix proteins within the extracellular encapsulation
environment may serve to re-establish cell-matrix interactions
originally associated with the native islet capsule. For our initial
studies, we used intact mouse islets rather than individual 3-cells to
avoid additional disruption beyond that caused by initial isolation to
complex intra-islet cell communication pathways. It is widely
accepted that individual B-cells function differently relative to -
cells within the native islet structure (Meda and Bosco, 2001), and
additionally, intact islets are used in current transplantation therapies.
Due to the spherical structure of islets, only cells located at the islet
surface would be in contact with matrix proteins, yet insulin secretion
by B-cells known to be localized to the interior islet region was
improved in the presence of ECM. In experiments with cultured p-
cells, cell-matrix interactions influenced insulin secretion via altera-
tions in P-cell cytoskeletal organization and intracellular signaling
events linked to cytoskeletal arrangement (Li et al., 1994; Thurmond
et al., 2003; Hammar et al., 2005; Tomas et al., 2006). Direct 3-cell-
matrix interactions with the vascular basement membrane located
throughout islets could provide this signaling in vivo, but the results
presented herein suggest that signaling from cells located along the
islet surface also are capable of influencing (-cell function. The
molecular mechanisms involved in the coordinated response of
multiple islet cell types to matrix interactions should be further
investigated.

The observed differences in insulin secretion at early time points
from islets encapsulated with matrix moieties also are indicative of
complex intracellular changes evoked by islet-matrix contacts. After
four days, glucose-stimulated insulin secretion from islets encapsu-
lated with laminin and collagen type IV, individually and in
combination, reached maximal levels. However, after only one day,
average insulin secretion values from islets encapsulated with laminin
were greater that those from islets with no matrix interactions,
although not statistically different (p > 0.05). This trend was observed
on day one for other gel-matrix conditions as well, suggesting that the
effects of matrix interactions on islet function are not immediate but
rather the result of a series of intracellular events that occur in
response to specific extracellular cues. Toward future studies of these
complex intracellular changes, we also investigated specific amino
acid sequences within laminin that may interact with islet cell surface
receptors as well as specific laminin receptors.

Islet encapsulation in PEG gels containing peptide recognition
sequences found in laminin demonstrated the ability of interaction
with IKVAV at a concentration of 5mM to influence islet insulin
secretion. However, none of the individual and combined peptide
sequences tested affected insulin secretion to the same extent as
whole laminin protein. Matrix receptor interactions with the tested
peptide sequences may play a role in laminin-islet signaling, but no
individual peptide or peptide pairing was identified in these
experiments to be solely responsible for the effects of laminin on
islet function. The inclusion of matrix interactions within islet
encapsulation barrier environments via covalently incorporated

peptides may have further application though, due to the potential
of peptides to be less immunogenic and more stable in comparison to
whole matrix proteins.

The treatment of islets with antibodies to block matrix receptor
function prior to encapsulation in laminin-containing gels provided
evidence for cell-matrix signaling via integrins containing the ag
integrin subunit. Exposure to anti-og antibody effectively eliminated
the influence of extracellular laminin on encapsulated islet insulin
secretion. Two oi-containing integrins, 31 and a4, have been
shown to interact with laminin (Sasaki and Timpl, 1999), but only the
g7 integrin has been identified on islet-related cells. Increased
insulin secretion from individual 3-cells cultured on a laminin-rich
cell-secreted matrix was found to be mediated by ag3; integrin (Bosco
etal., 2000), and recent reports have identified the importance of s34
integrin in islet development (Wang et al., 2005; Yashpal et al., 2005).
In contrast, treatment of islets with an antibody against the 67-kDa
laminin receptor did not reduce insulin secretion from islets
encapsulated with laminin. However, due to experimental complex-
ities, such as variable antibody-receptor binding, this result is
inconclusive and does not eliminate the potential importance of the
67-kDa laminin receptor in the effects of laminin on encapsulated
islets.

In conclusion, islet encapsulation in PEG hydrogels containing
specific matrix interactions resulted in improved glucose-responsive
insulin secretion over one month in culture. Accordingly, the re-
establishment of islet-matrix contacts within the encapsulated cell
microenvironment should be considered in the design of future
immunoprotective barrier systems, and although PEG hydrogels are
promising candidates for clinical application, presentation of the
matrix interactions identified in this work to encapsulated islets could
be generally incorporated into a wide range of current bioinert
encapsulation schemes. This investigation identified matrix compo-
nents that support increased islet insulin secretion in three-dimen-
sional culture. Future research should investigate, in concert, the
clinical application of these interactions in islet replacement therapies
as well as a fundamental understanding of the molecular mechanisms
responsible for the observed increases in insulin release and the time
course over which these intracellular events occur.

4. Experimental procedures
4.1. Islet isolation and culture

Islets from adult Balb/c mice were obtained from the Diabetes and
Endocrinology Research Center at the Barbara Davis Center for
Childhood Diabetes (Denver, CO). Briefly, islets were isolated from
mouse pancreata by collagenase (type V; Sigma-Aldrich, St. Louis, MO)
digestion (Gotoh et al., 1985) followed by purification on a Histopaque
(Sigma-Aldrich) density gradient (Kupfer et al., 2005). Isolated islets
were cultured in RMPI 1640 (Gibco, Carlsbad, CA) supplemented with
10% fetal bovine serum (Gibco), 1% penicillin-streptomycin (Gibco),
and 0.5 pg/mL fungizone (Gibco) at 37°C in humid conditions with 5%
CO,.

4.2. Synthesis of extracellular matrix presenting hydrogel environments

Poly(ethylene glycol) dimethacrylate (PEGDM) was synthesized by
reacting linear PEG (M, = 10,000g/mol) (Sigma-Aldrich) with
methacrylic anhydride (Sigma-Aldrich) at a molar ratio of 1:10 via
microwave irradiation under solvent free conditions (Lin-Gibson et al.,
2004). The macromer product was collected by precipitation into chilled
(4°C) ethyl ether (Sigma-Aldrich) and vacuum filtration, and macromer
purification was achieved by dialysis in deionized water (diH,0) using
cellulose ester dialysis tubing with a molecular weight cutoff of 1000g/
mol (Spectrum Laboratories, Rancho Dominguez, CA). Purified PEGDM
was collected by lyophilization and stored at 4°C under nitrogen.
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Hydrogels were formed from a precursor solution of 10wt.%
PEGDM in Hanks Balanced Salt Solution (HBSS, Gibco) and 0.025wt.%
of the photoinitiator 2-hydroxy-1-[4-(hydroxyethoxy)phenyl]-2-
methyl-1-propanone (Ciba-Geigy, Basel, Switzerland), exposed to
365nm ultraviolet light at an intensity of ~ 7mW cm™ 2 for 10min.
For encapsulation, islets were suspended in the precursor solution
prior to photopolymerization at a density of ~ 20 islets/30pl. Islet
survival within the resulting PEG hydrogels has been confirmed
previously over 28days in culture (Weber et al., 2006).

Matrix-presenting PEG hydrogel environments were formed by
dissolving matrix proteins at specified concentrations, typically
100pg/ml, in the 10wt.% PEGDM hydrogel precursor solution prior to
polymerization. During photopolymerization of the PEG hydrogel, the
following dissolved matrix proteins were physically entrapped
throughout the gel network structure, individually and in combina-
tion: entactin-free laminin, laminin-containing entactin, and collagen
IV (BD Biosciences, San Jose, CA).

Adhesive peptide recognition sequences were synthesized using
an Applied Biosystems peptide synthesizer (model 433A). Purified
IKLLI, IKVAV, LRGDN, PDSGR, and YIGSR were conjugated to mono-
acrylated PEG for covalent incorporation into PEG hydrogels during
photopolymerization as previously described (Weber et al., 2007).
Briefly, peptide-PEG-acrylate was synthesized by reacting the N-
terminus of each peptide sequence with an N-hydroxysuccinimidyl
group on mono-acrylated PEG (M, = 3400Da) (Acr-PEG-NHS, Nektar
Therapeutics, Huntsville, AL) in 0.1M sodium biocarbonate buffer at
pH 8.5 for 2h at room temperature with a 20% molar excess of peptide.
Acrylated peptides were then dialyzed in deionized water overnight
using cellulose ester dialysis tubing to remove low molecular weight
contaminants and excess, unreacted peptide and collected by
lyophilization. Peptide-presenting hydrogels were formed by the
addition of 5.0mM acrylated peptide to the hydrogel precursor
solution prior to photopolymerization.

4.3. Glucose-stimulated insulin secretion

Insulin secretion was evaluated by exposure of encapsulated islets
to static glucose stimulation for 1h at specified time points.
Encapsulated and unencapsulated samples were first placed in a low
glucose concentration solution (1.1mM) for 45min, followed by
incubation in a high glucose concentration buffer (16.7mM) for 1h.
The insulin concentration in the high glucose buffer solutions after 1h
was measured by mouse/rat insulin ELISA (Mercodia, Winston Salem,
NC). Encapsulated islet insulin release was measured repeatedly over
one week in response to varying glucose concentrations (1.1, 8.3, and
16.7mM) and compared to that released from unencapsulated islets
within 72h of isolation in response to the same glucose concentrations.
Samples were exposed to each glucose concentration, and the ratio of
insulin secreted with stimulatory glucose concentrations (8.3mM and
16.7mM) to insulin secreted in basal glucose solution (1.1mM) was
calculated for each unencapsulated and encapsulated sample, and
averaged per condition. Further, insulin secretion from both unencap-
sulated and encapsulated islets in response to high glucose concentra-
tion (16.7mM) was measured over one month in culture to observe any
influence of the PEG environment on islet function.

The CellTiter-Glo® Luminescent Cell Viability Assay (Promega,
Madison, WI) was used to measure the ATP content of each
encapsulation sample. Islet-containing hydrogel samples were incu-
bated in 0.5ml of culture media combined with 0.5ml of CellTiter-Glo
reagent for 30min on an orbital shaker (~ 200rpm). The luminescence
of each sample solution was measured using a microplate reader
(Perkin Elmer Wallac Victor?, 1420 Multilabel Counter), and the
insulin released from each sample was normalized by the ATP content
of the respective sample to account for insulin secretion disparities
between samples due to variations in cell number. The relatively small
molecular size of ATP allows for the measurement of the total ATP

content of each hydrogel sample by simple extraction of the molecule
from each sample, avoiding error introduced by the physical
destruction of hydrogel samples required for DNA measurement. In
control experiments, the amount of ATP in hydrogel samples
correlated appropriately to both sample cell number and sample
DNA content when ATP was measured immediately following high
glucose stimulation (data not shown).

4.4. Antibody receptor blocking

For matrix receptor blocking, islets were suspended in culture
media containing 25pug/ml of blocking antibody to the integrin a6
subunit (Santa Cruz Biotechnology, Santa Cruz, CA) or the 67-kDa
laminin receptor (Novus Biologicals, Littleton, CO) for 4h, and then
immediately encapsulated in PEG hydrogels containing laminin.
Glucose-stimulated insulin secretion from islets exposed to receptor
antibodies was measured over 14days in culture.

4.5. Statistical analysis

All results are presented as mean # standard deviation. A two-
tailed, unpaired Student's t-test was used to determine statistical
significance between experimental conditions and control conditions
(p < 0.05), and multiple comparisons were performed by ANOVA
followed by Tukey's secondary test for significance. p values less than
0.01 are noted as such.
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