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Abstract

Background—The survival and function of transplanted pancreatic islets is limited, owing in part

to disruption of islet-matrix attachments during the isolation procedure. Using polymer scaffolds as

a platform for islet transplantation, we investigated the hypothesis that replacement of key

extracellular matrix components known to surround islets in vivo would improve graft function at

an extrahepatic implantation site.

Methods—Microporous polymer scaffolds fabricated from copolymers of lactide and glycolide

were adsorbed with collagen IV, fibronectin, laminin-332 or serum proteins before seeding with 125

mouse islets. Islet-seeded scaffolds were then implanted onto the epididymal fat pad of syngeneic

mice with streptozotocin-induced diabetes. Nonfasting glucose levels, weight gain, response to

glucose challenges, and histology were used to assess graft function for 10 months after

transplantation.

Results—Mice transplanted with islets seeded onto scaffolds adsorbed with collagen IV achieved

euglycemia fastest and their response to glucose challenge was similar to normal mice. Fibronectin

and laminin similarly promoted euglycemia, yet required more time than collagen IV and less time

than serum. Histopathological assessment of retrieved grafts demonstrated that coating scaffolds with

specific extracellular matrix proteins increased total islet area in the sections and vessel density within

the transplanted islets, relative to controls.

Conclusions—Extracellular matrix proteins adsorbed to microporous scaffolds can enhance the

function of transplanted islets, with collagen IV maximizing graft function relative to the other

proteins tested. These scaffolds enable the creation of well-defined microenvironments that promote

graft efficacy at extrahepatic sites.
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Type 1 diabetes mellitus (T1DM) affects an estimated 1.5 million Americans (1) and is

characterized by autoimmune-mediated destruction of pancreatic β-cells, which results in

absolute insulin deficiency (2–5). Although careful glucose monitoring combined with
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exogenous insulin administration can effectively control acute glycemia, secondary

microvascular and macrovascular complications eventually afflict most type 1 diabetic subjects

(6–8). β-cell replacement via transplantation of allogeneic islets has been explored as a potential

curative treatment but clinical islet transplantation has thus far yielded disappointing results,

with less than 10% of those transplanted remaining insulin independent after 5 years (9).

Moreover, the stringent inclusion criteria for and shortage of donors, coupled with the

requirement for two to four donor pancreata per recipient, limit the potential of this approach

(10–12).

Reasons for the limited success of islet transplantation are multifactorial and likely related to

the loss of vascular connections (13,14) and disruption of cell-matrix contacts that occur during

the isolation procedure (10). Basement membrane proteins present between intraislet

endothelial and endocrine islet cells are primarily collagen IV, laminin, and fibronectin. These

proteins engage integrins on the surface of islet cells to mediate adhesion, provide structural

support, and activate intracellular chemical signaling pathways (15–17). During enzymatic

digestion of the exocrine pancreas, these extracellular matrix (ECM) proteins are degraded,

which interrupts cell-matrix interactions (18–20). Early islet cell death after transplantation

may be related to a lack of integrin signaling resulting in apoptosis (20). Islets cultured on

matrices containing ECM components, on the other hand, exhibited improved survival in vitro

(21). Therefore, the provision of a matrix to support islet attachment may be an important

requirement for maintaining the function and viability of transplanted islets.

As previously reported, microporous, biocompatible, biodegradable scaffolds fabricated from

poly(lactide-co-glycolide) (PLG) were successfully used as platforms for islet transplantation

in mice (22). This type of scaffold offers distinct advantages, including (i) a high surface area/

volume ratio to enable nutrient and waste transport, (ii) an interconnected internal pore structure

to allow for cell and blood vessel infiltration, (iii) sufficient mechanical rigidity to provide a

platform for cell attachment and ease of implantation, and (iv) the ability to degrade over time,

allowing for complete integration into the surrounding tissue. In addition to providing structural

support, the scaffold surface can be modified with nondiffusible molecules, such as ECM

components, to mediate cellular interactions that are necessary for cell attachment, growth,

and proliferation (23). This surface modification enables manipulation of the local

microenvironment so that the impact of factors in isolation or combination on graft efficacy

can be determined.

In the present study, we investigated the ability and specificity of ECM proteins to promote

the long-term function of islets transplanted onto microporous scaffolds coated with collagen

IV, laminin or fibronectin, and implanted into a mouse model of diabetes. Consistent with a

previous study, the epididymal fat pad was selected as the site of implantation due to its surgical

accessibility, vascularization, and structural similarity to the greater omentum in humans (a

potential extrahepatic site for clinical islet transplantation) (22,24). Nonfasting and dynamic

blood glucose data, weight measurements and immunohistochemistry results suggest that the

composition of the local microenvironment surrounding transplanted islets is a key factor in

promoting their long-term survival and function.

MATERIALS AND METHODS

Protein Adsorption to Scaffolds

PLG scaffolds were prepared as previously described (25) and treated in the manner described

below on the day before islet isolation and seeding. For protein adsorption, dry scaffolds were

immersed in 0.5 N NaOH for 1 min (26) followed by immersion in an excess of water. Scaffolds

were dried at room temperature before placing in 70% EtOH. Scaffolds were again dried before

being placed into individual wells of a 24-well dish. Collagen IV (50 μL at 1 mg/mL; Sigma),
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fibronectin (50 μL at 1 mg/mL; Sigma), laminin-332 (formerly termed laminin-5 and hereafter

referred to as “laminin”; 50 μL of conditioned cell culture media from 804G cells containing

approximately 1 mg/mL of laminin-332 [27]), or serum-containing media (RPMI-1640 media

[Gibco-BRL, Grand Island, NY] supplemented with 10% heat-inactivated fetal calf serum

[Hyclone, Logan, UT], 100 U/mL penicillin-G, 100 mg/mL streptomycin sulfate, and 1 mmol/

L L-glutamine; hereafter referred to as “SCM”) were added to the scaffold and incubated at

room temperature for 2 hours, followed by addition of 50 μL of the same component to each

scaffold. Scaffolds were then incubated with 95% humidity at 37°C overnight to allow for

protein adsorption. Before islet seeding, 100 μL of fresh SCM was applied to the top of each

scaffold.

Protein adsorption to the scaffold surface was assessed using the picrosirius stain (28). After

overnight incubation, scaffolds were washed three times with phosphate-buffered saline (PBS)

to wash away any unbound protein. After staining, scaffolds were visualized by light

microscopy to identify adsorbed proteins.

Animals and Induction of Diabetes

Male C57BL/6 mice (Jackson Laboratories, Bar Harbor, ME) between 8 and 12 weeks of age

were used as islet donors and transplant recipients. Four days before islet transplantation, graft

recipient mice were injected intraperitoneally with 220 mg/kg of streptozotocin (Sigma, St.

Louis, MO) to chemically induce irreversible diabetes (29). Nonfasting blood glucose levels

were measured in whole blood samples obtained from the tail of the animals using a One Touch

Basic glucose monitor (Lifescan, Milpitas, CA). Mice were used in these studies only if they

had blood glucose measurements greater than 300 mg/dL on consecutive days before

transplantation. The blood glucose levels of donor mice were also checked before islet isolation

to verify that they were metabolically normal. All studies were approved by the Northwestern

University Animal Care and Use Committee.

Islet Isolation, Scaffold Seeding, and Transplantation

Islet isolation and scaffold seeding were performed as previously described except that each

recipient only received 125 islets (22). After isolation, islets were seeded onto each scaffold

in a minimal volume of media by applying them to the scaffold and allowing them to filter into

the microporous structure. Examination of the tissue culture media after removal of the

scaffolds demonstrated that greater than 95% of the islets stayed on the scaffolds after seeding.

Scaffolds were then incubated at 37°C in 5% CO2 and 95% air for 30 min. At that time, 20

μL of SCM was added to the top of each scaffold and returned to the incubator. After a 60-min

incubation, 5 mL of SCM was added to the tissue culture well in which each scaffold was

placed and returned to the 37°C incubator for 30 min before transplantation.

Recipient mice were anesthetized with an intraperitoneal injection of Avertin (250 mg/kg body

wt) and the abdominal region was shaved and prepped in a sterile manner. After a short, midline

lower abdominal incision, the right epididymal fat pad was identified and spread on the shaved,

exterior abdominal surface. Scaffolds preseeded with islets were then placed on and wrapped

by the fat pad and returned to the intraperitoneal cavity. Scaffolds not seeded with islets but

incubated overnight in SCM were transplanted as negative controls. The wound was closed in

two layers. Mice were allowed free access to food and water postoperatively and were routinely

checked throughout the duration of the study for any signs of infection around the surgical site.

Assessment of Graft Function

After transplantation, nonfasting blood glucose and weight measurements were taken between

12:00 and 17:00 as described above using the following schedule: everyday during the first

postoperative week, every other day during weeks 2 to 5, once per week during weeks 6 to 25,
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and once per month thereafter until the conclusion of the study. Grafts were considered to be

functional if glucose levels were maintained at less than 200 mg/dL and mice did not reconvert

to a hyperglycemic state for the duration of the study. After graft removal at the end of

postoperative week 42, blood glucose levels were monitored for 72 hr, at which time the mice

were sacrificed.

Intraperitoneal glucose tolerance tests (IPGTTs) were performed at 4 and 40 weeks after

transplantation to assess the grafts’ ability to respond to glucose challenges. After a 6 hr fast,

2 g/kg of 50% dextrose (Abbott Labs, North Chicago, IL) was injected intraperitoneally. Blood

glucose levels were measured at baseline (before injection), 15, 30, 60, and 120 min after

glucose injection. Area under the curve (AUC) for each animal was calculated using the

trapezoidal rule (30). The area corresponding to the baseline glucose measurement multiplied

by 120 min was subtracted from the total AUC calculated to account for any baseline

differences between the animals.

Histological Analysis

Histological analysis was performed to characterize the morphology of transplanted islets and

to quantify islet area and vascular density. On postoperative day 7 or 297, fat pads containing

islet grafts were explanted and fixed in 4% paraformaldehyde. Fixed specimens were

embedded in paraffin or Tissue-Tek O.C.T. compound (Miles Scientific, Elkhart, IN), and 5

μm paraffin or 10 μm cryosections were prepared, respectively. Immunohistochemistry was

performed to confirm the presence of β-cells using guinea pig anti-insulin antibody (1:100;

Zymed, South San Francisco, CA) and a biotinylated goat anti-guinea pig immunoglobulin

(1:1000; Vector, Burlingame, CA), followed by streptavidin-horseradish peroxidase, which

was revealed by staining with 3,3′-diaminobenzidine (DAB). Sections were counter-stained

with hematoxylin. Paraffin sections were also stained with hematoxylineosin according to

standard protocols. Digital images were acquired using a Spot camera via the accompanying

image analysis software (Diagnostic Instruments, Inc., Sterling Heights, MI) attached to a

Nikon Eclipse 50i microscope (Nikon, Tokyo, Japan).

Quantification of Islet Size and Vascular Density

Assessment of islet size and vascular density was performed in grafts removed after 297 days

of implantation. For each condition, three randomly chosen paraffin-embedded grafts were

serially sectioned as described above. Note that for the serum condition, the grafts used were

from animals whose diabetes had been reversed. The first section containing insulin positive

cells was identified and labeled “base section.” Starting at 50 μm after the base section, and

then at approximately 60 μm intervals thereafter, slides were selected for insulin-IHC and

hematoxylineosin (H&E) staining. Five slides per tissue sample per condition were collected

in this manner, each set representing a depth within the scaffold of approximately 300 μm. Few

islets were observed at greater depths within the graft. One section on each slide was stained

for insulin whereas the other was stained using H&E. The section stained for insulin was used

for verification of islet location, whereas the H&E section was used for identification of blood

vessels. Pictures were taken using a 40X objective as described above and assembled into

composite images in Adobe Photoshop CS3 Extended (Adobe Systems Inc., San Jose, CA).

Using Photoshop, the area of each islet was measured and the corresponding number of

intraislet vessels was counted after blinding the observer to the condition being evaluated.

Statistical Analysis

All values are reported as the mean±SEM. Differences in the number of days to reach
euglycemia between experimental groups were compared using the Kaplan-Meier survival
analysis and the log-rank test. Statistical analyses for comparison of weight and IPGTT data,

Salvay et al. Page 4

Transplantation. Author manuscript; available in PMC 2009 May 27.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



and all bar graphs in Figure 6, were performed by using Student’s t test. A P-value of less than

0.05 was considered statistically significant.

RESULTS

Protein Adsorption to Scaffolds

Protein adsorption was visualized to determine an appropriate protein concentration and

duration of incubation that would provide a homogeneous distribution throughout the scaffold.

Hydrolyzed-scaffolds incubated with collagen IV (Fig. 1A) demonstrated extensive protein

adsorption throughout the scaffold, whereas nonhydrolyzed scaffolds (Fig. 1B) demonstrated

a lower staining intensity as well as an inconsistent distribution of staining in the scaffold.

Hydrolyzed-scaffolds incubated in PBS showed no staining (Fig. 1C). Increasing the

concentration of collagen IV from 0.00 to 3.71 mg/mL increased the intensity of staining, as

did increasing the time of incubation from 1 to 16 hr (data not shown). Examination of scaffold

cross-sections after staining confirmed that protein adsorption was homogenous throughout

the entire scaffold volume. These experiments were repeated using fibronectin and laminin

with similar results (data not shown). On the basis of these results, overnight incubation of

hydrolyzed scaffolds in 1 mg/mL of the selected ECM component was used in all subsequent

studies.

ECM Proteins Improve Islet Function After Transplantation

Subsequent experiments investigated the ability of collagen IV, fibronectin, and laminin—

ECM proteins known to be present in pancreatic islets in vivo—to enhance islet function after

transplantation. In addition to transplanting islets onto scaffolds coated with collagen IV,

fibronectin and laminin, a fourth group of mice was transplanted with scaffolds that had been

incubated in SCM before islet seeding. As a negative control, a fifth group of mice was

implanted with scaffolds that had been incubated in SCM but not seeded with islets before

implantation. In these studies, a syngeneic animal model was used, which allowed for

investigation of the impact of various ECM components on graft success without complicating

effects from immunosuppressive agents.

Mice transplanted with scaffolds preadsorbed with collagen IV achieved euglycemia most

rapidly, with a mean time to euglycemia of 4.4±1.0 days (100% converted; n=7), compared
with 26.9±4.6 days (100% converted; n=8) for the fibronectin group, 26.8±6.8 days for the
laminin group (100% converted; n=8) and 36.0±18.1 days (75% converted; n=8) for the serum
group (Fig. 2A). Mice implanted with scaffolds lacking islets (n=8) remained hyperglycemic
with glucose levels between 282 and 547 mg/dL before being sacrificed on day 28. All other
mice were maintained until day 297 posttransplantation, at which time the fat pad containing
the graft was removed from each animal. In all cases, euglycemic animals reverted to a state
of hyperglycemia within 24 hr after scaffold removal, confirming that the islets contained
within the fat pad were responsible for sustaining euglycemia (Fig. 2A). The time to euglycemia
for the collagen IV group was significantly less than that of the other groups as determined by
the log-rank test applied to a Kaplan-Meier survival curve (P<0.001 for collagen IV vs.
fibronectin, laminin and serum) (Fig. 2B). None of the other pair-wise comparisons had
significance at the P=0.05 level.

Consistent with the blood glucose levels, mice transplanted with islets exhibited similar
increases in body weight from day 0 (day of transplant) to day 297 [27.6±1.3% for the collagen
IV group, 30.8±2.1% for the fibronectin group, 29.9±2.7% for the laminin group, and 26.3
±3.3% for the serum group] (Fig. 3). Although the serum group consistently exhibited a lower
percent change in weight compared with the three experimental groups, these differences were
not statistically significant at any time point as determined by Student’s t test (P>0.05). Mice
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in the negative control group lost an average 16.6%±2.0% of their body weight before being
sacrificed on day 28.

Specific ECM Proteins Improve Islet Response to Glucose Challenges

To further investigate the connection between ECM proteins and islet function, intraperitoneal
glucose tolerance tests (IPGTT) were performed at 4 and 40 weeks posttrans-plant on mice in
which euglycemia had been restored. For comparison, an IPGTT was also performed on
nondiabetic, age-matched C57BL/6 mice (n=3) at both time points. At 4 weeks posttransplant,
baseline fasting glucose levels were similar between the five groups of mice (Fig. 4A). At 30
min, however, glucose levels in the collagen IV and normal groups were significantly lower
than in the fibronectin and laminin groups. Similarly, at 60 min, glucose levels in the collagen
IV group were significantly lower than the laminin, fibronectin, and serum groups. At 120 min,
glucose levels had returned to near baseline for all groups except for the laminin group, which
was significantly higher than the collagen IV group. Glucose levels in the collagen IV and
normal groups were similar at all time points. The area under the curve (AUC) for the collagen
IV group was similar to that of the normal control mice but significantly less (P<0.001) than
that of the other three treatment groups (Fig. 4B).

Significant differences between groups were also found at 40 weeks posttransplant (Fig. 4C).
Glucose levels in the collagen IV and normal groups were significantly lower than the
fibronectin and serum groups 30 and 60 min after glucose injection. At 120 min after glucose
injection, the collagen IV group still had glucose levels significantly lower than the serum
group. Forty weeks posttransplant, the AUC for the collagen IV group (Fig. 4D) was similar
to the normal group but significantly less than the fibronectin (P<0.05) and serum groups
(P<0.01).

ECM Proteins Support Islet Architecture and Enhance Total Islet Mass

Islets seeded onto scaffolds coated with collagen IV maintained normal cell-cell interactions
and intact islet architecture, which may be necessary for islet function. Seven days after
implantation on collagen IV-coated scaffolds, the periphery of islets was in direct contact with
the protein-coated scaffold surface (Fig. 5A; red arrows). Additionally, all islets were found
to be located within a distance of approximately 400 μm from the surface on which they were
seeded (data not shown). Similar results were observed using fibronectin- and laminin-coated
scaffolds. However, on serum-coated scaffolds, islet architecture was disrupted. A fraction of
the cell-cell interactions were disrupted leading to individual insulin-positive cells within the
scaffold (data not shown).

The architecture and size of transplanted islets were assessed for islet grafts explanted 297 days
after transplantation. Immunohistochemical analyses revealed large numbers of insulin-
positive cells that were well circumscribed by a basement membrane and organized into highly
vascularized structures (Fig. 5, B–D). Although immunostaining for insulin was present in
sections from the serum-coated scaffolds (Fig. 5E), total islet area was smaller relative to the
other groups in all sections observed (Fig. 6B). For all conditions, scaffold material was not
visible after 297 days of implantation, indicating that the polymer had degraded and that
transplanted islets had become well integrated with the host tissue. Additionally, an abundance
of larger vessels and periislet vessels (Fig. 6A, see asterisks) were observed next to and around
the islets in all experimental conditions whereas few were observed in the serum condition.

ECM Proteins Enhance Islet Mass and Vascular Density

We subsequently quantified islet area and the number of intraislet blood vessels (Fig. 6, B–E).
The three experimental ECM conditions had similar total islet area per section, which were
significantly greater than the area measured for the serum condition (Fig. 6B; P<0.05).
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Additionally, the mean area per islet was not significantly different between the three

experimental conditions and the serum control (Fig. 6C).

Assessment of vessel density revealed that the three ECM groups had significantly more

intraislet microvessels than the serum control group (Fig. 6D; P<0.001). Measurement of

vascular density (number of vessels/mm2) indicated that the collagen IV and fibronectin groups

were similar, with both significantly greater than the laminin and serum groups (Fig. 6E;

P<0.001). The vascular density of the laminin group was also significantly greater than the

serum group (P<0.001). Interestingly, the vascular densities of islets transplanted on scaffolds

coated with collagen IV (1484±27 vessels/mm2) and fibronectin (1455±28 vessels/mm2) are
similar to those previously reported for native C57BL/6 islets. These values for vascular density
are significantly greater than that reported for islets transplanted beneath the kidney capsule
(31).

DISCUSSION

In the present study, we demonstrate for the first time that ECM components significantly
improved the efficacy of islet grafts in an animal model of T1DM. The observed effect of ECM
components on the restoration of euglycemia could be mediated by interactions between the
adsorbed proteins and islets, between proteins and the host tissue, or a combination of the two.
Previous reports have shown that ECM components interact with a variety of cell-surface
integrins to affect intracellular processes such as β-cell survival (32), differentiation (33),
proliferation (34), and insulin secretion (35). These in vitro findings establish the importance
of integrin-mediated signaling on islet function and our in vivo findings, reported herein, extend
these observations to demonstrate that ECM components significantly enhance the function of
transplanted islets in an animal model of T1DM. Interestingly, whereas we find that collagen
IV has a markedly positive impact on the function of transplanted islets, Kaido et al. (36)
recently reported that islets cultured on collagen IV-coated tissue culture wells showed marked
suppression of insulin gene transcription and significant glucose-independent insulin secretion.
The major difference between these two approaches is that scaffolds provide islets with a 3-D
matrix that supports and maintains the architecture and cellular organization found in native
islets (22), whereas in vitro cultured islets gradually transition from spheroidal aggregates to
monolayers (36). This beneficial effect of ECM proteins might be mediated by increased
adhesive properties of ECM-adsorbed scaffolds, which could act to maintain the native
architecture of islets and prevent them from escaping during or after transplantation, though
previous work has shown that islets seeded onto control scaffolds remained associated with
the scaffold after transplantation (22). This disruption of islet architecture may interfere with
integrin-mediated signaling and paracrine interactions between islet cells (37). Additionally,
Kaido et al. used adult human islets harvested from older donors (45–56 years old)—a factor
known to negatively correlate with isolated islet function (38). Finally, the expansion of their
primary islet cultures for 3 to 4 days before seeding on collagen IV-coated wells complicates
a direct comparison, as significant islet cell apoptosis ensues 24 to 48 hr after isolation with in
vitro cultured islets (20).

Alternatively, adsorbed proteins may promote the infiltration of host cells, such as endothelial
cells, into the scaffold (39), which interact with the grafted tissue. Endothelial cell infiltration
promotes engraftment and revascularization of transplanted islets, which is essential to
promoting their survival and function (40) and provides an explanation for the significantly
increased total islet area in the ECM conditions relative to controls. Reduced vascularization
of the serum-coated scaffolds may have limited nutrient availability, which could lead to
cellular apoptosis. Enhanced graft revascularization may have also contributed to a better
response during the IPGTT, although since the IPGTT results for the collagen IV condition
were better than the other ECM conditions, despite having a similar vascular density as the
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fibronectin condition, other mechanisms in addition to revascularization may have contributed

to enhanced islet engraftment and function, as discussed below. Thus, adsorbed proteins may

exert their effects directly on endothelial cells to promote their infiltration into the scaffold

(41).

The beneficial effects of ECM proteins could have also been mediated through interactions

with integrins, which could promote islet cell survival and proliferation resulting in increased

numbers of functioning β-cells. This interaction could also lead to an increase in the local

concentration of vascular endothelial growth factor (VEGF-A) (13), which would stimulate

both infiltration of host endothelial cells and expansion of donor intraislet endothelial cells.

Therefore, the combination of direct and indirect effects of matrix components on transplanted

islets could explain the observed improvement in outcome when islets were seeded on scaffolds

adsorbed with ECM components.

In conclusion, we report that the presence of ECM proteins on microporous scaffolds leads to

a pronounced decrease in the time required to reverse diabetes in C57BL/6 mice relative to

noncoated scaffolds. Our approach is based on modification of the microenvironment

surrounding islets to promote graft survival and function as well as to enhance integration with

the recipient. Of the ECM components investigated, the provision of collagen IV was most

effective at rapidly reversing streptozotocin-induced hyperglycemia in this animal model. This

finding suggests that the composition of the islet microenvironment plays an important role in

mediating the survival and function of transplanted islets. The scaffold provides a means to

manipulate this environment and can be designed to support islet engraftment, and represents

a significant departure from previous approaches in which biomaterials have been used for

immunoisolation. Moreover, the ability to achieve euglycemia in so short a time with a single

transplant of 125 islets (the average islet yield per pancreas is approximately 200) represents

the successful application of a single-donor/single-recipient model of islet transplantation—a

necessary benchmark that must be routinely achieved in human trials before clinical islet

transplantation becomes widely practiced.
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FIGURE 1.

Protein adsorption to scaffolds. Photomicrographs of scaffolds stained with picrosirius red after

1 mg/mL collagen IV was adsorbed. The scaffolds were treated by base hydrolysis (A) or were

untreated (B). Negative control for base-hydrolyzed scaffold by incubation with PBS (C).

Indicator marks at bottom of images are 1 mm apart.
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FIGURE 2.

Glucose regulation after islet transplantation. (A) Nonfasting blood glucose levels from day 0

(day of transplant) through day 300 posttransplant. ●, collagen IV group (n=7); ■, fibronectin

group (n=8); ○, laminin group (n=8); ▲, serum group (n=8); □, no islet group (n=8). Data are

presented as mean glucose level±SEM (one-sided error bars used for clarity). (B) The fraction
of diabetic animals that converted to euglycemia over time for scaffolds coated with collagen
IV (solid line), fibronectin (dashed line), laminin (dash-dot line), and serum proteins (dot-dot
line). ***P<0.001, collagen IV vs. all other conditions.
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FIGURE 3.

Change in body weight after islet transplantation. Percent change in body weight from day 0

through day 300 posttransplant. ●, collagen IV group (n=7); ■, fibronectin group (n=8); ○,

laminin group (n=8); ▲, serum group (n=8); □, no islet group (n=8). Data are presented as

mean percent change in weight±SEM (one-sided error bars used for clarity).
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FIGURE 4.

Intraperitoneal glucose tolerance tests. An IPGTT was performed at 4 (A, B) and 40 weeks (C,

D) after islet transplantation on animals that were euglycemic at that time. (A, C) Blood glucose

levels as a function of time after glucose injection. ●, collagen IV group (n=7 at 4 weeks, n=7

at 40 weeks); ■, fibronectin group (n=5 at 4 weeks, n=8 at 40 weeks); ○, laminin group (n=6

at 4 weeks, n=8 at 40 weeks); ▲, serum group (n=4 at 4 weeks, n=6 at 40 weeks); □, normal

control group (n=3 at 4 weeks, n=3 at 40 weeks). Data are presented as mean glucose level

±SEM. ||, P<0.05, collagen IV vs. fibronectin; §, P<0.05, collagen IV vs. laminin; ¶, P<0.05,
collagen IV vs. serum. (B, D) Areas under the glucose challenge curves (AUC) were calculated.
Data are presented as mean AUC±SEM. *, P<0.05, collagen IV vs. fibronectin (at 40 weeks);
**, P<0.01, collagen IV vs. serum (at 40 weeks); ***, P<0.001, collagen IV vs. fibronectin,
laminin and serum groups (at 4 weeks). For clarity, statistically significant differences between
the normal group and all other groups are not explicitly displayed.
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FIGURE 5.

Histopathological assessment of explanted islet grafts. Immunohistochemical staining (brown)

for insulin on a cryosection (cut perpendicular to the islet-seeded surface) taken from a collagen

IV-coated scaffold explanted 7 days after implantation (A), or paraffin sections of collagen

IV- (B), fibronectin- (C), laminin- (D) or serum-coated (E) scaffolds explanted 297 days after

implantation. All scale bars indicate 200 μm. In panel A, two example islets are indicated by

“Is,” black arrows indicate the edge of the scaffold, and red arrows indicate the scaffold surface

in direct contact with the islets.
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FIGURE 6.

Quantification of islet area and vascular density. (A) An example H&E stained section

indicating how islet boundaries were established (dashed line) to calculate area and intraislet

vessels (yellow arrows). Examples of large vessels seen adjacent to islets and periislet vessels

are marked with an asterisk. Total islet area per tissue section (B), area per islet (C), vessels

per islet (D), and vessel density (E) for the four conditions tested. Data are presented as mean

±SEM. *P<0.05; ***P<0.001. Scale bar indicates 100 μm.
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