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Abstract
Intraportal transplantation of islets has successfully treated select patients with type 1 diabetes.
However, intravascular infusion and the intrahepatic site contribute to significant early and late
islet loss, yet a clinical alternative has remained elusive. We investigated non-encapsulating,
porous, biodegradable polymer scaffolds as a vehicle for islet transplantation into extrahepatic
sites, using syngeneic mouse and allogeneic porcine models. Scaffold architecture was modified to
enhance cell infiltration leading to re-vascularization of the islets with minimal inflammatory
response. In the diabetic mouse model, 125 islets seeded on scaffolds implanted into the
epididymal fat pad restored normoglycemia within an average of 1.95 days and transplantation of
only 75 islets required 12.1 days. Increasing the pore size to increase islet-islet interactions did not
significantly impact islet function. The porcine model was used to investigate early islet
engraftment. Increasing the islet seeding density led to a greater mass of engrafted islets, though
the efficiency of islet survival decreased. Transplantation into the porcine omentum provided
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greater islet engraftment than the gastric submucosa. These results demonstrate scaffolds support
murine islet transplantation with high efficiency, and feasibility studies in large animals support
continued pre-clinical studies with scaffolds as a platform to control the transplant
microenvironment.

Introduction
Type 1 diabetes mellitus (T1DM) is a life-long endocrine disorder managed by chronic
insulin therapy. Despite advances in insulin types and delivery mechanisms, hypoglycemic
events and micro/macro-vascular complications persist [1,2]. Islet transplantation is a
promising treatment to ameliorate diabetes and eliminate the need for exogenous insulin
therapy. Although current protocols achieve an initial diabetes reversal of over 90%, this
rate drops as low as 30% and 10% by 2 and 5 years post-transplantation [3,4]. To achieve
diabetes reversal, patients generally receive islets from 2 to 4 donors via hepatic portal
infusion. This islet mass represents nearly tenfold more than theoretically needed to
maintain normoglycemia [5,6]. Up to 2/3 of transplanted islets die in the first few days post-
transplant, and while the remaining islets are sufficient to achieve initial diabetes reversal,
hyperglycemia eventually returns as islets are lost [4,5,7].

The current clinical approach of intravascular infusion into a foreign hepatic environment,
contributes to islet loss [7,8]. Furthermore, release of islets into the bloodstream initiates a
coagulation and complement cascade known as the instant blood-mediated inflammatory
reaction (IBMIR) that causes extensive islet damage during the early period following
transplantation [7,9]. Although intraportal transplantation encourages physiologic insulin
secretion, islets lodged in the hepatic portal vasculature experience a foreign extracellular
matrix (ECM), low blood oxygen saturation, and exposure to greater glucose concentrations
than are present systemically, as well as elevated levels of ingested toxins, metabolites and
pharmaceuticals [10–12]. The development of alternative transplantation sites may enable
strategies to modulate the islet microenvironment and thus enhance survival and engraftment
in ways not currently possible in the liver [13,14]. Additionally, non-organ sites may enable
the retrieval of implants, facilitating the development of alternative islet sources.

To date, a robust and translatable platform that offers a competitive alternative to intraportal
infusion has yet to be effectively demonstrated. Extrahepatic sites that avoid the negative
influences of intravascular delivery and the hepatic environment have traditionally been
limited to organ capsules and surgical pouches. Alternative approaches including kidney
capsule, splenic, intramuscular and subcutaneous transplantation have not effectively
translated clinically, or failed to demonstrate a significant advantage [13–15]. Biomaterials
have shown promise as vehicles for cell transplantation by creating spaces for cell delivery
that have the additional potential to modulate the islet microenvironment [16–20]. However,
to date, biomaterials research has primarily employed encapsulating strategies, which
offered alternatives to immunosuppression, yet are challenged by islet survival, fibrosis and
the inability of encapsulated islets to fully revascularize and engraft [15,21].

Alternatively, non-encapsulating, biodegradable microporous scaffolds which provide for
integration of the host vasculature, have been successfully employed previously to deliver
murine islets in syngeneic models [16,17] and recently in tolerance-inducing allotransplant
[19] models. Without isolating islets from the host, these scaffolds physically define an
extrahepatic transplant site and provide a platform for future islet-promoting interventions
[19,22–25]. In this report, we investigated the architectural modification of the scaffolds to
maximize engraftment in a syngeneic mouse model, significantly improving transplantation
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efficiency, and demonstrate the translational potential of this platform using a porcine islet
allotransplantation model to investigate early islet survival and host compatibility.

Research Design and Methods
2.1. Scaffold fabrication

Scaffolds were fabricated from poly (lactide-co-glycolide) (PLG) microspheres as described
previously [16]. Microspheres were formed by homogenizing a 2% or 6% solution of PLG
(Lakeshore Biomaterials, Birmingham, AL) in dichloromethane in a solution of 1%
polyvinyl alcohol. Washed and lyophilized microspheres were combined in a 1:30 ratio with
NaCl particles 250–425 μm or 425–600 μm in diameter. The mixture was pressed in a steel
die at 1500 pounds per square inch (psi) and gas-foamed after equilibration to 800 psi CO2
gas. Salt particles were removed by immersion in water with repeated washing. After
drying, scaffolds were rinsed in 70% ethanol and transplant media prior to islet seeding.

2.2. Mouse Islet isolation, scaffold seeding and transplantation
Male C57BL/6 mice (Jackson Laboratories, Bar Harbor ME) 8 to 12 weeks old were used as
donors and recipients for transplant studies. Recipients were rendered diabetic 4–5 days pre-
transplantation with 220 mg/kg streptozotocin (Sigma-Aldrich, St. Louis, MO) in citric acid
buffer injected intraperitoneally. Non-fasting blood glucose was measured using tail blood
samples and a OneTouch Basic (Lifescan, Milpitas, CA) glucometer. Recipients were
considered diabetic if blood glucose measurements greater than 300 mg/dl were maintained
on two consecutive days pre-transplant.

Islets were isolated from healthy donor mice using collagenase digestion as previously
described [16]. Isolated islets were hand-counted and seeded on scaffolds using a fine glass
pipette. Islet-seeded scaffolds were incubated under a meniscus of media (Hanks buffered
salt solution with 5% fetal bovine serum) at 37°C and 5% CO2 for 30–40 min prior to
transplantation. Recipients were anesthetized with an intraperitoneal injection of ketamine
(Ketaset®, Fort Dodge, IA) and xylazine (Anased®, Lloyd Labs, IA) The abdomen was
shaved, sterile-prepped. A midline incision was made, and the epididymal fat pad (EFP)
identified and spread on the abdominal surface. Islet-seeded scaffolds were wrapped in the
EFP and returned to the abdominal cavity. The wound was closed in two layers. Mice were
given analgesics pre and post-operatively as needed, and monitored for signs of infection or
duress. All murine studies were approved by the Northwestern University Animal Care and
Use Committees.

2.3. Porcine Islet isolation and transplantation
2.3.1. Islet isolation and quality control—Porcine islets were isolated and cultured as
previously described [26,27]. Islet quality control [28,29] revealed an average islet
equivalent (IEQ) recovery after 7 day culture of 70±11%. With respect to purity, 95±0% of
cells were endocrine cells. The fractional viability measured by the oxygen consumption
rate/DNA was 199±60. Islets were seeded on scaffolds similar to murine studies.

2.3.2. Immunosuppression—Pig immunosuppression consisted of CTLA4-Ig
(Abatacept, Orencia™; Bristol-Myers Squibb, New York, NY) and sirolimus (Rapamycin,
RAPAMUNE ®, Wyeth, Collegeville, PA). CTLA4-Ig was administered intravenously on
day 0 and 7. Sirolimus was given mixed with food, an oral loading dose of 2mg/kg on day
minus 1 then 1mg/kg, twice daily, starting on day 1 until day 13.

2.3.3. Islet Transplantation—Pigs were fasted overnight but allowed access to water.
They were premedicated with Telazol (Wyeth, Fort Dodge, IA, USA) 6 mg/kg
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intramuscularly and propofol (20 mg) intravenously. Prophylactic antibiotics, ceftiofur 5mg/
kg and gentamicin 3mg/kg, were administered intramuscularly prior to surgery. Anesthesia
was induced with isoflurane and oxygen. Pigs were intubated and maintained on 2%
isoflurane and 100% oxygen. The abdomen was entered through an upper midline incision
and the anterior wall of the stomach was exposed. In two animals, saline was injected into
the gastric submucosa (GSM) to create a pocket, then incised and expanded using blunt
dissection. Scaffolds seeded with islets were placed into the pocket, with the islet surface in
contact with the submucosa. In the other two animals, the greater curvature of the stomach
was exposed and islet seeded scaffolds were tacked to the surface using nonabsorbable
suture. The omentum (OM) was then folded over the scaffolds, directly in contact with
islets, and tacked. The abdominal incision was closed in three layers in a normal fashion.

2.3.4. Postoperative care—The animals received buprenorphine 0.01–0.03mg/kg twice
daily for at least 48 hours post operatively. Animals were clinically assessed daily and
weighed weekly. Additional postoperative analgesic or antibiotic was given where clinically
indicated. All porcine studies were approved by the University of Minnesota Institutional
Animal Care and Use Committees.

2.4. Mouse histology
Mice were rendered diabetic and transplanted with 150 syngeneic islets on scaffolds for the
purposes of histology (n=4). After fourteen days, mice were infused with a biotinylated
tomato lectin (TL, 2mg/ml, Vector Labs, Burlingame, CA) diluted 1:1 with heparin (1,000U/
ml), via the femoral vein to label functional, blood-receiving vasculature. After allowing TL
to circulate for 8–10 min, the implant-containing EFP was removed, fixed and paraffin-
embedded. 5 μm sections were stained with hematoxylin and eosin (H&E), Masson’s
trichrome (Polyscience, Warrington, PA), or probed with immunohistochemistry as follows:
For insulin/lectin double-staining, fluorescein-conjugated goat anti-biotin (1:200, Vector
Labs) identified the infused TL, and a guinea pig anti-insulin (1:25, Dako, Carpinteria, CA)
followed by Alexa Fluor(AF)-546-conjugated goat anti-rabbit (1:500, Invitrogen, Carlsbad,
CA) was used to identify insulin-positive cells with Hoechst (1:2000, Invitrogen) nuclear
counterstaining. For insulin and proliferating cell nuclear antigen (PCNA) double-staining,
Rabbit anti-PCNA (1:400, Abcam, Cambridge, MA) followed by AF-546 goat anti-rabbit,
and the previously-used anti-insulin with an AF-488-conjugated goat anti-rabbit (1:200,
Invitrogen) was used to identify insulin-positive cells with Hoechst nuclear counterstaining.

2.5. Porcine Histology
At 14 days post-transplant, all four pigs were euthanized and scaffold-containing implants
were retrieved for histology. Samples were snap frozen in −20°C isopentane and embedded
in Tissue-Tek O.C.T. (Miles Scientific, Elkhart, IN). Staining was performed on 14 μm
cryosections as follows: For insulin area analysis, guinea pig anti-insulin (1:300, Dako) and
a biotinylated goat anti-rabbit (1:200) were used with an ABC kit and DAB (Vector Labs)
counterstained with hematoxylin. For lectin/insulin double-staining, biotinylated DBA lectin
(1:1000, Vector Labs) with an ABC/DAB secondary was used to label vasculature while
guinea pig anti-insulin and a biotinylated goat anti-rabbit with an ABC kit and VIP (Vector
Labs) was used to identify insulin-positive cells. For Ki67/insulin immunofluorescent
double-staining, mouse anti-human Ki67 (1:50, MIB-1, Dako) with an AF-546-conjugated
goat anti-mouse secondary was combined with guinea pig anti-insulin and an AF-488
conjugated goat anti-rabbit secondary and counterstained with Hoescht to identify
proliferating, insulin-positive cells.
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2.6. Quantification and histological analysis
Stained slides were imaged and stitched together using PTGui Pro (New House Internet
Services B.V., Rotterdam, The Netherlands) and analyzed with NIH ImageJ
(http://rsb.info.nih.gov/ij/). For porcine islet areas, the pixel areas of insulin-positive tissue
in serial sections of each implant (≥10 non-adjacent sections/sample, equally distributed
across whole sample) were quantified. For vascularization, slides adjacent to those used for
insulin were analyzed by counting the lectin-positive pixels within insulin-positive islets
using the ratio of pixel areas. The slides for each sample and condition were averaged,
compared and normalized. Similarly, to identify proliferation, the number of Ki67-positive
nuclei within insulin-positive areas was represented as a proliferating-nuclei-to-islet-area
ratio for each slide.

2.7. Statistics
Results are presented as mean ± standard error of the mean (SEM). The student’s t-test or
one-way analysis of variance with post-hoc Bonferroni’s test was used to determine
statistical significance as appropriate. Differences in the number of days for diabetes
reversal were compared using the Kaplan-Meier survival analysis (Prism Software,
GraphPad, CA). A value of probability (p) < 0.05 was considered statistically significant.

Results
3.1. Scaffold architecture impacted islet engraftment in syngeneic mouse model

The impact of scaffold architecture on islet engraftment was examined by manipulating the
density and distribution of polymer microspheres. In contrast to previously-reported
scaffolds fabricated with microspheres made from a 2% polymer solution [16,17], the
scaffolds used herein (Fig 1A) maintained the same microspheres-to-salt mass ratio, but
used microspheres fabricated with a 6% solution. These 6% microspheres had a greater
density relative to 2%, and thus scaffolds required fewer microspheres to achieve the same
polymer mass. This modification was proposed to increase the scaffolds’ pore
interconnectivity, which could enhance cell infiltration rates. Additionally, by reducing the
total amount of materials used, scaffolds were fabricated at 2 mm in height to minimize the
overall implant mass. The cell infiltration rate was investigated for scaffolds fabricated from
6% and 2% microspheres. After 14 days, 6% scaffolds were fully infiltrated with host cells,
yet 2% scaffolds were not fully infiltrated (Fig 1B).

Islets seeded on the 6% scaffolds and implanted in the EFP of mice reversed streptozotocin-
induced diabetes more rapidly than the previous scaffold design. The 2% scaffold was
previously reported to require 20.0±7 days for reversal of diabetes with 125 syngeneic islets
[17], whereas these modifications resulted in diabetes reversal 1.95±0.68 days post-
transplant in all mice (n=19) (Fig 1C). Our results demonstrate that the scaffold architecture
and host cell infiltration can impact islet engraftment.

3.2. Syngeneic islets on scaffolds were well-engrafted in mice
Analysis of explant histology indicated that scaffolds were well-tolerated immunologically
and completely penetrated by host cells. Macrophages and an occasional multinucleated
giant cell were observed at polymer-tissue interfaces, consistent with a mild foreign body
response, which importantly, did not lead to fibrotic encapsulation. A dense lymphocytic
infiltrate was not observed in the scaffold, islets, or tissue surrounding the implant (Fig 2A),
suggesting that a specific, T-cell mediated response was not generated. As seen by
immunofluorescent staining, insulin-positive cells maintained an islet-like morphology,
without evidence of dissociation or central necrosis (Fig 2B). Islets demonstrated a dense,
functional vasculature as visualized by staining for infused TL, which indicates that islets
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were able to stimulate extensive angiogenesis (Fig 2C). Islets additionally contained
proliferating cells as indicated by PCNA staining, suggesting that turnover and remodeling
were occurring within the islets (Fig 2D). These data demonstrate that syngeneic islets on
scaffolds were engrafted, densely revascularized and contained proliferating cells within 14
days of transplantation.

3.3. Scaffolds supported minimal mass of islets in mice
We subsequently investigated a reduction in islet number by seeding scaffolds with 75 islets,
a 40% reduction compared to our initial studies and previous reports [16,17]. Diabetes was
reversed in all mice (n=10), within an average time of 12.1±4.1 days (Fig 3A, 3B). Weight
gain was not statistically different than in mice receiving 125 islets (data not shown). Using
this minimal islet mass, the role of scaffold architecture was further investigated by
increasing the scaffold pore size. Scaffolds were fabricated with 425–600 μm diameter salt
particles, an increase from the previously-used 250–425 μm particles. After islet seeding,
several islets per pore were observed in 425–600 μm pores, providing for multiple islet-islet
interactions, whereas with the 250–425 μm pores, islets were present individually and
occasionally in pairs (Fig 3B). Utilizing the large pore scaffolds, diabetes was reversed in all
mice within an average of 11.6±4.1 days (n=10). Thus, diabetes reversal and weight gain
(data not shown) were not statistically affected by the different pore sizes (Fig 3C). These
data suggest that increased direct contact between islets did not significantly impact
transplant function.

3.4. Scaffolds supported islet survival and engraftment in a porcine model
The pre-clinical translation of these scaffolds was then investigated by transplanting
allogeneic islets into four pigs. The porcine model utilized a significantly larger islet mass
and employed immunosuppression to prevent islet rejection. To demonstrate scalability,
scaffold diameter was increased to 13 mm, while maintaining the same formulation used
previously, and each animal received between 4 and 7 scaffolds. Porcine islets were
transplanted on scaffolds (10k IEQ/scaffold) into the GSM or OM of four recipient pigs
(n=2 each). The GSM was selected as an attractive, potentially laparoscopically-accessible
site with dense vasculature and portal drainage [30]. Similarly, the OM has portal vascular
drainage, significant angiogenic and wound-healing capabilities and a promising track
record [31–33]. Scaffolds were implanted (Fig 4A) and retrieved 14 days later for
investigation of early survival and host compatibility. Gross examination (Fig 4B) of the
explanted tissue and histology revealed a minimal inflammatory reaction paralleling the
observations in the mouse model. Masson’s trichrome staining demonstrated the complete
ingrowth of host tissue into the scaffolds without dense lymphocytic infiltration (Fig 4C).
Staining for insulin revealed significant areas of islet survival and the maintenance of a
clustered islet morphology (Fig 4D). These results indicate that the scaffolds were well-
tolerated in the porcine model, and supported significant islet survival after 14 days.

At the OM site, two additional seeding densities (1000 (1k) and 4000 (4k) IEQ/scaffold)
were investigated to assess the impact of islet density and transplant site on survival. Islet
survival in each condition was analyzed by normalizing to the islet area observed at the
lowest (1k) density. Scaffolds seeded with 4k and 10k IEQ had 1.79±0.36 and 6.09±1.02
fold increases in the average islet area. This result represents approximately 45–60% of the
expected islet area based on the islet mass transplanted. For the GSM site, scaffolds seeded
with 10k IEQ, had islet areas 2.82±0.72 fold higher than the 1k OM, suggesting increased
islet loss relative to the OM. These data (Fig 4E, Table 1) demonstrate the impact that
transplant site and seeding density had on islet mass.
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3.5. Porcine islet vascularization, but not proliferation dependent on seeding density
Revascularization and cell proliferation within islets were also assessed as a function of
transplant site and seeding density. Lectin and insulin double-staining (Fig 5A)
demonstrated that islets and the scaffold were well-penetrated by multiple host vessels.
Analysis revealed that islets at 10k IEQ/scaffold had a significantly lower lectin:insulin area
ratio for both transplant sites (GSM: 0.95±0.17 and OM: 1.35±0.25) than islets seeded in the
OM site at 4k and 1k IEQ/scaffold (4k: 2.51±0.19 and 1k: 2.21±0.24)(p≤0.05). At 10k IEQ/
scaffold, the GSM and OM sites were not significantly different. Proliferation within islets,
determined with Ki67 and insulin double-staining, demonstrated multiple proliferating,
insulin-positive cells within the islets (Fig 5B). In contrast to revascularization, no
significant difference in the Ki67-positive nuclei:insulin area ratio was observed as a
function of seeding density or transplant site. Together, these data (Table 2) suggest that
seeding density had a greater impact on the revascularization of allogeneic islets than the
choice of extrahepatic transplant site. Furthermore, in this model, proliferation was not
significantly impacted by seeding density or transplantation site.

Discussion
Intraportal transplantation of healthy islets as a therapy for T1DM is limited by inefficient
islet engraftment and compromised long-term survival. These limitations have motivated the
development of alternative, extrahepatic transplantation sites. However, one has not yet been
demonstrated as sufficiently effective to be applied clinically (reviewed in [13,14]). Many
sites are challenged by the islet mass requirement, surgical environment or native
vascularity. Biomaterials may facilitate the development of such sites by defining a
transplant space, providing a support for islet seeding, and modulating the
microenvironment experienced by transplanted islets. With further development, scaffolds
may provide opportunities to significantly enhance engraftment though drug, gene or trophic
factor delivery, extracellular matrix presentation and cell co-transplantation [17,19,22–25].
The studies herein demonstrate a non-encapsulating, biodegradable scaffold system that is
highly effective in the mouse, and its scaling and translation to a large-animal preclinical
model.

The scaffold micro-architecture influenced the transplant microenvironment and impacted
the engraftment of transplanted islets. In mice, modulating the microspheres’ density
influenced the rate of host cell infiltration, and by 14 days, the scaffolds were well-
infiltrated and supported by host tissue. The islets maintained a healthy morphology, and the
architectural modifications significantly improved the rate of diabetes reversal with 125
islets in the mouse model, and enabled diabetes reversal with only 75 islets. This islet mass
represents only one-third to one-half of the mass found in a healthy mouse pancreas, and is a
substantial reduction relative to our previous reports and the reports of other biomaterials-
based delivery systems [16–18,34]. We also investigated the contact between islets as a
factor affecting survival via inter-islet signaling. Fabricating scaffolds with a larger pore size
increased the number of islets in contact or in close proximity with each other. However, the
increased pore size and islet contact did not have a significant impact on diabetes reversal.

Transplanted islets must revascularize and integrate with the host to resume normal
physiological functions. Previously avascular islets transplanted on scaffolds were densely
revascularized after 14 days, demonstrating that islets recruited significant functional vessel
ingrowth. PCNA staining revealed multiple dividing cells within the islets, suggesting the
islets are healthy enough to resume physiologic maintenance of the islet structure, which
involves beta cell proliferation and turnover. Importantly, the presence of macrophages on
the scaffold surfaces yet lack of a fibrotic capsule or dense lymphocytic infiltrate indicated
only a mild foreign body response without a specific immunological reaction.
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We also demonstrated the transplantation of scaffolds with islets to a large animal, pre-
clinical model; which has been one of the major hurdles to the development of extrahepatic
islet transplantation platforms. The scaffold diameter was increased to 13 mm, and was
found to be compatible with porcine islet allotransplantation model. After GSM or OM
implantation, scaffolds and islets appeared intact, with minimal host inflammation.
Histology revealed that scaffolds did not generate a fibrotic capsule and were well-infiltrated
and supported by host tissue. Allogeneic islets transplanted on the scaffolds maintained a
clustered morphology without necrotic centers or lymphocytic infiltrate. Islets appeared
histologically similar to the transplants in mice, demonstrating their feasibility as a
transplant platform for future pre-clinical studies.

Translation to pre-clinical models involves a large increase in the islet mass requirement and
overall implant size, resulting in islet seeding densities that can impact islet survival and
engraftment. The islet density created by seeding of 75 murine islets on a scaffold with a 5
mm diameter corresponds to approximately 1k porcine IEQ on a scaffold with a diameter of
13 mm. With the typical curative islet mass delivered to large animals, this density of islets
might not be practical due to the resulting number of scaffolds required. To minimize the
overall implant size, we investigated three seeding densities (1k, 4k and 10k IEQ) and two
transplant locations for their impact on islet survival. The engrafted islet areas measured in
histological samples from the OM revealed at higher densities, loss of anticipated islet area
based on the seeding density. Thus, although islet survival efficiency declines with
increasing seeding density, a six-fold larger surviving mass can still be obtained from each
scaffold, suggesting higher densities should be used to reduce the overall implant size in
future studies. While the efficiency of seeding appeared to be similar between 4k and 10k
IEQ, the highest seeding density negatively impacted islet revascularization. To enhance
islet engraftment at high densities, vascularization could be improved by optimizations such
as localized trophic factor delivery from scaffolds [23]. The analysis also demonstrated
increased survival at the OM relative to the GSM. This enhancement in islet area may be
related to the inherent vascularity, wound-healing potential and growth factors present at
different anatomical sites.

Conclusions
Herein, we have demonstrated the effectiveness of microporous scaffolds as a platform for
extrahepatic islet transplantation in small and large animal models. We determined that
scaffold architecture can significantly impact islet survival, and that the system can support
diabetes reversal with only 75 islets in the syngeneic murine model. Porcine studies revealed
the effective translation to a large animal model, where analysis of early islet survival at two
transplant sites and three seeding densities demonstrated decreasing efficiency at higher
densities, but the capability to engraft a higher overall islet number. These results will guide
the choice of transplant site, scaffold size and number, and islet seeding density in future
work while providing opportunities to modulate the transplant microenvironment at
extrahepatic sites in ways currently unachievable with intraportal islet infusion.
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Figure 1. Scaffold design impacts islet engraftment in syngeneic mouse model
(A) Light microscopy of scaffold architecture prior to islet seeding and transplant. Pores are
250–425 μm in diameter. (B) H&E of cellular infiltration of scaffolds 14 days post-
transplant. Scaffold made from 2% PLG microspheres (top) is poorly penetrated by host
tissue, while scaffold made with 6% PLG microspheres (bottom) is completely infiltrated.
Dashed line represents scaffold margin, (F)=Epididymal fat, (H)=Scaffold infiltrated with
host tissue, (U)=Uninfiltrated scaffold. (C) Average blood glucose of mice receiving 125
islets on scaffolds (n=19). Kaplan Meier analysis of diabetes reversal with 125 islets can be
seen in Figure 3B.
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Figure 2. Syngeneic mouse islets on scaffolds are engrafted, revascularized and have
proliferating cells
(A) Masson’s trichrome image of syngeneic mouse islets transplanted on scaffolds after 14
days. Note the host tissue infiltration and lack of fibrotic capsule or lymphocytic infiltrate.
(B) Immunofluorescent staining of islet morphology demonstrates maintenance of islet
morphology 14 days post-transplant. Red=insulin, Blue=nuclei. (C) Immunofluorescent
staining of dense functional vasculature inside islet. Avascular at transplant, after 14 days,
islets had a high vascular density featuring numerous vessels. Red=insulin, Green=lectin-
positive vasculature, Blue=nuclei. (D) Immunofluorescent staining of proliferating nuclei
inside islet. White arrows indicate proliferating cells within the islet 14 days post-transplant.
Red=Insulin, Green=PCNA-positive nuclei, Blue=nuclei. Dashed line=scaffold margin, (I)
Islets, (F) Epididymal Fat, (H) Scaffold infiltrated with host tissue.
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Figure 3. Scaffold support diabetes reversal with 75 syngeneic islets at IP fat pad site in mice
(A) Average blood glucose of mice receiving 75 islets on scaffolds and (B) Kaplan Meier
analysis of diabetes reversal. 75 islets reversed diabetes in all mice (n=10) with an average
time to euglycemia of 12.1±4.1 days. 125 islets (n=19) reversed diabetes in all mice in an
average of 1.95±0.68 days. (C) After islet seeding, scaffolds with 250–425 μm pores had
islets individually or occasionally in pairs within pores, whereas scaffolds with larger pores
had several islets per pore, providing for multiple islet-islet interactions. (D) Kaplan Meier
analysis of diabetes reversal in mice receiving 75 islets on scaffolds with different pore sizes
(n=10 each). No statistical difference was observed. Polymer scaffolds were formed with
6% PLG microspheres.
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Figure 4. Scaffolds support islet survival in a porcine allogeneic model
(A) Image of scaffolds being implanted in OM. Scaffolds were tacked to the stomach
surface, and the OM was pulled over the islet-containing scaffold surfaces. Dashed circles
indicate scaffold margins. (B) Image of OM scaffolds explanted at 14 days. No significant
inflammation is apparent. (C) Masson’s trichrome staining of scaffold implant demonstrates
complete host infiltration after 14 days and a minimal inflammatory reaction. (D) Insulin
staining (brown) reveals significant islet survival and maintenance of islet morphology. (E)
Analysis of insulin-positive islet areas in serial sections reveals differences in surviving islet
mass at multiple seeding densities (10k, 4k, 1k IEQ) and implantation sites (OM and GSM).
Plotted in dark gray are the observed islet areas for the different conditions and in light gray,
the theoretical area expected, normalized to the 1k OM site. (I)=islets, (S)=scaffold,
(H)=host tissue infiltration of scaffold, (O)=omentum, (M)=muscularis of stomach wall,
(*)=remaining scaffold polymer, Dashed line indicates scaffold margins.
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Figure 5. Porcine islet vascularization, but not proliferation, is dependent on seeding density
(A) Insulin staining by VIP (purple) and vascular staining with DAB (brown) reveals
significant vascularization of engrafted islets. Dashed line represents scaffold margin,
(O)=Omental fat, (H)=Scaffold infiltrated by host tissue, Black arrows indicate
representative vascular structures, (*) indicate scaffold polymer (B) Immunofluorescent
staining of proliferating nuclei inside porcine islet. White border demarcates insulin-positive
areas (islets). White arrows indicate proliferating cells within islet. Red=Insulin,
Green=Ki67-positive nuclei, Blue=nuclei.
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