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Abstract
Islet transplantation is a potential cure for diabpatients, however this procedure is

not widely adopted due to the high rate of graftfa. Islet encapsulation within hydrogels is
employed to provide a three-dimensional microemriment conducive to survival of
transplanted islets to extend graft function. Hereie present a novel macroencapsulation
device, composed of PEG hydrogel, that combineapsudation with lithography techniques
to generate polydimethylsiloxane (PDMS) molds. PetEitions are mixed with islets, which
are then cast into PDMS molds for subsequent ¢nd&st). The molds can also be employed
to provide complex architectures, such as microsbkthat may allow vascular ingrowth
through pre-defined regions of the hydrogel. PDM&dw allowed for the formation of stable
gels with encapsulation of islets, and in complehiectures. Hydrogel devices with a
thickness of 600 um containing 500 islets promaoienoglycemia within 12 days following
transplantation into the epididymal fat pad, whigds sustained over the two-month period of
study until removal of the device. The inclusiomatrochannels, which had a similar
minimum distance between islets and the hydrogéhse, similarly promoted
normoglycemia. A glucose challenge test indicatgttdgel devices achieved
normoglycemia 90 minutes post-dextrose injectisimjlar to control mice with native
pancreata. Histochemical staining revealed thaspianted islets, identified as insulin
positive, were viable and isolated from host tissu@ weeks post-transplantation, yet devices
with microchannels had tissue and vascular ingrawthin the channels. Taken together,
these results demonstrate a system for creatinglegradable hydrogels with complex
geometries for encapsulating islets capable obriegt normoglycemia, which may expand
islet transplantation as a treatment option fobeli patients.

Keywords: Polyethylene glycol (PEG), Hydrogel, Encapsulatislacroencapsulation device
Polydimethylsiloxane (PDMS), Microchannels

1. Introduction



Islet transplantation is a potential cure for typaiabetes (T1D) and, relative to
exogenous insulin delivery, may provide better cardver blood glucose levels. Although
insulin injections promote normoglycemia in patgeewnith T1D, significant morbidity remains
as complications such as heart disease, kidneydaidnd blindness despite advances in
insulin delivery technologies (Gibly et al., 2013ruessner and Gruessner, 2013). Islet
transplantation has emerged as an experimentalpan which islets are delivered into the
hepatic sinusoids. This strategy has enabled msuliependence for some patients(Ryan et
al., 2005), and has the potential to avoid the dmapons associated with insulin therapy.
However, insulin independence is transient andgtosedure is reserved for a subset of T1D
patients, particularly those with severe glycenaaability and recurrent hypoglycemia, due
to factors such as a limited islet supply, poorrafiment post-transplantation, and the host
immune response (Gibly et al., 2011).

Islets have been encapsulated within biomatergabs means to protect cells from the
challenges associated with transplantation (Gibbl.e2011)Biomaterials are used at
extrahepatic sites, which avoid the negative effetthe instant blood-mediated
inflammatory response (IBMIR) that is associatethviiepatic transplantation. Encapsulation
of islets within biomaterials has been investigdtedrotect the islets from direct contact with
immune cells, with the goal of reducing or elimingtthe use of immunosuppressive drugs.
While encapsulation aims to prevent contact witkt feells, they also impose mass transport
limitations that can influence the exchange of seagy factors such as glucose, insulin, and
oxygen and other nutrients (Beck et al., 2007; @\&n et al., 2011; Scharp and Marchetti,
2013; Vaithilingam and Tuch, 2011). The encapsudpthaterials have commonly been
formulated as microcapsules that are deliveredthgeritoneal cavity, with exposure to
oxygen levels that are typically less than in theculature (Colton, 2014). Microcapsules
formed from alginate have been widely used fott istecapsulation with efficacy

demonstrated in rodent and non-human primate m@Balder et al., 2013However,



alginate hydrogels and their various modificatiswgh as poly-L-lysine to control
permeability, have the potential for fibrotic oveygth, which can impose additional mass
transport limitations that can limit islet functiower time following transplantation (Scharp
and Marchetti, 2013). Recent studies with polyethglglycol (PEG) based hydrogels or
coatings for cell transplantation, and particulaslgt transplantation, have minimal foreign
body response and a demonstrated ability to supglettengraftment and function (Jeong et
al., 2013; Kizilel et al., 2010; Liu et al., Parka., 2015; Phelps et al., 2013; Rengifo et al.,
2014).

Macroencapsulation devices are also being develthiz@dninimize contact with the
host cells, yet provide the opportunity to bettntcol the site at which the islets are
transplanted. Macroencapsulation systems havedreated in various forms, such as
preformed polymer membranes, or hollow fibers (Bueteal., 2013; Colton, 2014; Song and
Roy, 2015). These devices are often loaded witigla deensity of cells, which can impose
mass transport challenges. To address the masparatimitations, these devices may have
complex geometries that allow for vascular gronganto the islets (O’Sullivan et al., 2011;
Scharp and Marchetti, 2013). These systems haea b#en pre-formed and islets are
subsequently loaded into the devices, which cartoevable.

In this report, we investigated the feasibilityusing PEG hydrogels to incorporate
islets at the time that the macroencapsulatingogegi formed. A non-degradable hydrogel
was employed to encapsulate islets and isolate tt@mthe host cells. PDMS molds are
formed by photolithography, and the multi-arm PE@#f mixture is cast into the mold and
subsequently crosslinked. Molds were employeddater PEG hydrogel slabs, or slabs with
microchannels that can support tissue ingrowthefméd regions among the islets. Adhesion
ligands were also incorporated to support the sahaf encapsulated islets. (Papavasiliou et
al., 2005; Pinkse et al., 2006; Weber et al., 200&ber and Anseth, 200&)evices were

transplanted into the epididymal fat, an estabtistite for islet transplantation, of diabetic



mice. These studies investigated islet engraftrardtfunction using a syngeneic islet
transplant model, in order to demonstrate the lidagiof the approach and provide a
foundation for future studies with allogeneic amsh@geneic islets. Taken together, these
studies determine the feasibility of this encapsutedevice as a means to efficiently
encapsulate islets and isolate them from hosteissu

2. Materials and Methods

2.1 Master mold fabrication

Silicon wafers (3-inch, WRS Materials) were cleaaed coated evenly with 3.25 g of
SU8-100 photoresist (MicroChem). Wafers were thenlaked on a hot plate overnight. A
photomask (CAD Art Services) was aligned with thetpresist-coated wafer using the
Q4000 mask aligner (Quintel, NU Materials Procegsind Microfabrication Facility). UV
exposure of 1400 seconds was then applied to tfer waing the mask aligner to imprint
photomask features on the photoresist. Wafers therepost-baked overnight and residual
photoresist was removed, or “developed”, using BQ0of polyethylene monomethyl ether
acetate (Sigma) on a laboratory shaker for 1 haairadditional 30-minute wash with fresh
polyethylene monomethyl ether acetate was useddore all residual photoresist was
removed from the resulting master mold.
2.2 PDMSmold fabrication

A Sylgard 184 Silicone Elastomer Kit (Dow Cornivgds used in conjunction with
the master mold to form a PDMS mold. Briefly, 2bfgsilicone elastomer base from the kit
was mixed with 2.5 g of curing agent for 5 minu&8:1 ratio of elastomer base: curing
agent). The master mold was then placed in a gistri (150 x 15mm) and the elastomer
base/curing agent solution was poured over theenastld. The petri dish was then covered
and placed in a vacuum for 2 hours to remove dblas from the elastomer base/curing
agent solution. The dish was then transferred@@& oven overnight. The PDMS mold was

carefully removed from the master mold and usddrim hydrogels with or without



microchannels. PDMS mold outer dimensions werenhiyx 7.7 mm with a 1 mm x 1 mm
border. For molds to create microchannels, the PIi&r pattern structure contained ~200
pm x 200-um posts spaced 500 um apart.
2.3 Hydrogel preparation and macroenapsulation devices formed within PDMS molds
PEG-maleimide (4-arm, 10kDa MW, JenKem Technolo®AVUwas suspended in
HEPES Buffer (pH 7.2) and functionalized with 2. MM@GRGDS (CelTek Peptides) via
Michael-Type addition for 30 minutes at°87 The concentration of adhesion peptide (2.5
mM) was chosen such that the number of cysteingssmmonds to 6.25% of the number of
maleimide groups on PEG. Following addition of fiimealized PEG precursor solution to
the PDMS mold, approximately 1 of media containing islets were transferred ® th
PDMS mold using a glass transfer pipette. Isletew®en mixed into the PEG precursor
solution to ensure an even distribution within theld. Next, a YKNR non-degradable
crosslinker solution, GCYKNRGCYKNRCG (custom syrgiseand purification by CelTek
Peptides), which contained tyrosine (Y) and aspaea@N) amino acids in the D-
configuration, was added in the PDMS mold at allratio (remaining mol maleimide: mol
cysteine) to initiate gel formatioBpecifically, the 3-cysteine crosslinking peptide
(GCYKNRCGYKNRCG) was added at a concentration ofriM to crosslink the PEG
through the unreacted maleimide groups. The crdssliwas added dropwise at multiple
locations in the PDMS mold. The components (islPEG-functionalized with CGRGDS,
and crosslinker) had to be added in this mannaldav casting within the PDMS, as attempts
to mix all components in one solution and subsetiyeeposit within the mold were
unsuccessful due to the rapid gelation of the PH(@.specific configuration of the Y and N
amino acids renders the crosslinker peptide asdegnadable because it is not cleavable by
plasmin. The ability of this tri-cysteine peptid@sslinker, versus a di-cysteine peptide
crosslinker, to rapidly and efficiently crosslinkadm PEG was confirmed in a study by

Shikanov, et al (Shikanov et al., 2011). Howevéneocrosslinkers such as DTT (Hudalla et



al., 2008) or thiolated agents (Kharkar et al.,20fan be utilized to initiate gel formation
and control degradation. Gels were then incubat&@°& for 5 minutes to facilitate
crosslinking via Michael-Type addition. Molds comniag crosslinked gels were immediately
submersed in media supplemented with 10% fetaln@oserum for 3-5 minutes prior to
transplantation. The resulting macroencapsulateces were carefully removed from the
mold using a spatula. Final gels were +B0n volume and 10% PEG wt %. Gels without
mirochannels were formed in a similar manner, RDMS mold.
2.4 Hydrogel swelling and mesh size experiments

After hydrogel formation, samples were immediategighed to obtain the mass prior
to swelling. Gels were then swelled overnight inSP8d weighed to determine the mass after
swelling. Samples were then rinsed in DI watef¢wvours to remove excess salts and
lyophilized to determine the dry mass. The FlorjxR& model was then used to calculate the
hydrogel mesh size (Zustiak et al., 2010).
2.5 Viability Assessment

A Live/Dead assay (ThermoFischer Scientific), basednembrane integrity, was
used to assess islet viability. In brief, @0of 2 mM ethidium homodimer-1 andi& of 4
mM calcein AM were added to 10 mL of sterile PB3rtake a Live/Dead reagent stock. The
stock was then vortexed to ensure proper mixinga#ple of 50 freshly isolated islets was
either placed in a 48-culture well (unencapsulatetiree” islets) with HBSS 1X media
(supplemented with 10% FBS) or encapsulated in@_3@ydrogel using the gelation
conditions specified, and subsequently submersetertia in the well plate. After removal of
media in the well, 50QL of the Live/Dead stock solution was added togaeples and

allowed to incubate for 30 mins at 37°C prior t@gmg.

2.6 Idlet isolation and transplantation into diabetic mice



Islets were isolated from healthy 10-12 week olden@b7BL/6J (Jackson
Laboratories) following standard islet isolatiomgedures. Male C57BL/6J recipient mice
were between 16-18 weeks of age. Four days pristdbtransplantation, recipient mice were
injected with 220mg/kg of streptozotocin (Sigmagk@mically induce irreversible diabetes.
Nonfasting blood glucose levels were taken usi@maTouch Basic Glucose Monitor
(Aviva) and only those mice with a measurementGf B1g/dL or greater on consecutive
days (day before and day of transplant) were useda@pients. Macroencapsulation hydrogel
devices were formed in PDMS molds with approximalie000 islets in each gel. Upon
removal from the mold, the hydrogel device wasicttt 4 equal quadrants with each
guadrant containing ~250 islets. Each mouse redene gel quadrant per fat pad (left and
right fat pad), a total of 500 islets/mouse. Thdrbgel device was transplanted into the fat
pad using the same procedure as reported previtarstgaffold implantation (Blomeier et al.,
2006).The fat pad transplantation site allows fariaimally invasive surgery and access to
vasculature to support islet engraftment as dematesk in previous studies from our lab
(Blomeier et al., 2006; Gibly et al., 2011; Sahetyal., 2008). Thus, this site is a feasible site
for clinical translation and is analogous to thenlam omentum. All studies were approved by
the Northwestern University Animal Care and Use @Gutiee.

2.7 Intraperitoneal glucose tolerance test

Intraperitoneal glucose tolerance tests (IPGTTskwerformed at 8 weeks post-
transplantation to assess the ability of the hyelrdgvice to respond to glucose challenges.
After a 3 hour fast period, 2 g/kg of 50% dextr@bbott Labs, Chicago, IL) was injected
intraperitoneally. Blood glucose levels were meadiat baseline (before injection), 15, 30,
60, 90, 120, and 150 minutes after the dextrosetign. Statistical testing for area under the
curve was performed with a one-way ANOVA and Bordei's Multiple Comparison Post-

Hoc Test using Prism software.



2.8 Immunohistochemistry

Histological sections were stained with primaryilaodies guinea pig polyclonal anti-
swine insulin (Jackson Labs), CD31 (Life Technodsyj and Hoechst (Invitrogen) at
dilutions 1:250, 1:500, 1:2000, respectively. Selaog antibodies included Dylight donkey
anti-guinea pig 488 (Jackson Labs) and AlexaFl&&r goat anti-rat (Invitrogen) at a dilution
of 1:400 and 1:500, respectively.
2.9 Histology

Upon device removal, fat pad samples containingdyel devices were placed in 4%
PFA overnight. Samples were then submersed in se?8S solutions and sucrose
concentration was progressively increased oveday2seriod. Devices were then embedded
in OCT containing 30% sucrose and stored irff&0ntil sectioning. Sections were stained
with hematoxylin and eosin (H&E) to assess cellulgrowth into microchannels of the
hydrogel device. A picrosirius red stain kit (Abdam connective tissue stain, was used
according to manufacturer instructions to evaltiit®sis at the hydrogel-adipose tissue
interface.

3. Results

3.1 Macroencapsulating PEG hydrogels with microchannels

A non-degradable, PEG hydrogel macroencapsulageicd with microchannels was
developed using microfabrication techniques. A @-aPEG macromer was initially
functionalized with 2.5 mM CGRGDS in order to prdwisites for cell adhesion, and this
functionalized PEG was crosslinked using a non-aldale, three-cysteine-containing
peptide (GCYKNRGCYKNRCG). This peptide is non-detghle as the tyrosine (Y) and
asparagine (N) amino acids were in the D-form. ldget devices were composed of a final
PEG content of 10% by weight. This percentage wasldwest concentration that formed
stable hydrogels after 5 minutes of crosslinkingté\that 5% PEG hydrogels could readily be

formed through bulk mixing (i.e., no PDMS moldspdiing of the PEG/islet solution within



PDMS affects the ability to efficienty mix the cstisking reagents, which necessitated the
use of greater PEG concentrations. The microchastnetture was consistently maintained
upon removal of 10% PEG gels from PDMS molds. Témamonents of this device and their
concentration are summarized in Table 1.

Microchannels throughout defined regions of therbgdl were subsequently
incorporated to allow for cell and blood vessekrawgh that would minimize diffusion
distances. Hydrogels with microchannels were forimedasting the functionalized PEG and
peptide crosslinker solution inside a PDMS molddibgels without microchannels (Figure
1A) were also formed in a PDMS mold. The PDMS maé&s created using a photomask and
standard photolithography techniques (Figure 1Bg mold created hydrogels that were 7.7
mm x 7.7 mm (length x width), and a thickness giragimately 600 um. Microchannel
diameters of ~ 200 um were readily observed withenhydrogel device (Figure 1C, 1D) and
the spacing between the edges of the microchamas$00um (800um from center to
center of microchannel). For the slab devices awicds with microchannels, the maximum
distance to the edge of the hydrogel was approxiyn&00 pum. This spacing was maintained
between both hydrogel forms in order to isolateitiygact of more complex molds on the
hydrogel properties and their ability to suppoltisunction. For hydrogels with
microchannels, islets were observed to bet204um ¢ SEM, n=17) from a pore edge on
average, a distance that is consistent with thec¥e diffusion of oxygen and nutrients from
capillaries to neighboring cells (Wilson and Ch#jikk909). Furthermore, swelling
experiments were performed on 10% hydrogels wittrechannels to determine mesh size. A
mesh size of 9.2 0.3 nm £ SEM, n=3) was calculated using the Flory-Rehnedeho
(Zustiak et al., 2010), which is sufficient forrsport of insulin and nutrients and consistent
with reports of other encapsulation systems (Desal., 2004; Song et al., 2016; Weber et al.,

2009).



Islets could be readily encapsulated within therbgdl. Islets were suspended within
the RGD-functionalized PEG solution, mixed thordyghnd then laid into the PDMS mold.
The YKNR crosslinker solution was then added drgevat multiple locations in the mold,
and the mold was then placed in an incubatot@3for 5 minutes for gel crosslinking. After
incubation, islets were identified throughout tlyeliogel device and fully encapsulated with
minimal to no protrusion from the hydrogel (Figlt€). The distribution of islets between the
guadrants was investigated through counting ofipilalguadrants, which confirmed similar
islet numbers per quadrant despite some groupggoégated islets in the gel (Fig 1F). Prior
to transplantation, islet viability was confirmesing the specified gelation conditions.
Encapsulated islet viability within the bulk hydedg post-gelation was assessed using a
live/dead stain. Encapsulated islets remained @iatier hydrogel formation, with viability
similar to that observed with islets cultured @stie culture polystyrene (Figure 2). Taken
together, this encapsulation approach resulted ievean distribution of islets among the
hydrogels, with retention of viability.

3.2 Idlet transplantation into diabetic mice

The engraftment and function of encapsulated ist@ts investigated by transplanting
hydrogel-encapsulated islets into mice that werdenthabetic by injection of streptozotocin
(STZ). To accommodate the size of the vascularfiaegad transplant site (Figure 3A), gel
devices were sectioned into quadrants (~ 4 mm x4 pmior to implantation and each fat pad
received one-hydrogel quadrant (Figure 3B). Devieesained intact after 2 months post-
transplant and were easily identified in the fad (laigure 3C).

Mice transplanted with hydrogel slabs (without raatrtannels) containing 500 islets
achieved consistent normal blood glucose levelO&mg/dL) within two weeks post-
transplantation, as early as Day 11 post-transpl&3@+ 58 mg/dL)(Figure 4A). Mice
transplanted with hydrogels with microchannels eebd stable normoglycemia at Day 12

post-transplant (192 28 mg/dL) (Figure 4B). Both hydrogel groups maimeal



normoglycemia over the two-month period of the gtldbon graft removal at Day 60, all
mice quickly reverted to a diabetic state withid Bays, which confirmed maintenance of
blood glucose levels was due to the hydrogel guadt not remaining endogenous islets
(Figure 4A-B). Transplantation of hydrogels contagn300 islets resulted in euglycemia for
25% of the mice, suggesting that 300 islets isanfficient mass for this system (Figure 4C).

An intraperitoneal glucose tolerance test (IPGTaswerformed on mice receiving
500 islets to investigate glucose responsivenesaadpsulated islets in the PEG hydrogels,
with or without microchannels (Figure 5A). The bdbglucose levels of both experimental
groups and control mice peaked after 15 minutetipgection. At 30 and 60 minute time
points, blood glucose levels mice continued to el@ee toward normoglyemia. At 90 minutes,
all groups achieved normoglycemic levels (~200 rbpéhd their blood glucose continued to
decrease for the remainder of timepoints. Area utidecurve (AUC) analysis indicated that
mice which received hydrogels with encapsulategtssiwith or without microchannels, were
not statistically different compared to control miwith native pancreata (p = 0.12, Figure
5B).
3.3 Histological analysis of hydrogel implants

Hydrogel devices removed at 8-weeks post-transplanté sectioned and stained with
insulin and a Hoechst nuclear counterstain to cantineir presence and functionality post-
encapsulatioimn vivo. Encapsulated islets stained positive for insahd were clearly
identified across graft samples (Figure 6A-D).tisl@ere observed to be surrounded by the
hydrogel and were not in contact with the hosuesS hese results indicate encapsulated
islets maintained their morphology, viability, afuthction in the non-degradable hydrogels.

Explanted hydrogels, with and without microchannedsre analyzed histologically
for cellular infiltration around the implant andsealarization within the microchannel
regions of the hydrogel. H&E staining confirmedigkar growth was confined to the

perimeter of hydrogel devices without microchanriElgure 7A), and islets were identified



in both gel groups (Figure 7A-B). For hydrogelshwiticrochannels, the cell distribution
around the hydrogel exterior was similar to therbgels without microchannels, yet cellular
infiltration was observed in the microchannels (ffgg7C). Histological staining identified
CD31-positive cells within the microchannels, cetent with the opportunity of directing
vascular growth through defined regions of the bget (Figure 7B-C). Collectively,
histological results suggest this microchanneliggcture can direct vascular growth among
the transplanted islets and may be a parametertteef investigate to reduce the number of
encapsulated islets needed to achieve normoglyc&mithermore, picrosirius red staining
indicated no significant fibrotic overgrowth as Giomed by thin layers of connective tissue at
the gel-adipose tissue interface in both experialgroups (Figure 8).
4. Discussion

In this report, we demonstrated the feasibilityoh-degradable PEG hydrogels as a
macroencapsulation device to encapsulate 500 pticrglets and restore normoglycemia in
diabetic mice over a 2-month period using the pedal fat transplantation site. Rodent
studies with unencapsulated murine islets in aifagrsplantation sites, such as the liver and
the renal subcapsule, have achieved euglyecmialovitér islet numbers (~ 200-300 islets).
Additional sites such as subcutaneous and thepertitaneum have used comparable numbers
of encapsulated islets to achieve normoglycemi@;& and 750-800 islets, respectively
(Merani et al., 2008). The encapsulation systemiges the opportunity to isolate the
transplated islets from direct contact with thethissue, and can allow for rretrieval of the
transplanted islets. The approach investigatedrheraploys hydrogel encapsulation that has
been implemented with numerous microencapsulatiategjies, yet also creates a 3D
implantable structure that aims to create a defsidn vivo for cell delivery. Among the
hydrogels employed for encapsulation, alginate ocigpsules are the most common, which
have demonstrated engraftment and function in rocelels with transplantation of islets

able to maintain euglycemia for times typicallytbe order of 75 days, though some reports



have demonstrated function for much longer times3duza et al., 201However, alginate
microcapsules have had limited efficacy in largamal models (Buder et al., 2013; de Souza
et al., 2011). Approaches to minimize mass trardpoitations have included coating of
islets with non-adhesive polymers, or islet-loadedrocapsules with a minimal volume of
alginate and procedures are continuing to be refingrovide stable coatings and to prevent
a fibrotic overgrowth with the capsule (Jang et2004; Safley et al., 2008)licrocapsules
have most commonly been delivered into the perédboavity, which can be challenging due
to the relatively low oxygen concentrations relatio that observed in the pancreas. To avoid
oxygen deprivation and limited access to nutrieiies,hydrogel devices utilized in this study
were transplanted into the fat pad, a highly vaatgd site, to promote survival of
encapsulated islets.

In contrast to microencapsulation, a macroencapsaoldevice is implanted to a
defined site with the objective of modulating tiivieonment to enhance islet survival and
function. Numerousgn vitro based studies have demonstrated that PEG hydrcayelsrovide
a controllable 3D environment that supports islevisal and function. (Lin et al., 2009; Su et
al., 2010; Weber et al., 2007; Weber and AnsetB8P0A degradable PEG hydrogel (5%
w/v), in conjunction with localized delivery of vadar endothelial growth factor (VEGF),
has been reported to support th&ivo survival and function of transplanted islets fallng
implantation into the mesentary, with normalizatajrblood glucose levels by day 24 (Liao
et al., 2013; Phelps et al., 2013). Herein we repothe use of non-degradable PEG
hydrogels (10% w/v) for cell transplantation, arrebnstrate normalization of blood glucose
levels by day 12 with transplantation into the eychal fat pad. A 10% PEG hydrogel was
employed, as a lower percentage of PEG would mat feell within the PDMS mold, though
gels could be formed with lower PEG percentagésthed outside of the mold. The
epididymal fat pad implantation site, relative i@ imesentery, may improve islet survival

following transplantation, as the delivery of arggaic factors were not employed for these



studies. Glucose tolerance tests demonstratedia et normoglycemia within 90 minutes,
which is consistent with or superior to many encéisg hydrogels (Dang et al., 2013; de
Souza et al., 2011; Yun Lee et al., 2007). Theofis®n-degradable gels was aimed at future
studies with allogeneic transplantation, in whieé &idaptive immune cells can be excluded
from contacting the islets. The penetration ofanfmatory cytokines into the gel will
ultimately need to be addressed, for which multiplgorts have indicated the potential for
modifying PEG with peptides or antibodies agairest inflammatory cytokines, such as TNF-
a (Lin et al., 2009; Su et al., 2010)

Many macroencapsulation devices have complex aathites to support vascular
growth among the transplanted islets, while exelgdmmune cells. Devices, such as
Theracyte, have been implanted to promote vasealzon of the device, with islets loaded
through a port at later times (Kumagai-BraescH.e2813; Qi, 2014). Similarly, the Sernova
pouch is pre-vascularized prior to delivery oftsldhrough channels that are opened in the
device (Qi, 2014). Herein, we demonstrated that BOddsting can be employed to create
devices with regularly spaced channels. A prevgiudy reported that similarly sized
micropores permitted mature vascularized tissuadtion throughout a porous PEG
hydrogel (Chiu et al., 2011). The microchanneledrbgels reported herein demonstrated
vessel growth through the channels that are neaskts, with the transplanted islets able to
restore euglycemia. These studies herein focuséleotine casting approach and its impact
on islet survival and function, thus the slab andrathanneled hydrogels had a similar
minimum diffusion distance, and differences in fiime were not expected or observed
between the gel designs. Ongoing studies are fogusi parameters such as channel size and
spacing for their impact on islet survival and fime, which may be important for delivering
the relatively large mass of islets that are neatfiactally. These parameters are of particular

importance if thicker devices are needed to accateoithe islet mass delivered as they can



reduce mass transport limitations. Furthermordyaaceled architecture may be combined
with the delivery of angiogenic factors to promateobust vascular network.

This hydrogel platform had one main mechanism torfute adhesion for islets,
however bioactive coatings with extracellular maproteins can be considered to faciltate
integration with the host tissue. Extracellular nxgproteins provide structural support and
bind cell surface integrins that mediate adhesmhartivate intracellular signaling pathways
that promote islet survival. PEG hydrogel devigethis study were modified with RGD
peptide, which has been reported to reduce istgitagis and support islet function (Weber et
al., 2007; Weber and Anseth, 2008). The PEG-matksmsed herein had greater
incorporation efficiencies of RGD and faster gelatkinetics relative to other PEG
chemistries such as PEG-vinyl sulfone or PEG-amy@helps et al., 2012). RGD
modification may also help reduce fibrosis aroumel ltydrogel graft, as PEG modified with
RGD has been reported to limit the developmentbobfic overgrowth due to activated
macrophages (Jang et al., 2004). Transplantatitimeodievices into the peritoneal fat can
avoid IBMIR that is associated with hepatic delwegret the devices can be apposed to the
blood vessels that are presented throughout thgathtMicro- and macroencapsulation
systems have typically required large masses etsi$br transplantation due to poor
engraftment, (Phelps et al., 2058 the ability to create architectures that cdimee
vascular ingrowth may ultimately provide an oppoityito support this relatively large islet
mass.

5. Conclusion

We present a non-degradable hydrogel-based dewitdemonstrate the feasibility of
this approach for long-term function of encapsulastetsin vivo. The microchannel regions
of the gel permit vascular ingrowth near the islbtsvever a functional difference was not
observed in mice that received hydrogel implantk wiicrochannels. Islet engraftment and

long-term restoration of normoglycemia were obseree all groups following



transplantation. These studies with a syngenenspidantation model provide a foundation for

future studies with allogeneic and xenogeneicssl€his design can be refined to maximally

protect the islets and minimize mass transportéitiuns, and additional modifications are
possible to modulate the host response at thefsitansplantation, which are the focus of
ongoing studies with allogeneic islet transplaotati
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