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Running title: Immunomodulatory and protective effects of AT-MSCs in islets Tx

Highlights

e Syngenic AT-MSCs along with allograft islets embedded in hydrogelic composite and
transplanted intraperitoneally in Streptozotocin (STZ) induced diabetic C57BL/6 mice.

e AT-MSCs co-transplanted with allograft decreased pro-inflammatory cytokines and increased
regulatory cytokines and regulatory T cells (Treg) population.
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e Qur procedure could be an optimal islet transplantation method and applicable in clinical trials.
Because in this combination and co- transplantation of allograft and AT-MSCs, AT-MSCs have a
maximum capability to increase the Treg population via cell-cell contacts and soluble factors.

Abstract:

Background: Allogeneic islet transplantation could be an ideal alternative therapy for Type 1
Diabetes Mellitus (T1DM). Adipose Tissue-derived Mesenchymal Stem Cells (AT-MSCs)
characterized by immunomodulatory and protective effects may have the potential to improve
the outcome of this highly immunogenic transplant.

Methods: Syngenic AT-MSCs along with allograft islets embedded in hydrogelic composite and
transplanted intraperitoneally in Streptozotocin (STZ) induced diabetic C57BL/6 mice.

Results: In vitro experiments of co-imbedded islets and AT-MSCs in a hydrogel revealed AT-
MSCs are able to significantly increase insulin secretion. During a 32 days of post-transplant
period, blood glucose monitoring showed a decrease from over 400mg/dl to less than 150mg/dl
and at the end of 32 days, mice have been dissected and assessed. Graft histopathology
demonstrated that hydrogel makes an artificial immune isolation site and AT-MSCs contribute
greatly to the reduction of the immune cells infiltration. Analyses of mononuclear cells isolated
from Mesenteric Lymph Nodes (MLNs) and spleen showed that AT-MSCs co-transplanted with
allograft decreased pro-inflammatory cytokines and increased regulatory cytokines (for both
MLNs and spleen) and regulatory T cells (Treg) population (only for MLNSs). In addition, real
time-PCR assays revealed that transcript levels of IDO, iNOS, and PDX1, significantly increased
in allograft islets in the presence of AT-MSCs.

Conclusions: according to results, this investigation indicates that AT-MSCs can be regarded as
promising complementary candidates for engineered-cell therapy using hydrogel composites in
islet transplantation.

Abbreviations

AMDCC, Animal Models of Diabetic Complications Consortium; AT-MSCs, Adipose Tissue-
derived Mesenchymal Stem Cells; CAC, Cell Activation Cocktail; H&E, Hematoxylin and
Eosin; iNOS, inducible Nitric Oxide Synthase; IDO, Indoleamine 2,3-Dioxygenase; MLNs,
Mesenteric Lymph Nodes; Pdx1,Pancreas and Duodenum homeoboxl; STZ, Streptozotocin;
T1DM, Type 1 Diabetes Mellitus; Treg, regulatory T cells

Key words

Mesenchymal stem cells; Type 1 diabetes mellitus; immunomodulatory and protective effects;
allograft islet transplantation.
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1. INTRODUCTION

Decades of research on diabetes have shown that Type 1 Diabetes Mellitus (TIDM) is an
autoimmune related disease, in which specific T cells irreversibly destroy the pancreatic p cells,
which consequently leads to hyperglycemia and diabetes (1-4). Exogenous insulin administration
is not efficiently capable of controlling the blood glucose levels and somehow increases the risk
of secondary complications (3). Transplantation could be considered as a therapeutic option for
T1DM (5-7). Islet transplantation due to a lack of additional cells and induction of optimized
transplantation as a consequence, have enough capacity to decrease blood glucose levels and is
less invasive than the whole pancreas transplantation, which makes it an ideal alternative therapy
(1, 8, 9). However, several problems need to be solved before islets transplantation including the
need for systemic immunosuppressive drugs, which are highly toxic (10). Mesenchymal Stem
Cells (MSCs), exert natural immunosuppressive and protective effects through cell-cell contacts
and by secreting soluble factors (11, 12). MSCs originate from different tissues, which amongst
them Adipose Tissue derived MSCs (AT-MSCs) benefit from being easily accessed abundantly
from adult tissues which makes them more ideal for cell based therapy applications (13, 14).

An important application of these cells in cell therapy is the utilization of immunomodulatory
properties of AT-MSCs in the immune response to alloantigens (2). Systemic administration of
MSCs results in complications, such as improper homing and tumor induction (15). One solution
avoiding MSC-Therapy's complications is using these cells locally and close to the transplants. It
was hard to assure these cells remain in considered position until tissue engineering technology
has come to aid. One of the most common scaffolds in tissue engineering are hydrogel
compositions.

Hydrogels are water swollen substances and they are considered as a good three dimensional (3-
D) cell culture system, for any type of mammalian cells including islets as ideal candidates for
transplantation in TLDM patients. Furthermore, the physiology of the cells cultured in this type
of medium, is much more better than those conventionally done on flat surfaces of tissue culture
plates, as reflected in differential gene expression (16), also in cell behavior and differentiation
experiments (17).Thus, a 3-D cell culture is the better choice for investigating cell function (6).

. Immunoisolation of the islets by hydrogel in Maleimide-Dextran polymer offers the prospect of
transplanting allograft, without the need for immunosuppression. Small pore size of the hydrogel

prevents the passage of immune cells, which protects the islets from immune rejection and any
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direct graft contact with the host. Moreover, in the present study, it is capable of improving the
outcomes of islet transplantation by facilitating the exchange of oxygen, nutrients, insulin and so
on.

Among various transplantation sites in the experimental animal models of diabetes (18), we
selected peritoneum cavity because of our large quantity of hydrogelic composite, containing
both MSCs and allograft islets. On the other hand, it is easy and more relevant in human

application than in the other sites, such as the renal capsule.

In current study, syngeneic AT-MSCs selected because of their less allogenecity and easy access
for clinical applications via liposuction and imbedded them along with the allograft transplant in
hydrogel, which consequently prevented their spreading into the body. Thus, AT-MSCs
protective and immune dampening factors were in close contact with the transplant. We
evaluated AT-MSCs therapeutic effects on TLDM mice model transplanted with islets used in
hydrogel composites in comparison with groups without AT-MSCs. This evaluation took place
investigating the presence of Treg cells and its function by flowcytometric, Real-Time PCR,
ELISA, histopathological analyses and their compliance with blood glucose levels.

2. MATERIALS AND METHODS

2.1. Experimental animals
Two female mice 6-8-weeks-old; C57BL/6 and BALB/c, were obtained from the Pasteur
Institute, Tehran, Iran. Pancreatic islets and AT-MSCs were isolated from BALB/c and
C57BL/6, respectively.
All animal experiments were undertaken in accordance with the Animal Care guidelines of
Tehran University of Medical Sciences, Tehran, Iran. The animals adapted into their new

environment within one week of arrival.

2.2. Low-dose streptozotocin diabetic mouse model
The C57BL/6 mice, as subjects for transplantation, were rendered diabetic by AMDCC (Animal
Models of Diabetic Complications Consortium) Protocols (19). Multiple low-doses (50 mg/kg,
for 5 consecutive days) of Streptozotocin (STZ) (Sigma, USA), solubilized in the sodium citrate
buffer, with pH 4.5, injected intraperitoneally within 10 minutes of preparation. The mice were

tested for sufficient levels of hyperglycemia at 4 weeks post-injection.
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2.3. Isolation of islets and AT-MSCs

Pancreatic islets were isolated from BALB/c mice, as previously described in our previous study
(20). In summary, after anesthetizing the mice with IP injection of ketamin (10 mg/kg) and
xylazin (100 mg/kg) mixture, a V shaped incision was made at the middle of abdomen and the
pancreas was pulled away from the body. Then, the mice were euthanized by cervical
dislocation. Pancreas was inflated with 1 ml of cold collagenase type XI (1 mg/ml; Sigma), for
at least 10 times in several sites, and incubated at a temperature of 37°C for 10 minutes. After
filtering the digested material with a tea strainer, the tube is refilled with 10-15 ml cold PBS to
dilute the present components, thus terminating enzymatic digestion. The islets could be hand-
picked under a stereomicroscope, ready for applying in hydrogel scaffolds.

AT-MSCs isolated from abdominal adipose tissue of C57BL/6 mice as discussed in our previous
study. Briefly, isolated tissue washed 3 times with PBS and extracellular matrix digested with
collagenase type 1. After centrifugation, pellet have been transferred to Dulbecco’s modified
Eagle’s medium (DMEM, GIBCO) containing 10% fetal bovine serum (FBS, GIBCO) and 2
mM L-glutamine, penicillin, and streptomycin (all from Invitrogen) as MSCs culture media and

incubated (37-C in 5% C0,). At adherent cells optimum confluency, these cells harvested and at

third passage assessment of AT-MSCs done with immunophenotyping (21).
2.4. Hydrogel preparation

For preparation of the 100 ul of hydrogel (3D-Life Dextran-PEG Hydrogel kit, Cellendes,
Germany), following the manufacturer’s instructions, combination of water, 10x CB
(Concentrated Buffer) pH 5.5, and Maleimide-Dextran were placed in a reaction tube. After 5
minutes, the cell suspensions (2x10°AT-MSCs with or without the 100 islets) were added. The
content of the reaction tube were transferred into a pipette tip (to form proper shape) and mixed
with the Polyethylene Glycols (PEG-Link) by pipetting three times up and down. After, at least,
one minute for gel formation, culture medium was carefully added to cover the gel, until

transplantation.

2.5. In vitro function assay (insulin secretion) of islets co-embedded with AT-MSCs

into the hydrogel
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For assessment of the islet adaptation in the hydrogel and the in vitro effects of the AT-MSCs on
islet function, AT-MSCs were co-embedded with islets, at a density of 2x10° cells/100 pl
hydrogel, to determine its impact on insulin secretion. Triplicate batches of 10 islets in equal
numbers and similar sizes, were washed and divided into three groups, including free islets
without Gel (Islet), islets imbedded into hydrogel (Gel+Islet), hydrogel containing composites of
islets and MSCs (Gel+MSC+lslet), cultured in mediums with different concentrations of glucose.
These mediums consist of TO or a control medium (DMEM low Glucose (Sigma) + 10% FBS +
1% glutamine + 1% Penicillin/Streptomycin) with no extra glucose, T1 (control medium + 150
mg/dl glucose) and T2 (control medium + 300 mg/dl glucose). +.2 ml of control medium were
added to microplates and incubated for 30 minutes, at 37°C, pH 7.4, with 5% CO.. Glucose
solutions were added into the T1 and T2 medium wells after incubation to get glucose
concentrations about 150 mg/dl and 300 mg/dl, respectively. All wells were incubated for 60
minutes under the same conditions, similar to those of first incubation (22-24). Thereafter, the
supernatants were collected after gentle centrifugation and insulin assay were conducted by
ELISA method, using mice standard insulin.

2.6. Hydrogelic composite transplantation

The diabetic recipient mice with blood glucose concentration >400 mg/dl were used for
transplantation. Surgery were performed with ketamine (10 mg/kg) and xylazin (100 mg/kg)
mixture in the surgery room. Prepared composite in four groups were transplanted,
intraperitoneally, by making a small incision. A minimal mass of 200 islets in two composites of
100 ul were transplanted into every candidate mice. Five groups consist of Control (without any
transplantation), Hydrogel alone (Gel), AT-MSCs imbedded hydrogel (Gel+MSC), Islet
imbedded hydrogel (Gel+lslet) and AT-MSCs along with Islets imbedded hydrogel
(Gel+MSC+lslet), delivered into the peritoneal cavity using sterile devices. Blood glucose levels
were monitored within 4 day intervals by Glucometer (Accu-chek, Performa).

2.7. Hydrogel composite recovery
The mice were dissected by cervical dislocation, 32 days after transplantation. Composites were

collected from the peritoneal cavity and washed in saline buffer solution.

2.8. Hematoxylin and Eosin (H&E) staining
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For an in vivo assessment of transplanted islets, isolated grafts at three time points (10, 20 and 32
days) were subjected to histopathological examinations. hydrogelic grafts were recovered, fixed
in 10% formaldehyde, embedded in paraffin, and cut into 5-mm sections. Prepared sections were
stained using Hematoxylin-Eosin staining due to instructions of standard protocol (13). All grafts

were examined by an independent pathologist.

2.9. Cytokine assays

Isolated mononuclear cells from Spleen and Mesenteric Lymph Nodes (MLNs) of the
transplanted mice were separately adjusted to 1.5x10%ml. Cell Activation Cocktail (CAC)
without Brefeldin A (BioLegend) was added into each well and incubated at 37°C, with 5% CO>
(according to manufacturer's instructions). After 6 hours of incubation, supernatants of the cells
were collected after gentle centrifugation and kept frozen at —20°C, until cytokine assay. The
representative cytokine levels of each T cell subpopulations (Thl, Th2, Thl7 and Treg),
including interferon-y (IFN-y), interleukin 4 (IL-4), interleukin 17 (IL-17) and transforming
growth factor-p1 (TGF-B1) were assessed by Single-AnalyteELISArray Kits (Qiagen).

2.10. Flow cytometry
Mononuclear cells from the MLNs and spleen of each group were adjusted to 1.5x10° cells/well
and stimulated with a CAC with Brefeldin A (BioLegend), for 6 hours. activated cells were
harvested and washed with Cell Staining Buffer (BioLegend). For Treg analysis, we used Mouse
TregFlow™ Kit (BioLegend). The cells distributed 0.3x10° cells/100ul. Following the
manufacturer’s instructions, the activated cells were stained with Mouse Treg Flow Kit (FOXP3

Alexa Fluor® 488 /CD, APC/ CD,; PE from BioLegend). Analysis of stained cells were

performed using flow cytometer (BD FACSCalibur™), row data analysis were performed using
FlowJO.

2.11. Real time -PCR
Collected allograft composites were cut into pieces and degraded by dextranase prepared in the
kit. Total RNA were isolated from hydrogel composite, using an RNeasy®PlusMini Kit (Qiagen).
cDNA was prepared with RevertAid Reverse Transcriptase-Fermentase (Thermo Fisher
Scientific Inc.) and synthetized cDNA were subjected to conventional PCR (35 cycles)and

Page 7 of 30



electrophoresis on a 2% agarose gel. Bands were visualized under UV (Ultra Violet) light and
cDNA have been confirmed. Real-time PCR were performed with specific primers for f2M,
IDO, INOS, PDX1 genes (Tablel) and the Green-High Rox PCR Master Mix reagents
(Ampligon), using a StepOnePlus™ Real-Time PCR System. Selected genes expression were
assessed independently, and B2M (B2 micro globulin) expression were used as a control for

normalization.

2.12. Statistical Analysis

Statistical analysis were performed using Statistical Package Graph Pad Prism 6. Data were
presented as mean+SD and compared using a one way ANOVA (Analysis of Variance). Tukey's
Multiple Comparison Test was used to assess the effect of changes in differences among the
categorical variables. *P<0.05, **P<0.01 and ***P<0.001 were considered to be statistically

significant.

3. RESULTS

3.1. Insulin secretion
Co-embedded islets with MSCs increased glucose-stimulated insulin secretion, as compared to
the group only embedded with islets in three different glucose concentration mediums, including
control (no extra glucose T0), 150 mg/dl (T1) and 300 mg/dl (T2). There were no significant
alterations between free islets and Gel+Islet groups; whereas, there were a significant difference
in Gel+MSC+lIslet group in both T1 and T2 (Gel+MSC+lslet vs. Islet and Gel+lslet; p<0.01;
10.8+2.1 vs. 5.26+1.6 or 4.45+0.9; 16.2+1.8 vs. 8.43+2.2 or 7.33£2.3) (Figure 1).

3.2. Effect of AT-MSC’s presence on leukocyte infiltration

. Histopathology (Figure 2.) of normal pancreas showed normal islets of Langerhans in-between
normal pancreatic acini (arrow) and normal pancreatic duct (A), and in the diabetic pancreas, it
showed ruptured and destructed islets of Langerhans with damages in B-cells (B). Isolated grafts
containing islets (10 days (C) and 20 days (D)), after transplantation also were subjected to
histopathological examinations which showed intact islets. Finally, all grafts in the transplanted

groups were isolated after 32 days. Results indicated that the immune cells (esp. leukocytes)
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could not infiltrate into the grafts (E-H) in AT-MSC transplanted groups (F and H) in
comparison with corresponding groups (E and G), respectively.

3.3. Graft function

Blood-glucose levels (tail vein blood samples) of all mice were measured regularly using
Glucometer (Accu-check, Performa) for about one month every day, before 9:00 a.m.. Blood
glucose levels of the mice in groups of Control, Gel, Gel+MSC, increased rapidly, while
Gel+lslet and Gel+MSC+lIslet transplanted mice progressed slowly, which indicates a
suboptimal glycemic control as a result of an increase in islet's survival. Glucose levels were

better maintained in the Gel+MSC+lslet group than the others, over a 32 day period.

Graft losses were coincided with the day in which blood glucose levels exceed 400 mg/dl. Mice
were later euthanized to confirm diabetes recurrence, and the graft survival period was calculated
as number of days, before diabetes recurrence. Co-embedded islets with MSCs, improved the
graft outcome, when compared with encapsulated islets alone. The average blood glucose level
for the Gel+ MSC + Islet group was significantly lower on day 1 to 32, after transplantation
(Gel+MSC+Islet vs. Gel+lslet; p<0.05) (Figure 3).

3.4. Effect of AT-MSCs on cytokine production in the supernatant of MLNs and

spleen cell culture

Release of cytokines into culture supernatants from mononuclear cells derived from MLNs and
spleen were measured using ELISA. Levels of anti-inflammatory cytokines in the supernatant of
mononuclear cells derived from MLNs, including TGF-f1 and IL-4 in Gel+MSC and
Gel+MSC+lslet groups, were significantly higher than other corresponding groups (Gel+MSC
vs. Control or Gel; p< 0.01and Gel+MSC+Islet vs. Gel+Islet; p< 0.001). In other counterparts,
results obtained from proinflammatory cytokines measurement, such as IFN-y and IL-17.
Obtained results were indicated a significant decrease in IL-17 levels in both Gel+MSC and
Gel+MSC+lslet groups in comparison with control, Gel and Gel+lslet groups, respectively (p<
0.001). IFN-y levels significantly decreased only in the Gel+MSC+Islet group in comparison
with the Gel+Islet group; p< 0.001 (Figure 4).

Similar results were obtained in analyses of similar cytokines in the supernatant of mononuclear

cells derived from spleen. In fact, results of the measurement of cytokine levels in the
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supernatant of mononuclear cells derived from mice spleen indicated that there were a significant
increase in TGF-B1 and IL-4 production in groups transplanted with allografts containing AT-
MSCsGel+MSC and Gel+MSC+lIslet groups . On the other side, IFN-y and IL-17 production

significantly decreased, in same groups (Figure 5).

3.5. Flow cytometric investigation of Treg cells in mononuclear cells derived from
MLNs and Spleen

Representative data of flowcytometric analyses of CD4*CD25" FOXP3* cells (Tregs) derived
from MLNs and spleens of mice transplanted with or without AT-MSCs, are presented in figure
6 and figure 7, respectively. Dot plots showing representative proportions of Tregs in MLN cells
and splenic tissues, 32 days after transplantation, are divided into five groups. Statistical analysis
in the graphs of figure 8 shows the percent of T-regulatory cells (%Treg) in MLNs (A) and
spleen (B). graphs show that in MLNs analysis, the percentage of Tregs significantly increased,
from 0.705% to 6.99% in Gel versus the Gel+MSC group and from 1.04% to 4% in Gel+Islet
versus Gel+MSC+lslet group (P<0.05) (Figure 8A). But, there were no significant variation in

%Treg among the same groups, in the splenic tissues (Figure 8B).

3.6. Real time —-PCR
Co-transplantation of AT-MSCs significantly increased the transcript levels of IDO and iNOS in
the Gel+ MSC+ Islet group, in comparison with the Gel and Gel+Islet and Gel+MSC groups.
Similar results were also obtained for transcript levels of PDX1 which significantly increased in

Gel+MSC+lslet group as compared to Gel and Gel+Islet and Gel+MSC groups (Figure 10).

4. DISCUSSION

AT-MSCs has a good potential for regenerative medicine because of their multipotent activity,
self-renewing capacity, differentiation into various types of tissues and possessing a very
important property, which enables easy accessibility to these cells in adult patients (5, 8, 9).
Because of proven immunomodulatory effects of MSCs, Therapeutic administration of MSCs in
different autoimmune disorders has long been of interest to researchers (25). One of the most
popular amongst these autoimmunities is TIDM, which also were the target of cell therapies
with MSCs. Researches on rodent models of TIDM showed that, the systemic administration of
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MSCs has the potential to revert hyperglycemia and increase insulin production through the
process of pancreatic islets’ recovery, and also has the ability of exerting beneficial
immunomodulatory effects (26-32). Moreover, studies on local MSCs transplantation also
showed their immunomodulatory effects on infiltrating and resident immune cells (33, 34). In
this regard, it has been reported that the underlying effecter mechanism of MSCs effectiveness
might be attributed to both cell-cell contacts (35) and released soluble factors (36, 37).

In our previous study, proliferation potency of mononuclear cells derived from T1DM mice
spleen decreased in the presence of AT-MSCs. In fact, it revealed that AT-MSCs have in vitro
immunomodulatory effects on TIDM mice (21). Our work provides a new insight into the
function of locally administered AT-MSCs in allograft transplantation. Using co-transplantation
of AT-MSCs with pancreatic islets, we have shown that AT-MSCs are capable of improving
graft function due to immunomodulatory and protective effects of these cells. In this study,
composites formed in a 3D Life hydrogel transplanted into the abdominal cavity of TADM mice
model. In vitro experiments showed that these composites enable adequate glucose sensing and a
significant insulin release, which have been indicating of any significant differences between
free islets and those imbedded into hydrogel. In addition, AT-MSC's presence showed direct
linkage with the significant increase of insulin secretion in different concentrations of glucose
(control medium, 150 and 300 mg/dl), in Gel+MSC+lIslet group, in comparison with Gel+Islet
group (Figure 1). These data were consistent with that of Niels O.S. Camara et al. showing that
AT-MSCs are able to prevent hyperglycemia and B cell destruction via immunomodulatory
functions and regulatory T cells (Treg) expansion, in NOD mice (29). Likewise, several studies
showed that co-transplantation of islets with MSCs enhanced graft revascularization (38, 39).
This gives rise to probable role of Treg cells as an underlying mechanism.

Many studies were carried out on the transplantation, to establish a relationship between the
levels of Tregs and graft function status (40-42). Ge et al. have shown that MSCs induce in vivo
CD4"CD25"FoxP3" Treg production in renal allograft recipients with Indoleamine 2, 3-
Dioxygenase (IDO) expression and thereby, improve immunological tolerance (43). Results of
flowcytometric analysis of MLNs derived cells, as shown in Figure8 (A), were indicative of a
significant increase in Treg population with the addition of MSCs to graft composite, in Gel
versus the Gel+MSC group and in Gel+lIslet versus the Gel+MSC+lIslet group. It is noteworthy
that, there were no significant increase in Treg cells population in flowcytometric analysis of the

spleen cells. This might be as a result of the local transplantation of the graft in the abdominal
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cavity that has more effect on the local immune tissues or infiltrating immune cells (33). Proving
the presence of Treg cells, it seemed to be important to evaluate their functionality by
investigation of related soluble factors such as IDO, iNOS and cytokines. So, these results have
been confirmed using Real Time-PCR analyses evaluating transcript levels of IDO and iNOS of
hydrogel containing graft on one side and levels of TGF-B1 and IL-4 in the supernatant of MLNs
derived mononuclear cells on the other side. Obtained data showed significant increase of this
inhibitory elements in grafts containing AT-MSCs as compared to those lacking these cells. On
the other hand, IL-17 and IFN-y as representatives of inflammatory cytokines decreased in
groups with allografts containing AT-MSCs in consistent with the increase of Treg cells
populations. To explain the mechanism of this decrease we can refer to Obermajer et.al's recent
study in which they proposed a novel mechanism in which MSCs directly converted Th17 into
Treg cells, and thereby, induced immunosuppression (44).

In the meantime, there were only one exception about IFN-y levels which only significantly
increased in the Gel+lIslet group in comparison with the others, but in the case of Gel+MSC
group, we observed an insignificant decrease. As showed in Figure 4 and 5, this cytokine
significantly increased both in MLNs and spleen analysis, when AT-MSCs were not imbedded.
Nevertheless, MSCs need an increasing IFN-y production in the early stages of activation,
prepared by diabetes induction using STZ and allograft transplantation. After activation, they
suppressed IFN-y production following the anti-inflammatory process. Results, reported by
Chinnadurai, indicated the role of IFN-y in the licensing of MSCs to exert immunomodulatory
effects, such as proliferation and cytokine inhibition on activated T cells (45). Furthermore, Jang
IK et.al suggested a correlation between IDO and this IFN-y licensed MSC inhibitory effect on T
cells (46).

. In addition, there were a significant increase at the transcript levels of PDX1 in the presence of
AT-MSCs- (Figure 9C)., PDX1 is known as a factor which is important for development of islet
cells during emberyonic development and after that keeping their function as mature islet cells
(47, 48). So our results suggest a conservatory role of AT-MSCs for islets which may be
through PDX1 pathway.

Results of all abovementioned cellular and molecular analyses in different groups receiving
allografts are in consistence with cell infiltration in histopathology reports and blood glucose
levels in recipient mice models of TIDM as it has been reported in other studies (49). We can

conclude that AT-MSCs could be recommended as a promising candidates in engineered-cell
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therapy for islet transplantation based on the significant ability of co-transplanted AT-MSCs to
suppress the intensive allogeneic inflammatory process coupled with their ease of access.
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Tablel. Primer sets used in this study

Gene Forward Reverse

Bam 5' -GCCTTCACCCCAGAGAAAGG-3' 5 -GCGGTTGGGATTTACATGTTG-3
IDO 5' -ACGAGTGTGTGAATGGTCTG-3' 5 -ATCAGTGGGCTTCTTCTTCG-3
INOS 5- TGGATTTGGAGCAGAAGTGC-3' 5 -GTCATCTTGTATTGTTGGGCTG-3"
Pdx1 5' - ATTCTTGAGGGCACGAGAG-3' 5 -TTGGTCCCAGGAAAGAGTC-3
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Figure 1. Comparison of the effects of Gel and/or AT-MSCs presence on glucose mediated
insulin secretion from islets. Insulin secretion in supernatants of three groups of islets,
including free islets without Gel (lIslet), 10 islets imbedded into 100 ul hydrogel (Gel+Islet) and
hydrogel composite of 10 islets and 2x10° MSCs/100 pl hydrogel (Gel+MSC+lslet) assessed
after 60 minutes. Insulin secretion in different glucose concentration solutions, including control
(no extra glucose), 150 mg/dl and 300 mg/dl are shown here. There were no significant
alterations between free islets and Gel+Islet groups; whereas, there were significant changes in
insulin secretion between these groups as compared to Gel+MSC+Islet group in both 150 mg/dl
and 300 mg/dl (Gel+MSC+Islet vs. Islet and Gel+lslet; P<0.01). Data are presented as mean
values of 6 independent experiments +SD. Statistically significant differences were tested with
one-way ANOVA and the Tukey's Multiple Comparison Test; *P<0.05, **P<0.01, ***P<0.001.

ANOVA, analysis of variance; SD, standard deviation.
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Figure 2. Leukocyte infiltration decreased in the presence of AT-MSCs in graft's
Histopathological analyses with Hematoxylin-Eosin staining. Langerhans islets (arrows) are
shown in: (A) normal mouse pancreas in between normal pancreatic acini and normal pancreatic
ducts. (B) Diabetic pancreas showing ruptured and destructed islet of Langerhans with damage in
B-cells. For islets” assessment in the body (C, D), some grafts were isolated into two time points
after transplantation. Figures are representative of result of intact islets placed into them [10 days
(C) and 20 days (D) post-Tx]. Finally, all grafts in transplanted groups (Gel, Gel+MSC,
Gel+lslet and Gel+MSC+lIslet) were isolated after 32 days (E-H respectively). Staining of grafts
showed that immune cells could not infiltrate into the grafts (E-H) and leukocyte infiltration
decreased when AT-MSC were transplanted (F and H), in comparison with corresponding

groups (E and G), respectively. Scale bars represent 100pum.
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Figure 3. Comparison of blood glucose levels in TIDM mice transplanted with Islet and/or

AT-MSCs. Blood glucose have been measured for diabetic mice transplanted with two pieces of
100 pL hydrogel, containing 100 islets embedded alone or co-embedded with 1x10° MSCs into
every piece of hydrogel. Blood glucose levels of Gel+MSC+lIslet group tended to show an
improved glycemic state more than the Gel+lslet group. The Gel+MSC+lIslet group's glucose

levels significantly maintained under 300 mg/dl, since 16" days after transplantation for a longer

period of time in comparison with other groups (Gel+MSC+lIslet vs. Gel+lIslet; P<0.05). Data are

presented as mean values of n=6 animals/group+SD. Statistical differences were tested via

Multiple t Test; *P<0.05, **P<0.01, ***P<0.001. SD, standard deviation.
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Figure 4. Cytokine secretion analyses of the supernatant of mononuclear cells derived from
Mesenteric Lymph Nodes (MLNSs). Inhibitory effects of AT-MSCs at passage 3 co-transplanted
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with islets on cytokine production were assessed in mononuclear cells isolated from the
mesenteric lymph nodes of mice. Levels of TGF-B1, IL-17, IFN-y and IL-4 in supernatant of
cultured cells were measured using ELISA. Transplantation of AT-MSCs alone or co-
transplantation of them with allograft caused a significant increase in the levels of TGF-f1
(Gel+MSC vs. Gel; P<0.01 or Control; P<0.01 and Gel+MSC+lIslet vs. Gel+Islet; P<0.001) and
IL-4(Gel+MSC vs. Gel; P<0.001 or Control; P<0.001 and Gel+MSC+lIslet vs. Gel+Islet;
P<0.001) (A and B respectively). As their counterpart, proinflammatory cytokine levels
significantly decreased in IL-17 (Gel+MSC vs. Gel and Gel+MSC+lIslet vs. Gel+lIslet; P<0.001)
and IFN-y (Gel+MSC+lIslet vs. Gel+Islet; P<0.001) when AT-MSCs were transplanted (C and D
respectively). Data are presented as mean values of n=6 animals/group£SD. Statistically
significant differences were tested with one-way ANOVA and the Tukey's Multiple Comparison
Test; ***P<0.001, **P<0.01. ANOVA, analysis of variance; SD, standard deviation.
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Figure 5. Cytokine secretion analyses of the supernatant of mononuclear cells derived from
spleen. Inhibitory effect of AT-MSCs at passage 3 co-transplanted with islets on cytokine
production were assessed in mononuclear cells isolated from spleen of mice. Levels of TGF-,
IL-4 IL-17 and IFN-y in the cell culture supernatants of spleen were measured using ELISA.
Transplantation of AT-MSCs alone or co-transplantion of them with allograft showed a
significant increase in the levels of TGF-B1 (Gel+MSC vs. Gel; P<0.01 or Control; P<0.05 and
Gel+MSC+lslet vs. Gel+lslet; P<0.001) and IL-4 (Gel+MSC vs. Gel; P<0.01 or Control; P<0.05
and Gel+MSC+lIslet vs. Gel+lslet; P<0.05) (A and B respectively). As their counterparts,
proinflammatory cytokine levels significantly decreased in IL-17 (Gel+MSC vs. Gel or Control;
P<0.05 and Gel+MSC+lIslet vs. Gel+lslet; P<0.001) and IFN-y (Gel+MSC vs. Gel or Control,
and Gel+MSC+Islet vs. Gel+Islet; P<0.001) when AT-MSCs were transplanted (C and D
respectively). Data are presented as mean values of n=6 animals/group£SD. Statistically
significant differences were tested with one-way ANOVA and the Tukey's Multiple Comparison
Test; ***P<0.001,**P<0.01,*P<0.05. ANOVA, analysis of variance; SD, standard deviation.
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Figure 6. Assessment of Treg cells population in Flowcytometric analysis of mononuclear
cells derived from MLNs. A: On the top left, a plot with side scatter on the Y axis and forward
scatter on the X-axis were depicted by the gated cluster of mononuclear cells from the MLNs of
control mice (diabetic mice without any treatment). Thereafter, a plot with side scatter on the Y
axis and CD4-APC on the X-axis (CD4 gating) are shown. Gated CD4+ cells became the subject
of further analyses for FOXP3 and CD25 at the top right plot, to indicate regulatory T cells
(Treg) percentages of controls. B, C, D and E graphs are representatives of results for other
transplantation groups (Gel, Gel+MSC, Gel+Islet and Gel+MSC+Islet, respectively). Treg cells
population is significantly comparable between Gel+MSC, Gel, and control groups. Same result
were obtained in the Gel+MSC+lIslet group as compared to Gel+Islet group. MLNSs; Mesenteric

Lymph Nodes.
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Figure 7. Assessment of Treg cells population inFlowcytometric analyses of mononuclear
cells derived from mice spleen. A: On the top left, with side scatter on Y axis and forward
scatter on X-axis depicted by gated cluster of the mononuclear cells from spleen tissue of the
control mice (diabetic mice without any treatment), thereafter, a plot with side scatter on Y axis
and CD4-APC on X-axis, are shown. The gated CD4+ cells were then, further analyzed for
FOXP3 and CD25 on the top right plot to indicate regulatory T cells (Treg) percentage in
controls. The graphs B, C, D and E represent results for other transplantation groups,
respectively (Gel, Gel+MSC, Gel+Islet and Gel+MSC+Islet). There was no significant variation

in %Treg among the groups in the spleen tissue.
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Figure 8. Comparison of regulatory T cells populations (%Treg) in mononuclear cells
derived from MLNs and spleen of mice. A is %Treg cells from MLNs and B is the same from
the spleen tissue. Graphs show that Treg cells population significantly increased in Gel+MSC
(Gel+MSC vs. Gel or Control; P<0.05; 6.99% vs.0.705% or 0.622%) and Gel+MSC+lslet
(Gel+MSC+Islet vs. Gel+lslet; P<0.001; 4% vs.1.04%) groups in MLNs (A). The same order
were repeated in the mononuclear cells isolated from spleen, but there were no significant
variation in the percentage of Treg cells among these groups in mononuclear cells isolated from

mice spleen. Data are presented as mean values of n=6 animals/group+SD. Statistically
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significant differences were tested with one-way ANOVA and the Tukey's Multiple Comparison
Test; *P<0.05.ANOVA, analysis of variance; SD, Standard Deviation; MLNs, Mesenteric
Lymph Nodes.

Page 28 of 30



>

Real time IDO B3 Gel

500 B Gel+MSC

] - @D Gel+lslet
= 400+ I | @ Gel+MSC+lslet
=
= 300+
‘:,
]
2 200+
E
Y
% 100-

0 l I

1
Groups

o~

15+

Relative expression

@

80

60+

40-

20+

Relative expression

Real time iNOS

Groups

Real time PDX-1

Groups

Page 29 of 30



Figure 9. Transcript levels of IDO, iINOS and PDX1 in allografts suggestive of underlying
inhibitory mechanisms in the presence of AT-MSCs. Co-transplantation of AT-MSCs
significantly increased the transcript levels of IDO and iNOS in the Gel+MSC+lIslet, as
compared to the grafts without AT-MSCs and ever to grafts with AT-MSCs alone
(Gel+MSC+lslet vs. Gel or Gel+lislet or ever Gel+MSC; P<0.001) (A and B respectively).
Similar results were also observed at transcript levels of PDX1, which significantly increased ate
the presence of AT-MSCs (Gel+MSC+Islet vs. Gel+Islet; P<0.001) (C). Data are presented as
mean values of n=6 animals/group£SD. Statistically significant differences were tested with one-
way ANOVA and the Tukey's Multiple Comparison Test; ***P<0.001. ANOVA, analysis of

variance; SD, standard deviation.
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