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COMPOSITIONS AND METHODS FOR GENERATING IMMUNOTOLERANT

RESPONSES

FIELD OF THE INVENTION

[001] The invention relates generally to compositions and methods for generating immunotolerant
responses in a subject. Specifically, the invention relates to a composition comprising a sulfated

polysaccharide and a bioactive polypeptide for generating an immunotolerant response.

BACKGROUND OF THE INVENTION

[002] Preventing cell allograft rejection is a major challenge in current cell therapy strategies.
Such a rejection is mediated by allograft-reactive effector CD4 and CD8 T cells. Lifelong treatment
with immunosuppressive drugs can attenuate alloreaction and graft rejection, but it is associated
with an increased risk of infection and malignancies. In recent years, several biomaterial-based
strategies have been developed for preventing immune rejection of allogenic cell grafts, relying on
cell encapsulation within a membrane capsule permeable to nutrients and waste products; however,
the capsule also prevents cell entry and vascularization, thus limiting the size of the device to the
oxygen diffusion distance of 200 pum.

[003] An ideal cell transplantation device should enable vascularization of its entire volume to
maintain the viability of the transplanted cells, and should promote graft integration within the host.
Nevertheless, device vascularization is often associated with increased risk of allograft rejection due

to massive infiltration of leukocytes via blood circulation.
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[004] Transforming growth factor-f3 (TGF-B)is an immunoregulatory cytokine, which can
potentiate the generation of an immunotolerant microenvironment as it acts to suppress
inflammatory processes, such as those evident in autoimmune diseases and cancer. In a TGF-B-rich
environment, dendritic cells (DCs), which uptake antigens, become tolerogenic and mediate the
differentiation of CD4+ T cells into anti-inflammatory regulatory T cells, which suppress not only
the generation of effector CD4+ T cells but also the activation and proliferation of cytotoxic CD8+
T cells.

[005] Thus, there exists a need for improved compositions and methods for generating local

immunotolerant microenvironment while avoiding undesirable systemic effects.

SUMMARY OF THE INVENTION

[006] The present invention relates, in one aspect, to a method for inducing an immunotolerant
response in a subject, the method comprising administering to said subject a composition
comprising a sulfated polysaccharide and a bioactive polypeptide and wherein said bioactive
polypeptide non-covalently associates with a sulfate group of the sulfated polysaccharide. In one
embodiment, the bioactive polypeptide is a transforming growth factor Bl (TGF-p1).

[007] In yet a further aspect, the present invention relates to a method for reducing or preventing
an allograft rejection in a subject the method comprising administering to said subject a composition
comprising a sulfated polysaccharide and a bioactive polypeptide, and wherein said bioactive
polypeptide non-covalently associates with a sulfate group of the sulfated polysaccharide, thereby
reducing or preventing an allograft rejection in said subject. In one embodiment, the bioactive

polypeptide is a transforming growth factor Bl (TGF-p1).
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[008] The present invention further relates to a method for treating an autoimmune disease or
disorder in a subject, the method comprising administering to said subject a composition comprising
a sulfated polysaccharide, a first bioactive polypeptide and a second bioactive polypeptide, wherein
each of the first and second bioactive polypeptides non-covalently associates with a sulfate group of
the sulfated polysaccharide, and said composition further comprising a supporting matrix, wherein
the supporting matrix is a polymer selected from the group consisting of a polysaccharide, a protein,
an extracellular matrix component, a synthetic polymer, and a mixture thereof. In one embodiment,
the first bioactive polypeptide is a TGF-P1. In one embodiment, the second bioactive polypeptide is

myelin oligodendrocyte glycoprotein (MOG).

BRIEF DESCRIPTION OF THE DRAWINGS
[009] Figure 1A shows the fabrication process of alginate-sulfate/alginate scaffolds. A mixture of
90% alginate and 10% alginate-sulfate was cross-linked by using calcium ions. The mixture was
then poured onto a 96-well plate and freeze-dried to form a macroporous scaffold. TGF-f and
angiogenic factors were affinity-bound to alginate-sulfate in the scaffold.
[0010] Figure 1B shows the graph measuring the percentage of retained TGF-3 when affinity-
bound to alginate-sulfate/alginate scaffold vs. adsorbed to pristine scaffold. The percentage is
calculated from total input TGF-f over a period of 7 days, as detected by ELISA.
[0011] Figure 1C shows western blot plot of p-SMAD2 and p-SMAD3, using lyses of NIH-3T3
fibroblasts cell line cultures 40 min after exposure to 0.5 ng/ml TGF-p.
[0012] Figure 1D shows a graph illustrating analysis of western blot of P-SMAD2/actin. Lanes are:
1: medium, no TGF-B; 2: medium + TGF-f3; 3: TGF-p released from scaffold over time; 4: afTGF-3
after dissociation from Alg/AlgS scaffold with acidic pH; and 5: afTGF-p after dissolving alginate-

sulfate/alginate scaffold with EDTA. The data represent mean value and SD of triplicates.
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[0013] Figure 2A shows timeline of the in vitro experiment: OTII splenocytes were seeded within
scaffolds with or without afTGF- (50 ng/scaffold). Two hours post seeding, OVA peptide (20
png/ml) was added to the medium to activate the splenocytes and cytokines were measured
thereafter.

[0014] Figure 2B shows a graph measuring IL-17 (72h) folds change in cytokine secretion as
compared with -TGF-OV A control group.

[0015] Figure 2C shows a graph measuring IL-10 (48h) folds change in cytokine secretion as
compared with -TGF-OV A control group.

[0016] Figure 2D shows a graph measuring I1L-2 (24h) folds change in cytokine secretion as
compared with -TGF-OV A control group.

[0017] Figure 2E shows a graph measuring IFN-y (48h) folds change in cytokine secretion as
compared with -TGF-OV A control group.

[0018] Figure 3 shows FACS plots demonstrating lymphocytes and CD4 T cells gating
representative FACS plots, 3 days post activation.

[0019] Figure 4A shows representative FACS plots of CD4+ T cells expressing CD25 and Foxp3,
3 days post activation.

[0020] Figure 4B shows a FACS histogram demonstrating increased frequency of Tregs within
afTGF-f constructs compared to TGF-B-lacking constructs representative FACS histogram.

[0021] Figure 4C shows a graph measuring percentage of Tregs from total CD4+ T cells with and
without afTGF-, as compared to ~-TGF—OVA control. Red: afTGF-f3; blue: TGF-B-lacking; black:
control.Data represent mean values of triplicates and SEM of 3 separate experiments. Results were

compared by unpaired t-test, ** p<0.01.
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[0022] Figure SA shows representative FACS plots of CD4+ T cells expressing CD25 and Foxp3,
3 days post seeding. Splenocytes were cultured in afTGF-P constructs and TGF-B-lacking constructs
and were stimulated with OVA in the presence of anti-IL-10 (1 ng/ml). Red: afTGF-f; blue: TGF-j-
lacking; black: control.

[0023] Figure 5B shows representative FACS histogram showing no difference in the frequency of
Tregs between afTGF-PB constructs and TGF-B-lacking constructs. Red: afTGF-f3; blue: TGF-B-
lacking; black: control.

[0024] Figure SC shows percentage of Tregs from total CD4+ T cells with and without afTGF-J3,
as compared with -TGF-OV A control group.

[0025] Figure 5D shows IL-2 folds change secretion with or without afTGF-B, as compared with
-TGF-OVA control.

[0026] Figure SE shows IFN-y folds change secretion with or without afTGF-f3, as compared with
-TGF-OVA control.

[0027] Figure SF shows IL-17 folds change secretion with or without afTGF-f, as compared with
-TGF-OVA control.

[0028] Figure 5G shows representative FACS plots of CD25 and Foxp3 expressing CD4+ T cells 3
days post co-culturing. OVA T cells were co-cultured with splenocytes from CDI1c™ Tg mice
within afTGF-P constructs and TGF-fB-lacking constructs. Red: afTGF-f3; blue: TGF-f-lacking;
black: control.

[0029] Figure SH shows representative FACS histogram showing no difference in Treg population
within afTGF-P constructs and TGF-fB-lacking constructs. Red: afTGF-f3; blue: TGF-f-lacking;

black: control.
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[0030] Figure 6A shows a graph measuring percentage of Tregs from total CD4+ T cells with or
without afTGF-f, as compared with a -TGF-OV A control group.

[0031] Figure 6B shows a graph measuring IL-2 folds change secretion with or without afTGF-p,
as compared with a -TGF-OV A control group.

[0032] Figure 6C shows a graph measuring IFN-y folds change secretion with or without afTGF-J,
as compared with a -TGF-OV A control group.

[0033] Figure 6D shows a graph measuring IL-17 folds change secretion with or without afTGF-p3,
as compared with a -TGF-OV A control group.

[0034] Figure 6E shows a graph measuring IL-10 folds change secretion with or without afTGF-p,
as compared with a -TGF-OV A control group.

[0035] Figure 7A shows PECAM (CD31) stained cryo-sections of retrieved devices containing
fibroblasts 10 days post transplantation exhibit host endothelial cell penetration to the scaffold.
[0036] Figure 7B shows confocal imaging of blood vessels (red) formed within the TGF-B-lacking
construct containing allofibroblasts (green) 15 days post transplantation.

[0037] Figure 7C shows confocal imaging of blood vessels (red) formed within afTGF-8
constructs containing allofibroblasts (green) 15 days post transplantation.

[0038] Figure 8 shows the graph of blood vessel density calculated as the percent area occupied by
PECAM staining divided by the total area of the section. Data were collected from 15 different
fields, randomly selected from the PECAM-immunostained cross-sectional slides. n=5; results were
compared with unpaired t-test, p<0.05.

[0039] Figure 9A shows penetrating cells to constructs without afTGF-, representative FACS plot

demonstrating CD11c+ cells gating.
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[0040] Figure 9B shows FACS plots demonstrating increased levels of mature CD11c+CD86+
DCs in TGF-B-lacking constructs compared to afTGF-[3 constructs.

[0041] Figure 9C shows a graph demonstrating that percentage of the CD1 1c+CD86+ population
from total CD11c+ cells is significantly higher in TGF-B-lacking constructs.

[0042] Figure 9D shows a FACS plot demonstrating gating of CD4 T cells penetrating TGF-f-
lacking constructs.

[0043] Figure 9E shows FACS plots demonstrating Tregs percentage from total penetrating CD4+
T cells gated in afTGF-f constructs and TGF-B-lacking constructs.

[0044] Figure 9F shows a graph demonstrating a significantly larger Tregs population from total
CD4+ T cells penetrating the device in afTGF-f constructs at 10 days post transplantation.

[0045] Figure 9G shows a FACS plot demonstrating gating of penetrating lymphocytes in TGF--
lacking construct.

[0046] Figure 9H shows FACS plots demonstrating CD8+ penetrating T cells in constructs with
and without af TGF-f.

[0047] Figure 91 shows a graph demonstrating percentage of penetrating CD8+ population from
total penetrating lymphocytes in afTGF-f3 constructs and in TGF-B-lacking constructs.

[0048] Figure 9J shows a FACS plot demonstrating gating of penetrating CD8+ T cells in TGF-§-
lacking construct.

[0049] Figure 9K shows FACS plots demonstrating active CD8+CD69+ penetrating T cells in
constructs with and without afTGF-f.

[0050] Figure 9L shows a graph demonstrating lower active CD8+CD69+ T cells percentage from

total CD8+ penetrating T cells with afTGF-f3 than in TGF-f-lacking constructs.
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[0051] Figure 10A shows a FACS plot demonstrating GFP+ fibroblasts population gating in
afTGF-f constructs; 15 days post transplantation.

[0052] Figure 10B shows a graph demonstrating percentage of GFP+ fibroblasts from fibroblasts
remaining 3 days post transplantation.

[0053] Figure 10C shows a FACS plot measuring annexinV and PI stained GFP+ cells that
remained inside the constructs.

[0054] Figure 10D shows a graph demonstrating that percentage of viable
fibroblasts,(GFP+AnnexinV-PI-, was significantly higher in devices with afTGF-p.

[0055] Figure 10E shows a graph demonstrating that percentage of apoptotic fibroblasts
(GFP+AnnexinV+PI-) was significantly higher in TGF-B-lacking constructs.

[0056] Figure 10F shows a graph demonstrating that percentage of dead fibroblasts
(GFP+AnnexinV+PI+) was significantly higher in TGF-B-lacking constructs. n=12, results were
compared at each time point by unpaired t-test * p<0.05.

[0057] Figure 11A shows a graph measuring fold change in secretion of IL-17 (72 hours) by
splenocytes isolated from mice 15 and 30 days post transplantation, cultured and activated using
allofibroblast lysates as compared with a wild type (WT) mice control group.

[0058] Figure 11B shows a graph measuring fold change in secretion of IL-2 (24 hours) by
splenocytes isolated from mice 15 and 30 days post transplantation, cultured and activated using
allofibroblast lysates as compared with a wild type (WT) mice control group.

[0059] Figure 11C shows a graph measuring fold change in secretion of IFN-y (48 hours) by
splenocytes isolated from mice 15 and 30 days post transplantation, cultured and activated using

allofibroblast lysates as compared with a wild type (WT) mice control group.
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[0060] Figure 11D shows a graph measuring fold change in secretion of IL-10 (48 hours) by
splenocytes isolated from mice 15 and 30 days post transplantation, cultured and activated using
allofibroblast lysates as compared with a wild type (WT) mice control group.

[0061] Figure 11E shows a representative confocal image of cytotoxic CD8 (Granzyme B stained
CD8+, blue) T cell forming a synapse with an allofibroblast in vitro that was captured during the
cytotoxicity assay, wherein CD8+ T cells were magnetically isolated 15 and 30 days post
transplantation from whole splenocytes of hosts that were transplanted with or without afTGF-3 and
WT mice, and subsequently were co-cultured with allofibroblasts at a ratio of 1:4.

[0062] Figure 11F shows representative FACS plots of CD8+CD107+ cells co-cultured with
fibroblasts in the cytotoxicity assay.

[0063] Figure 12A shows a graph demonstrating that percentage of cytotoxic CD&8+CD107+ T
cells from total CD8+ cells is significantly higher when generated from hosts transplanted with
TGF-B-lacking constructs, as compared with afTGF- constructs and WT mice.

[0064] Figure 12B shows FACS plots demonstrating that percentage of cytotoxic CD8+CD107+ T
cells from total CD8+ cells is significantly higher when generated from hosts transplanted with
TGF-B-lacking constructs, as compared with afTGF- constructs and WT mice.

[0065] Figure 12C shows a graph measuring percentage of apoptotic GFP+AnnexinV+PI-
fibroblasts from total co-cultured fibroblasts after a cytotoxicity assay. Results represent the mean
value of 3 triplicates and SEM of 2 separate experiments, compared by a two-way ANOVA.
Tukey’s post-hoc test was carried out to determine differences between the treatments. * p<0.05.
[0066] Figure 13A shows confocal image of splenocytes isolated from spleens of OTII mice and
seeded within the alginate scaffold, with or without OVA peptide (final peptide concentration: 20

pg/ml), 72 h post activation.
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[0067] Figure 13B shows representative FACS plots of lymphocytes at seeding day and 3 days
post activation.

[0068] Figure 14 shows in the upper row FACS plots of CD4+ T cells population as found prior to
seeding and 3 days post seeding, with or without activation, demonstrating that the OV A activation
was effective in maintaining CD4+ T cells in culture. The lower row shows FACS plots of
CD4+CD25+Foxp3+ Tregs population, as found before seeding and 3 days post seeding, with or
without OV A activation, demonstrating that it supports CD4+ activation by the OV A peptide.
[0069] Figure 15A shows a graph measuring the secretion levels of IL-2 from CD4 T cells
(magnetically separated from OTII mice) co-cultured (0.5><106 total cells /culture) within the
alginate scaffold with bone marrow DCs within the alginate scaffold and with or without afTGF-3
(50ng/scaffold), indicating that the T cells were activated by the OV A peptide.

[0070] Figure 15B shows a graph measuring the secretion levels of IFN-y fromCD4+ T cells
(magnetically separated from OTII mice) co-cultured (0.5><106 total cells /culture) within the
alginate scaffold with bone marrow DCs within the alginate scaffold and with or without afTGF-3
(50ng/scaffold),indicating that the T cells were activated by the OV A peptide.

[0071] Figure 15C shows a graph measuring the secretion levels of IL-17 from CD4+ T cells
(magnetically separated from OTII mice) co-cultured (0.5><106 total cells /culture) within the
alginate scaffold with bone marrow DCs within the alginate scaffold and with or without afTGF-3
(50 ng/scaffold), indicating that the T cells were activated by the OVA peptide. A significant
decrease in IFN-y and IL-17 levels in the presence of afTGF-f3 indicates the immunoregulation of
afTGF-.

[0072] Figure 15D shows a graph measuring the secretion levels of IL-10 from CD4+ T cells

(magnetically separated from OTII mice) co-cultured (0.5><106 total cells /culture) within the
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alginate scaffold with bone marrow DCs within the alginate scaffold and with or without afTGF-3
(50 ng/scaffold) , indicating that the T cells were activated by the OV A peptide.

[0073] Figure 15E shows a graph measuring levels of CD4+CD25+Foxp3+ Tregs demonstrating a
trend of increased levels of Tregs evident in cultures subjected to afTGF-f treatment. Results
represent the mean values and SDs of 3 triplicates, and are compared by a two-way ANOVA, with
Tukey’s post-hoc test used to determine differences between the treatments. *p<0.05.

[0074] Figure 16A shows fold change in IL-2 secretion by whole splenocytes isolated from OTII
mice, cultured in the presence of soluble TGF-3 was added to the culture at a final concentration of
100 ng/ml (corresponding to an afTGF-f concentration of 50 ng/scaffold in 0.5 ml medium), and
activated with the OV A peptide (final concentration: 20 pg/ml) in 2D petri dishes and, as compared
with control group without TGF-3 and without OV A, indicating that splenocytes were activated as a
result of the OV A peptide.

[0075] Figure 16B shows fold change in IFN-y secretion by whole splenocytes isolated from OTII
mice, cultured in the presence of soluble TGF-3 was added to the culture at a final concentration of
100 ng/ml (corresponding to an afTGF-f concentration of 50 ng/scaffold in 0.5 ml medium), and
activated with the OV A peptide (final concentration: 20 pg/ml) in 2D petri dishes and, as compared
with control group without TGF-f3 and without OVA, indicating an immunoregulatory effect of
TGF-B. The change in IL-10 secretion (d) was not different between cultures with or without TGF-
B, and is according with the lack of difference in CD4+CD25+Foxp3+ Treg population.

[0076] Figure 16C shows fold change in IL-17 secretion by whole splenocytes isolated from OTII
mice, cultured in the presence of soluble TGF-3 was added to the culture at a final concentration of
100 ng/ml (corresponding to an afTGF-f concentration of 50 ng/scaffold in 0.5 ml medium), and

activated with the OV A peptide (final concentration: 20 pg/ml) in 2D petri dishes and, as compared
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with control group without TGF-f3 and without OVA, indicating an immunoregulatory effect of
TGF-B. The change in IL-10 secretion (d) was not different between cultures with or without TGF-
B, and is according with the lack of difference in CD4+CD25+Foxp3+ Treg population.

[0077] Figure 16D shows fold change in IL-10 secretion by whole splenocytes isolated from OTII
mice, cultured in the presence of soluble TGF-3 was added to the culture at a final concentration of
100 ng/ml (corresponding to an afTGF-f concentration of 50 ng/scaffold in 0.5 ml medium), and
activated with the OV A peptide (final concentration: 20 pg/ml) in 2D petri dishes and, as compared
with control group without TGF-f3 and without OVA, indicating an immunoregulatory effect of
TGF-B. The change in IL-10 secretion (d) was not different between cultures with or without TGF-
B, and is according with the lack of difference in CD4+CD25+Foxp3+ Treg population.

[0078] Figure 16E shows a representative FACS plots of CD25 and Foxp3 expression of CD4+ T
cells, 3 days after seeding in 2D cultures.

[0079] Figure 17A shows a representative representative FACS histogram, indicating that Tregs do
not increase in the presence of soluble TGF-P. Red: TGF-f, blue: TGF-B-free, black: control group
(Tregs not detected).

[0080] Figure 17B shows a graph measuring change in the percentage of CD4+CD25+Foxp3+ of
the total CD4+ T cells, with or without afTGF-f, as compared with the control group without TGF-
B and without OVA. The bars represent the mean values of triplicates and the SEMs of 3 separate
experiments, and are compared with an unpaired t-test. *p<0.05.

[0081] Figure 17C shows a FACS plot of GFP+ cells isolated from a scaffold with affinity bound
VEGF and with PDGF-Bp (each at 200 ng/scaffold) and with or without afTGF-3 (100 ng/scaffold),
and initially seeded with GFP+ allofibroblasts (0.5><106 cells/scaffold). The construct was

transplanted under the kidney capsule of mice, and was retrieved 3 days post transplantation.
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[0082] Figure 17D shows a graph demonstrating that three days post transplantation, there was no
significant difference was found (p>0.05) between afTGF-B constructs and TGF-B-lacking
constructs in the percentage of GFP+ cells of the total seeded cells. n=5, results were compared with
an unpaired t-test.

[0083] Figure 17E shows a FACS plot of CD8+ cells that were magnetically separated from
splenocytes of hosts transplanted with afTGF-3 constructs or with TGF-B-lacking constructs, and
were co-cultured with allofibroblasts for a CD8+ cytotoxicity assay. Magnetic separation resulted in
above 93% purity of cells expressing CD8.

[0084] Figure 18 shows live imaging of CD8+ cytotoxicity assay conducted by co-culturing
fibroblasts and CD8+ T cells isolated from spleens of host mice transplanted with afTGF-p
constructs or with TGF-B-lacking constructs, at a ratio of 1:4 between fibroblasts and CD8+ T cells
respectively. The control group was CD8+ T cells isolated from wild type mice that did not undergo

transplantation.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0085] In the following detailed description, numerous specific details are set forth in order to
provide a thorough understanding of the invention. However, it will be understood by those skilled
in the art that the present invention may be practiced without these specific details. In other
instances, well-known methods, procedures, and components have not been described in detail so as
not to obscure the present invention.

[0086] The present invention relates, in one aspect, to a method for generating an immunotolerant
response in a subject, the method comprising administering to said subject a composition

comprising a sulfated polysaccharide and a bioactive polypeptide and wherein said bioactive

13
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polypeptide non-covalently associates with a sulfate group of the sulfated polysaccharide. In one
embodiment, the bioactive polypeptide is a transforming growth factor Bl (TGF-p1).

[0087] The present invention relates, in one aspect, to a method of generating an immunotolerant
response in a subject comprising administering to said subject a composition comprising a sulfated
polysaccharide and a transforming growth factor f1 (TGF-P1). Administering such a composition to
a mammal, in one embodiment, a human, is useful for localized release of TGF-p1, thereby
achieving a highly localized suppression of immune response, including autoimmune response. In
another aspect, the immunosuppression is achieved through several TGF-Pl-mediated effects,
including inhibition of dendritic cell (DCs) maturation, increase the frequency of Tregs, reduction
the effector functions of CD4 and CDS8 cytotoxic T cells in an IL-10-dependent manner, and
reduction in levels of pro-inflammatory cytokines. In an additional aspect, the local
immunoregulatory effects of afTGF-J3 are projected to the spleen, resulting in significantly reduced
effector functions of allofibroblast-specific CD4 and CD8 T cells. In a further aspect, the
administered composition comprises additional bioactive polypeptides that may exert further highly
localized effects. This approach has the advantage of avoiding large scale side effects that may
result from systemic administration through traditional routes.

[0088] In yet a further aspect, the present invention relates to a method for improving the success of
an allograft in a subject the method comprising administering to said subject a composition
comprising a sulfated polysaccharide and a bioactive polypeptide, and wherein said bioactive
polypeptide non-covalently associates with a sulfate group of the sulfated polysaccharide, thereby
improving the success of said allograft in said subject. In one embodiment, the bioactive

polypeptide is a transforming growth factor Bl (TGF-p1).
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[0089] The present invention further relates to a method of improving allograft success, or reducing
or preventing an allograft rejection, through localized suppression of a host immune response to an
allocell transplant. The immune response is a consequence of transplant vascularization, which is
also critical for draft integration with the host. The Examples below demonstrate that localized
release of TGFP1, an immunoregulatory cytokine, creates an immunoregulatory microenvironment
that locally suppresses inflammatory signaling (e.g. via IL-17A), which otherwise would ultimately
lead to anti-allograft cytotoxicity.

[0090] The present invention additionally describes a method of improving allograft success or
reducing or preventing an allograft rejection through suppression of allocell apoptosis and
increasing allocell survival. As demonstrated below, TGFpBl-scaffolds surprisingly and
unexpectedly result in both lower rate of apoptotic allocells and higher rate of allocell survival, even
after a prolonged implantation.

[0091] In one embodiment, the present invention provides a method for reducing or preventing an
allograft rejection in a subject, the method comprising administering to said subject a composition
comprising a sulfated polysaccharide and a bioactive polypeptide, wherein the bioactive polypeptide
is a transforming growth factor 1 (TGF-B1), and wherein said TGF-1 non-covalently associates
with a sulfate group of the sulfated polysaccharide.

[0092] In another embodiment, the present invention provides a method for reducing or preventing
an allograft rejection in a subject, the method comprising administering to said subject a
composition comprising PDGF-B-alginate sulfate, VEGF-alginate sulfate, and TGFp1-alginate
sulfate, said composition further comprising a supporting matrix, wherein the supporting matrix is a
polymer selected from the group consisting of a polysaccharide, a protein, an extracellular matrix

component, a synthetic polymer, and a mixture thereof.
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[0093] In another embodiment, the present invention relates to a method of promoting integration
of an allograft with the host through stimulating vascularization of an allocell transplant without a
concomitant anti-allograft immune response by the host. Thus, the present invention provides for a
method of stimulating angiogenesis within an allograft through localized release of angiogenic
factors concurrently with TGFB-1. For example, administration of a bioconjugate comprising a
sulfated alginate and a mixture of TGFp and angiogenic factors VEGF and PDGF-f to animals,
promoted sustained release of the factors and lead to vascularization and formation of mature blood
vessels.

[0094] The present invention also relates to a method of generating an immunotolerant response
through suppression of dendritic cell maturation. In some embodiments, as demonstrated below, the
release of TGFp1 results in a higher fraction of dendritic cells that infiltrate the scaffold remaining
immature, thereby increasing the frequency of Tregs and suppressing the activation of cytotoxic
CDS8 T cells.

[0095] This invention further provides a prolonged presentation of bioactive polypeptides,
including but not limited to TGFP 1. As described in more detail below, the compositions of the
present invention can reversibly and specifically interact with positively-charged polypeptides
and/or heparin-binding polypeptides, for example TGFP 1. This reversible binding leads to a
gradual release of said polypeptides, which can be sustained over a prolonged period of time. The
present invention contemplates the sustained release of polypeptides maintained over a period of
about 10 days post administration. In another embodiment, the sustained release period is about 15
days. In yet another embodiment, the sustained release period is about 30 days. In a further
embodiment, the sustained release period is about 60 days. In yet further embodiment, the sustained

release period is more than 60 days. In another embodiment the sustained release period ranges
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from about 10 days to about 15 days, or from 10 to 15 days, or from about 15 days to about 30 days,
or from 15 to 30 days or from about 30 days to about 60 days, or from 30 to 60 days, or 10, 15, 30,
60 days post administration or any integer day in between. The present invention further
contemplates the sustained release of polypeptides not exceeding 10 days. In another embodiment,
the sustained release period does not exceed 15 days. In yet another embodiment, the sustained
release period does not exceed 30 days. In a further embodiment, the sustained release period does
not exceed 60 days. In a yet further embodiment, the sustained release period does not exceed 90
days. In an additional embodiment, the sustained release period does not exceed 120 days. In one
embodiment, the compositions and methods of the present invention promote systemic release of
polypeptides (e.g. into subject’s bloodstream). In another embodiment, the compositions and
methods of the present invention promote local release of polypeptides.

[0096] In one embodiment, the present invention provides a method for treating an autoimmune
disease or disorder in a subject, the method comprising administering to said subject a composition
comprising a sulfated polysaccharide and a bioactive polypeptide, wherein the bioactive polypeptide
is a transforming growth factor 1 (TGF-B1), and wherein said TGF-1 non-covalently associates
with a sulfate group of the sulfated polysaccharide.

[0097] The present invention further relates to a method for treating an autoimmune disease or
disorder in a subject, the method comprising administering to said subject a composition comprising
a sulfated polysaccharide, a first bioactive polypeptide and a second bioactive polypeptide, wherein
each of the first and second bioactive polypeptides non-covalently associates with a sulfate group of
the sulfated polysaccharide, and said composition further comprising a supporting matrix, wherein
the supporting matrix is a polymer selected from the group consisting of a polysaccharide, a protein,

an extracellular matrix component, a synthetic polymer, and a mixture thereof. In one embodiment,
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the first bioactive polypeptide is a TGF-P1. In one embodiment, the second bioactive polypeptide is
myelin oligodendrocyte glycoprotein (MOG).

[0098] The present invention further relates to a method of suppressing or treating an autoimmune
disease or disorder in a subject while avoiding side effects of systemic immunosuppression. Thus,
the present invention provides for the localized release of bioactive polypeptides, including, but not
limited to TGFj-1 that interfere with autoimmune signaling resulting in its localized suppression.
The autoimmune diseases and disorders contemplated by the present invention include, but are not
limited to multiple sclerosis, type I diabetes, and psoriasis.

[0099] In another aspect, the present invention relates to the suppression of an autoimmune
disorder, wherein said autoimmune disorder is selected from a group consisting of multiple
sclerosis, psoriasis, and type I diabetes.

[00100] Thus, this invention in one aspect provides a method for inducing immunotolerance in
CDA4+ T cells specific to Multiple sclerosis (MS) autoantigens, which include, but are not limited to,
myelin basic protein (MBP), proteolipid protein (PLP) and myelin oligodendrocyte glycoprotein
(MOG). In one embodiment, the present invention provides a method for inducing immune
tolerogenic effects in CD4+ T cells specific to MOG, or an autogenic fragment thereof, through
administering of a bioconjugate comprising a sulfated polysaccharide, TGFB1, and MOG, or an
autoimmunogenic fragment thereof. Several autoimmunogenic MOG fragments are known in the
art, and include peptides corresponding to mouse MOG amino acids 1-22, 35-55, and 64-96 (see
e.g. US Pat. Pub 2009/0053249, hereby incorporated by reference in its entirety). In one
embodiment, the MOG autoimmunogenic fragment is the peptide MEVGWYRSPFSRV-

VHLYRNGK (mouse MOG35-55; SEQ ID NO: 1).
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[00101] In an additional aspect, the present invention provides a method for preventing
autoimmune destruction of pancreatic 3 cells (which, in one embodiment, underlies type I diabetes)
through inducing immunotolerance in CD4+ T cells specific to pancreatic B cells. In one
embodiment, the present invention provides a method for inducing immune tolerogenic effects in
CD4+ T cells specific to pancreatic 3 cells, through administering of a bioconjugate comprising a
sulfated polysaccharide, TGFP1, and allogeneic or syngeneic [ cells.

[00102] In yet an additional aspect, the present invention provides a method for suppressing
autoimmune inflammatory signaling related to abnormal keratinocyte growth (which underlies
psoriasis) through inducing immunotolerance in dermal CD4+ T cells. In one embodiment, the
present invention provides a method for inducing immune tolerogenic effects in dermal CD4+ T
cells through intradermal administering of a bioconjugate comprising a sulfated polysaccharide,
TGFp1, and cellular or molecular preparations representing the tissue, such as materials obtained
from skin biopsy.

[00103] The term "bioactive polypeptide” as used herein refers to a polypeptide exhibiting a
variety of pharmacological activities in vivo and include, without being limited to, growth factors,
cytokines, chemokines, angiogenic factors, immunomodulators, hormones, and the like. In the
present application, the terms "polypeptide” and "proteins" are used interchangeably. The at least
one bioactive polypeptide may be a positively charged polypeptide and/or a heparin-binding
polypeptide.

[00104] In one embodiment, the bioactive polypeptide is TGFP. The present invention
encompasses all the known isoforms of TGF (TGFB1 to TGFBS; TGFp1-3 are mammalian, TGF34
is found in chicken; and TGFBS found in frog), as well as their fragments, mutants, homologs,

analogs and allelic variants. In one embodiment, TGFB is a mammalian TGFB. In one
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embodiment, TGFf is TGFB1. In another embodiment, TGFf is TGFB2. In another embodiment,
TGFp is TGFB3. In another embodiment, TGFp is either human TGFB1 (Genbank Accession No
X02812) or mouse TGFp1 (Genbank Accession No AJO0986).

[00105] In one embodiment, the term "positively charged polypeptide" refers to a
polypeptide/protein that has a positive net charge at physiological pH of about pH = 7.5. Examples
of positively charged proteins include, but are not limited to, insulin, glatiramer acetate (also known
as Copolymer 1 or Cop 1), antithrombin III, interferon (IFN)-y (also known as heparin-binding
protein), IGF, somatostatin, erythropoietin, luteinizing hormone-releasing hormone (LH-RH) and
interleukins such as IL-2 and IL-6.

[00106] In one embodiment, the term "heparin-binding protein or polypeptide" refers to proteins
that have clusters of positively-charged basic amino acids and form ion pairs with specially defined
negatively-charged sulfo or carboxyl groups on the heparin chain (See Capila and Linhardt, 2002).
Examples of heparin-binding proteins include, but are not limited to, thrombopoietin (TPO);
proteases/esterases such as antithrombin III (AT III), serine protease inhibitor (SLPI), CI esterase
inhibitor (C1 INH) and Vaccinia virus complement control protein (VCP); growth factors such as a
fibroblast growth factor (FGF, aFGF, bFGF), a FGF receptor, vascular endothelial growth factor
(VEGF), insulin-like growth factor (IGF), hepatocyte growth factor (HGF), transforming growth
factor Pl (TGF- Pl), a platelet-derived growth factor (PDGF, PDGF-0. and PDGF-f3), epidermal
growth factor (EGF), and bone morphogenetic proteins (BMP)- such as BMP-2, 4 and 7;
chemokines such as platelet factor 4 (PF-4, now called CXC chemokine ligand 4 or CXCLA4),
stromal cell-derived factor- 1 (SDF-1), IL-6, IL-8, RANTES (Regulated on Activation, Normal T
Expressed and Secreted), monocyte chemoattractant protein- 1 (MCP-1), macrophage inflammatory

peptide- 1 (MIP-I), lymphotactin, and fractalkine; lipid or membrane-binding proteins such as an
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annexin, apolipoprotein E (ApoE); pathogen proteins such as human immunodeficiency virus type-
1 (HIV-I) coat proteins e.g. HIV-1 gpl20, cyclophilin A (CypA), Tat protein, viral coat glycoprotein
gC, gB or gD of herpes simplex virus (HSV), an envelope protein of Dengue virus,
circumsporozoite (CS) protein of Plasmodium falciparum, bacterial surface adhesion protein OpaA;
and adhesion proteins such as 1- and P-selectin, heparin-binding growth-associated molecule (HB-
GAM), thrombospondin type I repeat (T'SR), peptide myelin oligodendrocyte glycoprotein (MOG),
and amyloid P (AP).

[00107] Thus, in one embodiment, any bioactive polypeptide of the compositions and methods of
the present invention, whether the first bioactive polypeptide or an additional bioactive polypeptide
or a second or third bioactive polypeptide is AT III, TPO, SLP1, C1 INH, VCP, FGF, a FGF
receptor, VEGF, HGF, 1GF, PDGF, BMP, EGF, CXCLA4, SDF-1, 1L-6, IL-8, RANTES, MCP-1,
MIP-1, lymphotactin, fractalkine, an annexin, ApoE, HIV-1 coat protein gp120, CypA, Tat protein,
viral coat glycoprotein gC, gB or gD of herpes simplex virus HSV, an envelope protein of Dengue
virus, CS protein of Plasmodium falciparum, bacterial surface adhesion protein OpaA, 1-selectin, P-
selectin, HB-GAM, TSR, MOG, or AP, or a combination thereof.

[00108] In another embodiment, the bioactive polypeptide is PDGF-BB, PDGF-AA, bFGF,
aFGF, VEGF, IL-6, TPO, SDF-1, HGF, EGF, MOG, BMP-2, BMP-4, BMP-7, IGF, or a
combination thereof. In another embodiment, compositions for use in the methods of the present
invention comprise TGF-beta, VEGF, and PDGF- Bf as bioactive polypeptides.

[00109] In some embodiments of the present invention, the at least one heparin-binding
polypeptide is selected from PDGF-B, PDGF-a, bFGF, aFGF, VEGF, TGFpl, IL-6, TPO, SDF-I,

HGF, EGF, BMP, or IGF. In other embodiments of the invention, the at least one bioactive
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polypeptide is an angiogenic factor or a growth factor exhibiting angiogenic activity such as TGF-
B1, VEGF, bFGF, aFGF, PDGF-B, IGF, and a combination thereof.

[00110] In one embodiment of the invention, the at least one angiogenic factor is VEGF, PDGF-
B, or a combination of VEGF, PDGF-BB, and TGF-J 1.

[00111] In one embodiment, the bioactive polypeptide in the compositions and methods of the
present invention is a cytokine. In one embodiment, the bioactive polypeptide is TGF-beta. In
another embodiment, the bioactive polypeptide is interleukin (IL)-10. In another embodiment, the
bioactive polypeptide is IL-4. In another embodiment, the bioactive polypeptide is IL-5. In another
embodiment, the bioactive polypeptide is IL-13. In another embodiment, the bioactive polypeptide
is a chemokine. In one embodiment, the chemokine is (C-X-C motif) ligand (CXCL) 12. In another
embodiment, the chemokine is CXCLI11.

[00112] In accordance with the present invention, the sulfated polysaccharides forming the
bioconjugate may be composed of different recurring monosaccharide units, may be of different
lengths, and may have different types of bonds linking said units. The sulfated polysaccharides may
be linear as, for example, sulfated cellulose, branched as, for example, sulfated glycogen, and may
vary in length; for example, it may be as small as a sulfated tetra- or tri-saccharide. The suitable
sulfated polysaccharide may be a homopolysaccharide including, but not limited to, starch,
glycogen, cellulose, chitosan, or chitin or a heteropolysaccharide including, but not limited to,
alginic acid (alginate) salts and hyaluronic acid.

[00113] According to the present invention and in one embodiment, the sulfated polysaccharides
comprise uronic acid residues such D-glucuronic, D-galacturonic, D-mannuronic, L-iduronic, and
L-guluronic acids. Examples of polysaccharides comprising uronic acid residues include, but are not

limited to, alginic acid salts, in one embodiment, sodium alginate, pectin, gums and mucilages from
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plant sources; and glycosaminoglycans (GAGs) from animal sources including hyaluronic acid
(hyaluronan). The sulfated polysaccharides comprising uronic acid can be chemically sulfated or
may be naturally sulfated polysaccharides.

[00114] In one embodiment, the sulfated polysaccharide is alginate sulfate. In another
embodiment, the sulfated polysaccharide is hyaluronan sulfate.

[00115] Alginic acid is a linear polysaccharide obtained from brown algae and seaweed and
consist of -1,4-linked glucuronic and mannuronic acid units. As used herein, the term "alginate"
refers to a polyanionic polysaccharide copolymer derived from sea algae (e.g., Laminaria
hyperborea, L. digitata, Eclonia maxima, Macrocystis pyrifera, Lessonia nigrescens, Ascophyllum
codosum, L. japonica, Durvillaea antarctica, and D. potatorum) and which includes B-D-
mannuronic (M) and a-L-guluronic acid (G) residues in varying proportions.

[00116] An alginate suitable for use in the present invention has a ratio between a-L-guluronic
acid and B-D-mannuronic in one embodiment, ranging between 1:1 to 3:1, in one embodiment,
between 1.5:1 and 2.5: 1, in one embodiment, about 2, and has a molecular weight ranging in one
embodiment, between 1 to 300 kDa, in one embodiment, between 5 to 200 kDa in one embodiment,
between 10 to 100 kDa, in one embodiment, between 20 to 50 kDa.

[00117] Alginate undergoes gelation in the presence of bivalent cations, such as Ca®* and Ba™*. In
the pharmaceutical/medicinal fields, it is used successfully as encapsulation material, mostly for
cells (bacterial, plant and mammalian cells). For molecules, it is much less effective, and even
macromolecules in size of 250 kDa are rapidly released from alginate hydrogel systems. In
particular, biological molecules of interest such as cytokines, growth factors, with sizes ranging

between 5 to 100 kDa, are rapidly released.
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[00118] Hyaluronic acid is composed of repeating dimeric units of glucuronic acid and N-acetyl
glucosamine and forms the core complex proteoglycans aggregates found in the extracellular
matrix.

[00119] It has been previously shown that sulfating the polysaccharides, endows them with
properties which allow binding and controlled release of important signal proteins such as various
cytokines and growth factors. Alginate sulfate and hyaluronan sulfate were both found to mimic the
biological specificities of heparan sulfate and heparin when forming the bioconjugates (see e.g. WO
2007/043050, which is hereby incorporated by reference in its entirety).

[00120] As a skilled artisan would understand, the binding between the bioactive polypeptide and
the sulfated polysaccharide is selected from reversible non-covalent binding involving ionic bonds,
electrostatic interactions, hydrophobic interactions, hydrogen bonds or van der Waals forces.
[00121] It should be understood that by having a positive charge, the bioactive polypeptides may
be reversibly and un-covalently bound to the sulfated polysaccharides, which carry a negative
charge due to their sulfur group.

[00122] Thus the present invention also provides a method for sustained localized release of at
least one bioactive polypeptide.

[00123] According to the methods of the present invention, a bioconjugate can be injected or
implanted to any part of the human body and serve as a delivery system for said bioactive
polypeptide(s). In one embodiment, the bioconjugate of the present invention may be in the form of
flowable gel. In another embodiment, a bioconjugate may be preformulated as a rigid implantable
scaffold. In an additional embodiment, the implantable scaffold may further contain a supporting

matrix.
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[00124] The matrix may serve as support or as a carrier for the bioconjugate and may be made up
of particles or porous materials. The matrix material may be flexible and amenable to be fixed in
place preventing its migration to an unintended location. The polymer matrix materials can be either
natural or synthetic and include, but are not limited to, synthetic polymers such as polyethylene
glycol (polyethylene oxide), polyvinyl alcohol), polylactic acid, polyglycolic acid, and
polyhydroxybutyrate, or natural polymers like collagen, fibrin, and gelatin, or polysaccharides like
chitosan and alginate.

[00125] The matrix may be in any form appropriate to the mode of delivery, for example,
hydrogel, beads, microspheres (microbeads), hydrogel microcapsules, sponges, scaffolds, foams,
colloidal dispersions, nanoparticles, suspensions, and the like. Thus, a sustained release dosage form
based on bioconjugates of sulfated polysaccharides and bioactive peptides may be fashioned as
liquids, meshes, sponges, fibers and hydrogels.

[00126] The term "hydrogel" as used herein refers to a network of natural or synthetic hydrophilic
polymer chains able to contain water. Examples of compounds able to form such networks are
alginate, a partially calcium cross-linked alginate solution, chitosan and viscous hyaluronan.

[00127] The term "bioconjugate” as used herein refers to a sulfated polysaccharide bound
covalently or non-covalently to a bioactive polypeptide. Examples of non-covalent binding are
binding involving ionic bonds, electrostatic interactions, hydrophobic interactions, hydrogen bonds
or van der Waals forces.

[00128] The term "scaffold" as used herein refers to any synthetic or organic structure comprising
a void. Non-limiting examples of such scaffolds are molds, casts and voids in damaged tissue in a

mammal.
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[00129]  The composition of the present invention can be administered by any suitable method,
for example but is not limited to, intraliver, intradermal, transdermal (e.g. in slow release
formulations), intramuscular, intraperitoneal, intravenous, intracoronary, subcutaneous, oral,
epidural, topical, and intranasal routes. Administration also includes surgically administering,
implanting, inserting, or injecting the implant (or sections thereof) into a subject. The implant (or
section) can be located subcutaneously, intramuscularly, or located at another body location which
allow the implant to perform its intended function. Generally, implants (or sections) are
administered by subcutaneous implantation at sites including, but not limited to, the upper arm,
back, or abdomen of a subject. Other suitable sites for administration may be readily determined by
a medical professional. Multiple implants or sections may be administered to achieve a desired
dosage for treatment. Any other therapeutically efficacious route of administration can be used.
Administration also encompasses either systemic administration or local administration of
compositions as described herein to a subject.

[00130] The term “subject” includes but is not limited to a human. In another embodiment, the
subject is murine, which in one embodiment, is a mouse, and, in another embodiment, is a rat. In
another embodiment, the subject is canine, feline, bovine, ovine, or porcine. In another embodiment,
the subject is mammalian.

[00131] The methods of manufacturing sulfated polysaccharide bioconjugates are well known
(see e.g. US Pat. Pub. 2015/0051148, hereby incorporated by reference in its entirety), and further
described hereinbelow.

[00132] The present invention contemplates a mixture of sulfated and unsulfated polysaccharides,
for example alginate and alginate sulfate. According to the present invention the proportion of

sulfated polysaccharide may range from about 1% to about 40% of the total polysaccharide by
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weight, in one embodiment, from about 3% to about 30% of the total polysaccharide by weight, in
one embodiment, from about 4% to about 20% of the total polysaccharide by weight, in one
embodiment, from about 5% to about 10% of the total polysaccharide by weight. Alternatively the
aforementioned proportions represent percentage by mass. In an alternative embodiment, the
binding and release from these bioconjugates can be controlled by the degree of polysaccharide
sulfation and by the extent of sulfated polysaccharide sulfate incorporation into the delivery system.

[00133] The present invention further contemplates adding a pharmaceutically acceptable carrier
to the sulfated polysaccharide-bioactive polypeptide bioconjugate. The term "pharmaceutically
acceptable carrier" refers to a vehicle which delivers the active components to the intended target
and which will not cause harm to humans or other recipient organisms. As used herein,
"pharmaceutical” will be understood to encompass both human and veterinary pharmaceuticals.
Useful carriers include, for example, water, acetone, ethanol, ethylene glycol, propylene glycol,
butane- 1, 3-diol, isopropyl myristate, isopropyl palmitate, mineral oil and polymers composed of
chemical substances like polyglycolic acid or polyhydroxybutyrate or natural polymers like
collagen, fibrin or polysaccharides like chitosan and alginate. The carrier may be in any form
appropriate to the mode of delivery, for example, solutions, colloidal dispersions, emulsions (oil-in-
water or water-in-oil), suspensions, creams, lotions, gels, foams, mousses, sprays and the like.
Methodology and components for formulation of pharmaceutical compositions are well known and
can be found, for example, in Remington's Pharmaceutical Sciences, Eighteenth Edition, A. R.
Gennaro, Ed., Mack Publishing Co. Easton Pa., 1990. In one embodiment of the invention, the
carrier is an aqueous buffer. In another embodiment, the carrier is a polysaccharide and is in one

embodiment, alginate hydrogel or in another embodiment, hyaluronic acid.
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[00134] Examples of immunotolerant responses include, but are not limited to, allograft success,

lack of allograft rejection, suppression of autoimmune disorder, suppression of an immune response

to an allocell transplantation, suppression of allocell apoptosis, an increase in allocell survival,

stimulation of vascularization of allocell transplant, prolonged presentation of said bioactive

polypeptide, suppression of inflammatory signaling, suppression of dendritic cell maturation,

suppression of CD8+ T cells cytotoxicity response, and stimulation of regulatory T cells

differentiation.

[00135] Examples of a disease or disorder treated by the compositions of the present invention

include, but are not limited to, allograft rejection, multiple sclerosis, psoriasis, type 1 diabetes,

rheumatoid arthritis, systemic lupus erythematosus, myasthenia gravis, Hashimoto thyroiditis,

primary biliary cirrhosis, active chronic hepatitis, adrenalitis/Addison's disease, polymyositis,

dermatomyositis, autoimmune haemolytic anaemia, myocarditis, myopericarditis, scleroderma,

uveitis (including phacouveitis and sympathetic ophthalmia) pemphigus vulgaris, pemphigoid,

pernicious anaemia, autoimmune atrophic gastritis, Crohn's disease, and colitis ulcerosa.

[00136] All patents, patent applications, and scientific publications cited herein are hereby

incorporated by reference in their entirety.

[00137] The invention will now be described with reference to some non-limiting examples.
EXAMPLES

Materials and Methods

Chemicals

[00138] Sodium alginate (>65% guluronic acid monomer content; VLVG of M.W. 30 kDa and

LVG of 100 kDa) was purchased from NovaMatrix, FMC BioPolymer (Drammen, Norway). Cell

culture medium was composed of Iscove's Modeified Dulbecoo's Medium (IMDM) (Bone marrow

28



WO 2017/118979 PCT/IL2017/050013

derived dendritic cells (bmDC) medium) or Dulbecoo's Modified Eagle Medium (DMEM) (clone
medium), purchased from Gibco (CA, USA), supplemented with 10% Fetal Bovine Serum (FBS,
HyClone™), 2mm L-glutamine, 100 U/mL penicillin, 1 pg/mL streptomycin (Pen/Strep), 2.5 U/mL
Nystatin (all from Biological Industries, Kibbutz Beth HaEmek, Israel) and 50 pm -
mercaptoethanol (Sigma—Aldrich, Rehovot, Israel). Hank's balanced salt solution (HBSS) and
phosphate buffer saline (PBS) were also purchased from Biological Industries. Ammonium-
Chloride-Potassium (ACK) lysis buffer was purchased from BioWhittaker (Walkersville, MD,
USA). Isoflurane was purchased from Minrad (NY, USA). CD4+ and CD8+ T-cell purification kits
were purchased from STEMCELL™ Technologies (Vancouver, Canada). All antibodies used for
ELISA, FACS, Western blotting, and IHC were purchased from BioLegend (CA, USA) unless
stated otherwise. Vascular Endothelial Growth Factor (VEGF), Platelet-Derived Growth Factor
(PDGF-Bp), and Transforming growth factor Bl (TGF-B) were purchased from PeproTech (NJ,
USA). Phosphatase inhibitors and nitrocellulose membrane used in western blotting were purchased
from Santa Cruz Biotech (TX, USA). The Tissue-Tek O.C.T. compound was purchased from
Sakura (CA, USA). All other chemicals, unless specified otherwise, were purchased from Sigma—
Aldrich. Ovalbumin (OV A) peptide was purchased from GenScript (NJ, USA).

Animals and Cells Lines

[00139] (C57/B16 mice and CD1lcdnR transgenic mice were purchased from Jackson Laboratory
(Maine, USA). OV A-specific, MHC class Il-restricted alpha beta T cell receptor (OTII) transgenic
mice were a generous gift from Dr. Eli Lewis, at Ben-Gurion University of the Negev, Israel. All
mice were housed and bred at the animal facility of the Ben-Gurion University Medical Center
(Beer-Sheva, Israel) and were maintained in autoclaved cages with autoclaved bedding, food, and

water.
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[00140] NIH/3T3 fibroblasts cell line (ATCC® CRL1658™) was a generous gift from Dr. Eli
Lewis at Ben-Gurion University of the Negev.

Preparation of alginate matrix

[00141] Alginate with covalently-bound adhesion peptide G4RGDY and heparin-binding peptide
G4SPPRRARVTY (RGD/HBP) was synthesized as previously described, and alginate-sulfate was
synthesized according to Freeman et al. 2009 (Biomaterials. 2009;30(2122-31)) and Freeman et al.
2008 (Biomaterials. 2008;29(3260-8)). The macroporous scaffolds were fabricated by a freeze-dry
technique. Briefly, a 1.2% (w/v) sodium alginate solution was cross-linked with a 1.32% (w/v) D-
gluconic acid/hemicalcium salt by homogenizing the solution to obtain a homogenous calcium ions
distribution. Final component concentrations in the cross-linked solutions were 1.0% and 0.22%
(w/v) for the alginate and for the cross-linker, respectively. Fifty microliters of the cross-linked
alginate solution were poured into each well of 96-well plates, cooled to 4 °C, frozen at (-20) °C for
24 h, and lyophilized for 48 h at 0.08 bar and (-57) °C. Sterilization of the scaffolds was achieved by
exposure to ultra-violet (UV) light in a biological hood for 1 h.

In vitro release study and evaluation of TGF- bioactivity

[00142] The release study of afTGF-J was tested in two groups of scaffold: a pristine alginate
scaffold, and an alginate/alginate-sulfate (Alg/AlgS) scaffold (namely, 90% pristine alginate with
10% alginate sulfate). Scaffolds loaded with TGF-B were incubated in 500 uL. medium (high-
glucose DMEM supplemented with 100 U/mL penicillin, 0.1 mg/mL streptomycin, 0.1 mg/mL
neomycin, and 0.1% bovine serum albumin (BSA) (w/v)) in 48-well plates on a rotational shaker, at
37 °C, for 7 d, under sterile conditions. Medium samples were collected at O, 1, 3, and 7 days after
scaffolds were loaded with TGF-B and analyzed for released TGF-B with an anti-human

recombinant TGF-B ELIS A kit, according to the manufacturer’s instructions. For the quantification
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of retained afTGF-f at the time points specified above, scaffold samples were taken and the
scaffolds were dissolved in Ethylenediamine tetraacetic acid (EDTA). The solution was brought to
pH=3 to dissociate the afTGF-f3 from the alginate chains, and was centrifuged to achieve phase
separation. Prior to ELISA, the pH of the solutions was brought back to pH=7. The percentage of
afTGF-f was calculated at each time point as (amount of TGF-/initial input TGF-3 amount) x 100.
Isolation and cultivation of total splenocytes

[00143] Animals were sacrificed and their spleen was removed, homogenized, and filtered
through a 70 um mesh to achieve a single-cell suspension. The erythrocytes were lysed with 300 ul
ACK buffer and remaining cells were counted. Cells were cultured in a Clone medium (DMEM
supplemented with 10% fetal calf serum, 10 mM HEPES, | mM sodium pyruvate, 10 mM
nonessential amino acids, 1% Pen/Strep, and 50 uM B-mercaptoethanol).

Magnetic separation of CD4+ and CD8+ T cells

[00144] After receiving a single-cell suspension of whole splenocytes, CD4+ T cells or CD8+ T
cells were separated by a magnetic bead negative selection kit, using EasySep™ Magnet
(STEMCELL Technologies, Vancouver, Canada), according to manufacturer's instructions. The
purified T cells were stained for CD4 or CDS, as described later for flow cytometry, and analyzed
by flow cytometry to evaluate purification.

Purification and cultivation of bone marrow-derived dendritic cells

[00145] Dendritic cells (DCs) were generated by cultivating bone marrow-derived precursors
with Granulocyte-macrophage colony-stimulating factor (GM-CSF), according to a method adapted
from previous studies with several modifications. On day 0O, femurs and tibiae of 4-12 week old
C57/B16 mice were removed and purified from the surrounding tissue with gauze pads. Thereafter,

the bones were placed in cold PBS, their tips were removed with scissors, and the bone marrow was
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flushed with cold PBS by using a 27 G needle. The resulting suspension was filtered through a 70
um mesh and the erythrocytes were lysed for 1 min with 100 ul ACK buffer. The cell suspension
was washed twice with HBSS, centrifuged at 150 g at 6 °C for 6 min, and re-suspended in DC
medium [IMDM supplemented with 10% FBS, 2 mM L-Glutamine, penicillin (100 U/ml),
streptomycin (1 pg/ml), nystatin (2.5 U/ml), S0 uM B-mercapthoethanol, and 20% GM-CSF
supernatant from J554 cells (as detailed below)]. The cells were seeded on bacteriological 90 mm
petri dishes at 5x10° cells/dish in 10 ml medium, and incubated for eight days. The cells were
cultivated in a humidified chamber at 37 °C with 5% CO,. The DC medium and the GM-CSF were
replaced on day 3 and on day 5, and were ready for further experimentations on day 8.

Generation of supernatant containing GM-CSF

[00146] J558 cells transfected with murine a GM-CSF construct were a gift from Prof. Angel
Porgador (Ben-Gurion University of the Negev, Israel). Transfected cells were selected by
cultivation in the presence of 1 mg/ml G-418 for two weeks, and were seeded at a density of ~2x10°
cells/ml in tissue culture flasks. The cells were then diluted 1:5 in culture media every 2-3 days for 3
weeks. The supernatant was filtered with a 0.2 pm filter and stored at (-80) °C.

Seeding and activation of cells within the matrix: In vitro cultures

[00147] Cells were seeded (0.5x10° total cells/matrix) by dropping 14 uL of cell suspension, with
or without TGF-3, onto the dry alginate/alginate-sulfate matrix. The cell constructs were then
centrifuged for 30 s at 500 rpm and incubated for 10 min at 37 °C and 5% CO» to allow for cell
distribution within the matrix. Then, an additional 200 pL of the culture medium was added

gradually and the cell device was incubated for 2 h.
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[00148] For cell activation, the cell constructs were transferred to 48-well plates and
supplemented with 1 ml culture media, with or without OV A peptide (final peptide concentration:
20 mg/ml). Cultivation took place within a humidified incubator, at 37 °C with 5% CO,.

IL-10 inhibition

[00149] Purified anti-mouse 1L-10 (Biolegend; Cat 505012) was added as an IL-10 inhibitor at a
final concentration of 1 ng/ml (an order of magnitude higher than the maximal concentration of IL-
10 in the cultures). Sandwich ELISA showed no traces of IL-10 in the culture.

Retroviral infection of NIH 3T3 fibroblasts

[00150] PLAT-E cells were maintained in DMEM containing 10% FBS and 0.5% penicillin,
streptomycin, blasticidin, and puromycin. PLAT-E packaging cells were plated at 8x10° cells per
100 mm dish and incubated overnight. On the next day, the cells were transfected with a pMX-
IRES-GFP vector with a PolyJet in vitro transfection reagent (SignaGen, MD, USA). Twenty-four
hours after transfection, the medium was replaced with a new medium and was collected 24 h and
48 h after transfection.

[00151] The 3T3/NIH fibroblasts were seeded 1 day before transduction, at 10° cells per 12-well
plate. The virus-containing supernatant (collected after 24h) was supplemented with 2 pg/ml
protamine sulfate, transferred to the fibroblast dish, and incubated overnight. Twenty-four hours
after transfection, the virus-containing medium was replaced with the 48h supernatant. The
fibroblasts underwent three cycles of transfection.

Seeding the NIH/3T3 fibroblasts within the matrix: In vivo

[00152] NIH/3T3 fibroblasts infected to express GFP (as described above) were seeded (0.5><106
total cells/matrix) by dropping 30 uL of cell suspension (namely, cells in DMEM supplemented

with 200 ng TGF-f3 or without TGF-) onto the dry covalently-bound RGD/HBP alginate/alginate-
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sulfate matrix. We found that 30 pL of cell suspension is the appropriate volume to wet the entire
scaffold without leaving access liquid, thus ensuring maximum binding of all of the growth factors
to the scaffold. Matrices were incubated for 5 min at 37 °C and 5% CO, to allow cell distribution
within the scaffold before transplanting the construct.

Device transplantation

[00153] Immediately after seeding the cells within the matrix, the cell transplantation devices
were transplanted under the left kidney capsule of C57/B16 wild type mice, which were anesthetized
with an isoflurane-based anesthesia machine. At different days (10, 15, or 30) post transplantation,
the cell transplantation devices were surgically removed with the surrounding fibrosis. Their
vascularization was analyzed by immunohistochemistry and the penetrating lymphocytes
populations and fibroblasts survival were analyzed with flow cytometry. At days 15 and 30 post
transplantation, the spleens were also removed for a whole-lymphocytes culture and for a CD8+
cytotoxicity assay.

Fibroblasts lysates

[00154] NIH/3T3 fibroblasts (107 cells) underwent five cycles of freezing and thawing,
centrifuged, and their total protein concentration was determined with the Bio-Rad protein assay
(Bio-Rad, Israel).

Activation of total splenocytes with fibroblasts lysates

[00155] Fifteen and 30 days post transplantation, total splenocytes were cultured in 96-well U
plates (2x10* cells per well), and were activated with fibroblasts lysates (final protein concentration:
10 mg/ml).

CD8+ cytotoxicity assay
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[00156] CD8+ T cells were magnetically separated from whole splenocytes 15 and 30 days post
transplantation, as described above. CD8+ T cells and NIH 3T3 fibroblasts were co-cultured at a
ratio of 4:1. Two hours and 12 h post co-culturing, the cytotoxicity of the CD8+ T cells and the
viability of the fibroblasts were analyzed with FACS.

Western blotting

[00157] The NIH/3T3 fibroblasts were treated with 5 ng/ml TGF- for 40 min and cell lysates
were obtained by using Radioimmunoprecipitation assay (RIPA) buffer [150 mM NaCl, 1 mM
EGTA, 50 mM Tris-HCI (pH=7.5), 1% NP-40] supplemented with a protease inhibitor cocktail and
with phosphatase inhibitors. Cells were incubated with RIPA on ice for 30 minutes and then
centrifuged at 13,000 rpm. The supernatants were collected, the protein concentration was
determined with a Bio-Rad protein assay, and 30 pg/well of protein were used in an SDS-PAGE,
and then transferred onto a nitrocellulose membrane. The membranes were blocked, for 1 h at room
temperature, with 5% BSA (MP Biochemicals, Santa Ana, Ca) or with 5% milk in Tris-buffered
saline supplemented with 0.5% Polysorbate 20 (TWEEN 20) (TBST), and were then incubated with
the primary antibody overnight at 4 °C. Proteins were detected by using the following primary
antibodies: rabbit anti-phospho-SMAD?2, rabbit anti-SMAD?2/3 (both from Cell Signaling, Danvers,
MA), and mouse anti-actin (MP Biochemicals, Santa Ana, Ca). Secondary horseradish peroxidase
(HRP)-conjugated antibodies were goat anti-mouse IgG (Jackson labs, Sacramento, CA) and
donkey anti-rabbit IgG (Amersham, GE healthcare, UK). A Supersignal West Pico
Chemiluminescent Substrate kit (Thermo Scientific, Waltham, MA) was used to induce
chemiluminescence, which was then detected with the ImageQuant LAS 4000 software (GE
Healthcare Life Sciences, UK). Band intensity was quantified with the ImagelJ software.

Flow cytometry analysis
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[00158] For matrix analysis after in vitro studies, the matrix was first dissolved, and the cells were
then obtained by centrifugation, washed with HBSS, centrifuged again, and suspended in a FACS
buffer (2% FBS in PBS). For the analysis of the cell transplantation device after in vivo
transplantation, the matrix and surrounding fibrosis were homogenized and filtered through a 70 pm
mesh to obtain a single cell suspension, and the cells were centrifuged and re-suspended in FACS
buffer (2% FBS in PBS).

[00159] After obtaining a single-cell suspension, an Fc-blocker was added for 5 min to prevent
non-specific antigen binding. Thereafter, fluorescent antibodies were added according to
manufacturer’s instructions, and the plate was incubated on ice for 15 min. Samples were then
washed with FACS buffer and centrifuged twice at 420 g for 3 min at 6 °C.

[00160] For an intracellular FACS staining (Foxp3), cells were first stained with fluorescent
antibodies, then incubated in a fixing buffer for 20 min, washed twice, and incubated for 15 min in a
permeabilizing buffer. Thereafter, cells were washed with FACS buffer and incubated with the
intracellular antibody for 30 min, centrifuged, and suspended in FACS buffer. Gallios™ Flow
Cytometer (Beckman Coulter, Inc., Brea, CA) utilizing the FlowJo software was used for flow
cytometry analysis.

[00161] All antibodies used in this study were flour-conjugated antibodies, and included APC-
Cy7-conjugated anti-CD4 (Biolegend; cat 100414), PerCP-conjugated anti-CD8 (Biolegend; cat
100732), PE-conjugated anti-CD25 (Biolegend; cat 101904), PE-Cy7-conjugated anti-CD69
(Biolegend; cat 104512), APC-conjugated anti-CD107a (Biolegend; cat 121614), FITC-conjugated
anti-FoxP3 (Biolegend; cat 137214), PE/Dazzle-conjugated anti-CD11c (Biolegend; cat 117348),
anti-CD86 Brilliant Violet (Biolegend; cat 305431), APC-conjugated Annexin V (Biolegend; cat

640920), and PI (Biolegend; cat 421301).
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Cytokine secretion analysis using ELISA

[00162] Cell-free supernatants were obtained from in vitro and ex vivo studies after activation by
using OV A peptide or fibroblast lysates. For IL-2 measurements, supernatants were collected 24 h
after cell activation. For IFN-y and for IL-10 and IL-17A measurements, supernatants were
collected 48 h and 72 h, respectively, after cell activation. Sandwich ELISA was implemented for
measuring cytokine concentrations in the supernatants, according to manufacturer's instructions.
Immunohistochemistry and confocal imaging analyses

[00163] For in vivo vascularization analysis, the cell transplantation devices and the surrounding
fibrosis were removed from the animal and fixed for 24 h in 4% Paraformaldehyde (PFA) and then
in a sucrose solution (30%) for 48 h. Then, the devices were embedded in Optimal Cutting
Temperature compound (OCT) and stored at (-80) °C. Horizontal cross-sections (20 pm thick) were
cut with a cryostat (Lecia CM3050 S) and kept at (-80) °C until use. Cross-sections were washed in
PBS/TWEEN (0.05% v/v). Prior to staining, the primary antibody diluting buffer was used to block
non-specific binding. Sections were then incubated with a primary monoclonal anti-mouse CD31
antibody (Biolegend; cat 910003) and stained with Alexa Flour 633-conjugated anti-rat IgG
(Biolegend; cat 405416).

[00164] Confocal imaging of the sections was performed with a Nikon Clsi laser scanning
confocal microscope. Vessel density was calculated as percentage of Platelet endothelial cell
adhesion molecule (PECAM), CD31-occupied area of the total image area, and was determined
from 15 different fields, randomly selected from the PECAM-immunostained cross-sectional slides,
by using the Imaris Software (Bitplane scientific solutions, South Windsor, CT).

[00165] For CD8+ cytotoxicity imaging, the CD8+ T cells were stained with SNARFI

(Invitrogen, CA, USA), according to manufacturer's instructions, prior to co-culturing with the
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NIH/3T3 fibroblasts. Twelve hours post co-culturing, cells in wells were fixed with 4% PFA. Prior
to staining for Granzyme B, the primary antibody diluting buffer was used to block non-specific
binding, and the cells then underwent permeabilization. Then, the cells were incubated with a fluor-
conjugated primary monoclonal anti-mouse Granzyme B (Biolegend; cat 515405) overnight.
Confocal imaging of the sections and the wells in which the CD8+ cytotoxicity assay was
conducted was performed with a Nikon Clsi laser scanning confocal microscope.

[00166] For in vitro splenocytes cultivation within the scaffold 72 h post activation images, the
scaffolds were collected and fixed for 20 min in 4% PFA in DMEM buffer, followed by 24 h of
incubation in a sucrose solution. After fixation, the devices were embedded in O.C.T and stored at (-
80) °C. Horizontal cross-sections (30 pm thick) were cut with a cryostat (Lecia CM3050 S) and kept
at (-80) °C until use. Cross-sections were washed in DMEM buffer. Prior to staining, 2% BSA in
DMEM buffer was used to block non-specific binding. Sections were then incubated with a primary
monoclonal anti-mouse CD1 1c antibody (Biolegend; cat 117302) and with a primary monoclonal
anti-mouse CD4 antibody (Biolegend; cat 100402), and stained with Alexa Flour 488-conjugated
anti rat IgG (Biolegend; cat 405418) and with Alexa Flour 546 anti-Armenian hamster IgG
(Biolegend; cat 405423).

Statistics

[00167] All statistical analyses were performed using GraphPad Prism version 5.02 for Windows
(GraphPad Software, San Diego, CA). All variables are expressed as mean + SEM. In vitro studies
were compared by two-tailed unpaired t test (p<0.05). All ex vivo experiments were compared by
one-way ANOV A with Tukey's post-hoc test (p<0.05).

Study Approval
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[00168] All surgical and experimental procedures were reviewed and approved by the
Institutional Animal Care and Use Committee (IACUC) of the Ben-Gurion University of the Negev,

Israel.

EXAMPLE 1

Construction and immunoregulatory properties of the cell-transplantation device

[00169] The cell-transplantation device was an alginate scaffold (mean pore size = 80 pm) that
has been previously shown to be effectively vascularized after transplantation due to its
macroporous structure. To enhance vascularization, the alginate scaffold was supplemented with
affinity-bound vascular endothelial growth factor (VEGF) and platelet-derived growth factor
(PDGF-Bp). The affinity-binding of the growth factors to alginate matrix was mediated by their
interactions with alginate-sulfate, which constitutes 10% of the dry weight of the scaffold. We have
previously demonstrated that growth factors of the heparin-binding proteins family, such as VEGF,
PDGF-f33, and TGF-f3, interact with alginate-sulfate in a manner similar to their natural interactions
with heparin/heparan-sulfate (Fig. 1A). Thus, we expected that affinity-binding of the growth
factors to the alginate scaffold matrix will improve their biological function.

[00170] Based on this expectation, we generated an immunotolerant microenvironment by
affinity-binding TGF-B to an alginate-sulfate/alginate scaffold (Fig. 1A, and see Materials and
Methods for details). This process prolonged the presentation of TGF-f, as compared to when TGF-
B was non-specifically adsorbed to a pristine alginate scaffold. An ELISA of TGF-f revealed that
30.2% =+ 0.8% of the initial loaded afTGF-3 were still presented in the matrix after 7 days in the
alginate sulfate-containing scaffold, while only 5.2% + 0.3% were retained in the pristine scaffold

(Fig. 1B). Importantly, the released TGF-p found in the media and the TGF-J3 affinity-bound to the
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alginate/sulfated alginate matrix (afTGF-f) similarly activated SMAD2 phosphorylation in
fibroblast monolayers (Fig. 1C, D). Of note, afTGF-3 showed similar activity when it was still
affinity bound to the matrix and after it was dissociated from the scaffold, indicating that cells can
interact with TGF-[3 both in its affinity-bound form and upon its release.

[00171] Next, we examined whether the spatial presentation of afTGF-f3 in alginate-
sulfate/alginate scaffolds (afTGF-P construct) generates an immunoregulatory microenvironment.
We performed preliminary studies to test whether total splenocyte leukocytes can be cultured,
maintained viable, and elicit antigen-specific T-cell responses in the scaffold. To this end,
erythrocyte-depleted spleen leukocytes were isolated from OTII OVA-TCR Tg mice (where
lymphocytes are OV A-specific) and seeded in the scaffold, in the absence or presence of OVA as
the T-cell activating peptide (Fig. 2A). Fig. 13A shows a typical construct, 3 days after cell seeding,
with leukocytes distributed throughout the scaffold and with DCs and CD4 T cells in close
proximity, allowing cell-cell interactions. OVA-induced T-cell proliferation was validated,
revealing that 32% and 6% of the T cells survived with and without OV A activation, respectively
(Fig. 13B). Approximately 20% of the surviving lymphocytes in the OV A-activated constructs were
CD4+CD25+ (Fig. 14A, B).

[00172] The immunoregulatory effect of afTGF-3 was manifested in the cytokine profile and the
appearance of CD4+CD25+Foxp3+ regulatory T cells (Treg) in splenocytes (Fig. 2B-E) and in
purified DCs (Fig. 15A-E) seeded within the afTGF-f3 construct. As shown in Fig. 15B-E, afTGF-
[3 significantly suppressed the secretion of the pro-inflammatory cytokine IL-17A, significantly
increased the regulatory cytokine IL-10, and did not affect the levels of secreted IL-2 or IFN-y.
Importantly, the presence of afTGF-f3 in the device led to a 2.88-fold increase in the frequency of

CD4+CD25+Foxp3+ T cells out of the total CD4+ T-cell population (30.6% + 3.4% and 11.8% +
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3.1% of the total T-cell population with and without OV A, respectively; p=0.008, Fig. 3, Fig. 4A-
C). Overall, this finding demonstrates that afTGF-[3 promotes an anti-inflammatory milieu within
the cell transplantation device. Notably, the reduced levels of secreted IL-17 and the increased Treg
frequencies observed in the afTGF- constructs were not observed in the presence of anti-IL-10
(Fig. 5A-F) or when using splenocytes from CD11c™ Tg mice expressing a dominant negative
form of the human TGF-f receptor II gene under the CD11c promoter (Fig. SG-H, Fig. 6A-6E).

[00173] Overall, our data point to a mechanism whereby afTGF-3 signaling in DCs induces IL-10
upregulation, which then favors Treg differentiation and attenuates effector function of the CD4 T
cells. This mechanism appears to be significantly more prominent in the 3-dimensional (3D)
microenvironment of the transplantation device than when 2D cell monolayers are supplemented

with soluble TGF-p (Fig. 16A-E, Fig. 17 A-B).

EXAMPLE 2

In vivo vascularization of the device

[00174] Vascularization of the cell transplantation device after implantation is crucial to support
the viability and function of transplanted allocells, especially in highly dense-seeded cell devices.
To enhance vascularization, our devices were supplemented with VEGF and PDGF-3$3. To discern
the possibility that differences in cell behavior and viability in afTGF- constructs (versus
constructs lacking TGF-B3) is due to differences in the extent of vascularization, we compared the
extent of vascularization in afTGF-f3 constructs to that in TGF-B-lacking constructs; both types of

constructs were seeded with an allogeneic NIH/3T3 fibroblast cell line from a Swiss murine origin

infected to express GFP (5x 10° cells/ scaffold).
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[00175] Fig. 7A shows that, within 10 days after being transplanted under the kidney capsule,
both cell-seeded devices were populated with PECAM+ (CD31) endothelial cells, forming blood
capillaries scattered among the GFP-fibroblasts. By day 15, clear capillaries were observed in the
transplanted constructs (Fig. 7B, C), occupying 3-4% of the cell devices with and without afTGF-3

(Fig. 8).

EXAMPLE 3
In vivo local immunoregulation and allofibroblast graft survival

[00176] The next sets of experiments confirmed, in vivo, the establishment of a local
immunoregulatory microenvironment in the afTGF-f scaffold. Moreover, given the extensive
vascularization in the device, the efficacy of such a potential transplantation device to maintain the
viability and function of transplanted allofibroblasts was examined.

[00177] A FACS analysis of the constructs retrieved 10 and 15 days post-transplantation revealed
a significant lower percentage of mature CDIllc+ DCs expressing the co-stimulatory molecule
CD86 (Fig. 9A-C), and a significantly higher percentage of CD4+CD25+Foxp3+ Tregs (Fig. 9D-F,
p<0.05), in the afTGF-f3 constructs than in the TGF-B-lacking constructs. The increase in Tregs was
evident only on day 10 post transplantation. Accordingly, a significantly lower percentage of CD8+
T cells was evident in the afTGF-f3 constructs, as compared with constructs lacking TGF-$, on day
10 post transplantation (2.1% + 0.4% versus 5.5% = 0.9%, respectively, p=0.019) (Fig. 9G-I).
Furthermore, a significant decrease in the fraction of CD8 T cells expressing the activation marker
CD69 was observed in afTGF-f3 constructs, as compared with constructs lacking TGF-f3, at 10 days
post transplantation (13.4% =+ 3.5% versus 22.9% * 9.3%, respectively, p=0.015) and at 15 days

post transplantation (4% = 0.8% versus 12.0% + 2.5%, respectively, p=0.0001) (Fig. 9J-L).
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[00178] To determine whether the immunotolerant environment affects allofibroblast survival, we
determined the number of viable allofibroblasts and the frequency of cells undergoing apoptosis.
GFP+ cells retrieved from the devices were calculated as the percentage of GFP+ cells from the
total GFP+ cells that were present in the device at 3 days post transplantation (Fig. 17 C, D). This
baseline was selected to eliminate cell deaths that are not associated with T-cell-mediated
cytotoxicity. The percentage of retrieved allofibroblasts at 15 days post transplantation was 50.4% +
2% and 44.6% =+ 0.7% in the afTGF-3 and in the TGF-B-lacking constructs, respectively (p<0.05,
Fig. 10A, B), with a trend of a higher percentage of retrieved allofibroblasts from the afTGF-3
device observed 30 days post transplantation. The viability of the surviving allofibroblasts was
further validated by FACS analysis of the GFP cells labeled with Annexin V and PI (Fig. 10C). At
15 days post transplantation, the percentage of viable allofibroblasts (GFP+Annexin-PI-) was
significantly higher in the afTGF—f3 constructs than in the TGF-f-lacking constructs (38.5% + 3.5%
and 23.2% =+ 5.0%, respectively, p=0.038, Fig. 10D). Accordingly, the percentage of
GFP+AnnexinV+PI- apoptotic cells and of GFP+AnnexinV+PI+ cells from total number of GFP+
allofibroblasts at 15 days and 30 days post transplantation was significantly lower in the afTGF-
[3 constructs than in the TGF-B-lacking constructs (Fig. 10E, F). These data indicate that the local
presentation of afTGF-f in the constructs maintains infiltrating DCs in their immature state, thereby

increasing the frequency of Tregs and suppressing the activation of cytotoxic CD8 T cells.

EXAMPLE 4
Affinity-bound TGF-p suppresses the activation of allo-cell specific peripheral T cells
[00179] A major obstacle in cell or tissue transplantation is that immunosuppressive drugs are not

antigen-specific and, thus, compromise host defense mechanisms. In addition, drug withdrawal
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often results in a rebound immune response, eventually leading to graft rejection. Long-term graft
survival without compromising host immunity may be achieved by inducing allograft-specific T-
cell tolerance. To determine whether the vascularized afTGF-f3 construct induces allofibroblast-
specific peripheral tolerance, splenocytes were isolated from mice on day 15 and on day 30 post
transplantation and examined for allofibroblast-specific T-helper and T-cytotoxic responses. As
compared with the transplantation of TGF-B-lacking constructs, splenocytes excised from mice
transplanted with afTGF-B constructs have a significantly reduced allofibroblast-specific Th17
effector function on day 15 (Fig. 11A; 55.5% secreted IL-17 compared to splenocytes excised from
mice transplanted with TGF--lacking constructs, p<0.05). Strikingly, these splenocytes also show
diminished Thl and/or CD8 T-cell effector functions on day 30 post transplantation (Fig. 11B-C;
45.2% and 20.9% secreted 1L-2 and IFN-y compared to splenocytes excised from mice transplanted
with TGF-B-lacking constructs, respectively, p<0.05). IL-10 secretion levels were not significantly
different between the groups (Fig. 11D).

[00180] Next, we determined whether the allocell-specific CD8 T-cell cytotoxicity response is
also suppressed in mice transplanted with afTGF-f constructs. Splenocytes were thus isolated from
the transplanted mice and from wild-type mice, and CD8 T cells were then isolated (as described in
Methods and in Fig. 17E) and co-cultured with allofibroblasts at a cell ratio of 1:4, respectively.
Confocal imaging showed that CD8+ T cells isolated from mice transplanted with TGF-[3-lacking
constructs formed an immunological synapse with allofibroblasts and exerted cytotoxicity (Fig. 11E
and Fig. 18).

[00181] A FACS evaluation of the frequency of cytotoxic CD8 T cells expressing CD107 at 2 h
and at 12 h after co-culturing the CD8 T cells with allofibroblasts indicated that, at both time points,

the percentage of cytotoxic CD8+CD107+ T cells was significantly lower in splenocytes from mice

44



WO 2017/118979 PCT/IL2017/050013

transplanted with afTGF-f constructs than in splenocytes from mice transplanted with TGF-[3-
lacking constructs (Fig. 11F, 12A). Moreover, as compared with mice transplanted with TGF-[3-
lacking constructs, significantly fewer allofibroblasts underwent apoptosis when co-cultured with
spleen-derived CD8 T cells isolated from mice transplanted with afTGF-f constructs (35.5% =+
5.1% vs. 17.2% + 0.9%, respectively, at day 15; Fig. 12B, C). Notably, both the frequency and the
cytotoxic activity of activated CD8 T cells obtained from mice transplanted with afTGF- were
similar to those in wild-type mice, indicating that the transplantation of allofibroblasts in the context
of the TGF- constructs elicited a very mild cytotoxic response.

[00182] We tested the hypothesis that local presentation of TGF-P as affinity-bound to matrix in a
cell transplantation device promotes an immunoregulatory microenvironment, which protects cell
allografts from being rejected. We show that afTGF-f3 exerts its regulatory functions by maintaining
DCs in an immature phenotype and by increasing the frequency of Tregs and reducing the effector
functions of CD4 and CDS cytotoxic T cells in an IL-10-dependant manner. Importantly, we show
that the local immunoregulatory effects of afTGF-f3 are projected to the spleen, which shows
significantly reduced effector functions of allofibroblast-specific CD4 and CD8 T cells.

[00183] TGF-B is a key immunoregulatory cytokine, which, depending on the adjacent cytokine
milieu, can drive both anti-inflammatory and pro-inflammatory responses. Whether the presented
TGF- can regulate activated effector T cells when affinity-bound to the alginate scaffold is unclear.
Our in vitro results indicate that afTGF-J3 suppresses the activation of CD4 T cells when DCs or, to
a greater extent, when total splenocytes are used as antigen-presenting cells (APCs), and that it
increases the levels of secreted IL-10 and the frequency of Tregs. Blocking experiments performed
in vitro with anti-IL-10 or with CD11c-DNR splenocytes suggest that afTGF-3 have a regulatory

function in two pathways: (1) enhancing IL-10 signaling to DCs and maintaining their immature
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phenotype. Consequently, immature DCs reduce the effector function of T cells and increase the
frequency of CD4+CD25+Foxp3+ Tregs, as was also observed in previous studies; and (2) it
signals directly to effector T cells and attenuates their effector function.

[00184] Notably, afTGF-f is more effective than soluble TGF-B in a 2D culture. This
phenomenon may be due to the local presentation of TGF-f3 to cells as affinity bound to the matrix,
thereby, enhancing signal transduction. Furthermore, the affinity-binding of TGF-f resulted in
prolonged sustained release of active cytokine, as compared to the rapid release when it was
adsorbed to a pristine scaffold. Both of these mechanisms contribute to the successful generation of
an immunoregulatory environment. TGF-[-controlled release systems have been used previously to
induce and expand the population of Tregs in vitro and in vivo. However, none of these systems
exploited affinity-binding of the cytokine or attempted to explore this strategy to create a 3D
immunoregulatory environment that will facilitate its use as an allocell transplantation device.
[00185] As a transplantation device, the alginate scaffold was supplemented with the angiogenic
factors VEGF and PDGF-fB, which extensively enhance scaffold vascularization. A potential
ramification of such a cell transplantation device is that, while vascularization is promoted to enable
an efficient mass transport to and from the transplanted cells, enhanced leukocyte infiltration may
facilitate allograft rejection. Our data show that afTGF-f exerts similar regulatory effects, as
observed both in vitro and in vivo. As compared with TGF-B-lacking constructs, constructs with
afTGF-3 retrieved 10 and 15 days after transplantation showed a significantly reduced frequency of
mature DCs, an increased frequency of Tregs, and a decreased frequency of cytotoxic T cells.
Furthermore, mice transplanted with afTGF-3 constructs also evoked peripheral tolerance, as
splenocyte-derived allofibroblast reactive CD4 and CD8 T cells exhibited significantly reduced

levels of pro-inflammatory cytokines and an almost completely abolished cytotoxic activity.
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Therefore, vascularization of the transplanted device not only increases the survival of the graft but
also attenuates the peripheral immune reaction evoked in response to the transplanted cells,
providing that TGF-3 is presented locally within the scaffold.
[00186] We propose a 2-stage model to explain the unique properties of the afTGF-3 constructs
relative to the TGF-[3-lacking constructs. In the first stage, afTGF-[3 signals to infiltrating APCs and
maintains them in an immature state while they phagocytose the transplanted cells. Capillaries form
within few days after transplantation, through which APCs migrate to the draining lymph nodes and
then promote either anergy or mild activation of naive allofibroblast-reactive CD4 and CD8 T cells.
In the second stage, afTGF-[3 signaling to scaffold-infiltrating T cells, together with the presence of
immature DCs, further attenuate DCs activation and promote Treg differentiation and/or expansion.
These processes lead, overall, to significantly reduced allofibroblast cytotoxicity, observed at 15 and
30 days following the transplantation of the afTGF-J3 constructs.
[00187]  As the alginate scaffold is eroded in the host, it is of great importance that the TGF-B-rich
environment expands the local antigen-specific immunoregulation to systemic and antigen-specific
immunotolerance. In the case of type-1 diabetes, for example, such peripheral tolerance evoked in
response to transplanted [3 cells may allow blocking the immune attack in the pancreas and, perhaps,
prevent islet regeneration. Similar strategies can be used to treat other tissue-specific autoimmune
diseases, while avoiding compromising the host defense against pathogens, such as is the case of
immuno-suppressive drugs.
EXAMPLE §
TGF-p affinity-bound to the alginate/sulfated alginate matrix (af TGF-p) for treating

Multiple Sclerosis (MS)
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[00188] Experimental Autoimmune Encephalomyelitis (EAE) is used as a model of MS. C57BL6
mice are immunized with myelin oligodendrocyte glycoprotein (MOG) residues 35-55. 7-10 days
later, mice develop tail and limb paralysis with progressing clinical scores. The disease is
manifested by leukocyte infiltration into the spinal cord forming the typical lesions characteristics of
MS. The disease often presents in a relapsing remitting fashion. Alginate/sulfated alginate scaffolds
carrying or lacking TGF-B and MOG35-55 peptides are implanted either before or after
immunization at different time points (e.g., day 5 before disease onset, day 15 at peak clinical score
or day 20 at remission), and EAE clinical scores (as described in e.g. Miller et al., “Experimental
Autoimmune Encephalomyelitis in the Mouse.” Curr Protoc Immunol. 2007 May; CHAPTER:
Unit—15.1, incorporated herein by reference) are examined along with the phenotype of MOG-
specific CD4 T cells (cytokine profile and activation markers) and spinal cord histopathology i.e.,
infiltrating leukocytes and demyelination.

[00189] Results show that MOG-specific T cells are tolerated and hence prevent or ameliorate the
acute and chronic disease process including reduction of EAE clinical scores, lymphocyte
infiltration and decreased number of MS lesions in the animals receiving scaffolds carrying TGF-f3
and MOG35-55.

[00190] In clinical trials, TGFp scaffolds carry several immunodominant epitopes depending on

the specific HLA alleles in the subject with MS.

EXAMPLE 6
afT'GF-p for treating Type I diabetes
[00191] In a mouse model of type I diabetes (such as NOD mice) in which leukocytes destroy 3

cells in the pancreas, allogeneic or syngeneic pancreatic B cells expressing TGFf are transplanted
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before or after disease onset (around 10 weeks), and insulin and glucose levels are examined in
mice, along with immune infiltration, pathophysiology and B cell survival both in the scaffold and in
the pancreas.

[00192] Results show that B cells- specific lymphocytes are tolerated, and hence prevent or
ameliorate the acute and chronic disease process including reduction of 3 cells mortality, increase in
insulin levels and reduction in blood glucose levels in the animals receiving pancreatic 3 cells

expressing TGFp.

[00193] While certain features of the invention have been illustrated and described herein, many
modifications, substitutions, changes, and equivalents will now occur to those of ordinary skill in
the art. It is, therefore, to be understood that the appended claims are intended to cover all such

modifications and changes as fall within the true spirit of the invention.
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CLAIMS

‘What is claimed is:

L.

10.

1.

12.

A method for inducing an immunotolerant response in a subject, the method comprising
administering to said subject a composition comprising a sulfated polysaccharide and a
bioactive polypeptide, wherein the bioactive polypeptide is a transforming growth factor 1
(TGF-B1), and wherein said TGF-B1 non-covalently associates with a sulfate group of the
sulfated polysaccharide.

The method of claim 1, wherein said immunotolerant response comprises an improvement in
allograft success.

The method of claim 2, wherein said immunotolerant response comprises a suppression of an
immune response to an allocell transplantation.

The method of claim 2, wherein said immunotolerant response comprises a suppression of
allocell apoptosis.

The method of claim 2, wherein said immunotolerant response comprises an increase in
allocell survival.

The method of claim 2, wherein said immunotolerant response comprises a stimulation of
vascularization of an allocell transplant.

The method of claim 1, wherein said immunotolerant response comprises a suppression of an
autoimmune disorder.

The method of claim 7, wherein said autoimmune disease disorder comprises multiple
sclerosis, psoriasis, and type I diabetes.

The method of claim 1, wherein said immunotolerant response is localized to the region of
administration of said composition.

The method of claim 1, wherein said immunotolerant response comprises a prolonged
presentation of said bioactive polypeptide.

The method of claim 1, wherein said immunotolerant response comprises a suppression of
inflammatory signaling.

The method of claim 1, wherein said immunotolerant response comprises a suppression of

dendritic cell maturation.
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13.

14.

15.

16.

17.

18.

19.

20.
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The method of claim 1, wherein said immunotolerant response comprises a suppression of
CD8+ T cell cytotoxicity response.

The method of claim 1, wherein said immunotolerant response comprises a stimulation of
regulatory T cell differentiation.

A method for reducing or preventing an allograft rejection in a subject, the method
comprising administering to said subject a composition comprising a sulfated polysaccharide
and a bioactive polypeptide, wherein the bioactive polypeptide is a transforming growth
factor Bl (TGF-B1), and wherein said TGF-B1 non-covalently associates with a sulfate group
of the sulfated polysaccharide.

A method for treating an autoimmune disease or disorder in a subject, the method comprising
administering to said subject a composition comprising a sulfated polysaccharide and a
bioactive polypeptide, wherein the bioactive polypeptide is a transforming growth factor 1
(TGF-B1), and wherein said TGF-B1 non-covalently associates with a sulfate group of the
sulfated polysaccharide.

The method of any one of claims 1-16, wherein said composition further comprising at least
one additional bioactive polypeptide, wherein the at least one additional bioactive
polypeptide non-covalently associates with a sulfate group of the sulfated polysaccharide.
The method of claim 17, wherein said at least one additional bioactive polypeptide a
positively-charged polypeptide, a heparin-binding polypeptide, or both.

The method of claim 18, wherein said at least one additional bioactive polypeptide is a
heparin-binding polypeptide.

The method of claim 19, wherein said at least one additional bioactive polypeptide is a
heparin-binding polypeptide selected from the group consisting of antithrombin III (AT III),
thrombopoietin (TPO), serine protease inhibitor (SLP1), C1 esterase inhibitor (C1 INH),
Vaccinia virus complement control protein (VCP), a fibroblast growth factor (FGF), a FGF
receptor, vascular endothelial growth factor (VEGF), hepatocyte growth factor (HGF),
insulin-like growth factor (IGF), a platelet-derived growth factor (PDGF), bone
morphogenetic protein (BMP), epidermal growth factor (EGF), CXC chemokine ligand 4
(CXCL4), stromal cell-derived factor-1(SDF-1), interleukin-6 (IL-6), interleukin-8 (IL-8),
Regulated on Activation, Normal T Expressed and Secreted (RANTES), monocyte
chemoattractant protein-1 (MCP-1), macrophage inflammatory peptide-1 (MIP-1),
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
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lymphotactin, fractalkine, an annexin, apolipoprotein E (ApoE), immunodeficiency virus
type-1 (HIV-1) coat protein gpl20, cyclophilin A (CypA), Tat protein, viral coat
glycoprotein gC, gB or gD of herpes simplex virus (HSV), an envelope protein of Dengue
virus, circumsporozoite (CS) protein of Plasmodium falciparum, bacterial surface adhesion
protein OpaA, 1-selectin, P-selectin, heparin-binding growth-associated molecule (HB-
GAM), thrombospondin type 1 repeat (T'SR), peptide myelin oligodendrocyte glycoprotein
(MOG), and amyloid P (AP).

The method of claim 19, wherein said at least one additional bioactive polypeptide is a
heparin-binding polypeptide selected from the group consisting of PDGF-BB, PDGF-AA,
bFGF, aFGF, VEGF, IL-6, TPO, SDF-1, HGF, EGF, MOG, BMP-2, BMP-4, BMP-7, and
IGF.

The method of claim 19, wherein said at least one additional bioactive polypeptide is a
heparin-binding polypeptide exhibiting angiogenic activity.

The method of claim 22, wherein said polypeptide exhibiting angiogenic activity is VEGF,
bFGF, aFGF, PDGF-Bp, IGF, HGF, BMP or a combination thereof.

The method of any one of claims 17-23, wherein said at least one additional bioactive
polypeptide is both VEGF and PDGF- .

The method of any one of claims 1-24, wherein said composition further comprises a
supporting matrix.

The method of claim 25, wherein said supporting matrix is a polymer selected from the group
consisting of a polysaccharide, a protein, an extracellular matrix component, a synthetic
polymer, and a mixture thereof.

The method of claim 25, wherein said supporting matrix is made from a combination of
alginate and sulfated alginate.

The method of any one of claims 1-27, wherein said sulfated polysaccharide contains uronic
acid residues.

The method of any one of claims 1-28, wherein said sulfated polysaccharide is alginate
sulfate.

The method of any one of claims 1-28, wherein said sulfated polysaccharide is hyaluronan

sulfate.
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32.
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A method for reducing or preventing an allograft rejection in a subject, the method
comprising administering to said subject a composition comprising PDGF-BB-alginate
sulfate, VEGF-alginate sulfate, and TGFf1-alginate sulfate, said composition further
comprising a supporting matrix, wherein the supporting matrix is a polymer selected from the
group consisting of a polysaccharide, a protein, an extracellular matrix component, a
synthetic polymer, and a mixture thereof.

A method for treating an autoimmune disease or disorder in a subject, the method comprising
administering to said subject a composition comprising a sulfated polysaccharide, a first
bioactive polypeptide and a second bioactive polypeptide, wherein each of the first and
second bioactive polypeptides non-covalently associates with a sulfate group of the sulfated
polysaccharide, and said composition further comprising a supporting matrix, wherein the
supporting matrix is a polymer selected from the group consisting of a polysaccharide, a
protein, an extracellular matrix component, a synthetic polymer, and a mixture thereof,

wherein the first bioactive polypeptide is TGF-B1.
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