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36 Supplementary Figure 1. Umbilical Cord Derived Stem Cells (MSCs) and their secreted XOs characterization.
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a) Cells were characterized for their surface markers, showing the low expression of Stro-1, high expression
CD90/Thy1, CD146/MCAM, CD105/Endoglin, CD166, CD44 while cells are negative for CD19, CD45 and CD106.
Cells were then cultured as described in the Materials & Methods section, and XOs were isolated. b) Isolated XOs
were then characterized using stablished biomarkers using Western blotting. XOs were positive for CD63, Galectin
1, TSG101, HSP70, Hsp70, and negative for and endoplasmic reticulum marker Calnexin. ¢) XOs possess spherical
shape with the 105 + 48 nm as an average size for maximum quantity of vesicles, based on NTA analyses. It should
be noted that in average, 1.7 X 10%? + 7.6 X 10%° XOs/mL were isolated from ~ 150 to 190 million cultured MSCs in
100% confluency. d) Flow cytometry analysis of TGFf, PD-L1, and MHCII expression on XOs bound to anti-CD63-

coated beads. Statistical significance is calculated through unpaired t-test with Welch’s correction.

We recently performed similar characterization for bone marrow derived MSC derived
exosomes! and microvesicles?, and found that Calnexin marker can be used as one of the markers
to distinguish between exosomes and microvesicles as well as XOs purity. Comparing the Western
blotting results from MSC derived MVs and MSC derived exosomes! suggest that calnexin and
CDB81 may potentially be used to distinguish between exosomes and MVs. XOs were visualized
and quantified using NTA analysis, where 1.7 x 102 + 7.6 x 10! XOs/mL spherical particles with
average diameter 105 £ 48 nm were isolated from ~ 150 to 190 million cultured MSCs in 100%
confluency (Supplementary Figure 1c). In developing methods to analyze XOs, we particularly
sought to measure the expression of TGFB-1 and PD-L1, as its expression on cancer cells XOs has

been suggested to play a critical role in the immune evasion of tumor microenvironment® 43,
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57 Supplementary Figure 2. a) Freeze-Fractured Scanning Electron Microscopy of an AlgXO microcapsule, showing the
58 encapsulated XOs within the microcapsules (Scale = 100 um). b) total number of exosome encapsulated within ~1000 AlgXO
59 microcapsules is 5.43 x 10° + 4.84 x 10° using NTA analysis. (n = 4 separate preparation)
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61 Supplementary Figure 3. EDTA dissolves alginate microcapsules. CTRL microcapsules (n = 100) were dissolved in 5 or 10

62 mM EDTA, and microscopic images were taken in 1 min intervals using EVOS imaging system microscope.
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Supplementary Figure 4. Islets quality control. After each islet isolation, we ran quality control measurements. a) DTZ
staining to quantify the islet purity and count (947 + 137 IEQ). b) Glucose Stimulation Insulin Release (GSIR) test is run to validate
the functionality of the isolated islets. Encapsulated c¢) CTRL microcapsules and d) AlgXO microcapsules
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Supplementary Figure 5. Transplantation of AlgXO microcapsules without islets failed to reverse hyperglycemia in STZ
mice. Empty (without islets) AlgXO microcapsules could not reverse the hyperglycemia in diabetic mice.
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Supplementary Figure 6. Polynomial regressions onto glucose challenge response. a) Polynomials with degree 5 were assigned
to the OGTT curve for 4 representative mice of a non-diabetic group and b) AlgXO transplanted group (1500 IEQ). Small circles
show the raw OGTT data and lines represent the assigned polynomial. Dashed line demonstrates the normoglycemic criterion (i.e.
blood glucose < 200 mg/mL).

Islet Dose Study
Clinical trials for islet transplantation have shown that allogeneic or xenogeneic source of
islets affect the clinical efficacy, and have resulted in conflicting results. More specifically,

although xenotransplantation in non-immunosuppressed diabetic patients partially reduced
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hypoglycemic events, higher doses of xenogeneic islets were less effective® 7. Results from this
trial showed that the transplantation of 5000 IEQ/kg xeno-islets was associated with superior
glycemic control and graft function compared to higher doses of xeno-islets (i.e. 15,000 or
20,000 IEQ/kg). Interestingly, a recent auto-transplantation clinical trial demonstrated a strong
dose-response relationship between the islet dose and graft function®. This trial suggested that the
islet graft failure was 25-fold more likely in patients transplanted with low dose (< 2000 IEQ/KQ)
islets versus higher doses (> 5000 IEQ/kg or more) &. We thus sought to understand whether such
observations could be replicated in our pre-clinical diabetic mice model, and we found that the
xeno-islet dose is a critical determinant of the transplant therapeutic efficacy. We used a low dose
(500 IEQ) and a high dose (5000 IEQ) islets transplanted within AlgXO and CTRL microcapsules.
Islets (5000 IEQ) within AlgXO reversed hyperglycemia for about 80 days but failed to do so in
longer periods. Surprisingly, 5000 IEQ islets within the CTRL microcapsules were not able to
consistently reverse the hyperglycemia in STZ mice (Supplementary Figure 7a). We further
repeated the efficacy of AlgXO transplants in response to OGTT in the 5000 IEQ transplanted
group and compared against non-diabetic control (Supplementary Figure 7b). Polynomials with
degree 5 were assigned to the OGTT curve of every individual mice (Supplementary Figure 7c),
and time to normoglycemia was calculated based on the value of 200 for the polynomial functions.
Supplementary Figure 7d demonstrates that the average time to reach normoglycemia after an
OGTT for mice with AlgXO transplants was 112 + 32 minutes. This suggest a delay in glucose
response of mice received AlgXO transplants versus non-diabetic mice (p = 0.08). In addition, 6
out of 10 diabetic mice that received 5000 IEQ islets within CTRL microcapsules died within a
day of transplantation, while this ratio was 1 out of 8 for AlgXO group (Supplementary Figure

7e, p = 0.0018). As a result, AlgXO microcapsules delayed the graft rejection and increased the
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normoglycemic duration in mice transplanted with high dose islets (Supplementary Figure 7f);
however, with less efficacy than medium dose of islets i.e. 1500 IEQ. We further tested lower dose
of islets (500 IEQ), where neither the AlgXO nor the CTRL microcapsules were able to reverse

hyperglycemia in the recipient mice (Supplementary Figure 7).
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110 Supplementary Figure 7. Dose study of islets xenotransplantation (i.e. 500 or 5000 IEQ islets) in immunocompetent STZ
111 mice. a) In higher islet dosage (5000 IEQ), CTRL transplants failed to consistently reverse hyperglycemia in C57/BL6 STZ mice.
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However, AlgXO transplants reversed hyperglycemia for ~ 80 days. b) We further tested the efficacy of AlgXO transplants in
response to oral glucose tolerance test (OGTT). One month after transplantation, AlgXO transplants successfully reversed
hyperglycemia event induced by glucose challenge with a similar trend as non-diabetic mice. ¢) Polynomials with degree 5 were
assigned to the OGTT curve of every individual mice and equations were solved to find the average time needed for the mice blood
glucose to reach 200 mg/dL after an OGTT. d) The average time to reach normoglycemia (i.e. 200 mg/dL) after an OGTT was 112
+ 32 minutes for mice transplanted with 5000 IEQ islet encapsulated in AlgXO. The average time to reach normoglycemia for non-
diabetic mice was 67 + 26 minutes. This suggest a slight delay in glucose response of mice received AlgXO transplants versus non-
diabetic mice (p = 0.08). e) Mice received CTRL transplants with 5000 IEQ islets had low survivals, where 6 of 10 mice died
within a day of transplantation, while only 1/7 mice receiving AlgXO transplants with 5000 IEQ islets died within one day of
transplantation and 5 others remained alive till the end of the study (p = 0.0018, Long-rank (Mantel-Cox) test). f) Mice that received
AlgXO transplants with 5000 IEQ isltes remained normoglycemic for 75 + 7 days, while this duration for CTRL transplanted mice
was 9 + 7 days after transplantation. g) Lower dose islets (500 IEQ) was ineffective in euglycemic induction neither within CTRL
nor AlgXO microcapsules. On the diagram, 1 shows the STZ induction, 2 shows the time for diabetes progression, and 3 shows

the transplantation timepoints. Statistical significance is calculated through unpaired t-test with Welch’s correction.
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Supplementary Figure 8. XOs enhance the viability of naked and encapsulated rat islets. a) Addition of 20 pg/mL and 200
ug/mL XOs to the islet cultures significantly enhances the viability of islets after 5 and 7 days of culture. It should be noted that
viability was measured using Calcein AM (live cells) and propidium iodide (dead cells) staining. b) Starting from 3 days of islet
encapsulation, AlgXO enhances the viability of encapsulated islets within the first week of encapsulation. ¢) TUNEL assay
demonstrated that after 1 month of transplantation, the TUNEL positive area of islets transplanted within AlgXO (1.02% + 0.32%)
is higher (n = 5, p = 0.0256) compared to CTRL (6.44% * 1.59%). Statistical significance is calculated through unpaired t-test

with Welch’s correction.
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Supplementary Figure 9. Blood cytokines analyses of mice received AlgXO or CTRL microcapsules. Mice serum was harvested
from mice at days 7 and 14 after transplantation, showing no significant difference among groups. One-way ANOVA was
conducted to measure the statistical difference. Wiled Type (WT) mice was also added to the groups as a negative control (n = 4,
statistical significance is calculated through unpaired t-test with Welch’s correction).
Immune Microenvironment Around Subcutaneous Microcapsules

We found that total cell infiltration around microcapsules was significantly lower in
AlgXO fibrotic tissues (p = 0.011). Similar trends were observed for CD68 (p = 0.037) and MHCII
(p = 0.015). In contrast, there was no association between CD206 expression (p = 0.112). While
these observations suggest the less immune-infiltrated milieu in  AlgXO fibrotic
microenvironment, the T cell sub population (CD3+) and fibrosis marker (aSMA) were found to
be expressed more in AlgXO fibrotic microenvironment. These mixed outcomes were against our
initial hypothesis on the anti-inflammatory and/or anti-fibrotic response of AlgXO microcapsules
in vivo. In particular, aSMA, which was highly expressed in the AlgXO microenvironment, is a

marker for activated myofibroblasts that are responsible for downstream collagen deposition and

fibrosis of implanted alginate microcapsules °. However, aSMA is also a contractile protein

11
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expressed in pericytes as well as in the vascular smooth muscle cells that surround arteries and
arterioles '°. In the histological observations, the aSMA cells were found to have a round structure
consistent with blood vessel structure (Figure 2e). Next, we quantified the blood vessel formation
and found that there is more blood vessel within the subcutaneous area (and around microcapsules)
of AlgXO 2-weeks explants (Supplementary Figure 10a). We further isolated cells from fibrotic
tissues and analyzed their subpopulation using flow cytometry. There was significantly higher
CD45+ cells (n = 4; p < 0.0001) collected from AlgXO fibrotic tissues (33.1% + 8.0%) compared
to control (83.0% + 12.8%) (Supplementary Figure 10b). Tissue sections were further analyzed
for aSMA showing vasculature presence in the AlgXO fibrotic microenvironment, demonstrating
a vascular-shaped microstructure (Supplementary Figure 10c, d). These results in their totality
suggest the presence of blood vasculature and less inflammatory milieu around AlgXO fibrotic

tissues.
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Supplementary Figure 10. Vasculature present in the fibrotic tissue around AlgXO. a) Pictures from subcutaneous explants
show presence of blood vessels in AlgXO fibrotic microenvironment. b) Flow cytometry analyses shows the presence of higher
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CD45+ cells (p < 0.0001) harvested from AlgXO fibrotic tissues (33.1% + 8.0%) compared to control (83.0% + 12.8%). ¢) aSMA
(markers of blood vessels) were absent in CTRL fibrotic tissues compared to d) AlgXO. Statistical significance is calculated

through unpaired t-test with Welch’s correction.
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Supplementary Figure 11. The percentage of a) B and b) T cells presence in the fibrotic Tissues around AlgXO and CTRL. (n =

4). Statistical significance is calculated through unpaired t-test with Welch’s correction.

We pursued the experiments to further investigate the anti-inflammatory properties of
AlgXO microcapsules. Immune infiltration could be characterized with cell types present in the
lavage around the inflamed area, particularly for biomaterials-based inflammation 12, Live cells
within the subcutaneous lavage were first analyzed for common lymphocyte marker (CD45).
Supplementary Figure 12a, b shows the percentage of CD45+ cells in lavage of CTRL implanted
mice were 41.6% + 4.2% and in the AlgXO implanted were 8.5% * 5.2% (n =4, p <0.0001). Sub-

gating on CD45+ cells, the percentage of CD11b+ cells decreased from 68.4% =+ 9.4% for CTRL

13
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t0 17.6% + 13.4% for AlgXO microcapsules (p < 0.0001). Around 68.2% + 9.5% of CD11b+ cells
are also expressing MHCII for CTRL, while this percentage is 23.5% * 16.3% for AlgXO
microcapsules (p < 0.0001). Interestingly, there was no detectable CD45+CD11b+MHCII-
CD206+ (M2-like macrophages %) for CTRL, while these macrophages 3.7% * 1.9% for lavage
retrieved from the surrounding environment of AlgXO microcapsules (p < 0.0001).

To gain a more holistic information on the lavage immune-profile, we compared the lavage
components of both microcapsules at the cellular level through tSNE representation.
Supplementary Figure 12c, d show tSNE plots and two sub-populations that were analyzed for
immune markers. Query 1 (gated on specific sub population present in CTRL but not in AlgXO)
was CD45+CD11b+CD3-CD19-MHCII-Ly6C-Ly6G-, which is likely to be non-activated
dendritic cells 4. Query 2 (gated on specific sub population present in AlgXO but not in CTRL)
showed the subpopulation of cells with CD45-CD11b-CD3-CD19-MHCII-Ly6C-Ly6G- markers,
which are likely to be from neither myeloid nor lymphoid origin. These results in their totality
supports the reduced-inflammatory response against AlgXO implants, while non-inflammatory
tissues were formed around AlgXO. It should be noted that transplantation of 1500 IEQ rat islets
within AlgXO or CTRL failed to regulate the dysglycemia when transplanted subcutaneously
(Supplementary Figure 13). Interestingly, while 1500 IEQ islets regulated mice hyperglycemia
when transplanted intraperitoneally, subcutaneous transplantation failed to do so. A combination
of stronger fibrotic response, lack of moveability, and more hypoxic environment in the

subcutaneous area are likely among the reasons for such a difference.

14
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Supplementary Figure 12. Flow cytometry analyses of lavage around microcapsules show distinct immunocytes population
around AlgXO and CTRL microcapsules. a, b) Flow cytometry analyses demonstrates the total CD45+ population present
around AlgXO is less than CTRL microcapsules. Similar trend was observed for CD11b+, CD11b+MHCII+, and CD11b+MHCII-
CD206+ sub-populations. c) tSNE plots demonstrates the different cell environment present in the lavage collected from
surrounding non/low adherent cells around AlgXO and CTRL explants. d) Two sub-populations were then analyzed for immune
markers. Cells in Query 1 (gated on specific sub population present in CTRL but not in AlgX0O) was CD45+CD11b+CD3-CD19-
MHCII-Ly6C-Ly6G-, which is likely to be dendritic cells. Cells in Query 2 (gated on specific sub population present in AlgXO
but not in CTRL) was CD45-CD11b-CD3-CD19-MHCII-Ly6C-Ly6G-, which is likely to be neither from myeloid or lymphoid
origin. (n = 4, statistical significance is calculated through unpaired t-test with Welch’s correction)
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Supplementary Figure 13. Subcutaneous transplantation of islets encapsulated in either CTRL and AlgXO. The a) glucose
and b) body weights of STZed mice were tracked for a month, and there was no significant improvement in the glycemic control

in any of the groups.

Simulation of release model for nanoparticle

To better understand the spatiotemporal profiles for the controlled release of XOs from
AlgXO, we simulated such release using a MATLAB code. Simulations were run for homogenous
spatially distributed XOs within AlgXO with diameter of 300 um. Due to the 50-150 nm size
distribution of XOs, we run the simulation with 50, 100, and 150 nm nanoparticle size. To further
validate and characterize the release profiles other sizes (i.e. 10, 200, and 500 nm) were also tested
in our simulation model. The 2.5% (weight/volume) alginate was used in our experimental studies,
thus, we used the same percentage for the porosity of alginate calculations (equation 1):

Modeling assumptions

1. Microcapsule size and porosity
Simulations were run for uniformly sized and spatially distributed microcapsules and
diameter was assumed to be 300 um. Value of 2% (weight /volume) is evaluated as the default

value for all simulations. Porosity of alginate solid is calculated by equation 1.

B €)

orosity =
p y pl—p3

16
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p1 is particle density, p2 is bulk density, and p3 is fluid density. For alginate solid, particle density
is 1.6 g/ml, fluid density is density of water, which is 1g/ml. Bulk density will be based on the

concentration of alginate, which is shown in equation 2.

100+Cq)g

P2 =—( 2

2. Surrounding media
Assuming that capsules are implanted and surrounded by physiological fluid, surrounding
viscosity was chosen to be 3.5%10 Pa*s.
3. Temperature
Assuming the capsule are implanted, temperature of microcapsule and surrounding
environment should be close to body temperature, which is 37 degree.
4. XOs concentration
XOs are homogeneously mixed inside the microcapsules, with an initial concentration of
10 particles/um?.
5. XOs size
XOs are generally recognized to be between 30-150 nm. Thus, we set up the particle
diameter as 10 nm, 50 nm, 100 nm, 200 nm, and 500 nm to see the different result as

particle size changes. Particles larger than 450 nm cannot diffuse out from the capsule [18].
6. Diffusion model

To simplify our modeling, we just assumed that XOs diffuse out of microcapsules based

on gradient density differences. We also assumed that a uniformed sphere symmetrically
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diffuses out in any direction. Thus, we established a 1-dimensional diffusion model for

XOs.

Mathematical model assumptions

1. 1-D diffusion equation

We are using heat equation to calculate the 1-dimensional diffusion of nanoparticles. Heat

equation is a partial differential equation as shown in equation 3.

ac a%c
x=-Dxoz Q)

C is concentration gradient, t is time, and x is distance from center of the capsule. D is

diffusion coefficient of XOs at certain position.

Diffusion coefficient outside the microcapsule
To determine diffusion coefficient outside the capsule, we use Stroke-Einstein equation

(equation 4).

R T
D:—*

Ny  6xm*nm*r

(4)
Where R is gas constant, NA is Avogadro constant, T is temperature in kelvin, n is viscosity

of solution, and r is radius of XOs.

Effective diffusion coefficient inside the capsule
Effective diffusion coefficient inside a porous media is largely based on porosity and
tortuosity of media. Generally, effective diffusion coefficient can be calculated based on

equation 5.

orosit,
% p .y (5)
tortuosity

Deff == D
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For porous media, normally we have a relationship between porosity and tortuosity, which

is shown in equation 6.

1

tortuosity = porosity 3 (6)

Since the microcapsule diameter is ~150 um, the program will simulate concentration
gradient from 0 to 500 um. A 600 s run time was selected to visualize the concentration change
inside the area. Diffusion of nanoparticle for 10 nm, 50 nm, 100 nm, 200 nm, and 500 nm is
plotted (Figure 3h). As shown in the graph, nanoparticles with smaller diameter diffuse faster than
which with larger diameter (Supplementary Figure 14). Particle with 500 nm diameter cannot
diffuse out of the capsule. For particles with size of 10 nm, within 600 s, concentration of particles
at center of the capsule will drop to 40% of initial concentration. For 50 nm nanoparticles,
concentration at center of the capsule will drop to 80% of initial value. For 100 and 200 nm, there
is no significant drop of concentration at center of the microcapsule. Concentration of nanoparticle
outside the capsule also depends on particle size. For 10 nm nanoparticle, after 600 s, concentration
of nanoparticle outside the capsule will larger than 15 particles/um®. For 50nm, 100nm, and
200nm, there is not enough nanoparticles 350 um from center of the capsule (concentration < 1

particle/um?3).
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Supplementary Figure 14. Simulated controlled release of particles with 10, 50, 100, 200, or 500 nm of diameters. Att > 0,
particles with diameter <200 nm show diffusion profiles, where smaller particles diffuse faster. Particles with diameter of 500

nm do not show diffusion out of microcapsules at least for 600 s.

Through our high-throughput cytokine assay, we found that XOs significantly reduce the
production of G-CSF, IFNy, LIF, KC, MIP-2, RANTES, IL-6, LIX, and VEGEF from LPS
stimulated macrophages (Figure 4e). These cytokines and chemokines are hallmarks of NFxB
inflammatory pathway, suggesting that XOs likely possess anti-inflammatory properties through
regulating this pathway. These cytokines could have complementary effects. For example,
chemotactic signals include CXC chemokines such as CXCL1/KC, CXCL2/MIP-2, and

CXCL5/LIX, and CXCLS8/IL-8, which are potent chemoattractant for NGs and their increased
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production causes neutrophil granulocytes infiltration and extravasation *°. Supplementary Table

1 summarizes the function of these cytokines and their relation to NFxB pathway.

Supplementary Table 1. Macrophages Cytokines Influenced by XOs

Chemokine/
Function Ref.
Cytokine
Regulates the survival, maturation, and proliferation of neutrophil progenitors
Regulates the differentiation of granulocyte lineages
G-CSF/
Regulates neutrophils mobilization from bone marrow to peripheral tissues 16.17
CSF3
LPS-activated ERK?2 functions by remodeling local chromatin, interacting with C/EBPJ
and synergizing its transactivation activity to increase G-CSF expression
The only known type Il interferon
IFNy Upon binding to receptor, JAK1 and JAK? are activated and phosphorylate STAT1 18,19
Macrophages secrete upon stimulation with LPS
LIF acts in an autocrine manner via LIF receptor to promote STAT4 activation. Activated -
LIF
STAT4 together with NF-kB/p65-p52 and C/EBPb enhances IL-6 transcription
Important chemokine for recruitment of neutrophils
MIP-2/ NF-kB activation is required for MIP-2 gene expression in the LPS-signaling pathway A ”
CXCL2 MIP-2 promoter could be activated by ectopical expression of NF-xB p65 or c-Jun
transcription factors.
Secretes via LPS-induced NF-kB activation in monocytes through sterile o and
HEAT/Armadillo motif-containing protein (SARM)toll/IL-1R domain—containing
RANTES 22,23
adaptor. SARM is critical for the recruitment of transcription factors and of RNA
polymerase Il to the Ccl5 promoter
LIX/ 24,
Important chemokine in Neutrophil trafficking
CXCL5 25,26
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CXCL1 is regulated through interactions of NF-kB with other transcriptional regulatory

KC/
molecules such as poly(ADP-ribose) polymerase-1 (PARP-1) and cAMP response 21,28
CXCL1
element binding protein (CREB)-binding protein
Important protein for angiogenesis
VEGF 29

VEGF production in human macrophages is NF-kB dependent and could be significantly

reduced using the NF-xB inhibitor, IxkBa
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Supplementary Figure 15. XOs effect on the production of cytokines from 10 ng/mL LPS (TLR4 agonist) stimulated
macrophages. Statistical significance is calculated through unpaired t-test with Welch’s correction (n = 4).
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Supplementary Figure 16. Cytokines analyses from co-cultures of human activated PBMCs. PBMCs were activated with
bead-bound CD3/CD28 antibodies in the presence and absence of XOs. XOs in both 20 and 200 pg/mL concentrations slightly
influenced the production of IL-1pB, IL-23, IFNy, and IDO (n = 4). Statistical significance is calculated through unpaired t-test

with Welch’s correction.
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