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MATERIALS AND METHODS

1. PDG-MSNPs Synthesis

MSNPs were synthesized employing a modified Stober method using tetraethyl orthosilicate (TEOS) in
the presence of cetyl trimethylammonium bromide (CTAB) as structure directing agent. In brief, CTAB
(1 g; Fischer Scientific, USA), milliQ H20 (480 mL) and sodium hydroxide (2 M, 3.5 mL; Fischer Scientific,
USA) were stirred and heated to 80°C. Next, TEOS (5 mL; 98%, Fischer Scientific, USA) was added
dropwise at 0.25 mL/min to create a white suspension. The obtained white suspension was then
magnetically stirred (600 rpm) for further 2 h at 95°C. The reaction mixture was collected by centrifugation
(10,000 g for 15 min at 4°C) and washed 3 times in water and ethanol 95% v/v. The surfactant, CTAB,
was removed by ionic exchange using a solution of ammonium nitrate (10 mg/mL, Fischer Scientific,
USA) in ethanol 95% v/v under magnetic stirring (250 rpm) for 24 h at room temperature. The
nanoparticles were collected by centrifugation (10,000 g for 15 min at 4°C), and washed 3 times with
ethanol 95% v/v. Next, glutamine was loaded into the synthesized MSNPs. Specifically, 500 mg of
MSNPs were added into 10 mL of glutamine solution (10, 30 and 50 mM in water) and mixed at room
temperature for 48 h (see paragraph 5.3). Following, the surface of glutamine-loaded MSNPs (G-MSNPSs)
was coated using dopamine solution in Tris buffer (10 mM, pH = 8.5).2 Briefly, 500 mg of G-MSNPs were
added into 10 mL of dopamine solutions at different concentrations (0.5, 1, and 2 mg/mL) for 0.5 h or at
concentration 0.5 mg/mL for different incubation times (0.5, 1, and 2h). G-MSNPs were mixed with
polydopamine solutions (at the concentrations and times previously discussed) in an orbital shaker in the
dark. The resultant polydopamine coated glutamine-loaded MSNPs (PDG-MSNPs) were collected by
centrifugation (10,000 g for 15 min at 4°C), washed 3 times in phosphate buffered saline (PBS; Gibco,
USA) and dried at room temperature overnight. To avoid any reaction of polydopamine with PBS, and G
release, during the washing process, we minimized the process of mixing PDG-MSNPs with PBS (<15s).

2. PDG-MSNPs Characterization

The average size and size distribution of MSNPs, G-MSNPs and PDG-MSPs have been analyzed using
dynamic light scattering. Samples were diluted with milliQ water (1:50 v/v) to avoid multiscattering
phenomena and analyzed at 25°C with a Zetasizer Nano ZS90 (Malvern, UK), equipped with a 4.5 mW
laser diode and operating at 670 nm as a light source, and the scattered photons were detected at 173°.
A third order cumulative fitting autocorrelation function is applied to measure the average size and the
size distribution. The analysis was performed according to the following instrumental setup: (i) a real
refractive index of 1.59; (ii) an imaginary refractive index of 0.0; (iii) a medium refractive index of 1.330;
(iv) a medium viscosity of 1.0 mPa s; and (v) a medium dielectric constant of 80.4.

X-ray diffraction (XRD) analysis was carried out in 20 range of 2—80° using a PANalytical Empyrean
diffractometer (PANalytical Inc., Westborough, MA, USA) with Cu- Ka radiation (1.5418 A) at 40 kV, 45
mA setting. A mask of 20 mm and a divergence slit of 1/8° were used on the incident beam path. The
powder samples were spread on a low background silicon sample holder and the diffraction data was
collected in steps of 0.013° by continuously scanning the source and the solid state PIXcel3D detector
with a scan rate of 0.01°/s. Ni-foil KB filter was introduced in front of the detector to remove possible
spurious peaks originating from Cu-Kp radiation.

Size of nanoparticles and polydopamine coating were also confirmed using Transmission Electron
Microscopy (TEM) (Hitachi H7500 TEM) by adding 2 pL of nanopatrticle solution on a copper grid (FCF-



400-CU, Electron Microscopy Sciences—EMS, Hatfield, PA, USA). A Zetasizer Nano ZS90 (Malvern,
UK) was used to measure the surface charge (zeta-potential, mV) of uncoated and polydopamine-
coated G-MSNPs obtained using different PD coating concentrations (0.5 - 2 mg/mL) and times (0.5 - 2
h). Samples were diluted with milliQ water (1:50 v/v) to avoid multiscattering phenomena and analyzed
at 25°C. The measurement was performed by using a Smoluchowski constant F (Ka) of 1.5 as a
function of the electrophoretic mobility. Measurements represented the average of three batches (10
runs per measurements).

The pore diameter within the nanoparticles was evaluated using a standard nitrogen absorption
Brunauer, Emmett and Teller test. Samples were degassed for 48 h at 350°C before measuring the
nitrogen adsorption by using a Micromeritics ASAP 2460 Accelerated Surface Area and Porosimetry
System with a smart VacPrep system for degassing. The scan parameters were as follow: p/p0 = 0.02-
0.2 Steps 0.02 (9 pts), p/p0 = 0.25-0.8 Steps 0.5 (12 pts) and p/p0 = 0.825-0.995 steps 0.25 (9 pts)
followed by returning to p/p0=0.08.

3. Determination of Glutamine Loading and Release from PDG-MSNPs

Glutamine solutions were created at concentrations of 10, 30, and 50mM by dissolving glutamine powder
in deionized water. MSNPs (500mg) were then added into the glutamine solutions (10mL) and stirred at
room temperature for 48h. At 1, 4, 24, and 48h following the addition of MSNPs (500mg) into glutamine
solution, the loading efficiency was calculated by measuring the concentration of glutamine remaining in
solution using a Bradford assay,® according to Equation 1:

. . _ _ mass of glutamine unloaded in MSNPs .
Glutamine Loading (%) = 100 [( ot mass of glatamine )]X 100 (Equation 1)
While, to determine in vitro glutamine release from nanoparticles, PDG-MSNPs (500 mg) were dispersed
in PBS solution (10 mL, pH = 7.4), under magnetic stirrer at 37°C. At predetermined time points (day 1,

2,3, 7,10, and 14), the amount of glutamine released in PBS solution was measured using a Bradford
assay.?

4. Computational Modeling of Glutamine Delivery to Pancreatic Islets from PDG-MSNPs

To estimate the effects that glutamine released form our PDG-MSNPs can have on the survival and
function of islets, we performed computational modeling analysis using an updated version of a previously
developed and calibrated quantitative model for avascular pancreatic islets.*° Briefly, the previous model
used a total of four concentrations for convective and diffusive mass transport modeling with their
corresponding equations (application modes) [glucose, oxygen, and local and released insulin (Cgiucose,
Coxygen, Clocal insulin, &Nd Creleased insulin)]. NOW, we have added an additional module for the modeling of the
mass transport of glutamine (cquamine). AS before, diffusion of all species was assumed to be governed
by the generic diffusion equation in its non-conservative formulation (incompressible fluid):

%4+V-(-DVe)=R—u-Vc (Equation 2)
where ¢ denotes the concentration [mol-m~3], D the diffusion coefficient [m2.s7"], R the reaction rate
[mol-m=.s7], u the velocity field [m-s™], and V the standard del (nabla) operator (V= i% + jaiy + k%). All
consumption and release rates were assumed to follow Hill-type dependence on local concentrations:

Cn

R = fy(c) = Rmaxrc{;f (Equation 3)


https://www-sciencedirect-com.stanford.idm.oclc.org/topics/biochemistry-genetics-and-molecular-biology/electrophoretic-mobility

Here, Rmax denotes the maximum reaction rate [mol-m=3-s71], Cy, the concentration corresponding to half-
maximal response [mol-m=3], and n, the Hill slope characterizing the shape of the response. Diffusion
coefficients and parameter (Rmax, Chi, and n) values used for glucose, oxygen, and insulin are those from
the previously developed model,* and values for glutamine have been added now. Diffusion coefficients
of Dgit = 1.0x10° and 0.33x10° m?/s were used for glutamine in aqueous media and islet, respectively.
Islets were assumed to have a glutamine consumption rate of 5 nM/dayl/islet corresponding to 0.033
M/s/m? per unit volume.® Due to the small size of the nanoparticles compared to those of the islets, they
were not modelled individually; instead, glutamine release was assumed to be homogeneous in the
media surrounding the islets and proportional with the density of nanoparticles present. The sustained-
release nanoparticles were assumed to be homogenously dispersed (1,000 nanopatrticles per islets in 1
mm?) with glutamine release rates of 3.6 nM/day/1000 particle resulting in a release rate used in the
model of 0.01 M/m%s per unit volume (corresponding to release rates measured ~2 weeks after
transplantation). As before, the model was implemented in COMSOL Multiphysics (COMSOL Inc.,
Burlington, MA) and solved as a time-dependent (transient) problem with intermediate time-steps for the
solver. The geometry used assumes islets with diameters of 120 and 150 um cultured with PDG-MSNPs
with a ratio of 1:1000 as used in this study. As the model is general and has no size- or geometry related
assumptions built into it, it can be used without any additional assumptions. Mesh and boundary
conditions used for glucose, oxygen, and insulin, are as described before with symmetry conditions
imposed here on the left and right borders (insulin: outflow; oxygen and glucose: fixed concentration on
top and bottom). Boundary conditions for glutamine were similar: fixed concentration on top and bottom,
symmetry on left and right. The system was assumed to be in an aqueous media at physiological
temperature (37°C), extracellular glutamine concentrations of 0.7 mM,”® and a glucose concentration of
8 mM. In a second set of models, a partition coefficient of 5 was assumed between intra- and extracellular
domains, which has been built into the model through a special boundary condition using the stiff-spring
method as before, and the islets were modeled as a single large cell.

5. In vitro Interactions of PDG-MSNPs with Pancreatic Islets

For all in vitro experiments, isolated islets were individually counted and manually picked-up under a
microscope to achieve a density of 20 islets/well (20 islets in 200 pL of complete medium: RPMI-1640
medium (Gibco, USA) supplemented with 10% fetal bovine serum (FBS; Invitrogen, USA) and 50 U/mL
penicillin-50 pg/mL streptomycin (P/S; Invitrogen, USA) were added into 96-well non-adherent tissue
culture plates. All the in vitro experiments have been performed in quintuplicate (n = 5) using the following
experimental groups: Group 1 = islets only (control); Group 2 = islets cultured with glutamine alone at
concentrations of 10mM (1.5 mg/mL), 30 mM (4.5 mg/mL), and 50mM (7.5 mg/mL); Group 3 = islets
cultured with G-MSNPs (50 mM of glutamine); Group 4 = islets cultured with PDG-MSNPs (50 mM of
glutamine) with polydopamine coating concentrations of 0.5, 1, and 2 mg/mL and coating time of 0.5 h;
and Group 5 = islets cultured with PDG-MSNPs (50 mM of glutamine)with polydopamine coating times
of 0.5, 1, and 2 h and coating concentration of 0.5 mg/mL.

5.1. Mouse Pancreatectomy and Islet Isolation

All mice within this study were treated in accordance with the guidelines approved by the Institutional
Animal Care and Use Committee (IACUC) at Stanford University. Animals were housed under
conventional conditions having access to food and water ad libitum. Pancreatic islets were isolated from
C57BL/6 mice (male, 6-8-week-old, Charles River Laboratories, USA), as previously described.® In brief,



the common bile duct was cannulated with a 30G needle and the pancreas distended with 3 mL of cold
collagenase solution (Fischer Scientific, USA). The pancreas was removed and islets isolated by
digesting the pancreas at 37°C for 10 min. The islets were purified using histopaque-density gradients.
Islets were then washed with Hank's balanced salt solution (HBSS, Gibco, USA) supplemented with 0.1%
bovine serum albumin (BSA, Gibco, USA) before being cultured in complete medium (RPMI (Gibco, USA)
supplemented with 10% fetal bovine serum (FBS; Invitrogen, USA) and 50 U/mL penicillin-50 pg/mL
streptomycin) within a humidified incubator at 37°C and 5% COs..

5.2. Islet Viability

After 7 days of incubation with PDG-MSNPs, the viability of islets was assessed using Live/Dead and 3-
(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assays. Islets were labeled using
fluorescein diacetate (FDA,; for live cells (green fluorescence), Thermo Fisher Scientific, USA) and
propidium iodide (PI; for dead cells (red fluorescence), Thermo Fisher Scientific, USA) as the Live/Dead
staining solution. The culture medium was removed and the Live/Dead staining solution [FDA (75 uL/well)
and PI (75 pL/well)] was added and incubated with islets for 20 min at 37°C / 5% CO2. At the end of the
incubation time, the staining solution was removed and cells were washed three times with PBS. Finally,
the live cell imaging solution (Thermo Fisher Scientific, USA) was added to each well (200 uL/well) before
imaging. Images were acquired with a Zeiss LSM710 Confocal Microscope at a magnification of 20X and
figures were created with the FIJI software (ImageJ, GNU General Public License). A minimum of 8 islets
per experimental group were analyzed using Image-J / FIJI to quantify live and dead fluorescence within
islets and the percentage of live islet were presented.

MTT solution (500 pg/mL) was added to each well and incubated at 37°C / 5% CO; for 4 h. MTT is
converted to an insoluble formazan crystal. Next, 200 yL of DMSO was added to each well and left at
37°C for 10 min to dissolve the formazan crystals. Absorbance was then measured at 570 nm (Tecan,
Mannedorf, Swiss). The percentage of cell viability was assessed according to the following equation:

Cell Viability (%) === X 100 (Equation 4)

where Absy is the absorbance of cells treated with PDG-MSNPs or glutamine alone and Abs; is the
absorbance of control cells (islets alone).

5.3. Islet Function

Islets supplemented with PDG-MSNPs were cultured in a humidified incubator under normal conditions
(37°C / 5% CO2/ 20% O,). After 7 days of incubation with PDG-MSNPs, the ability of islets to secrete
insulin was assessed by exposing them to low glucose (i.e. basal conditions) and high glucose (i.e.
stimulated conditions) media (200 pL/well). Islets were incubated in Krebs-Ringer Buffer (KRB; Sigma-
Aldrich, USA) spiked with 2.8 mM glucose (low) for 2 h followed by 16.7 mM glucose (high) for 2 h at
37°C /1 5% CO2/ 20% O,. The supernatants were collected at the end of incubation for both basal and
stimulated condition and insulin levels were quantified using a mouse insulin ELISA kit (Mercodia
Developing Diagnostics, USA). The total insulin content of islets (i.e. 20 islets) was then normalized to
present the amount of insulin secreted per islet.

5.4. Islet Protein Expression
To investigate proteins expressed in the islets, heat shock proteins (HSPs) array (R&D Systems, USA)
was performed according to the manufacturer's recommendations with little in house modifications. This



test was carried out in two experimental groups. Group 1 = islets only (i.e. control) and Group 2 = islets
cultured with PDG-MSNPs with PD coating concentration and time of 0.5 mg/mL and 0.5 h, respectively.
Briefly, islets were homogenized in PBS using protease inhibitors cocktail (Sigma-Aldrich, USA), and
centrifuged at 10,000 g for 8 min at 4°C. The total protein concentrations of samples (300 ug) were then
determined using a bicinchoninic acid (BCA) assay kit (Sigma-Aldrich, USA) and samples (200 L) with
identified protein concentration were added to a membrane spotted with antibodies against HSPs-related
proteins. After incubation at 4°C for 24 h, the membranes were treated with streptavidin-horseradish
peroxidase (Sigma-Aldrich, USA). Finally, the protein spots were imaged and quantified using an
enhanced chemiluminescence detection system (Bio-Rad, USA) with an image analyzer (ChemiDoc, Bio-
Rad, USA).

6. In vivo Interactions of PDG-MSNPs with pancreatic Islets

6.1. Islet Transplantation

All experiments were approved by the Institutional Animal Care and Use Committee (IACUC) at Stanford
University. Male C57BL/6 mice, 6-8 weeks old (Charles River Laboratories, USA), were used as both
donors and recipients. All animals were maintained on a 12 h of light and 12 h of dark with ad libitum
access to food and water. To induce diabetes, each mouse received an intra-peritoneal injection of
streptozotocin (STZ) at the dose of 180 mg/kg; this technique is a well-established model for inducing
diabetes in rodents and hence for studying islet transplantationi®*® given that STZ selectively causes
destruction of insulin producing B cells within pancreatic islets.'* Diabetic mice were randomly assigned
into 3 experimental groups and each of them have received 175 islets alone or supplemented with
glutamine or with PDG-MSNPs under the right kidney capsule. Group 1 = mice transplanted with islets
only (n=6; control group); Group 2 = mice transplanted with islets supplemented with glutamine (n=6);
Group 3 = mice transplanted with islets supplemented with PDG-MSNPs (50mM of glutamine) (n=6).
Furthermore, for Group 2 was used a dosage of glutamine that matched the amount of glutamine used
in the case of PDG-MNPs (Group 3). The volume of transplant graft injected under the kidney capsule
was same (V = 10puL) for all tested groups include islets only (V = 5uL islet + 5uL PBS), islets + glutamine
alone (V = 5pL islet + 5uL glutamine), and islets + PDG-MSNPs (V = 5uL islet + 5uL PDG-MSNPs).

6.2. Metabolic analysis

All metabolic analyses were performed in conscious, restrained mice, at the indicated time points for 30
days. A drop of blood was collected from the tail vein of the mice and the blood glucose measurements
were done using a handheld glucometer (Bayer Contour Glucose Meter, USA). Mice were considered
normoglycemic when non-fasting blood glucose levels were less than 200 mg/dL. Intraperitoneal glucose
tolerance tests (IPGTT) were performed 2 weeks post-transplantation. Specifically, mice were fasted
overnight and fasted blood glucose levels were determined before a solution of glucose (2 g/kg) was
administered by intra-peritoneal injection. Subsequently, the blood glucose levels were measured each
30 minutes for 2 hours after injection allowing us to calculate the area under the curve (AUC) and blood
glucose clearance rate between transplantation groups. At day 30 post-transplantation, mice were
euthanized and serum and tissue (i.e. the EFP with or without PDG-MSNPs) samples collected to
determine insulin levels (insulin ELISA kit; Mercodia). In addition, the EFP tissue was processed for
histological (i.e. fixed in 4% paraformaldehyde, dehydrated with graded ethanol solutions, embedded in
paraffin and sliced with a microtome) and/or molecular (i.e. tissues stored at -80°C for subsequent
processing to determine levels of cytokines) analyses.



6.3. Histological Analysis

At euthanasia, the kidneys transplanted with islets alone or supplemented with glutamine or with PDG-
MSNPs, were harvested, fixed in 4% paraformaldehyde, dehydrated with graded ethanol solutions,
embedded in paraffin and sliced with a microtome. The sections were prepared for histological and
immunohistochemical (IHC) analyses to determine islet structure and viability (Haemotoxylin and Eosin
(H&E) and insulin staining), and evidence of inflammation (H&E and tumor necrosis factor alpha (TNF-
a) staining) via standard procedures. The stained sections were then imaged using a NanoZoomer slide
scanner 2.0-RS (Hamamatsu, Japan). Results were analyzed with at least 15-20 islets from 5 different
sections through the kidney of each animal. In each islet, the percentage surface area occupied by the
positive (dark brown) insulin and TNF-a staining (IHC images), and blood vessels (H&E images) were
measured using FIJI Image J software, and reported as the percentage of insulin (%/islet), TNF-a
(%lislet) and vascularization (%fislet) of islets.*>’

6.4. Molecular Analysis

At euthanasia, blood samples were collected to measure serum insulin levels (insulin ELISA Kit;
Mercodia). The frozen kidney tissue was then homogenized as follow: tissue samples were placed in a
homogenization buffer at a ratio of 1 kidney/ImL buffer; the buffer contained a protease inhibitor
combination (Sigma Aldrich, USA) including 4-(2-Aminoethyl)benzenesulfonyl fluoride hydrochloride
(AEBSF, 2mM), Aprotinin  (0.3uM), Bestatin (116uM), trans-Epoxysuccinyl-L-leucylamido(4-
guanidino)butane (E-64, 14uM), Leupeptin (1uM) and ethylenediaminetetraacetic acid (EDTA, 1mM) in
tissue protein extraction reagent (ThermoFisher Scientific, USA) containing phenylmethylsulfonyl fluoride
(PMSF). All homogenized kidney samples were sonicated 3 times for a total of 8s (Branson SLPe) mixed
for 45min at 4°C, before then being centrifuged at 15000rpm (for 15min at 4°C). The tissue supernatant
was then collected and the insulin content measured (mouse insulin ELISA kit; Mercodia); results were
normalized per kidney for each mouse. The level of tissue cytokines was also measured using a mouse
multiplex ELISA (eBiosciences/Affymetrix/Fisher). In brief, beads were first added to a 96 well plate and
washed (Biotek ELx405). Samples were then added to the plate containing the mixed antibody-linked
beads and incubated at room temperature for 1h followed by overnight incubation at 4°C on a plate
shaker (500rpm). Biotinylated detection antibody was then added, after which the plates were incubated
at room temperature for 75min on the plate shaker (500rpm). Next, the samples were washed and
streptavidin-PE added followed by incubation of the plate 30min at room temperature on the plate shaker
(500rpm). The plate was then washed and a reading buffer added to all the wells. Finally, a Luminex Flex
3D instrument was used to read the plates with a lower bound of 50 beads per sample per cytokine.
Control assay beads (Radix Biosolutions) were added to all wells.

7. Long-Term Biocompatibility of MSNPs

The long-term biocompatibility of our optimized nanoparticles, PDG-MSNPs obtained using a PD coating
concentration of 0.5 mg/mL and a coating time of 0.5 h, was evaluated implanting them in two different
locations in C57BL/6 healthy mice: the epidydimal fat pad and within the subcutaneous tissue of the mice.
After 24 weeks, mice were sacrificed and the blood was collected for routine analysis (chemistry, liver
and metabolic panels).



8. In Vivo Tracking of MSNPs

To fluorescently label our PDG-MSNPs, we first synthesized a fluorescein isothiocyanate (FITC)-silane
precursor. FITC (Sigma Aldrich, 100mg) and 3-aminopropyl triethoxysilane (APTES; sigma Aldrich,
100uL) were first dissolved in ethanol (100mL) and kept at 40°C for 24h. Separately, CTAB (1000mg)
was dissolved in deionized water (480ml) contain NaOH (3.5 mL; 2 M). These two solutions were then
mixed and heated to 80°C while stirring at 500rpm to obtain the FITC-silane precursor. The FITC-silane
precursor solution (10 mL) and TEOS (5 mL) were then mixed and dissolved in water (15mL). Finally,
our synthesized PDG-MSNPs were added to the mixture and allowed to react for 24h at room
temperature. Labelled PDG-MSNPs called FITC-PDG-MSNPs were then centrifuged and washed three
times with ethanol and water. The in vivo stability of our FITC-PDG-MSNPs were studied in C57/B6 mice
by implanting them (85mg) under the kidney capsule followed by fluorescence imaging using an in vivo
imaging system (IVIS, Lago optical imaging system) at 500/550 excitation/emission wavelengths. Before
implantation, we ensured that our FITC-PDG-MSNPs preserved their fluorescence stability over time by
imaging them after incubation in PBS for 5 days. Mice implanted with FITC-PDG-MSNPs were
anesthetized and imaged at 1, 5, 9, and 21 days post-implantation.

9. Statistical Analysis

All experiments were performed in n = 5 for in vitro or n = 6 for in vivo, and results were expressed as
mean = standard error of the mean (SEM). The statistical analysis (Two-way ANOVA post-hoc Tuckey
Test or unpaired Student’s t-test) is expressed considering any differences statistically significant when
p<0.05.



RESULTS AND DISCUSSION

Supporting Table 1. Summary of amino acids reported in the literature that can affect islet survival and
function.

Glutamine Yes Yes Yes Yes Yes Yes Yes Yes B
Alanine Yes Yes No Yes No No No Yes 681819
Cysteine No No Yes No No No No No 8
Tryptophan Yes Yes No No No No No No 18,21
Leucine No Yes Yes No No No No No =
Methionine No No No No No No No No 1
Isoleucine No Yes No No No No No No °
Arginine No Yes No No No No No No 922
Lysine No Yes No No No No No No 9
Proline No Yes No No No No No No o
Homocysteine | No No No No No No No No 9
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Supporting Figure 1. Role of glutamine and PDG-MSNPs in islets transplantation. A) Overview diagram
showing the temporal relationship between the need for nutrients over the first 2 weeks after islet transplantation
and the time taken for islets to establish their own blood supply. B) Schematic representation showing our nanoscale
platform (PDG-MSNP), which can be used to deliver nutrients, such as glutamine, to islets and the mechanism of
how glutamine regulates insulin secretion in B-cells within the pancreatic islet.
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Supporting Figure 2. Surface charge of MSNPs. A, B) The surface charge of uncoated- and PDG-MSNPs
obtained using different polydopamine coating concentrations (0, 0.5, 1, 2 mg/mL) (A) and times (0, 0.5, 1, 2 h) (B).
Results are expressed as average + SEM (n = 5). Statistical analysis (Two-way ANOVA post-hoc Tuckey Test) is
expressed as follows, with any differences considered statistically significant when p<0.05: (A) 2p<0.05 0 mg/mL
vs. 0.5 mg/mL, 1Img/mL and 2 mg/mL, bp<0.05 0.5 mg/mL vs. 1 mg/mL and 2 mg/mL, ¢p<0.05 1 mg/mL vs. 2 mg/mL;
(B)2p<0.050hvs.0.5h, 1 hand 2h,"p<0.050.5hvs.1hand2h, °p<0.051 hvs. 2h.

No PD coating 0.5 mg/mL, 0.5 h PD coating 0.5 mg/mL, 1 h PD coating

0.5 mg/mL, 2 h PD coating 1 mg/mL, 0.5 h PD coating 2 mg/mL, 0.5 h PD coating

Supporting Figure 3. TEM analysis of MSNPs. Representative TEM images of uncoated- and polydopamine (PD)
coated-G-MSNPs obtained using different polydopamine coating concentrations (0, 0.5, 1, 2 mg/mL) and times (O,
0.5, 1, 2 h). Images show a very uneven surface for uncoated G-MSNPs, whereas a smoother surface is observed
for polydopamine coated G-MSNPs.
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Supporting Figure 4. TEM analysis of MSNPs. Representative TEM images of MSNPs at high magnifications
showing the MSNP’s pores indicated by white arrows.
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Supporting Figure 5. XRD analysis of MSNPs. XRD analysis of uncoated- and polydopamine coated-G-MSNPs
obtained using different polydopamine coating concentrations (0, 0.5, 1, 2 mg/mL) over 0.5 h (A) and times (0, 0.5,
1, 2 h) at concentration 0.5 mg/mL (B).
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Supporting Figure 6. BET analysis of MSNPs. A) Table showing the surface area measurement of MSNPs,
including specific surface area, pore volume and size of uncoated MSNPs. B, C) Adsorption/desorption isotherm
and average pore radius of MSNPs, respectively.
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Supporting Figure 7. EDS analysis of MSNPs. A) HADDF image (grey), B) corresponding element mapping
images of Si, C) overlapped image of HAADF and Si mapping, and D) energy dispersive X-ray spectrum of uncoated
MSNPs. Si and O peaks are related to MSNPs and Cu indicate the copper grid.
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COMSOL model

Islets cultured alone: Islets cultured with polydopamine coated
No Glutamine release glutamine-loaded MSNPs: Glutamine release
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Supporting Figure 8. Computational model-calculated glutamine concentrations. A, B) Glutamine
concentrations for two islets with diameter = 120 & 150 ym cultured alone or C, D) with PDG-MSNPs that release
glutamine (0.01 M/s/m?) and are assumed to be homogeneously dispersed in the media surrounding the islets. Data
are shown in a system assumed to be in an aqueous media at physiological temperature (37°C) with islets having
a glutamine consumption of 5 nM/day/islet = 0.033 M/s/m3, extracellular glutamine concentration of 0.7 mM, and a
glucose concentration of 8 mM. Top row (A, C) shows calculations assuming simple diffusion between intra- and
extracellular domains, while bottom row (B, D) assumes a partition coefficient of 5 between islets and the
surrounding media (islets are modeled as essentially a single large cell). Glutamine concentrations are color-coded
from blue for high to red for low with red indicating levels that are below the critical concentration of glutamine
(Cglutamine < Ceriticar) fOr islet survival. Assuming a glutamine consumption rate of 5 nM/dayl/islet, this result illustrated
that the core of islets cultured without glutamine demonstrated both reduced viability and functionality (A-B). On the
contrary, when islets were cultured with PDG-MSNPs, our computational model showed that glutamine released
from PDG-MSNPs (with a glutamine release rate of 0.01 M/s/m3) improved islet viability and function (C-D).
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Supporting Figure 9. Islet Protein Expression. Results of protein array analyses show differences in the protein
expression of islets cultured with PDG-MSNPs compared to islets only (control). Results are expressed as average
+ SEM (n = 5). The statistical analysis (unpaired Student’s t-test) is expressed as following, considering any
differences statistically significant when p<0.05: *p<0.05: islets only vs. islets cultured with PDG-MSNPs. The
protein array assay assessed that islets supplemented with our optimized PDG-MSNPs (i.e. polydopamine coating
concentration of 0.5 mg/mL and time of 0.5 h) had a significantly higher expression of growth hormone 1 (GH1;
18048 + 994 vs. 225 + 138 mean pixel density, p<0.05), glucose-regulated protein-75 (GRP-75; 27506 + 2774 vs.
1652 + 323 mean pixel density, p<0.05), heat shock protein A9 (HSPA9; 42954 + 2133 vs. 375 + 55 mean pixel
density, p<0.05), and heat shock protein 32 (HSP32; 115320 + 15444 vs. 1523 + 353 mean pixel density, p<0.05).
On the contrary, the expression of heat shock protein 90 (HSP90) was significantly decreased in islets cultured with
PDG-MSNPs compared to islets only (1909 + 104 vs. 30016 + 2075 mean pixel density, p<0.05). This result shows
that, PDG-MSNPs had cytoprotective effects on islets via the induction of growth hormones (GHs), glucose-
regulated proteins (GRPs) and heat shock proteins (HSPs) compared to islets cultured with glutamine alone. Islets
cultured with PDG-MSNPs highly expressed: GH1 (a growth hormone which regulates immune function),?® GRP-
75 and HSPA9 (members of the HSP70 family which regulate cell growth and survival)?425 and HSP32 (a stress-
related survival factor that can protect against inflammatory reactions and stress responses).?6 On the contrary,
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the expression of HSP90 (a molecular chaperone that promotes both folding and degradation and is associated
with apoptosis)?” was lower in islets cultured with PDG-MSNPs. Our findings are consistent with previous studies
which have shown that rat islets supplemented with glutamine will increase the expression of HSP702° and
mammalian cells supplemented with other amino acids will increase the expression of both HSPs and GRPs.28
Recent work has also identified HSP32 (heme oxygenase-1) to possess potent proangiogenic properties in addition
to well-recognized anti-inflammatory, antioxidant, and antiapoptotic effects.2® Angiogenic factors, such as VEGF
and stromal cell-derived factor-1 (SDF-1), mediate their proangiogenic effects through induction of HSP32, making
it an attractive target for therapeutic intervention.3® Hence, these results shows that PDG-MSNPs have indirect
proangiogenic effects on islets via the induction of HSP32.

Islets transplantation
under the kidne cap§u|e

Supporting Figure 10. Islet transplantation performed under the kidney capsule. Photographs of the
transplantation procedure of islets (representative image of islets obtained with stereomicroscope after islet isolation
procedure) supplemented with PDG-MSNPs (representative TEM image of PDG-MSNPs).
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Supporting Figure 11: IVIS imaging of our FITC-PDG-MSNPs: (a) color scale bar demonstrating fluorescent
intensity, (b) optical image of the fluorescent intensity of our FITC-PDG-MSNPs, (c) in vivo imaging of C57/B6 mice
implanted with our FITC-PDG-MSNPs under their kidney capsule at day 1, 2, 5, 9, and 21 post-implantation, and
control non-implanted mice, (d) ex vivo imaging of harvested kidneys of mice transplanted with FITC-PDG-MSNPs
at day 5, 9, and 21 post-implantation and control non-implanted mice. Following implantation of our FITC-PDG-
MSNPs, a persistent fluorescent signal was observed from the kidney at day 1, 2, 5, 9 and 21 post-implantation.
This fluorescent signal was observed only in the kidney in which they were implanted and not in any other organ.
This result shows the stability of our PDG-MSNPs over the time period required for delivery of nutrients to islets

15



following transplantation (i.e. 2 weeks). Furthermore, our PDG-MSNPs remain at their site of implantation with no
accumulation or redistribution to any other organ.
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Islet with PDG-MSNPs

Supporting Figure 12. Histological analysis of kidney tissue after mice sacrifice. A) Representative
histological images (H&E staining) of islets transplanted under the kidney capsule (black arrow = islets and red
arrow = blood vessels). B) Quantification of blood vessels within and around islets supplemented with PDG-MSNPs
relative to transplanted islets only (i.e. control). Results are expressed as average + SEM (n = 6). Statistical analysis
(unpaired Student’s t-test) is expressed as follows, with any differences considered statistically significant when
p<0.05: "p<0.05: islets only vs. islets with PDG-MSNPs. Using this histological analysis performed on tissue (i.e.
kidneys) explanted 30 days post-transplantation, transplanted islets with PDG-MSNPs demonstrated a greater
degree of vascularity compared to islets only (25.17 + 1.45 vs. 8.50 £ 0.53%; p<0.05).
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Supporting Table 2. Long-term biocompatibility of optimized PDG-MSNPs. Blood metabolic, chemistry, and
liver panels from mice that have been implanted with optimized PDG-MSNPs (obtained using a PD coating of 0.5
mg/mL for 0.5 h) for 24 weeks. The normal range for each parameter analyzed is listed in the table. Results are
expressed as the average = SEM (n = 6). We tested the biocompatibility of our nanoparticles in both the epididymal
fat pad (a common site for bioscaffold implantation in small animal models which is representative of the omentum
in humans) 3132 as well as the subcutaneous tissue (a site which can be easily accessed in patients and has the
potential to be widely adopted as a space for bioscaffold implantation with minimal intervention).3334 The blood
analysis performed 24 weeks post-implantation confirmed that PDG-MSNPs did not affect the metabolic, chemistry,
and liver panels of the mice that have been implanted with particles for 24 weeks. All the values remained within
their respective normal range.®536 These results show that PDG-MSNPs are biocompatible and cause a minimal
change in blood biochemical makers at 6 months following implantation at either site. These findings are in keeping
with their ability to be used in vivo and hence their potential to be clinically translated.

Test Mice implanted with PDG-MSNPs Mormal Range
METABOLIC PANEL
Sodium 130+2 146-151 mmol/L
Chiloride 1121 107=111 mmol/L
Carbon Dioxide 2112 20-29 mmol/L
Potassium 4 5405 3.0=9.6 mmol/L
Blood Urea Mitrogen 2043 20.3-24.T mgidL
Creatining 0144003 0.1-1.1 mg/dL
CHEMISTRY PANEL
Calcium 92402 8.59-9.7 mg/dL
Phosphorus 7.240.5 4.2-8.5 mgidL
T.Proteln 4740 4.5-6.5g/dL
Albumin 2.5:0.1 25-2.8aldL
LIVER PANEL
Alkaline Phosphatase 57+5 44147 UL
Aszpartate Aminotransferasea (AST) 11 10-45 UL
Alanine Aminotransferase (ALT) T0+51 10-35 UL
Total Bilirubin 0.1+0.05 0-1.0 mg/dL
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Supporting Table 3. Statistical analysis for DLS analysis of uncoated- and polydopamine coated-G-MSNPs
obtained using different polydopamine coating concentrations (0, 0.5, 1, 2 mg/mL). The p values of < 0.05
(*), < 0.01 (**), < 0.001 (***) and < 0.0001 (****) were considered to be statistically significant, while ns was not

statistically significant.
ns ns ns ns ns
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Supporting Table 4. Statistical analysis for DLS analysis of uncoated- and polydopamine coated-G-MSNPs
obtained using different polydopamine coating times (0, 0.5, 1, 2 h). The p values of < 0.05 (*), < 0.01 (**), <
0.001 (***) and < 0.0001 (****) were considered to be statistically significant, while ns was not statistically significant.
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