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Adipose-derived stromal/stem cells (ASCs) are promising
for the treatment of many diseases, including tissue injury
or degeneration associated with serious disease and high
morbidity. The extent of cell therapy effectiveness, however,
may be limited by the lower survival of implanted cells in envi-
ronments of tissue damage. Therefore, strategies to improve cell
survival are important, such as by pretreating/preconditioning
cells with a beneficial agent. We investigated the pretreatment
of human ASCs (hASCs) with StemRegenin 1 (SR1), a purine de-
rivative used in clinical protocols for in vitro hematopoietic
stem/progenitor cell expansion. We pretreated hASCs with
SR1 and analyzed the resulting cells (SR1-hASCs) as compared
to non-treated cells (NT-hASCs). We noted that treatment
with SR1 significantly increased the proliferation and migration
of hASCs, as well as their secretion of paracrine factors of inter-
est, and did not affect their cell differentiation capacity. Further-
more, when these SR1-hASCs were subsequently exposed to
antimycin A, a mitochondrial respiratory chain inhibitor, they
showed significantly higher antioxidative, anti-apoptotic, and
pro-survival abilities as compared to NT-hASCs. Since oxidative
stress and other harsh environments result from tissue damage,
our results support that the preconditioning of hASCs with SR1
may enhance their protective, reparative, and regenerative, and
thus therapeutic, efficacy.

INTRODUCTION

Mesenchymal stromal/stem cells (MSCs) have demonstrated effec-
tiveness for many preclinical and clinical applications. These cells
provide several advantages for use in cell therapies. They are plentiful
and accessible in humans of all ages; can be obtained with minimal
morbidity from several sources, such as bone marrow and adipose
tissue; can be easily expanded and manipulated in vitro; and can
be implanted in patients." Also, efficacy and safety testing of these
cells, such as karyotype analysis,” can be conducted prior to their im-
plantation in humans. Clinical trials have validated the safety of
MSCs.** Another advantage of MSCs is their ability to migrate/
home to sites of tissue injury and exert their effects where needed.™®

MSC:s can lead to beneficial actions due to their wide differentiation
capabilities as well as the numerous paracrine effects of their secre-
tome."”’ For instance, MSCs can participate in the protection and
repair of tissue injury-induced damage through their ability to differ-
entiate into various cell types and mainly through their paracrine ef-
fects.">”® The latter is done through their secretion of factors pro-
tecting cells from apoptosis, inducing the proliferation of surviving
cells, decreasing inflammation, promoting angiogenesis, and stimu-
lating the differentiation of endogenous stem cells."*”* Although
early research on MSCs mainly involved bone-marrow-derived
MSCs, there are now many other recognized sources, such as amni-
otic fluid, umbilical cord blood, and adipose tissue."*” Preclinical
and clinical applications of MSCs are plentiful. For instance, in ro-
dent models, we and other teams have shown the protective and
reparative effects of MSCs, derived from bone marrow as well as
from adipose tissue, for acute kidney injury.”'* Also, MSCs have
shown favorable clinical potential/outcomes, such as for graft vs.
host disease and osteogenesis imperfecta.”” There are currently
various conditions and numerous clinical trials, as listed on
ClinicalTrials.gov, for which MSCs are being explored/used."”

Although cell therapy, such as with MSCs, shows promise in tissue
protection, repair, and regeneration, it can be limited by the poor
survival of implanted cells in environments of tissue damage."
Enhancing the survival of the MSCs and their capacity for repair
in stressful/harsh environments would improve their effectiveness.
One strategy is to precondition, i.e., pretreat, these cells with a phar-
macological agent with a pro-survival mode of action prior to their
use or implantation. One such agent that we evaluated in the present
study, using primary human adipose tissue-derived MSCs, is
StemRegenin 1 (SR1).

Received 26 February 2025; accepted 14 October 2025;
https://doi.org/10.1016/j.0mtm.2025.101616.

Correspondence: Nicoletta Eliopoulos, Lady Davis Institute for Medical Research,
SMBD-Jewish General Hospital, Montreal, QC H3T 1E2, Canada.

E-mail: nicoletta.eliopoulos@mcgill.ca

Molecular Therapy: Methods & Clinical Development Vol. 33 December 2025 © 2025 The Authors. 1

o Published by Elsevier Inc. on behalf of The American Society of Gene and Cell Therapy.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://clinicaltrials.gov
https://doi.org/10.1016/j.omtm.2025.101616
mailto:nicoletta.eliopoulos@mcgill.ca
http://crossmark.crossref.org/dialog/?doi=10.1016/j.omtm.2025.101616&domain=pdf

SR1 is a purine derivative and aryl hydrocarbon receptor (AhR)
antagonist known for promoting the in vitro expansion of hemato-
poietic stem/progenitor cells.'®”'® SR1 has proven to be clinically
safe for use on stem cells subsequently implanted in patients.'® '®
For instance, a phase 1/2 study demonstrated the safety and efficacy
of SR1 added in the culture to expand CD34" hematopoietic stem
and progenitor cells from umbilical cord blood.'® It led to a
330-fold higher amount of CD34" cells and subsequently to
increased hematopoietic recovery without graft failure in patients
(17/17) with hematological malignancies who were transplanted
with these cells."®

However, very little is known about the effects of SR1 on other types of
stem cells, including MSCs. We were therefore interested in revealing
how SRI may affect MSCs, more specifically human adipose tissue-
derived MSCs,'*** commonly referred to as human adipose-derived
stromal/stem cells (hereon referred to as hASCs). In this novel study,
we performed several analyses on hASCs following their precondition-
ing/pretreatment with SR1. For instance, our experiments revealed
that SR1 significantly increased the proliferation and migration abili-
ties of hASCs along with their secretion of hepatocyte growth factor
(HGF), stem cell factor (SCF), and stromal cell-derived factor 1
(SDF-1). In addition, preconditioning hASCs with SR1 provided
them with pro-survival, anti-apoptotic, and antioxidative protective
effects when exposed to antimycin A (AMA) toxicity.

RESULTS

Pretreatment with SR1 increases the proliferation of hASCs

To determine if preconditioning hASCs with SR1 affects their
growth, cells were exposed to SR1 at 1 pM for 7-9 days and
then assessed for their cellular proliferation ability over time. As
shown in Figure 1A, the cells from all three donors revealed a
significantly higher increase in cell proliferation at 11 days vs.
1 day after prior treatment with SR1, as compared to hASCs that
were not pretreated with SR1 (p < 0.0001 in each case). More spe-
cifically, the fold change in proliferation at day 11 was 15.40 + 0.91,
14.11 + 0.34, and 10.82 + 0.25 for cells from donors 1, 2, and 3,
respectively, that were preconditioned with SR1 (SR1-hASCs), as
compared to 11.65 = 0.39, 11.39 + 0.21, and 9.43 + 0.20 for the
same cells but that were not pretreated (non-treated hASCs [NT-
hASCs]). These changes were consistent with activation of Erk1/2
and Akt in SR1-treated cells, shown as roughly a 2-fold significant
increase over control (NT-hASCs) (p < 0.01 and p < 0.05, respec-
tively) (Figures 1B and 1C).

Differentiation ability of hASCs is maintained after SR1
preconditioning

To establish whether pretreatment of hASCs with SR1 affects their
differentiation ability, hASCs following 7- to 9-day exposure to
1 pM SR1 (SR1-hASCs), as well as NT-hASCs, were exposed to
differentiation-inducing conditions in vitro. Results illustrated
that the differentiation capacity of hASCs was maintained in cells
that had been preconditioned with SR1. As shown in Figure 1D,
the SR1-hASCs, in addition to the NT-hASCs, demonstrated oste-
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ogenic, adipogenic, and chondrogenic differentiation as determined
by alizarin red S or oil red O staining of calcium deposits or lipid
droplets or by Alcian blue positivity in differentiated cells,
respectively.

Other than differentiation capacity, we also verified that exposure to
SR1 for 7-9 days did not affect cell morphology or phenotypic
markers. As shown in Figure S1, cell size and shape, as well as the dis-
tribution of actin filaments, were identical between NT-hASCs and
SR1-hASCs. In addition, similar expression of typical MSC markers
was observed in NT and SR1-treated cells (Figure S2).

Treatment of hASCs with SR1 affects AHR and CYP1B1 gene
expression

Since SR1 has been described as an antagonist of AhR, we first veri-
fied if SR1 inhibited the AhR-induced signaling and assessed the
expression of cytochrome P450 1B1 (CYP1BI1), a direct target of
AhR, by RT-qPCR. As seen in Figure 2A (left), CYPIBI expression
was 0.06 + 0.01, significantly lower than 0.94 + 0.06 in NT-hASCs,
by about 16-fold (p < 0.005), following the SRI treatment, thus
confirming the AhR antagonism by SR1. Interestingly, expression
of AHR was increased at the same time by approximately 1.5-
fold (Figure 2A, right, 1.16 + 0.08 in SR1-hASCs as compared to
0.79 £ 0.02 NT-hASCs, p < 0.05). To verify if this change in
mRNA led to an increase in AhR protein levels, western blot anal-
ysis was conducted using total proteins isolated from the cell
lysates. As shown in Figures 2B and 2C, the expression of AhR is
significantly stronger in SR1-hASCs as compared to that in NT-
hASCs (by about 3.5-fold, p < 0.005). Moreover, in cells cultured
in the presence of SRI with the AhR ligand tetrachlorodibenzo-
p-dioxin (TCDD), this increase in AhR expression was partially
prevented/reversed.

Migration of hASCs is enhanced by pretreatment with SR1

To demonstrate whether SR1 preconditioning of hASCs alters their
migration ability, we quantified the migration of SR1-hASCs or NT-
hASCs in a coculture system with serum-free media alone or con-
taining the chemotactic agent human SDF-1 (CXC motif chemokine
ligand 12 [CXCL12]) in the absence or presence of an antibody
against the SDF-1 receptor CXCR4. As seen in Figure 3A, even in
the absence of SDF-1, there was a significantly higher amount of
migrated SR1-hASCs vs. NT-hASCs, i.e., 34.04 + 1.52 vs. 15.38 +
0.76 (p < 0.0001). These numbers were significantly increased for
both groups of cells when SDF-1 was in the medium, i.e., 46.13 +
2.83 (p < 0.05) for SR1-hASCs and 31.23 + 1.36 (p < 0.005)
for NT-hASCs, with SR1-hASCs again showing a significantly
greater number of migrated cells as compared to the NT-hASCs
(p < 0.01). Notably, these increases in migration were significantly
reduced for both the SR1-hASCs and the NT-hASCs when the
CXCR4 antibody was included with the SDF-1, as the values were
then 30.83 + 2.84 (p < 0.0005) and 19.57 + 1.66 (p < 0.05), respec-
tively, with the number of migrated SR1-hASCs remaining signifi-
cantly higher than that of NT-hASCs (p < 0.005) (Figure 3A, and
as seen in the representative images in Figure 3B).
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Figure 1. Effect of SR1 on proliferation and differentiation of hASCs
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Human ASCs (hASCs) were plated on day 0 and cultured in the absence or presence of StemRegenin 1 (SR1) at 1 pM in complete medium for 7-9 days from day 1, with
medium changes every 2-3 days. The number of viable cells (A) was determined by Alamar Blue assay at the shown time points. Cell proliferation is represented as a fold
change compared to day 1 post-cell plating (day 1) and pretreatment. n = 5-6. Mean + SEM. Two-way ANOVA followed by Tukey’s multiple comparisons test. Adjusted
p value between non-treated hASCs (NT-hASCs) and SR1-treated hASCs (SR1-hASCs): **p = 0.0045, ***p = 0.0001, and ***p < 0.0001. Cell lysates were analyzed by
western blot for P-Erk1/2 and P-Akt (B), stripped, and probed for total (T) Erk1/2 and Akt; n = 3 and 5, respectively. Band density was assessed by Imaged, and the relative
intensity of phosphorylation was determined by normalizing phospho-to-total bands, followed by calculating the fold change in SR1-hASCs over NT-hASCs (control) as
shown in (C). Control values equal 1, shown as a dotted line. Significance of fold change was determined by one-sample t test. *p < 0.05 and **p < 0.01. For induction of
differentiation (D), NT-hASCs and SR1-hASCs were cultured in osteogenic differentiation-inducing medium for 7 weeks and then stained with alizarin red S, in adipogenic
differentiation-inducing medium for 10 days and then stained with oil red O, or in chondrogenic differentiation-inducing medium, as described in the materials and methods.
Each of the three donor hASCs, non-treated and treated with SR1, was analyzed, and similar results were observed.

Levels of hASCs’ secreted factors are modulated by SR1
preconditioning

To reveal if pretreatment of hASCs with SR1 leads to an increase in
secreted factors, the levels of HGF, SCF, SDE-1, and vascular endo-
thelial growth factor (VEGF) were measured by ELISA using the
conditioned media (CMs) from SR1-hASCs and NT-ASCs. Results
showed a significant increase in HGF, SCF, and SDF-1 levels and a

significant decrease in VEGF levels following SR1 preconditioning
of the hASCs. As shown in Figure 3C, SR1-hASCs, as compared to
NT-hASCs, were found to secrete 5.81 + 0.79 ng of HGF per 10° cells
as compared t0 4.04 + 0.52 (p < 0.0005), 1.16 = 0.19 ng of SCF per 10°
cells as compared to 0.93 + 0.15 (p < 0.05), 11.99 + 3.23 ng of SDF-1
per 10° cells as compared to 9.16 + 2.23 (p < 0.05), and 14.61 +
2.78 ng of VEGF per 10° cells as compared to 22.36 + 5.21 (p < 0.05).
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Figure 2. Effect of SR1 on AhR gene and protein expression in hASCs
RT-gPCR analysis of the changes in gene expression in SR1-treated vs. un-
treated hASCs (A). Results are shown as relative expression of AHR or CYP1B1.
n = 3. Mean + SEM. Paired t test, *p < 0.05 and **p < 0.005. Western blot
analysis of the expression of the AhR or GAPDH as a loading control, using total
proteins isolated from whole-cell lysates of human ASCs that were cultured in
the absence or presence of SR1 at 1 pM, with or without tetrachlorodibenzo-p-
dioxin (TCDD), for 7-9 days (B). AhR band intensity was determined by ImageJ
and normalized to GAPDH (loading control), n = 3 (C). One-way ANOVA fol-
lowed by Tukey’s multiple comparisons test. **p < 0.01, **p < 0.005, and
****p < 0.0001.

Pretreatment of hASCs with SR1 reduces AMA-induced effects
on cell survival and apoptosis

We next aimed to discover if prior treatment with SR1 protects
hASCs from toxic agent AMA, a blocker of the mitochondrial respi-
ratory chain at the level of complex III. To evaluate any protection
afforded by SR1 on AMA-induced effects on the survival/apoptosis
of hASCs, SR1-hASCs and NT-hASCs were exposed to AMA for
7 days, and then cell viability and apoptosis were assessed, as
described in the materials and methods.
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With regards to cell survival, the results shown in Figure 4A indicate
a significantly higher survival of SR1-hASCs as compared to NT-
hASCs (p < 0001), i.e., a median of 66.00 vs. 53.50% cell survival,
respectively. The 95% confidence intervals (CI) for the median are
55.75-77.00 for SRI-hASCs and 40.00-63.00 for NT-hASCs
(Figure 4A). Results shown as means + SEM are 65.32 + 2.07 and
50.97 + 1.97, respectively.

With regard to apoptosis, SR1 pretreatment of hASCs had a protec-
tive effect on early apoptosis and late apoptosis or death induced by
AMA exposure (Figures 4B and 4C). As seen in Figure 4B, 4.09% +
0.69% of SR1-hASCs, significantly fewer than 9.58 + 1.15 of NT-
hASCs (p < 0.001), showed early apoptosis. Also, 6.26% =+ 1.53% of
SR1-hASCs, significantly fewer than 14.91 + 1.97 of NT-hASCs
(p < 0.005), showed late apoptosis/death.

SR1 preconditioning of hASCs lowers ROS levels induced by
AMA exposure

To determine if pretreating hASCs with SR1 affects reactive oxy-
gen species (ROS) generation in hASCs exposed to AMA, we per-
formed fluorescent measurements of intracellular ROS formation,
using an oxidation-sensitive fluorescent probe as described in the
materials and methods, in SR1-hASCs and NT-hASCs after 3 and
7 days of exposure to AMA. Results showed significantly reduced
ROS levels in SR1-hASCs as compared to NT-hASCs, both at days
3 and 7 (p < 0.0005 and p < 0.05, respectively) (Figure 5). The
ROS levels, indicated as the median fluorescence intensity
(MFI) of DCF, were 75.00 for SR1-hASCs and 107.00 for NT-
hASCs at day 3 of AMA exposure. The 95% CIs for the median
are 45.00-84.75 for SRI-hASCs, and 97.75-129.00 for NT-
hASCs (Figure 5A). Results shown as means + SEM are 71.63 +
9.05 and 111.40 + 5.40, respectively. A representative example
of a flow cytometry result is shown in Figure 5C. At day 7 of
AMA exposure, ROS levels were 79.00 MFI of DCF for SRI-
hASCs and 198.50 for NT-hASCs. The 95% CIs for the
median are 67.75-181.00 for SR1-hASCs and 174.30-265.80 for
NT-hASCs (Figure 5B). Results shown as means + SEM are
111.10 + 20.16 and 244.80 + 50.68, respectively. A representative
example of a flow cytometry result is shown in Figure 5D.

SR1 pretreatment protects hASCs from AMA-induced rise in
p21, p27, and p53

To further assess the protective impact of preconditioning hASCs
with SR1, we assessed the levels of p21, p27, and p53 by fluorescence
in SR1-hASCs and NT-hASCs after a 5-day exposure to AMA, as
described in the materials and methods. In the case of p21, SRI1-
hASCs showed a significantly lower fluorescence intensity as compared
to NT-hASCs (p < 0.0001) after both were exposed to AMA. The me-
dian of p21 fluorescence intensity was 19.00 x 10° for SR1-hASCs and
28.00 x 10° for NT-hASCs. The 95% ClIs for the median are 11.25-
25.00 x 10° for SR1-hASCs and 21.00-55.25 x 10° for NT-hASCs
(Figure 6A). Results shown as means + SEM are 21.64 + 1.81 x 10°
and 42.06 + 4.17 x 10°, respectively. A representative example of the
fluorescent images is shown in Figure 6D. The level of p21 fluorescence
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Figure 3. Effect of SR1 on hASCs’ migration and secretion

Migration of non-treated (NT)-hASCs or SR1-treated (SR1)-hASCs using the Transwell coculture system with serum-free medium alone or containing chemotactic agent
human SDF-1 or SDF-1 and CXCR4 antibody (Ab). Mean = SEM. n > 13. One-way ANOVA followed by Tukey’s multiple comparisons test. Adjusted p value between NT-
hASCs and SR1-hASCs, medium only and medium containing SDF-1, medium with SDF-1, and medium with SDF-1 plus CXCR4 Ab as shown (A, with a representative
example shown in B, bar represents 200 pm). Secreted levels of human HGF, SCF, SDF-1, and VEGF in the conditioned medium of NT-hASCs or SR1-hASCs of DMEM/F12
complete medium were measured by ELISA and are indicated as ng/10° cells (C). Average of the hASCs derived from three donors (LA38, LA40, and LA46). n = 7-16. Mean +
SEM. Paired t test, p value between NT-hASCs and SR1-hASCs as shown. *p < 0.05 and ***p < 0.0005.

intensity in SR1-hASCs was not significantly different after AMA expo-
sure as compared to that observed without AMA exposure (Figure 6A).

With regards to p27, SR1-hASCs also demonstrated significantly
reduced fluorescence intensity as compared to NT-hASCs (p <
0.0001) after both were exposed to AMA. The median of p27 fluores-
cence intensity was 7.00 x 10° for SR1-hASCs and 19.00 x 10° for
NT-hASCs. The 95% ClIs for the median are 5.00-11.00 x 10> for
SR1-hASCs and 12.50-25.50 x 10° for NT-hASCs (Figure 6B). Re-
sults shown as means + SEM are 8.67 + 0.58 x 10° and 21.00 *
1.39 x 10°, respectively. A representative example of the fluorescent
images is shown in Figure 6E. The level of p27 fluorescence intensity
in SR1-hASCs was significantly higher (p < 0.05) after AMA exposure
vs. that seen without AMA exposure (Figure 6B).

Moreover, for p53, SR1-hASCs showed a significantly lower fluores-
cence intensity as compared to NT-hASCs (p < 0.0001) after both
were exposed to AMA. The median of p53 fluorescence intensity
was 4.00 x 10° for SR1-hASCs and 20.00 x 10> for NT-hASCs.
The 95% Cls for the median are 2.20-9.00 x 10’ for SR1-hASCs

and 14.00-33.00 x 10° for NT-hASCs (Figure 6C). Results shown
as means + SEM are 6.67 + 0.77 x 10° and 25.35 + 1.94 X 105, respec-
tively. A representative example of the fluorescent images is shown in
Figure 6F. The level of p53 fluorescence intensity in SR1-hASCs was
not significantly different after AMA exposure as compared to that
noted without AMA exposure (Figure 6C).

Without AMA exposure, p21, p27, and p53 fluorescence intensities
in SR1-hASCs and NT-hASCs were not significantly different
(Figures 6A-6C, first two columns in each).

SR1 preconditioning of hASCs impacts protein expression after
AMA exposure

To assess whether pretreating hASCs with SR1 affects the expression
of proteins linked with cell survival, apoptosis, and oxidative stress,
western blot analyses were performed on SR1-hASCs and NT-hASCs
following 7-day AMA exposure. As shown in Figure 7A, hASCs pre-
conditioned with SR1 showed significantly higher protein expression
of phospho-p44/42 MAPK (P-Erk1/2), and Bcl-2 and lower expres-
sion of p21 (p < 0.01, p < 0.05, and p < 0.05, respectively).
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Importantly, expression of antioxidant enzymes, catalase and gluta-
thione peroxidase 1 (GPx1), was significantly increased, as compared
to NT-hASCs (p < 0.01 and p < 0.05, respectively). There was a slight
increase, albeit non-significant, in the expression of superoxide dis-
mutase 1 (SOD1) and heme oxygenase 1 (HO-1) as well.

DISCUSSION

In this study, we revealed the direct effects of SR1 on hASCs as well as
the protective actions that SR1 preconditioning affords hASCs
exposed to AMA toxicity.

First, pretreatment of hASCs with SR1 led to a significant rise in the
proliferation of hASCs derived from each of the three donors. We
also demonstrated that the capacity of hASCs to undergo tri-lineage

crease in AhR expression is caused by the loss

of the downstream signaling, potentially
including a feedback loop. Interestingly, the AhR ligand TCDD pre-
vented/reversed this SR1-induced increase in AhR expression in
hASCs, thus suggesting that TCDD may compete with SR1 for the
binding site on AhR. A study on human MSCs isolated from fresh
bone marrow aspirates showed the implication of AhR signaling in
cell proliferation, metabolism, apoptosis, and the cell cycle.”> Consis-
tent with our findings on hASCs’ proliferation and CYP1B1 expres-
sion, SR1 was reported to augment MSCs’ proliferation, and when
the activation of AhR was evaluated, SR1 was found to inhibit
AhR, based on decreased mRNA and protein expression levels of
CYP1A1 and CYP1B1.”” One report indicated that a long exposure
of cells to SR1 may more significantly decrease CYP1B1, as occurred
in human hematopoietic stem/progenitor cells after 7-day expansion
with SR1.”> CYP1B1 is constitutively expressed in various tissues
and plays multiple roles, including deactivation of toxins and
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Figure 5. Effect of SR1 on hASCs’ ROS levels after exposure to antimycin A

NT-hASCs or SR1-hASCs were exposed to antimycin A (AMA) at 7.5 uM in serum-free RPMI with low level of glucose (1,000 mg/L) for 3 days (A, with a representative
example shown in C) or 7 days (B and D), and the generation of ROS in these hASCs was measured using an oxidation-sensitive fluorescent probe, as described in the
materials and methods. The ROS level is indicated as the median fluorescence intensity (MFI) of DCF. Average of the hASCs from three donors. 95% confidence interval

for the median. Paired t test. Day 3: p < 0.0005, n = 8; day 7: p < 0.05, n = 8.

metabolization of various exogenous and endogenous compounds,
and has been reported to contribute to the generation of ROS.”>*° In-
hibition of its expression may therefore underlie the therapeutic ef-
fects of SR1 observed in our study. A recent Viewpoint publication®*
discussed the various implications of the AhR in MSCs, such as in
human bone-marrow-derived MSCs, where the expression and acti-
vation of the AhR have been demonstrated,”**” for instance, the po-
tential in targeting AhR to delay MSC senescence and in developing
improved treatments for various illnesses/conditions with aberrant
AhR activity that are age related.”* Among its roles in MSCs, the
AhR acts as a regulatory factor in MSCs’ immunomodulatory ac-
tions, and a recent study using bone-marrow-derived MSCs of Ahr’
** and Ahr™'~ mice showed that the mechanism is done through
ubiquitination of the eukaryotic elongation factor-2 kinase.*®

In addition, in our present work, we revealed that the migration abil-
ity of hASCs was significantly augmented by a pretreatment with
SR1. Also, this increased migration was further enhanced in the pres-
ence of the chemotactic agent SDF-1, also known as CXCL12, while
it was prevented by an antibody against the SDF-1 receptor CXCR4.
SDF-1, which is also referred to as CXCL12, is involved in a variety of
normal and pathological effects.”>*" It has been noted to act through
binding to its two receptors, CXCR4 and CXCR7,%° to mediate the

recruitment and migration/homing of MSCs and other stem cells

29,3
as well.?>%°

CXCR4 has also been demonstrated to be needed for MSCs’ migra-
tion/homing, such as in a study by Liu et al.*” on mouse bone-
marrow-derived MSCs, where the effects following their precondi-
tioning with hypoxia exposure included augmented CXCR4, an
action also eliminated by an antibody against CXCR4, as we also
observed. In another investigation, human bone marrow MSCs that
were treated with heparin to block SDF-1/CXCR4 signaling showed
decreased homing in a mouse ear-wound model.®! Further, increased
levels of SDF-1 in the ovaries and serum of rats with premature
ovarian insufficiency caused by chemotherapy led to a higher number
of amnion-derived MSCs expressing CXCR4 homing to the ovaries af-
ter systemic administration, an effect prevented by hindering the SDF-
1/CXCR4 axis.”” Improving cell migration is desired, as additional
studies have reported that the ability of MSCs, including ASCs, to
migrate to sites of injury augments cell survival and regeneration.”>**
Our current findings of SR1’s capacity to improve the migration of
hASCs, and especially in the presence of SDF-1, are relevant for the
utilization of SR1-pretreated hASCs for cell therapy, as the upregula-
tion of SDF-1 has been reported to occur in environments (or as a

consequence) of tissue damage/degeneration/hypoxia.””*’ For
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Figure 6. Impact of SR1 on p21, p27, and p53 in hASCs following antimycin A-induced cellular oxidative stress

P21, p27, and p53 were assessed by fluorescence in NT-hASCs and SR1-hASCs after 5-day exposure to antimycin A at 7.5 uM in serum-free and low-glucose (1,000 mg/L)
RPMI, as described in the materials and methods, and involved staining with primary antibodies for p21, p27, or p53, incubation with secondary antibody fluorochrome-
conjugated anti-rabbit IgG (H+L), F(ab’)2 fragment (Alexa Fluor 594 conjugate), and counterstaining with DAPI. Total fluorescence signal intensities of each image were
determined using Imaged software, represented as the raw integrated density (RawIntDen). DAPI-stained cells were counted with Imaged. The average of the hASCs was
derived from the three donors. (A)—-(C) show the respective p21, p27, and p53 fluorescence intensities. 95% confidence interval (Cl) for the median. n > 9. One-way ANOVA
followed by Bonferroni’s multiple comparisons test. The (D)—(F) show representative fluorescent images for the p21, p27, and p53 analyses, respectively. Bar represents

50 pm.

instance, in studies on ASCs’ administration in animal models of dis-
ease where SDF-1 was detected, such as in stress urinary incontinence
and diabetic bladder dysfunction in rats, ASCs appeared to migrate to
the injured urethra and bladder, respectively, thus to the sites of tissue
damage.”’4 142

We showed that hASCs that were pretreated with SR1 secreted
significantly more HGF, SCF, and SDF-1 under normal conditions,
all of which are reported cell-protective factors. One study on human
placenta-derived MSCs exposed to benzopyrene showed that SR1
increased the expression of HGF in these MSCs.* In addition,
they noted augmented levels of VEGF,*’ whereas we saw lowered
VEGF in hASCs. However, our observations were in unstimulated
cells that were not exposed to benzopyrene or another toxic agent.
In both studies, HGF was increased, which is favorable for various
applications of MSCs, including hASCs, as HGF has been reported
to exert several effects, such as increasing proliferation and suppress-

ing apoptosis/senescence, as has also been observed with SCF and
SDF-1."%

Moreover, to determine if preconditioning hASCs had any protective
actions against a toxic agent, we subsequently exposed these cells to
AMA, a blocker of the mitochondrial respiratory chain. AMA in-
hibits complex III of the mitochondrial electron transport chain,
leading to overproduction of ROS and apoptosis.** >’ We showed
that the AMA-induced toxic effects on hASCs were significantly
decreased by prior pretreatment of these cells with SR1. SR1 precon-
ditioning led to higher survival, as it exerted a protective effect on
AMA-induced early apoptosis and late apoptosis or death of hASCs.
We revealed a significant reduction in intracellular ROS formation in
SR1-hASCs as compared to NT-hASCs exposed to AMA. Upon
further analysis of the oxidative stress imparted by AMA exposure,
we also noted that preconditioning of hASCs with SR1 significantly
reduced the AMA-induced rise in p53, p21, and p27 levels in these
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Figure 7. Western blot analysis following antimycin A exposure of SR1-
preconditioned and non-treated hASCs

Whole-cell lysates collected from NT-hASCs and SR1-hASCs after 7-day exposure
to antimycin A were used for western blot analysis to determine the expression of
proliferation-, survival-, and apoptosis-related proteins (p44/42 MAPK [P-Erk1/2],
p21, and Bcl-2) (A) and antioxidant enzymes (catalase, glutathione peroxidase 1
[GPx1], superoxide dismutase 1 [SOD1], and heme oxygenase 1 [HO-1]) (B). Each
image contains representative gel images and the corresponding quantification
data. Band densities were assessed using ImageJ and normalized to GAPDH, used
as a loading control, as described in the materials and methods. Data are shown as
fold change in SR1-hASCs vs. NT-hASCs (control), n = 3. Control is plotted as a
dotted line of value 1. *p < 0.05 and **p < 0.01, one-sample ¢ test.

cells. Thus, these results together indicate that the AMA-induced rise
in intracellular ROS production, increased levels of tumor-suppres-
sor and transcriptional regulator p53 and p53-regulated cyclin-
dependent kinase (CDK) inhibitors p21 and p27 in hASCs, and
cell apoptosis and death can be reduced/prevented by prior treat-
ment of hASCs with SRI.

Further supporting that SR1 pretreatment can protect hASCs
against oxidative damage and cell apoptosis/death, we looked at
protein expression following AMA exposure and observed that
SRI affects the expression of proteins linked with cell proliferation,
survival, and apoptosis, as well as with oxidative stress. More
specifically, we observed significant rises in the expression of
P-Erk1/2 and Bcl-2, a significant decrease in the expression of p21,

in addition to significant increases in the expression of catalase
and GPx1.

AMA has also been employed in other investigations on hASCs to
induce hypoxic conditions and mitochondrial oxidative stress.”">*
In one study, instead of SRI1, it employed the antioxidant
N-acetylcysteine and demonstrated its protective actions against
AMA.”" In a different study, also on hASCs, AMA-induced oxidative
stress was reduced by co-exposure of cells to the mitochondrial-tar-
geted antioxidant Mito-TEMPO.>* Several agents and/or precondi-
tioning strategies have been reported to improve the beneficial prop-
erties and clinical potential of MSCs.>*>7>? Burthermore, other than
MSCs, including ASCs, or hematopoietic stem/progenitor cells, hu-
man endothelial progenitor cells (EPCs) have also been evaluated
following treatment with SR1.°” SR1 exposure afforded EPCs several
protective effects against replicative cellular senescence and oxidative
stress, including higher proliferation and migration as well as lower
production of ROS and decreased expression of p53 and p21.%° The
latter was also observed in our current study using hASCs. Our data
reveal that SR1 treatment benefits not only human hematopoietic
stem cells and EPCs but also ASCs and their effects. Since each
type of stem cell or progenitor cell has its own set of properties,
i.e., source, differentiation/paracrine abilities, and possible applica-
tions, our findings extend the applicability of SR1 pretreatment for
enhancing cell therapy approaches. ASCs, with their abundance
and ease of harvest, multilineage differentiation, and robust para-
crine activity, are promising for a vast variety of applications,
including tissue repair, regeneration, engineering, and metabolic
and immunomodulatory therapies.zo’(’l‘(’2 Our study, therefore, indi-
cates the potential of SR1 as a clinically translatable agent for precon-
ditioning of hASCs to generate cell products with superior viability,
migration capacity, and functional potency.

Moreover, our present investigations establish that treating hASCs
with SR1 enhances their proliferative and migration abilities and
secretion of several beneficial factors while preserving their differen-
tiation capacity. In addition, when these SR1-preconditioned cells
are exposed to AMA-induced toxicity, they exert higher antioxida-
tive, anti-apoptotic, and pro-survival effects as compared to hASCs
not treated with SR1, demonstrating a valuable role of SR1. Since
oxidative stress and other non-favorable implantation environments
result from tissue insult, damage, or degeneration, the results of our
study support that preconditioning hASCs with SR1 may signifi-
cantly augment their protective, reparative, and regenerative poten-
tial. Our in vitro studies on hASCs with SR1 may serve as an impor-
tant pre-translational step that is needed to improve the efficacy of
hASC-based therapies. We provided key and specific information
and approaches that may be useful clinically to enhance efficacy in
treating diseases or injuries where a diseased/damaged environment
would impact hASC survival and/or effectiveness. We showed that
pretreatment with SR1 before exposure to AMA increased the effi-
cacy of hASCs in the relevant AMA in vitro model of a harsh envi-
ronment. The overall aim of preconditioning stem/stromal cells,
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such as hASCs, with SR1 is to enhance their functionality in cell ther-
apy applications.

In summary, our study shows that SR1 can be used as a versatile pre-
conditioning agent for hASCs, as it can improve several beneficial
properties of these cells. We demonstrated that SR1 can enhance
hASCs’ proliferation, migration, and secretion of key trophic factors
without affecting their differentiation potential, surface marker pro-
file, or morphology. In addition, we revealed that SR1 precondition-
ing affords significant protection to these cells against mitochon-
drial/oxidative stress and apoptosis, hallmarks of the hostile
surroundings cells often encountered after implantation. By amelio-
rating both the survival and functional potency of hASCs, SR1
preconditioning provides a promising approach to improve the ther-
apeutic efficacy of various hASC-based therapies.

MATERIALS AND METHODS

Cell culture conditions

hASCs were kindly provided by Dr. Julie Fradette (Université Laval,
LOEX, Quebec) according to protocols approved by the institutional
review board of the Center de Recherche du CHU de Québec-Uni-
versité Laval and after receiving informed written consent from
the donors (#DR-002-1117). Cells were isolated from subcutaneous
lipo-aspirated fat from three women donors aged 38, 40, and 46
with a mean body mass index of 22.4 + 2.8 (SD), as previously
described and used.'””? The frozen hASCs were thawed and plated
at 6,000 cells/cm? in 15-cm-diameter cell culture dishes (Becton
Dickinson [BD] Falcon, Franklin Lakes, NJ) in complete medium.
The complete medium comprised DMEM/F12 medium
(Invitrogen-Gibco, Carlsbad, CA) supplemented with 10% fetal
bovine serum (FBS), 100 U/mL penicillin, and 100 pg/mL strepto-
mycin (Wisent, St. Bruno, Quebec). The culture medium from
hASCs was replaced with fresh medium every 2-3 days. Once the
cells attained a confluency of 80%, they were passaged and used
for the described experiments at passages 3-5. Plated cells were
maintained in a humidified 37°C incubator with 5% CO,.

Generation of SR1-pretreated hASCs

hASCs were plated in 15-cm-diameter cell culture dishes (BD Fal-
con) and cultured in complete medium, in the absence (NT) or pres-
ence of SR1 (Cayman, Ann Arbor, MI) at 1 pM for 7-9 days, in a hu-
midified 37°C incubator with 5% CO,, with fresh medium changes
every 2-3 days, thus generating the NT-hASCs and SR1-hASCs,
respectively. We conducted a time course to determine the optimal
duration for the preconditioning of the cells for our studies.
Culturing for 7, 8, or 9 days was similarly optimal. We mainly
used 7 days, but in some cases, due to timing, it went up to 9 days.

Quantification of hASCs’ proliferation

hASCs were plated at 500-1,600 cells/cm? in 24-well plates (BD Fal-
con) and cultured in complete medium, in the absence or presence of
SR1 (Cayman) at 1 pM from day 1 for 7-9 days, with fresh medium
changes every 2-3 days. The number of viable cells in each of the
wells over time was determined using the Alamar Blue (Invitrogen,
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Eugene, OR) assay on days 1, 4, 7, and 11 post-cell plating. Briefly,
Alamar Blue was added to the cells at a 1:10 dilution. After 3 h of in-
cubation at 37°C with 5% CO,, the supernatants were transferred to
96-well plates. The optical densities of the wells were measured at
570/600 nm with a standard spectrophotometer. The absorbance at
600 nm was subtracted from that at 570 nm. The cell-free blank value
served as background and was subtracted from each value. Cell pro-
liferation was represented as a fold change compared to day 1 post-
cell plating.

Western blot analysis of hASCs for Erk1/2 and Akt expression
hASCs were plated in 10-cm-diameter tissue culture plates (BD Fal-
con) and cultured in complete medium, in the absence or presence of
SR1 (Cayman) at 1 pM for 7-9 days, with fresh medium changes
every 2-3 days. The cells were then rinsed with cold DPBS, lysed
with lysis buffer (20 mM Tris [pH 7.5], 150 mM NaCl, 1 mM
EDTA, 1 mM EGTA, 1% Triton X-100, 2.5 mM sodium pyrophos-
phate, 1 mM beta-glycerophosphate, 1 mM Na;VO,, 1 pg/mL leu-
peptin, and 1 mM PMSEF). Protein concentrations were determined
by Bio-Rad Protein Assay kit (Bio-Rad Laboratories, Hercules,
CA). Whole-cell lysates containing 15-30 pg total protein were sepa-
rated by 4%-20% Precise Protein Gels (Thermo Fisher Scientific,
Rockford, IL) and transferred to nitrocellulose membranes (Bio-
Rad Laboratories). The membranes were then incubated for 1 h at
room temperature in the solution of TBST (10 mM Tris-HCI [pH
8.0], 150 mM NaCl, and 0.05% Tween 20) supplemented with 10%
non-fat dry milk (Bio-Rad Laboratories). Subsequently, the mem-
branes were probed overnight at 4°C with primary antibodies of
P-Erk1/2 and phospho-Akt (P-Akt) (Cell Signaling Technology,
Beverly, MA). The membranes were then washed with TBS contain-
ing 0.1% Tween 20. The bound primary antibodies were visualized
by incubating for 1 h with a suitable secondary antibody conjugated
with horseradish peroxidase (HRP) (Bethyl Laboratories, Montgom-
ery, TX). The membranes were washed and developed using a
chemiluminescent HRP substrate (ZmTech Scientific, Montreal,
Quebec). Blots were later stripped with western blot stripping buffer
(ZmTech Scientific) and reprobed with antibodies against total Erk
(Santa Cruz Biotechnology, Santa Cruz, CA) or total Akt (Cell
Signaling Technology), which were used for normalization. Densi-
tometry of bands was done using Fiji/Image] software.”> Phospho-
to-total ratio was used for further quantification of the fold change
in expression in SR1-hASCs over NT-hASCs.

Assessment of differentiation ability of hASCs

hASCs were plated in 6-well plates (BD Falcon) and cultured in com-
plete medium, in the absence or presence of SR1 (Cayman) at 1 pM
from day 1 for 7-9 days, in a humidified 37°C incubator with 5%
CO,, with fresh medium changes every 2-3 days. When the cells
reached 90% confluency, hASCs were incubated in differentiation
media. For adipogenic differentiation, cells were maintained in com-
plete medium supplemented with 1 pM dexamethasone, 0.5 mM iso-
butylmethylxanthine, 60 pM indomethacin (Sigma-Aldrich), and
5 pg/mL insulin (Jewish General Hospital) for 10 days and then
stained with oil red O (Sigma-Aldrich, Oakville, Ontario). For
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Table 1. Human primers used in this study

Gene Reference Forward Reverse Amplicon (bp)
ACTB NM_001101 TTCCTGGGCATGGAGTCCT CTTGATCTTCATTGTGCTGGGTG 188

GAPDH NM_002046 AGATCATCAGCAATGCCTCCTG ACAGTCTTCTGGGTGGCAGTGA 129

AHR NM_001621 GAGACCACTAACAGATGAGGAAGG CAGGAAAAGGGTTGGTTGCC 115

CYPI1BI NM_000104 CCTCCTCTTCACCAGGTATCCT GGTCACCCATACAAGGCAGA 94

All primers were designed to anneal at 58°C-60°C. At least one primer in each pair spanned a splice site.

osteogenic differentiation, cells were maintained in complete me-
dium supplemented with 20 mM p-glycerophosphate, 200 pM
L-ascorbic acid 2-phosphate, and 0.1 pM dexamethasone (Sigma-
Aldrich) for 7 weeks and then stained with alizarin red S (Sigma-
Aldrich). We chose to culture the cells for 7 weeks in the osteogenic
medium in case any potential differences—especially in the later
stages of differentiation, such as more extensive matrix mineraliza-
tion—would not be observed after staining within a more typical
4-week period. This extended duration allowed us to more fully
detect any potential effect of SR1 preconditioning on the osteogenic
differentiation capacity of hASCs.

For chondrogenic differentiation, the StemXVivo Human/Mouse
Chondrogenic kit (R&D Systems) was used. In brief, cells were resus-
pended in StemXVivo Chondrogenic Base Media, and aliquots of
2.5 x 10° cells were transferred to 15 mL conical tubes and centri-
fuged for 3 min at 300 x g to form pellets. Supernatants were care-
fully removed, and completed StemXVivo Chondrogenic Differenti-
ation Media (0.5 mL) were added. The pellets were cultured for
3 weeks with a fresh chondrogenic differentiation medium change
every 2-3 days. They were thereafter washed with cold PBS, fixed
with 4% PFA for 10 min at 4°C, stained with 1% Alcian blue 8GX
(Sigma-Aldrich) in 3% acetic acid for 1 h at room temperature,
and washed with 3% acetic acid. Images of the adipogenic and oste-
ogenic differentiated cells were taken with a Leica DMIL microscope,
while images of the chondrogenic pellets were taken using a Leica
MZ10F microscope.

AhR gene and protein expression determination in hASCs

For the analysis of gene expression, NT-hASCs and SR1-hASCs,
generated as described above, were lysed with RLT lysis buffer
(RNeasy mini kit) (Qiagen, Toronto, Ontario) and processed for
RNA extraction as per the manufacturer’s protocol. 1 pg of total
RNA was used for a 20 pL reaction of first-strand cDNA synthesis
using the Omniscript RT kit (Qiagen), followed by qPCR (1 pL of
cDNA per 20 pL of PCR reaction) using 2x iQ SYBR Green PCR
Supermix (Bio-Rad Laboratories) and custom-made primers for
AHR and CYPIBI and reference genes GAPDH and ACTB (actin
beta) (IDT Technologies). Primer sequences are shown in Table 1.
PCR was carried out in a CFX-96 thermocycler (Bio-Rad Labora-
tories) and analyzed using the CFX96 Manager 3.1 software. Refer-
ence genes were evaluated for average expression stability
(M < 0.5) and coefficient of variance (CV < 0.25) and then used

for normalization of gene expression data and calculating the relative
gene expression. PCR was repeated 3 times, and the values for rela-
tive expression were averaged for each sample of hASCs. These
values were used for comparison between NT and SRI1-treated
hASCs using Student’s f test.

For the determination of AhR protein expression, hASCs, plated in
10-cm-diameter plates (BD Falcon), were cultured in complete me-
dium, in the absence or presence of SR1 (Cayman) at 1 pM, without
or combined with TCDD (Cambridge Isotope Laboratories, Tewks-
bury, MA) at 1 nM, for 7-9 days in a humidified 37°C incubator with
5% CO,, with fresh medium changes every 2-3 days. The cells were
then intensively washed with DPBS and collected, whole-cell lysates
prepared and transferred to nitrocellulose membranes, and mem-
branes incubated at room temperature for 1 h in the solution of
TBST supplemented with 10% non-fat dry milk (Bio-Rad Labora-
tories), following the same procedures described above. Afterward,
the membranes were probed overnight at 4°C with a primary anti-
body against AhR (Cell Signaling Technology). The membranes
were then washed with TBS containing 0.1% Tween 20. The bound
primary antibody was visualized by incubating for 1 h with a second-
ary antibody conjugated with HRP (Bethyl Laboratories). The mem-
branes were washed and developed using a chemiluminescent HRP
substrate (ZmTech Scientific). Blots were later stripped with western
blot stripping buffer (ZmTech Scientific) and reprobed with anti-
bodies against GAPDH (Cell Signaling Technology) as a loading
control.

Cell migration assay

The effects of SR1 pretreatment on hASCs’ migration were investi-
gated using Transwell chambers (BD Falcon, Le Pont-de-Claix,
France) with an 8.0 pm pore size PET track-etched membrane.
NT-hASCs or SRI-hASCs were plated in the inserts (upper cham-
bers) at 2 x 10* cells/cm®. Serum-free medium alone or containing
chemotactic agent human stromal cell-derived factor 1 (SDF-1)
(Bio Basic, Markham, Ontario) at 150 ng/mL was added to the lower
chambers. To assess the neutralization effect of anti-CXCR4, cells
were pre-incubated with anti-human CXCR4 monoclonal antibody
(Santa Cruz Biotechnology, Dallas, TX) at 10 pg/mL for 30 min at
room temperature before the chemotaxis test. After removal of the
anti-CXCR4 antibody, cells were further incubated for 18 h in a
37°C with 5% CO, humidified atmosphere. Non-migrated cells
were removed from the upper surface of the membrane with a wet
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cotton swab. The migrated cells on the lower surface of the mem-
brane were fixed with 4% paraformaldehyde for 40 min and
then stained using a solution of 0.3% crystal violet (Sigma-Aldrich)
in 20% methanol. The cells were photographed under a Leica
DMLB2 microscope using the 10x objective. Migrated cell numbers
were counted in each randomly chosen microscope field. At least 13
random visual fields were used per group.

CM analysis

hASCs were cultured in complete medium, in the absence (NT) or
presence of SR1 at 1 uM for 7-9 days, with fresh medium changes
every 2-3 days. The resulting NT-hASCs and SR1-hASCs were
each then sub-cultured in complete medium for 7 days in a humid-
ified 37°C incubator with 5% CO,. CMs from each cell preparation
were collected and used to determine the secreted levels of human
HGF, SCF, SDF-1, and VEGF using ELISA kits (R&D Systems, Min-
neapolis, MN) according to the manufacturer’s instructions, and the
results are represented as ng/10° cells.

Cell survival assay

hASCs were cultured in complete medium, in the absence (NT) or
presence of SR1 at 1 uM for 7-9 days, with fresh medium changes
every 2-3 days. The resulting NT-hASCs and SR1-hASCs were
each then sub-cultured in 24-well plates (BD Falcon) in serum-free
RPMI 1640 medium (RPMI(—)) (Wisent) with low glucose
(1,000 mg/L) in the presence of 7.5 pM AMA (Sigma-Aldrich), a
blocker of the mitochondrial respiratory chain at the level of complex
III, for 7 days in a humidified 37°C incubator with 5% CO,. Cell
viability was measured by the Alamar Blue (Invitrogen) assay. In
brief, Alamar Blue was added to the cells at a 1:10 dilution. After
3 h of incubation in a 37°C with 5% CO, humidified atmosphere,
the cell supernatants were transferred to 96-well plates. The
optical densities of the wells were measured at 570/600 nm with a
standard spectrophotometer. The absorbance at 600 nm was
subtracted from that at 570 nm. The cell-free blank value served as
background and was subtracted from each value. Cell viability was
represented as cell survival (%) compared to that prior to AMA
exposure.

Apoptosis assay

hASCs were cultured in complete medium, in the absence (NT) or
presence of SR1 at 1 pM for 7-9 days, with fresh medium changes
every 2-3 days. The NT-hASCs and SR1-hASCs were then sub-
cultured in 6-cm-diameter cell culture dishes (BD Falcon) and
then treated with ischemic-mimicking conditions, i.e., serum-free
and low-glucose (1,000 mg/L) RPMI medium in the absence or
presence of 7.5 pM AMA for 7 days in a humidified 37°C incubator
with 5% CO,. All cells, including adherent and floating, were
collected, centrifuged, and resuspended at 1 x 10° cells/mL in
100 pL 1x binding buffer (BD Biosciences Pharmingen, Missis-
sauga, ON) to which 5 pL annexin V FITC and 10 pL propidium
iodide (BD Biosciences Pharmingen) were then added. Following
a 15-min incubation in the dark at room temperature, 100 pL
1 xbinding buffer was added per tube, and the cells were analyzed
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using a FACSCalibur flow cytometer (BD Biosciences, San Jose,
CA). Data analysis was performed with FCSExpress (De Novo Soft-
ware, Los Angeles, CA).

Intracellular ROS quantification

hASCs were plated in 15-cm-diameter plates (BD Falcon) and
cultured in complete medium, in the absence (NT) or presence of
SR1 (Cayman) at 1 pM for 7-9 days, with fresh medium changes
every 2-3 days. Then, after removal of the medium, NT-hASCs
and SR1-hASCs were washed with DPBS and plated in 6-cm-
diameter plates (BD Falcon). Afterward, these cells were treated
with ischemic conditions, ie., serum-free and low-glucose
(1,000 mg/L) RPMI 1640 medium in the absence or presence of
7.5 uM AMA for 3 or 7 days in a 37°C with 5% CO, humidified at-
mosphere. Cells were collected after trypsinization. Generation of
ROS in the hASCs was measured using an oxidation-sensitive fluo-
rescent probe, 2'7’-dichlorofluorescin diacetate (DCFH-DA)
(Sigma-Aldrich), a method based on the ROS-dependent oxidation
of DCFH-DA to DCF. More specifically, about 2 x 10 cells were
collected and washed twice with PBS. They were then incubated
with 15 pM DCFH-DA at 37°C for 20 min in the dark. Fluorescent
DCEF intensity was detected by a FACSCalibur flow cytometer (BD
Biosciences) when exposed to an excitation wavelength of 488 nm
and an emission of 535 nm. Data analysis was performed with
FCSExpress (De Novo Software). ROS levels are shown as the MFI
of DCF.

Detection of p21, p27, and p53 by immunofluorescence

hASCs were plated in 15-cm-diameter plates (BD Falcon) and
cultured in complete medium, in the absence or presence of SR1
(Cayman) at 1 pM for 7-9 days, with fresh medium changes every
2-3 days. Then, cells were washed, sub-cultured in 4-well chamber
slides (BD Falcon), and treated with ischemic-mimicking conditions,
ie., serum-free and low-glucose (1,000 mg/L) RPMI containing
7.5 pM AMA for 5 days in a 37°C with 5% CO, humidified incubator.
After removal of the treatment, cells were washed with PBS and fixed
with 4% formaldehyde for 15 min at room temperature. After aspi-
rating the fixative, cells were permeabilized by ice-cold 100% meth-
anol for 10 min at —20°C and then washed with PBS. The cells were
incubated with blocking buffer (Cell Signaling Technology, Danvers,
MA), stained with primary antibodies against p21, p27, or p53 (Cell
Signaling Technology), and then incubated with the secondary anti-
body, i.e., fluorochrome-conjugated anti-rabbit IgG (H+L), F(ab’)2
fragment (Alexa Fluor 594 conjugate) (Cell Signaling Technology),
and finally counterstained with 4’,6-diamidino-2-phenylindole
(DAPL Invitrogen, Eugene, OR). Fluorescence on slides was viewed
under a Leica DM LB2 microscope (Leica Microsystems, Bannock-
burn, IL), and images were acquired using Leica Application Suite
v.3.40 software (Leica Microsystems). 18-25 random fields per well
were photographed. Regions of interest (ROIs) were selected using
a threshold, and total fluorescence signal intensities of each image
were determined using Image] software, represented as the raw inte-
grated density (RawIntDen). DAPI-stained cells were counted with
Image].
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Western blot analysis of hASCs exposed to AMA

hASCs were plated in 10-cm-diameter plates (BD Falcon) and
cultured in complete medium, in the absence or presence of SR1
(Cayman) at 1 pM for 7-9 days in a humidified 37°C incubator
with 5% CO,, with fresh medium changes every 2-3 days. Then,
the medium was removed, and the NT-hASCs and SR1-hASCs
were washed with DPBS and treated with 7.5 pM AMA in serum-
free and low-glucose (1,000 mg/L) RPMI 1640 medium for 7 days
in a 37°C with 5% CO, humidified atmosphere. The cells were
then rinsed with cold DPBS and lysed with lysis buffer, and the ly-
sates were analyzed by western blot as described above but now using
primary antibodies against P-Erk1/2, p21, Bcl-2, catalase, SOD1,
HO-1, or GPx1 (Cell Signaling Technology, Beverly, MA). The mem-
branes were then washed with TBS containing 0.1% Tween 20. The
bound primary antibodies were visualized by incubating for 1 h with
a suitable secondary antibody conjugated with HRP (Bethyl Labora-
tories, Montgomery, TX). The membranes were washed and devel-
oped using a chemiluminescent HRP substrate (ZmTech Scientific,
Montreal, Quebec). Blots were later stripped with western blot strip-
ping buffer (ZmTech Scientific) and reprobed with antibodies
against total Erk (Santa Cruz Biotechnology, Santa Cruz, CA) or
GAPDH (Cell Signaling Technology) as a loading control.

Statistical analyses

One-way ANOVA followed by Bonferroni’s post hoc multiple
comparison test, two-way ANOVA followed by Tukey’s multiple
comparisons test, or a t test was used depending on the experiment,
as indicated in the figure legends. In all cases, p < 0.05 was deemed
statistically significant.
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