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Abstract

Ischemic stroke is the major cause of death and morbidity worldwide. Stem cell treatment is at
the forefront of ischemic therapeutic interventions. However, the fate of these cells following
transplantation is mostly unknown. The current study examines the influence of oxidative and
inflammatory pathological events associated with experimental ischemic stroke (oxygen glucose
deprivation (OGD)) on the stem cell population (human Dental Pulp Stem Cells, and human
Mesenchymal Stem Cells) through the involvement of the NLRP3 inflammasome. We explored
the destiny of the above-mentioned stem cells in the stressed micro (-environment) and the
ability of MCC950 to reverse the magnitudes. An enhanced expression of NLRP3, ASC, cleaved
caspasel, active IL-1P and active IL-18 in OGD-treated DPSC and MSC was observed. The
MCC950 significantly reduced NLRP3 inflammasome activation in the aforementioned cells.
Further, in OGD groups, oxidative stress markers were shown to be alleviated in the stem cells
under stress, which was effectively relieved by MCC950 supplementation. Interestingly, whereas
OGD increased NLRP3 expression, it decreased SIRT3 levels, implying that these two processes
are intertwined. In brief, we discovered that MCC950 inhibits NLRP3-mediated inflammation by
inhibiting the NLRP3 inflammasome and increasing SIRT3. To conclude, according to our
findings, inhibiting NLRP3 activation while enhancing SIRT3 levels with MCC950 reduces
oxidative and inflammatory stress in stem cells under OGD-induced stress. These findings shed
light on the causes of hDPSC and hMSC demise following transplantation and point to strategies
to lessen therapeutic cell loss under ischemic-reperfusion stress.

Keywords: Ischemic Stroke, MCC950, Oxygen Glucose Deprivation, Stem cell survival and

death, Dental Pulp Stem Cells, Mesenchymal Stem Cells
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Introduction

Stroke is a prominent cause of death and disability in adults. These debilitating diseases have a
massive disease burden, both in terms of health suffering and economic costs [1, 2]. Neurons and
microglia/macrophages are well known to play important roles in the production of pro-
inflammatory cytokines and the inflammatory cascades triggered by ischemic stroke [3-5]. In
brief, within hours of an ischemic stroke, microglia, macrophages, and astrocytes are activated,
leading to the production of cytokines and chemokines [6] and the influx of leukocytes [7, 8].
Inflammatory cytokines promote leukocyte entry into brain tissue, triggering an inflammatory
cascade response in which activated microglia and infiltrating leukocytes produce more
inflammatory mediators, such as the nucleotide-binding oligomerization domain-like receptor
protein 3 (NLPR3) inflammasome, causing brain edema and hemorrhage, increasing blood-brain
barrier damage and promoting more neuronal death [9]. In stroke, the most commonly studied
inflammasome is the NLRP3 inflammasome [10]. Despite the fact that various anti-inflammatory
agents have shown great promise in the treatment of ischemic injury, the majority of them have
failed [11]. As a result, new therapies aimed at inhibiting inflammation and thus rescuing cells
are urgently needed to improve therapeutic outcomes.

Stem cell therapy is a promising treatment option for ischemic stroke [12-14]. Clinical
investigations with these cells, in contrast to experimental findings, have so far given poor results
[15-17], presumably due to stem cell malfunction and limited vitality [18-20]. The fate of these
cells in the ischemic milieu is largely unknown due to a lack of understanding of the mechanism
by which the microenvironment regulates their destiny. It is critical to remember that
transplanted cells follow the same rules as cells of the oxidative and inflammatory
microenvironment. Along these lines, the current study sought to determine whether the local
environment influences the fate of stem cells and whether MCC950, an NLRP3 inflammasome
inhibitor, can reverse these processes. MCC950 is the most specific NLRP3 inhibitor available. It
does not inhibit NLRP1, NLRC4, or AIM2 inflammasomes [21]. MCC950 binds to NLRP3,
hence stopping it from hydrolyzing ATP and preventing it from keeping its active structural
shape. This stops NLRP3 from causing ASC to oligomerize and decreases caspase-1 cleavage.
MCC950 also prevents the release of IL-13 caused by NLRP3 activators such as nigericin, ATP,
and MSU crystals [22, 21]. By specifically focusing on the NLRP3 NATCH domain and
interfering with the Walker B motif, MCC950 prevents NLRP3 from changing its conformation
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and oligomerizing thus blocking inflammasome function [23, 24]. Based on previous research
indicating that ischemic stroke has a negative impact on brain cells [25, 26] as well as stem cells
[27, 28], we propose that NLRP3 regulates the fate of stem cells during ischemic stress and that
MCC950 has the potential to rescue these cells under such conditions.

Material and Methods

Chemicals and reagents

The drugs, activators, and inhibitors used in this investigation are listed in supplementary table 1,
the chemicals used are described in supplementary table 2, and antibodies are given in

supplementary table 3.

Cell line maintenance

Human Dental Pulp Stem Cell (cat # CL008; DPSC) and human mesenchymal stem cells (cat #
CLO001; MSC) were purchased from Himedia Laboratories Pvt. Ltd. The cells were cultured in a
humidified CO. incubator (5% CO», 37°C) in Dulbecco’'s Modified Eagle's Medium with 10%
fetal bovine serum, 100 U/mL penicillin, and 100 mg/mL streptomycin. The cells were routinely

sub-cultured after reaching a confluence of 70%-80%.

Oxygen Glucose Deprivation treatment

To mimic an ischemic stroke in vitro, the DPSC and MSC were subjected to the oxygen glucose
deprivation (OGD) treatment. In a 6 well plate, the cells were seeded at a density of 1x10° cells
per well and incubated at 65%-70% confluence under standard culture conditions. The growth
media was then replaced with OGD medium (a medium devoid of FBS, glucose, and sodium
pyruvate) and incubated for 30 minutes in the incubator. The cells were then placed in a hypoxic
chamber (Stem Cell Technologies, Cambridge, MA, USA, 27310) with 1% O, 5% CO2, and
94% N, atmosphere. In a CO incubator, the hypoxic chamber was incubated for 12 hours.
Afterward, the OGD medium was replaced with normal culture medium, and the cells were

grown for another 24 hours under normal conditions before the assays were done.

Measurement of intracellular Oz2"~ generation
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The Dihydroethidium (DHE) staining method was used to identify intracellular O2" production.
In brief, DPSC and MSC were seeded in 12 well plates with sterile cover slips at a density of
2x10* DPSC or MSC/well and allowed to grow overnight under standard culture conditions.
After reaching 65%-70% confluency, the DPSC and MSC were given their treatments, which
included OGD followed by normoxia. Following the desired treatment, DPSC and MSC were
washed with 1X PBS and stained in serum-free media for 30 minutes in the dark with DHE
(10uM). After incubation, the DHE solution was replaced with fresh 1X PBS (pre-warmed), and
the DPSCs and MSCs were examined under an inverted fluorescent microscope.

Measurement of intracellular H202 generation

According to the manufacturer's instructions, Amplex Red was used to calculate intracellular
H20>. In a nutshell, OGD was performed on DPSC and MSC in the presence and absence of
MCC950. The DPSC and MSC were then scraped into RIPA buffer and incubated on ice for 30
minutes, followed by centrifugation at 20,000xg for 30 minutes at 4°C temperature. The
supernatant was collected and the H.O> concentration was calculated. Following that, 50 ul of
supernatant were mixed with 50 pl of reaction mixture (Amplex Red 100 uM, HRP-0.2 U/mL in
sodium phosphate buffer, pH 7.4) and incubated at room temperature for 30 minutes. At 560 nm,
the absorbance was measured, and the H2O> concentration was calculated by extrapolating the

absorbance against the H202 standard curve (1-5 pM).

Analysis of total ROS production

DPSC and MSC were seeded in 12 well plates with sterile cover slips at a density of 2x10*
DPSC or MSC/well and allowed to grow overnight under standard culture conditions. After
reaching 65%-70% confluency, the DPSC and MSC were given their treatments, which included
OGD followed by normoxia. Following the desired treatment, DPSC and MSC were washed
with 1X PBS and stained in serum-free media for 30 minutes in the dark with DCFDA (10 uM).
After incubation, the DCFDA solution was replaced with fresh 1X PBS (pre-warmed), and the
DPSCs and MSCs were examined under an inverted fluorescent microscope.

DPSC and MSC morphology analysis
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A morphological study was performed to investigate the effect of hypoxia-glucose deprivation
on the structure of DPSC and MSC. The DPSC and MSC were seeded at a density of 1x10° per
well in 12 well plates on poly-L-lysine coated coverslips and incubated for 18-20 hours. The
OGD treatment was given in the manner described in the section on OGD treatment protocol.
The morphological changes were examined using an inverted microscope (Axio-Observer,
ZEISS, Germany).

Cell viability assay by trypan blue dye exclusion test

The cell death of MSC after OGD treatment was determined using the trypan blue dye exclusion
assay. The cells were seeded in 96 well plates at a density of 1x10* cells per well and allowed to
develop for 18-20 hours. Before being placed in normoxia, the cells were given an OGD
treatment. Cells were extracted from each well using trypsinization (incubation with 0.25%
Trypsin-EDTA for 3 minutes at 37 °C) and centrifugation at 300xg for 5 minutes. To minimise
cell loss, the culture medium from the same group of wells was pooled and centrifuged prior to
trypsinization to collect any floating cells, which were then mixed with trypsinized harvested
cells. Finally, cells were stained with trypan blue dye and counted for dye-positive and dye-
negative cells using a hemocytometer under an inverted microscope. The percentage of cell death

for each cell category was compared to the total number of cells in each category.

MTT cell viability assay

The MTT assay was also used to test cell survival. The DPSC and MSC were seeded in 96 well
plates at a density of 2x10* cells per well and subjected to OGD and normoxia treatments as
previously described. Furthermore, 5 pl of MTT solution (5 mg/ml in 1X PBS, pH 7.4) was
added to each well and incubated for 3 hours under standard culture conditions. The formazan
crystals formed within viable cells were dissolved in DMSO (100 ul), and the absorbance at 595
nm was measured using a microplate reader (iMark, BioRad, Gurugram, India). The findings

were presented as a percentage of the treatment groups’ surviving in comparison to the control

group.

TUNEL staining



O©CO~NOOOTA~AWNPE

DPSC received the desired treatments, as indicated in the previous sections. Then fixed cells
were TUNEL-labelled by using the Apo-BrdU TUNEL Assay kit (Invitrogen) following the

manufacturer’s directions.

Immunocytochemistry

Fluorescence immunocytochemistry was performed on DPSC and MSC cell cultures in 12 well
plates. Following the appropriate procedures, the cultures were rinsed in 1X PBS before being
fixed for 10 minutes at room temperature in 1% paraformaldehyde. After washing the cells thrice
with 1X PBS, nonspecific binding was blocked by using 1% bovine serum albumin and 0.3%
Triton-X-100 in 1X PBS for 1 hour. The cells were then incubated with primary antibodies
diluted in blocking buffer overnight at 4°C. The cells were then incubated with secondary
antibodies. The nuclei of the cells were counterstained with 4'6’-diamidino-2-phenylindole
(DAPI, 0.5g/ml) (Sigma-Aldrich). Immunofluorescence was imaged using a fluorescence

microscope (Zeiss Axio-Observer Z1).

gRT-PCR analysis

Total RNA was extracted from hDPSCs using the Trizol reagent in accordance with the
manufacturer's instructions. In each experiment, an equal amount of RNA (approximately 1 pg)
was reverse transcribed using SuperScript® III RT ¢cDNA synthesis. Following that, 1 pl of
appropriately diluted cDNA was used as a template for RT-PCR analyses with Tagman Gene
Expression Assays. For NLRP3 and GAPDH, the PCR reaction was performed with 1X Tagman
gene assays (provided 20X). The PCR steps were as follows: Incubation at 50°C for 10 minutes,
followed by 40 cycles of denaturation at 94°C for 20 seconds and annealing and extension at

60°C for 60 seconds. The chemical dilutions are shown in Table ST4.

Western blotting

All of the experimental samples (DPSC and MSC) were lysed with RIPA lysis buffer to estimate
the protein. The cells were given an appropriate volume of ice-cold lysis solution supplemented
with protease and phosphatase inhibitors, mixed properly, and stored on ice for 30 minutes. After
the isolation and estimation of the protein samples, the Western blots on these samples were

performed as per the standard laboratory protocol. Image) software was used to assess the
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intensity of bands, which was then corrected using GAPDH data and expressed as a fold change

in protein expression.

Statistical analysis

In all experiments, "n" represents the number of independent experiments. At least four
independent experiments (n=4) were conducted to collect data, except for the figure S4 (n=3).
For imaging data sets, we used at least 50 cells per group per experiment. Data distribution was
checked by the Shapiro-Wilk test of normality. One way analysis of variance (ANOVA) with the
Newman-Keuls test (for normally distributed data); the Kruskal-Wallis test followed by Dunn’s
test for multiple comparisons (for non-normally distributed data) were used to test statistical
differences with sufficient post hoc analysis using SPSS statistics 28.0 software (IBM). 0.05 was
considered statistically significant (*/P<0.05, **/*P<0.01, and ***/*#P<0.001 compared to the

control/ OGD/Activators/Inhibitors-treated group).

Results

MCC950 abrogates OGD induced oxidative stress in DPSC and MSC through suppressing
NLRP3 inflammasome activation

Oxidative stress, involving increased ROS generation, is a central feature of ischemic stroke
[29]. Along these lines, we investigated whether activation of the NLRP3 inflammasome by
OGD causes the induction of oxidative stress. In brief, the effects of oxidative stress during OGD
in cultured DPSC and MSC were investigated using DHE, Amplex Red, and DCFDA staining.
Both DPSC (Figure 1A, B, and C) and MSC (Figure 1D, E, and F) produced abrupt amounts of
02", H202, and total ROS as a whole, after 12 hours of OGD followed by 24 hours of normoxia.
When DPSC and MSC were treated with MCC950 (a selective NLRP3 inhibitor), lower levels of
02", H202 and total ROS were found compared to OGD alone treated cells. We used NLRP3
specific siRNAs to confirm that the MCC950 precisely targeted the NLRP3 inflammasome
pathway and that inhibiting the NLRP3 cascade depletes oxidative stress as observed above. The
use of NLRP3-siRNAs reduced intracellular O."", H20., and total ROS generation in DPSC, thus
confirming the participation of NLRP3 inflammation and the anti-oxidative effect of MCC950
(Figures S1A-C). Lipopolysaccharides (LPS), known to be an activator of the NLRP3

inflammasome [30, 31] and have also been linked to free radical production [32], was used to
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test the hypothesis that NLRP3 inflammation is related to the oxidative stress observed in our
case. Previous findings indicate that a dose of LPS (such as 1 pg/ml) supplies both the priming
signal and the activation signal, leading to NLRP3 inflammasome and mature IL-1p secretion
[33, 34]. Similar dose of LPS were used in this study.

Furthermore, we observed a significant effect of OGD treatment on the morphology of the DPSC
and MSC. In summary, morphological analysis of OGD or LPS-treated DPSC and MSC revealed
nuclei shrinkage, rounding, and fragmentation, as well as condensation. The morphology of the
DPSC and MSC was observed to be identical to the control group cells after MCC950 treatment
of the OGD challenged cells (Figures 1G and H). To verify the above findings, DPSCs were
subjected to OGD in the presence and absence of NLRP3-siRNA (Supplementary Figure S1D).
The results were in line with the morphology observed in OGD, LPS, and MCC950 treated cells.

MCC950 impedes the OGD promoted NLRP3 inflammasome activation in DPSC and MSC
To see if OGD therapy activated the NLRP3 inflammasome in DPSC, we looked at the
expression of the NLRP3 inflammasome protein complex. In brief, we quantified the expression
of NLRP3, ASC, cleaved caspasel, IL-1p, and IL-18 through western blotting. LPS served as
positive control for the NLRP3 inflammasome cascade. DPSCs were exposed to MCC950 after
OGD treatment, to confirm the potential involvement of the NLRP3 inflammasome in OGD-
induced inflammatory stress in DPSCs and to check the reparative effect of the MCC950 against
the OGD induced inflammation. As indicated in Figure 2A, OGD induced NLRP3, ASC, and
cleaved casapase-1 activation, and IL-1pB, and IL-18 secretions were significantly abolished by
MCC950 in DPSC as well as in MSC. Transfection with NLRP3-siRNA also inhibited OGD
induced expression of NLRP3, ASC, and cleaved caspasel expression (Figure S2A and B).

To confirm that NLRP3 inflammasome activation is a common event in stem cells in response to
acute oxidative stress, we examined the NLRP3 inflammasome response in MSC after OGD
treatment. Similar findings were observed in the case of MSC when they were given OGD
treatment. In brief, as represented in Figure 2B, OGD promoted the expression of NLRP3
inflammasome linked proteins. Though MCC950 supplementation resulted in a significant

decrease in the expression of these proteins, indicating NLRP3 inflammasome reversal. The
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collective results suggested that MCC950 depleted the cellular NLRP3 inflammasome activation
in MSC.

To reconfirm the results obtained with the DPSC and MSC with the supplementation of the
MCC950, we measured NLRP3 and cleaved caspasel protein levels via fluorescent imaging in
DPSC (Figure 2C and D) and MSC (Figure 2E and F). The expression of NLRP3 and the cleaved
caspasel were both increased in the OGD group. Notably, IL-1p and IL-18, which are cleaved to
active form by cleaved caspasel, were also increased after OGD but limited by MCC950
treatment (Figure 2A and B). These findings confirm that MCC950 treatment is capable of

effectively inhibiting NLRP3 inflammasome activation in stem cells in vitro.

MCC950 reverse the death ratio in DPSC and MSC

Ischemic stroke pyroptosis is known to be caused by the NLRP3-caspasel pathway [35, 36]. We
investigated the link between OGD-induced inflammatory stress, NLRP3 inflammasome, cell
viability, and MCC950 along these lines. In brief, we evaluated the MTT assay, Tunel staining,
and Trypan blue exclusion live-death cell assay, and we observed that MCC950 was able to
prevent pyroptosis in both DPSC and MSC (Figure 3A-D). In summary, a 12 hour hypoxia-
glucose deprivation followed by a 24 hour period of normoxia increased the expression of DPSC
cellular death number as measured by MTT (an enzymatic measure of active mitochondrial
respiration), as observed by the formazan coloured solution, which has a lower intensity than the
control. In comparison to the OGD alone treated DPSC, the addition of MCC950 resulted in a
large proportion of metabolically active cells (Figure 3A). Likewise, when the DPSCs were
tested for the Tunel assay (a method to detect DNA fragments), similar results were reported.
Tunel's samples were examined using an inverted fluorescence microscope. In summary, the
OGD-DPSCs had a higher number of DNA fragmented cells than the control DPSCs, but the
MCC950 supplementation significantly reduced the DNA break in the MCC950 treated OGD-
DPSCs compared to the OGD-alone treated DPSCs, as evidenced by lower anti-BrdU positive
signals (Figure 3B). The LPS-treated DPSCs had the same result as the OGD-treated DPSCs.

MSCs were used to confirm the above findings. The MTT results from the MSCs setting backed
the findings from the DPSCs viability experiments. In brief, the MCC950 treated OGD

10
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challenged MSC showed higher cell viability compared to the OGD alone treated cells (Figure
3C). Furthermore, the application of Trypan blue exclusion dye demonstrated that the 12 hours
of OGD followed by 24 hours of normoxia resulted in a large number of cell deaths, which were
subsidised by the addition of MCC950 (Figure 3D). In summary, when compared to the control
or the OGD+MCC950 treated MSCs, the OGD treated MSCs exhibit a high trypan blue positive

number. Again, the LPS were used as a positive control.

MCC950 reduces the activation of mitochondrial ROS in DPSC and MSC

Mitochondrial ROS has been linked to NLRP3 inflammasome activation and has been implicated
in OGD-treated stress [37, 38]. As a result, we decided to focus on the potential role of
mitochondrial ROS, as well as the effect of MCC950 supplementation on mitochondrial ROS
activation in OGD-induced DPSC and MSC. The mito-SOX and mito-Green staining revealed an
abrupt generation of ROS in the mitochondria of OGD-treated DPSC and MSC both. While
MCC950 treatment to both cell types after OGD treatment significantly subsidized the mito-SOX
signalling, and this was an indication of lower ROS generation. MCC950's inhibitory effect on
mtROS generation was confirmed by the employment of mito-Tempo in parallel to the MCC950
treated cells. The use of mito-Tempo also revealed that mtROS is a trigger of NLRP3
inflammasome activation in both DPSC and MSC (Figures 4A and B).

MCC950 inhibits OGD-induced NLRP3 activation by activating SIRT3 in human DPSC
and MSC

Next, we examine the SIRT3 expression in DPSC and MSC in context with the expression of
NLRP3. SIRT3, a mitochondrial sirtuin that deacetylates substrates implicated in both ROS
generation and detoxification, is emerging as a key regulator of oxidative stress [39].
Interestingly, parallel to the OGD treatment of the DPSC and MSC, when we examined the
NLRP3 expression in the presence of NLRP3-siRNA and SIRT3-siRNA, respectively, we
observed that when DPSC and MSC were knocked down with NLRP3-siRNA, this led to a down
regulation of the SIRT3 expression (Figures 4C and D), while when SIRT3 was knocked down,
there was an inverse relationship between SIRT3 and NLRP3 expression (Figures 4E and F). Our
immuno-cytoflourescence tests corroborated these findings. In summary, we discovered that

knocking down SIRT3 reduces its expression in DPSC, whereas MCC950 marginally increases

11
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it. Similarly, to the western blotting studies, immunofluorescence imaging revealed that SIRT3
regulates NLRP3 expression in an inverse way (Figure S3A and B). This led us to conclude that
MCC950 regulates the inflammasome cascade through regulating SIRT3, which in turn regulates

the expression of inflammasome proteins.

Discussion

The current study's experiments were carried out to investigate the effect of OGD on the fate of
the stem cells in vitro. By investigating the effect of NLRP3 inflammation on human DPSC and
MSC, we studied the effects of OGD on these cells. It is worth noting that inflammatory stress,
such as that observed during ischemia-reperfusion injury or ischemic stroke, frequently results in
the assembly or interaction of NLRP3 inflammasome complex proteins. In previous studies, we
and others demonstrated this phenomenon [21, 40-43]. We also examined MCC950's reparative
properties, which were found to effectively reverse the effects of OGD-induced inflammatory
damage on the stem cell types listed above. In brief, our findings showed that (i) OGD
upregulated the NLRP3 inflammasome in human DPSC and MSC, (ii) MCC950 inhibited
NLRP3 inflammation by reversing the NLRP3 and SIRT3 levels in human, (iii) MCC950
changed the activation ratio of NLRP3/SIRT3 levels in DPSC and MSC, and iv) MCC950
inhibits the NLRP3 inflammasome-mediated inflammatory responses in these cells by up-

regulating SIRT3 levels.

In ischemic stroke therapy, interventions such as stem cell transplantation are gaining favour.
However, pre-clinical and clinical investigations have demonstrated that stroke therapy
developments are limited and inadequate. This could be because acute inflammation or an
immune response, oxidative stress, excitotoxicity, hypoxia, or anoikis all develop in the first few
days after transplantation, and these are all common causes of stem cell mortality. Interestingly,
in the last few years, many studies have looked into the role of the NLRP3 inflammasome-
mediated inflammation in ischemic stroke-induced injury [44-46]. Along these lines, the impact
of NLRP3 inflammasome activation on stem cell fate has not yet been looked into. In this study,
we looked at how NLRP3 inflammation affects human stem cells when they are used in
experiments to treat stroke. While observing the stem cell death pattern in OGD treated DPSC

and MSC, we observed a high rate of pyroptosis mediated cell death. As evidenced through

12
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western blotting and imaging of cleaved caspasel as well as cell viability assays, MCC950
treatment significantly reduced the pyroptosis rate of DPSC and MSC cells. Within the last few
years, the NLRP3 inflammasome-mediated pyroptosis has been identified as a potential cause of
cellular death [47]. To corroborate our findings, we utilized LPS as an inflammatory inducer.

Oxidative stress and inflammation are thought to be important components of acute and chronic
neurodegenerative disorders [48]. Treatment with ROS inhibitors has been demonstrated to
reduce NLRP3 inflammasome activation caused by cadmium, silica, and asbestos [49, 50]. In the
present case, total and mitochondrial ROS levels in DPSC and MSC were found to be higher. A
key finding was that supplementing with MCC950 reversed the ROS-induced cell death in both
cell types, indicating that there is cross-talk existing between these two processes that we did not
investigate in this study. Mito-TEMPO served as a positive control for MCC950 treatment. It
likewise reduced mitochondrial ROS levels, confirming MCC950's anti-oxidative activity. Our
findings contribute to research of a similar nature, irrespective of disease, on the involvement of
ROS and the NLRP3 inflammasome, providing a potentially feasible target for inflammatory

disease prevention and treatment.

Finally, our findings suggest that the SIRT3 plays an important role in OGD-induced
mitochondrial-ROS generation and NLRP3 inflammasome activation in vitro. In the current
findings, we explored the effect of ischemic stress on SIRT3 and its repercussions on human
DPSC and MSC. We were astonished to see that MCC950 increases SIRT3 expression while
lowering NLRP3 expression, which turned out to be crucial findings of the current study. The
SiRNA studies in parallel confirmed these findings. As a result, we concluded that MCC950's
other major target is SIRT3, besides the NLRP3 inflammasome, and that MCC950 therapy
inhibits inflammation stress through depleting the levels of the NLRP3 inflammasome complex
while activating SIRT3. In summary, SIRT3 was found to be a key signalling pathway mediating

ischemic stroke-induced NLRP3 inflammasome activation in vitro.

MCC950's protective effect on the stem cell population employed in ischemic stroke could be
attributed to a reduction in pro-inflammatory signalling cascades, resulting in reduced local

inflammation, SIRT3 activation, and reduced pyroptosis. While this research implies that

13
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MCC950 could be employed as a stem cell lifespan treatment, there are a few things to keep in
mind. First and foremost, MCC950's sterility, dosage, and incubation time in culture for optimal
uptake by stem cells must all be considered if MCC950 is to be administered to stem cells prior
to transplantation so that stem cells become more able to survive, integrate, and differentiate in
the ischemic brain. We demonstrated that MCC950 could restore human DPSC and MSC in
culture. Altogether, the outcomes of the multiple tests performed for this study bolster the belief

in MCC950's capacity for reparation.

Overall, we discovered that the NLRP3 inflammasome is activated while the levels of SIRT3 are
depleted in stem cells used to treat ischemic stroke, resulting in a reduction in their number.
MCC950 appears to protect stem cells from OGD-induced oxidative stress and inflammation via
activating SIRT3 and inhibiting NLRP3 inflammasome. Our collective findings shed light on a
new avenue of research regarding the fate of stem cells during stress. In conclusion, the results
indicate that MCC950 and other such specific NLRP3 inflammasome inhibitors could be of
high-value to rescue stem cells subjected to oxidative and inflammatory stress.
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Legends

Figure 1. MCC950 mitigated OGD induced Oz, H202 and total ROS generation while
restoring the DPSC and MSC morphology. Immunofluorescence microscopy and
spectrophotometry were used to investigate OGD-induced O.", H20» and total ROS production
in DPSC and MSC. Figure A & D shows the levels of O>" in the presence and absence of
MCC950 and LPS in DPSC and MSC (Figure A and D, 9 replicates = 3 biological + 6 technical,
at least 50 cells/group). Figure B represents H.O> levels in DPSC (8 biological replicates), while
Figure C & F represents the levels of total ROS in the presence and absence of MCC950 and
LPS in DPSC and MSC (Figure C and F, 9 replicates = 4 biological + 5 technical, at least 50
cells/group). Figure E represents H20- level in MSC (8 biological replicates). In brief, the above
results demonstrate that O>™, H.O», and total ROS, generation are increased in both cell types
treated to OGD when compared to controls. However, the addition of MCC950 considerably
reversed the impact. LPS treatment had the same impact as OGD treatment. Figure G and H
represent the morphological changes observed in DPSC and MSC in the presence and absence of
MCC950. LPS again served as a positive control. The pictures were taken at 20X

magnification—scale bars=50um. The error bars represent the mean+SD.

Figure 2. MCC950 attenuated OGD induced NLRP3 inflammation in DPSC and MSC.
Activation of the NLRP3 inflammasome (NLRP3, ASC, cleaved caspasel, IL-1pB, and IL-18)
was successfully attenuated by the supplementation of MCC950 in DPSC and MSC, as analyzed
by western blot (Figure A (n=9, replicates, 4 biological + 5 technical for NLRP3, ASC, IL-1p,
IL-18, and n=5, 4 biological + 1 technical for cleaved caspasel), and Figure B (n=8, 4 biological

+ 4 technical for NLRP3, ASC, IL-1p, IL-18, and n=6, 4 biological + 2 technical for cleaved
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caspasel). Figure C (n=9, replicates, 4 biological + 5 technical, at least 50 cells/group)
represents the activation of NLRP3 post-OGD treatment in DPSC, while Figure E (n=9,
replicates, 4 biological + 5 technical, at least 50 cells/group) represents the expression of NLRP3
in MSC treated OGD cells. The addition of MCC950 significantly down-regulated the NLRP3-
expression in both cell types. Likewise, when cleaved caspasel was examined under OGD
treatment, the mean intensity fluorescence (MIF) was found to be high in the OGD treated DPSC
(Figure D; n=9, 4 biological + 5 technical, at least 50 cells/group) as well as MSC (Figure F;
n=9, 4 biological + 5 technical, at least 50 cells/group). The supplementation of MCC950
effectively impeded the activation of caspasel. The LPS yielded a similar outcome as the OGD.
The pictures were taken at 40X magnification—scale bars=20um. The error bars represent

meanzSD.

Figure 3. MCC950 enhances DPSC and MSC survival. The cell viability assay was performed
in DPSC and MSC using Trypan blue exclusion dye, the MTT assay, and BrdU Tunel assays.
Figure A and C represent the MTT assay for DPSC (n=8, 4 biological + 4 technical) and MSC
(n=8, 4 biological + 4 technical). For MTT estimation, groups receiving OGD showed
significantly reduced cell numbers (compared to their control). At the same time, the
supplementation of MCC950 significantly enhanced the survival rate in OGD treated cells as
compared to the control. The difference, however, was significantly lower when comparing it
with the OGD alone DPSC or MSC cells. Figure B represents the Tunel staining in DPSCs. The
results were in line with the MTT results. In brief, the Tunel positive cells were high in number
in the OGD treated group, while MCC950 significantly reduced them (n=4 biological replicates,
at least 50 cells/group). Figure D represents a high MSC number in the OGD+MCC950 treated
MSCs compared to the OGD alone treated MSCs (n=8, 4 biological + 4 technical) as measured
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by trypan blue staining. The pictures for figure B were taken at 40X magnification —scale
bars=20um, while for figure D at 10X magnification—scale bars=100um. The error bars

represent the mean+SD.

Figure 4. MCC950 impedes mitochondrial ROS and NLRP3 expression while maintaining
the mitochondrial mass and SIRT3 levels in DPSC and MSC. Following the appropriate
treatments, the mitochondrial ROS and mitochondrial mass were measured by labeling the cells
with mito-SOX. The mitoTracker Green was used to identify the mitochondria as well as the
mitochondrial mass. The results showed a significant decrease in the mitochondrial ROS
generation with the supplementation of MCC950 in DPSC (n=9, 4 biological + 5 technical, at
least 50 cells/group; Figure A), and MSC (n=9, 4 biological + 5 technical, at least 50 cells/group;
Figure B). mito-TEMPO was used as a negative control, and yielded similar results as the
MCC950 treated cells. Interestingly, MCC950 was able to maintain the mitochondrial mass
compared to the OGD-treated cells. Western blots data revealed that MCC950 significantly
impeded the expression of the NLRP3, while enhancing the SIRT3 level in both DPSC (Figure
C) and MSC (Figure D). Interestingly, the results further indicated that downregulating SIRT3
upregulated NLRP3 (Figures E and F). n=5, 4 biological + 1 technical for C, D and n=6, 4
biological + 2 technical for E, F for NLRP3 and for SIRT3. The pictures were taken at 20X

magnification—scale bars = 50um. The error bars represent the mean+SD.

Fig 5: Graphical Abstract. The oxidative and inflammatory events associated with OGD are
depicted in this diagram. The 12 hours of OGD followed by 24 hours of the normoxia treatment

lead to NLRP3 mediated inflammation. While the supplementation of MCC950 efficiently
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reduced the inflammation through inhibiting the expression of the NLRP3 inflammasome while

enhancing the SIRT3 expression level, thereby reducing the cell death number in vitro.

Figure S1. Generation of OGD-induced Oz and H202 and total ROS was due to the
NLRP3 inflammation. To confirm that OGD induced O>" and H20; and total ROS generation
was linked to the NLRP3 inflammasome activation, we examined the ratio of the
abovementioned ROS in the presence and absence of NLRP3-siRNA. The use of NLRP3-siRNA
confirmed the involvement of the NLRP3 inflammation pathway in ROS production, as
determined by DHE, Amplex Red, and DCFDA (Figures A-C; 9 replicates = 4 biological + 5
technical, at least 50 cells/group for figure A and B, for Figure C n=8; replicates = 4 biological +
4 technical).The figure D represents morphology of DPSC. The pictures were taken at 20X

magnification—scale bars=50um. The error bars represent the mean+SD.

Figure S2. Confirmation of the participation of the NLRP3 inflammasome in the impaired
DPSC and MSC. Transfection with NLRP3-siRNA inhibited OGD induced expression of
NLRP3, ASC, and cleaved caspasel expression (the three most important proteins of the NLRP3
inflammasome pathway), thereby, confirming the participation of the NLRP3 inflammasome. In

DPSC (Figure A) and MSC (Figure B).

Figure S3. MCC950 regulates NLRP3 expression in human DPSC through modulating
SIRT3 expression. In the presence and absence of SIRT3-siRNAs, we examined the effects of
MCC950 infusion on NLRP3 and SIRT3 down-regulated DPSC. We observed that MCC950 was
able to reverse the expression of the SIRT3 (Figure A) and NLRP3 (Figure B) in siSIRT3-knock
down-DPSC as compared to the OGD alone treated DPSC. 9 replicates = 4 biological + 5
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technical. The pictures were taken at 40X magnification—scale bars=20um. The error bars

represent the mean+SD.

Figure S4. Evaluation of NLRP3 expression at various time points. We investigated the
effects NLRP3 expression in the presence and absence of MCC950 at various time points during
OGD. NLRP3 expression increased from 0 to 12 hours of OGD under control conditions, but

was significantly reduced by MCC950. The error bars represent the mean£SD, n=3.
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