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ABSTRACT
Background: Mesenchymal stem cells (MSCs) are among themost promising therapeutic options
for degenerative diseases. However, the low viability and prolonged doubling time of MSCs during
ex vivo expansion remain obstacles in their application in MSC-based therapies. MSC precondi-
tioning has been considered a potential strategy to overcome challenges in MSC culture and to
increase the therapeutic effects of MSCs. To mimic an inflammatory microenvironment and en-
hance stress resilience, lipopolysaccharide (LPS) was combined with hypoxia preconditioning. The
aim of this study was to examine the effects of hypoxia and LPS preconditioning on viability, pop-
ulation doubling time, and expression levels of antioxidant genes in MSCs. Methods: MSCs were
isolated fromWharton's jelly of the human umbilical cord tissue. Hypoxia was simulated using 100
µM CoCl2 , a chemical hypoxia mimetic, and cells were supplemented with 10 ng/mL LPS. To test
oxidative stress resilience, preconditioned MSCs were exposed to 100 µM H2O2 for 24 hours. Cell
viability was assessed using the CCK-8 assay, and population doubling time was calculated from
cell counts obtained via trypan blue exclusion assays at 24-hour intervals. The mRNA expression
levels of superoxide dismutase 1 (SOD1), catalase (CAT ), and hypoxia-inducible factor 1α (HIF1α )
were quantified by quantitative reverse transcription polymerase chain reaction (qRT-PCR). MSCs
were divided into four groups: (1) normoxia (control), (2) hypoxia (CoCl2), (3) LPS (10 ng/mL), and
(4) hypoxia + LPS. Statistical analysis was performed using one-way ANOVA followed by Tukey's
post-hoc test. Results: The results showed that the hypoxia + LPS preconditioning group signifi-
cantly increasedMSC viability comparedwith the hypoxia-alone group (p < 0.05). Similarly, MSCs in
the hypoxia + LPS group exhibited a shorter population doubling time than untreated controls (p
< 0.05). Preconditioned MSCs also demonstrated increased resistance to H2O2-induced oxidative
stress, with higher viability compared to non-preconditioned cells (p < 0.05). Conclusion: MSC
preconditioning with hypoxia and LPS enhanced cell viability, proliferation capacity, and resistance
to oxidative stress induced by H2O2 . These findings suggest that combining hypoxiamimetics with
inflammatory stimuli could optimize MSC culture conditions and improve therapeutic outcomes
in degenerative diseases.
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INTRODUCTION
Mesenchymal stem cells (MSCs) are multipotent
stem cells that possess the ability to self-renew1,
differentiate into various cell types, and exhibit im-
munomodulatory functions2. Owing to these prop-
erties, the development of MSCs as a cell-based ther-
apy has gained significant interest. Numerous clini-
cal trials have investigated their efficacy in treating
conditions such as ischemic heart disease3, cardio-
vascular disorders4, liver fibrosis5, diabetes6, and
bone injury7.
Despite their therapeutic potential, MSC-based ther-
apy faces challenges. A major limitation is the low

viability of MSCs under oxidative stress, which oc-
curs when reactive oxygen species (ROS) exceed
physiological levels. ROS can damage cell mem-
branes, proteins, and DNA, leading to reduced MSC
viability during in vitro expansion and compromis-
ing survival rates post-transplantation8. Strategies
to mitigate oxidative stress are therefore critical for
enhancing MSC viability, survival, and therapeutic
outcomes.
Modification or preconditioning of MSC cultures
is essential for optimizing therapeutic effects and
maintaining viability during long-term culture9.
Approaches include hypoxia preconditioning, ex-
posure to inflammatory mediators (e.g., cytokines
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or lipopolysaccharides), and three-dimensional (3D)
cell culture, all of which modulate MSC secretion of
bioactive factors10–12.
Hypoxia, a key environmental factor, influences cel-
lular processes such as metabolism, migration, pro-
liferation, differentiation, and apoptosis13. Physi-
ologically relevant hypoxic conditions (low oxygen
tension) reduce ROS production, thereby minimiz-
ing oxidative damage that can trigger cell injury14.
Short-term hypoxia (~5% O2) has been shown to
enhance MSC proliferation and delay senescence15.
For example, Arfianti et al. reported increased
vascular endothelial growth factor (VEGF) secre-
tion in hypoxia-preconditioned MSCs compared to
normoxic cultures10. However, conflicting re-
sults, such as hypoxia-reoxygenation-induced cell
death16, highlight the importance of methodologi-
cal variations in mimicking oxygen stress.
Lipopolysaccharide (LPS), a Toll-like receptor 4
(TLR4) ligand derived from Gram-negative bacteria,
modulates MSC function via TLR4 signaling12,17,18.
Studies demonstrate that LPS preconditioning pro-
tects MSCs from oxidative stress-induced apoptosis
and enhances survival through TLR4 and PI3K/Akt
pathway activation12.

METHODS
Isolation and Culture of MSC from Umbil-
ical Cord
Mesenchymal stem cells in this study were isolated
from Wharton’s Jelly (WJ) of umbilical cords ob-
tained from four mothers who gave birth by elective
cesarean section, with the following inclusion crite-
ria: mothers aged 20-35 years, not in labor, no his-
tory of diabetes or hypertension during pregnancy,
not infected with hepatitis B or HIV, no complica-
tions during pregnancy, and the fetus was not in fe-
tal distress. The umbilical cord was placed in a pot
containing phosphate-buffered saline (PBS) (Sigma-
Aldrich) with 1% penicillin-streptomycin until the
isolation process was performed. Umbilical cords
obtained from cesarean sections had to be processed
within 24 h. The umbilical cord was washed with
PBS and cut into 5 cm segments. These segments
were cut longitudinally, blood vessels were removed
from the umbilical cord tissue, and WJ (perivascu-
lar tissue) was separated from the umbilical arteries
and veins. Wharton’s jelly was chopped into ~1–2
mm pieces, transferred to a 75 cm2 culture dish, and
culture medium was added.
The culture medium consisted of Dulbecco’s modi-
fied Eagle’s medium (DMEM; Gibco) containing 5%

human platelet lysate (HPL), 1% Glutamax, and 1%
penicillin-streptomycin. The HPL used was pooled
from three donors to avoid bias. The culture dish
was incubated at 37◦C in a CO2 incubator with 5%
CO2. After 10 days, spindle-shaped cell colonies ap-
peared; the WJ pieces were then removed from the
culture dish, and the culture medium was replaced
every 3–4 days.
When the cell colonies reached 70–80% confluence,
the cells were passaged using 0.25% trypsin-EDTA
solution. Trypsin was inactivated using the MSC
culture medium at a 1:1 (v/v) ratio. The cells were
then centrifuged for 5 minutes at 1300 rpm at 4◦C.
They were passaged into a 75 cm2 culture flask at
a density of 3 × 105 cells/mL. MSC characteriza-
tion was performed by immunophenotyping using
flow cytometry with a human mesenchymal stem
cell analysis kit (BD StemflowTM). The criteria for
MSC characterization were >95% of cells expressing
CD73, CD90, and CD105 molecules and the ability to
adhere to plastic (plastic-adherent).

Mesenchymal Stem Cell Culture with Hy-
poxic Conditions and LPS Exposure
MSC cultures at passages 3–4 that reached 70–80%
confluence were prepared under hypoxic conditions.
For viability testing, MSCs were grown on a 96-well
plate at a density of 3 × 10 cells/mL (five repli-
cates per group) and allowed to attach for 24 h.
Hypoxic conditions were induced using cobalt (II)
chloride hexahydrate (CoCl2, Sigma-Aldrich, Darm-
stadt, Germany). After MSCs reached ~80% conflu-
ence, the culture medium was replaced with fresh
medium. For hypoxia induction, the culture medium
was supplemented with 100 µM CoCl2. For LPS ex-
posure, the culture medium was supplemented with
10 ng/mL LPS (Sigma-Aldrich, St. Louis, MO, USA).
The cells were then incubated for 24 h. Stock so-
lutions of 25 mM CoCl2 and 100 ng/mL LPS were
prepared in sterile distilled water. The CoCl2 dose
was determined according to the study by Arfianti et
al.10. To determine the LPS dose, a preliminary test
was conducted in which MSCs were pretreated with
different doses of LPS (0, 10, 100, and 1000 ng/mL)
for 24 h, and viability was assessed. A dose of 10
ng/mL LPS was selected because it was the highest
dose that did not cause cytotoxicity.

Induction of Oxidative Stress in MSC Cul-
tures
After preconditioning with hypoxia, LPS, or both for
24 h, oxidative stress was induced in the cells by
adding 100 µM H2O2 to the culture medium for 1
h.
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MSC Viability Analysis
The effects of hypoxic conditions and LPS ex-
posure on MSC viability were assessed using
the Cell Counting Kit (CCK-8) assay. The
CCK-8 assay was performed using WST-8 (2-
(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-
(2,3-dimethoxyphenyl)-2H-tetrazolium chloride).
WST-8 is a tetrazolium compound that is converted
into a yellow formazan product by the dehydroge-
nase enzymes in living cells. After incubation, the
amount of formazan produced was measured using
a spectrophotometer at 450 nm. The intensity of
the color correlates with the number of living cells:
the more living cells, the stronger the yellow color
and the higher the absorbance. The absorbance
data were then compared with a standard to
determine cell viability. After hypoxic culture and
LPS exposure for 24 h, the culture medium was
discarded, and 100 µL of serum-free medium plus
10 µL of CCK-8 reagent (Abbkine, Atlanta, Georgia,
USA) were added to each well. The blank was a well
without cells, used for comparison. The plates were
incubated for 3 h, and absorbance was measured
at 450 nm using a Multiskan SkyHigh microplate
spectrophotometer (Thermo-Fisher Scientific). The
percentage of viability was calculated using the
following formula:
Viability = ((As – Ab) / (Ac – Ab)) × 100%
Where As is the absorbance of the experimental
group, Ac is the absorbance of the control group,
and Ab is the absorbance of the blank.

Doubling Time Analysis of MSC
The effects of hypoxic conditions and LPS exposure
on MSC doubling time were assessed using the try-
pan blue exclusion assay. This method utilizes the
principle that living cells will not be stained by try-
pan blue, whereas dead cells will absorb the dye. The
cells were grown in 6-well plates until they reached
80% confluence and were then exposed to normoxia,
hypoxia, LPS, or a combination of hypoxia and LPS.
After 24 h, oxidative stress was induced by treating
the cells with H2O2 for 1 h. MSCs were then de-
tached by adding 0.25% trypsin-EDTA solution and
incubating for 5minutes in a CO2 incubator. Trypsin
was inactivated by MSC culture medium at a 1:1
(v/v) ratio, and the cells were centrifuged at 1300
rpm for 5 minutes at 4◦C. The supernatant was re-
moved, and the cells were resuspended in 0.4% try-
pan blue (1:1 v/v). Cell counting was performed
with an Improved Neubauer Hemocytometer under
a light microscope at 10× magnification, recording

the number of stained and unstained cells in five
large squares (1 × 1 mm2). The doubling time was
determined using the formula:
Doubling time = Tx × (log(2) / (log(No) – log(Nx)))
Where Tx is the culture duration (h), No is the num-
ber of cells at the beginning of treatment, and Nx is
the number of cells at the end of treatment.

Gene Expression Analysis by Quantitative
RT-PCR

The effects of hypoxic conditions and LPS expo-
sure on the regulation of SOD1 and Catalase gene
expression were analyzed by quantitative real-time
polymerase chain reaction (qRT-PCR). After cultur-
ing under hypoxic conditions and LPS exposure,
the culture medium was discarded, and total RNA
was isolated from MSCs using the TRNzol Universal
Reagent (Tiangen, Biotech, BJ, China). cDNA syn-
thesis was performed by reverse transcription using
1 µg of RNA, followed by cDNA amplification with
the GoTaq® 2-Step RT-qPCR System (Promega Cor-
poration, Madison, WI, USA). A total of 1 µg of RNA
was placed into a 0.2 mL RNase-free tube contain-
ing a mixture of dT primers, dNTPs, enzyme mix,
and RNase-free H2O. The tube was then incubated
at 70◦C for 5 min, 25◦C for 10 min, 50◦C for 50 min,
and 85◦C for 5 min. The resulting cDNA was diluted
at a 1:50 ratio and stored at−20◦C until further anal-
ysis. qRT-PCR was carried out using a Heal Force X
960 Real-Time PCR system with polymerase activa-
tion at 95◦C, denaturation at 95◦C, and annealing at
60◦C.

Data Analysis

Numeric data are presented as mean ± standard de-
viation (SD). The effects of hypoxic conditions and
LPS on MSC viability, doubling time, and SOD1 and
catalase mRNA expression were analyzed by one-
way ANOVA with post hoc Tukey’s multiple com-
parisons test. Statistical analyses were performed
using GraphPad Prism v. 9. Differences were con-
sidered statistically significant at p < 0.05.

RESULTS
Effect of Preconditioning with Hypoxia
and LPS Exposure on MSC Viability

To analyze the effect of hypoxic conditions and LPS
exposure on MSC viability, a CCK-8 assay was per-
formed. Mesenchymal stem cells at passages 3–5
were seeded on 96-well culture plates, and the next
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day, MSCs were cultured under 1) normoxic condi-
tions, 2) hypoxic conditions (100 µM CoCl2), 3) ex-
posure to 10 ng/mL LPS, and 4) a combination of hy-
poxia and LPS exposure. After 24 h, the CCK-8 assay
was performed for 3 h. The absorbance was mea-
sured using a microplate reader at a wavelength of
450 nm.
Figure 1 shows the effects of preconditioning with
hypoxic conditions and LPS exposure onMSC viabil-
ity. MSCs cultured under a normoxic environment
(control group) demonstrated a viability of 97.9%.
Neither hypoxia nor LPS exposure alone for 24 h sig-
nificantly altered MSC viability, with viabilities of
88.7% and 118.3%, respectively, when compared to
the control group. However, the combination of hy-
poxia and LPS significantly enhanced MSC viability
compared to the hypoxic group (p < 0.05).

Effect of Preconditioningwith a Combina-
tion of Hypoxia and LPS Exposure on the
Doubling Time of MSC
To measure the proliferation rates of MSCs after be-
ing cultured in hypoxic conditions and exposed to
LPS, a doubling time analysis was performed us-
ing the trypan blue test. Figure 2 shows how pre-
conditioning with hypoxia and LPS exposure affects
the MSC doubling time. The time required for each
group to double its population was as follows: the
control group needed 688.8 h, the hypoxic group re-
quired 213.4 h, the LPS-treated group took 143.9 h,
and the group exposed to both hypoxia and LPS took
71.13 h. These findings indicate that MSCs cultured
under hypoxia and exposed to LPS had a signifi-
cantly reduced doubling time compared to the con-
trol group (p < 0.05). Figure 2B comparesMSCmor-
phology following preconditioning for 24 h.

Effect of Preconditioningwith a Combina-
tion of Hypoxia and LPS Exposure on the
Gene Expression Levels of SOD1, Catalase,
and HIF1-α
The expression of SOD1, catalase, and HIF1-α genes
inMSCs was assessed following preconditioning un-
der hypoxic conditions and LPS exposure, using
qRT-PCR for mRNA expression analysis (Figure 3).
Gene expression levels were normalized to GAPDH,
which served as the reference control. The ex-
pression levels of SOD1 did not differ significantly
among the experimental groups, although a slight
increase was observed in MSCs exposed to LPS and
the combination of hypoxia and LPS compared to
the control. Similarly, catalase mRNA expression ex-
hibited a modest increase in the hypoxic, LPS, and

combination groups; however, these changes were
not statistically significant. As a critical regulator
of cellular adaptation to low oxygen levels, HIF1-α
expression was expected to increase under hypoxic
conditions. Nevertheless, the changes observed in
the hypoxic group and the combination of hypoxia
and LPS group were minimal and not statistically
significant.

DISCUSSION
The survival and proliferation of MSCs are highly
dependent on the environmental conditions under
which they are grown. Ideal conditions allow MSCs
to achieve optimal efficacy in repairing damaged tis-
sue after transplantation into patients. Low viability
has been shown to affect therapy efficacy. The vi-
ability of transplanted cells after transplantation is
influenced by various factors, including mechanical,
cellular, and host factors19. One of the challenges in
MSC-based therapy is the low viability and prolifer-
ation of MSCs due to oxidative stress8.
Preconditioning MSCs has been shown to improve
MSC viability, which is affected by oxidative stress.
Previous research has indicated that short-term
hypoxic conditions, with an O2 concentration of
approximately 5%, can stimulate cell proliferation
without negatively impacting MSC survival15. Ad-
ditionally, other studies have found that MSCs pre-
conditioned with LPS are protected from oxidative
stress-induced apoptosis12. However, no studies
have yet explored the combination of hypoxic pre-
conditioning and LPS on MSCs, nor have they ex-
amined their effects on oxidative stress and antiox-
idant activity. We expected that preconditioning
MSC cultures would yield optimal therapeutic ef-
fects while preserving viability and promoting pro-
liferation over extended culture periods.
We found that the combination of hypoxic condi-
tions and LPS exposure significantly enhanced MSC
viability (118.3%) compared with the group exposed
solely to hypoxic conditions (88.77%). This is con-
sistent with a study by Wang et al., which demon-
strated that proper treatment with LPS can protect
MSCs from apoptosis caused by oxidative stress and
enhance their survival12.
Additionally, we found that MSCs cultured under
hypoxic conditions and exposed to LPS exhibited a
shorter doubling time than the control group, which
was not subjected to either hypoxic conditions or
LPS exposure. In line with this, a study by He et
al. found that TLR4 activation by LPS enhanced the
proliferation of MSCs in vitro 20. In contrast, An-
tebi et al. found that MSCs proliferated considerably
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Figure 1: The effect of hypoxia and LPS on the viability of MSC. MSCs at passages 3-5 were plated onto
a 96-well culture plate and cultured until reached approximately 80% confluence. The MSCs were then cultured
under different conditions, including normoxia (control), hypoxia, LPS exposure, and combination of hypoxia and
LPS. After 24 h, oxidative stress was induced by treating the cells with H2O2 for 1 h. Cell viability was measured
by the CCK-8 Assay and the absorbance was measured using microplate reader at a wavelength of 450 nm. Data
represent the mean ± SD (*p < 0.05 versus hypoxia group). Abbreviation: MSC: mesenchymal stem cell; LPS:
lipopolysaccharide.

Figure 2: The effect of hypoxia and LPS on the doubling time of MSC. MSCs were cultured in 6-well plates
andmaintained until 80% confluence to ensure optimal cell density for subsequent experiments. The cells were then
cultured in different conditions, including normoxia (control), hypoxia, LPS exposure, or combination of hypoxia
and LPS. After 24 h, oxidative stress was induced by treating the cells with H2O2 for 1 h. The trypan blue exclusion
test was used to assess the doubling time of the MSCs. (A) Data represent mean ± SD (*p < 0.05 versus control
group). (B) Image of each group after 24 h of treatment. Abbreviation: MSC: mesenchymal stem cell; LPS:
lipopolysaccharide.
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Figure 3: The effect of hypoxia and LPS on the Gene Expression Levels of SOD1, Catalase, and HIF1-
α . This figure illustrates the relative mRNA expression levels of SOD1 (A), Catalase (B), and HIF1-α (C) in MSC
subjected to different culture conditions: Control, Hypoxia, LPS, and combination of Hypoxia and LPS. Expression
levels were measured by qRT-PCR and data are presented as mean± SD. There was an increased in SOD1, catalase,
and HIF1-α expression in MSCs treated with with hypoxic conditions and LPS compared to the control group,
however, differences were not statistically significant (p > 0.05). Abbreviations: MSC: mesenchymal stem cell;
LPS: lipopolysaccharide; SOD1: superoxide dismutase 1; HIF1-α : hypoxia inducible factor 1-alpha.

faster after 48 h under hypoxic conditions compared
to those cultured under normoxic conditions. How-
ever, after 10 days of treatment, the MSCs in the hy-
poxic group also showed significantly slower prolif-
eration21.
The expression of SOD1, catalase, and HIF1-α was
higher in MSCs treated with hypoxic conditions and
LPS than in the control group; however, these dif-
ferences were not statistically significant. Simi-
larly, Lavrentieva et al. also found significantly el-
evated HIF-1α protein levels in MSC cultures under
hypoxic conditions, compared to barely detectable
HIF-1α protein levels in the normoxic MSC popula-
tion22.
SOD1 and catalase are controlled by the nuclear fac-
tor erythroid 2-related factor (NRF2), which serves
as a transcriptional regulator of the cellular response
to oxidative stress. NRF2 regulates antioxidant gene
expression, and its activity is inhibited by Kelch-
like ECH-associated protein (KEAP1), which binds
to NRF2 in the cytosol and acts as a substrate adap-
tor. Under oxidative stress, a conformational change
in KEAP1 prevents it from mediating NRF2 ubiquiti-
nation, leading to NRF2 translocation to the nucleus
and activation of genes responsible for producing cy-
toprotective enzymes that detoxify ROS and other
oxidants23.
The PI3K/Akt signaling pathway is often consid-
ered a key regulator of NRF2 activation. Duarte et
al. demonstrated that the activation of PI3K/Akt
promotes the translocation of NRF2 to the nucleus.

The importance of PI3K/Akt signaling was empha-
sized in experiments involving LY294002, a PI3K in-
hibitor that significantly reduced NRF2 expression.
This suggests that NRF2 is activated via two primary
mechanisms. The first involves direct interaction
with the NRF2/KEAP1 complex, causing a conforma-
tional change in KEAP1 that leads to its dissociation.
The second mechanism relies on the activation of ki-
nases, including PI3K/Akt and MAPKs23–25.
A previous study demonstrated that LPS can protect
MSCs by activating TLR4 on their surface, thereby
initiating the PI3K/Akt signaling pathway12. Fur-
thermore, the Akt protein responds to oxygen levels
in the body through hydroxylation. Under normoxic
conditions, Akt activity may be inhibited by hydrox-
ylation, whereas under hypoxic conditions, Akt is
activated and plays a critical role in cell growth and
survival26. This implies that a combination of hy-
poxic conditions and LPS exposure may represent an
effective strategy for enhancing MSC survival. Ac-
tivation of the PI3K/Akt pathway by the LPS-TLR4
interaction and hypoxia is anticipated to activate
the NRF2 pathway, thereby promoting the expres-
sion of antioxidant genes. These findings underscore
the need for further investigation of other potential
mechanisms, beyondNRF2, whichmay contribute to
this process.
We believe that the findings of this study can pro-
vide valuable insights into the development of meth-
ods to enhance the survival of MSCs under oxida-
tive stress conditions, both during in vitro expansion
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and transplantation. However, this requires in vivo
validation and further investigations. The limitation
of this study was the use of CoCl2 to simulate hy-
poxia. Future research should consider alternative
methods, such as low-oxygen chambers, which pro-
vide a more stable and ideal environment for a more
accurate replication of physiological hypoxia.

CONCLUSION
In this study, we highlighted the importance of pre-
conditioning strategies for optimizingMSC function.
This is especially important in MSC-based therapies,
where cells often face harsh environments, includ-
ing oxidative stress conditions, after transplantation
or during in vitro culture.
In conclusion, the combination of hypoxic precondi-
tioning and LPS exposure significantly enhances the
viability and proliferation of MSCs under oxidative
stress conditions, offering a promising strategy for
improving the efficacy of MSC-based therapies. Our
findings indicated thatMSCs cultured under hypoxic
conditions and treated with LPS showed a notable
improvement in viability compared to hypoxic-only
cultures. Additionally, MSCs subjected to combined
hypoxic and LPS treatment demonstrated shorter
doubling times, indicating enhanced proliferation.
Although the expression levels of antioxidant mark-
ers such as SOD1, catalase, and HIF1-α were ele-
vated in the combined treatment group, these dif-
ferences were not statistically significant, suggest-
ing that other mechanisms may also contribute to
the observed effects. These results highlight the po-
tential of using hypoxia and LPS as preconditioning
strategies to optimize MSC function, improve sur-
vival, and promote sustained proliferation under ox-
idative stress conditions, which is crucial for their
therapeutic potential in tissue repair. Further stud-
ies are needed to explore the underlying molecular
mechanisms and to assess the long-term effects of
this combined preconditioning approach.

ABBREVIATIONS
3D – Three-dimensional; Akt – Protein kinase B;
ANOVA – Analysis of variance; CAT – Catalase;
CCK-8 – Cell Counting Kit-8; CD73 / CD90 /
CD105 – Cluster of differentiation 73 / 90 / 105;
cDNA – Complementary DNA; CoCl2 – Cobalt(II)
chloride; dNTPs – Deoxynucleotide triphosphates;
DMEM – Dulbecco’s modified Eagle’s medium;
DNA – Deoxyribonucleic acid; EDTA – Ethylenedi-
aminetetraacetic acid;GAPDH – Glyceraldehyde-3-
phosphate dehydrogenase; H2O2 – Hydrogen per-
oxide; HIF1-α (HIF1α) – Hypoxia-inducible fac-
tor 1-alpha;HIV – Human immunodeficiency virus;

HPL – Human platelet lysate; KEAP1 – Kelch-
like ECH-associated protein 1; LPS – Lipopolysac-
charide; MAPKs – Mitogen-activated protein ki-
nases; mRNA – Messenger RNA; MSC(s) – Mes-
enchymal stem cell(s); NRF2 – Nuclear factor ery-
throid 2-related factor 2; PBS – Phosphate-buffered
saline; PI3K – Phosphatidylinositol 3-kinase; qRT-
PCR – Quantitative reverse transcription poly-
merase chain reaction; RNA – Ribonucleic acid;
ROS – Reactive oxygen species; SD – Standard de-
viation; SOD1 – Superoxide dismutase 1; TLR4
– Toll-like receptor 4; VEGF – Vascular endothe-
lial growth factor; WJ – Wharton’s jelly; WST-8
– 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-
(2,3-dimethoxyphenyl)-2H-tetrazolium chloride.
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