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Abstract

To examine the effects of Mesenchymal Stem Cell-Lyophilizate (MSC-L) on the proliferation of A549 lung cancer cells and the activities of the JAK-STAT3 signaling
pathway in this process. Our study in experimental design utilized A549 lung adenocarcinoma cells as model cells. First, the proliferative effect of the MSC-L cells on the
A549 cells was established. Then, the concentration at which the proliferation was most distinct and a lower dilution were selected as the experimental group. In exper-
imental groups, the A549 cells were exposed to the umbilical cord-derived MSC-L cells at two concentrations: 5X10° MSC-L cells/well and 20X10° MSC-L cells/well.
In the control group, A549 cells with no exposure (only serum-free DMEM F12 with lyophilization additive used in lyophilization process of MSC-L cells) were used
and the proliferation process of all three groups was monitored. The change in the expression levels of p53, c-MYC, p21, and SOCS2 did not statistically significantly
different between the experimental group exposed to 5X10° MSC-L cells/well and the control group (p>0.05). On the other hand, the expression level of the Bel-xL gene
was statistically higher than in the control group (p=0.037). The expression level of the P21 gene was statistically higher at the concentration of 20X10° MSC-L cells/well
compared to the control group (p=0.037). Similarly, the expression level of the Bcl-xL gene was statistically higher in the experimental group exposed to 20X10° MSC-L
cells/well than in the control group (p=0.034). There was no statistically significantly different change in the expression levels of P53, c-MYC, and SOCS2 genes compared
to the control group (p>0.05). Our study revealed that A549 cells exhibited an increased cell proliferation upon MSC-L exposure; however, the JAK-STAT3 pathway was
not involved in the A549 cell proliferation, suggesting that there might be other signaling pathways involved.
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Introduction

The Janus Kinase (JAK)- Signal Transducer and Activator
of Transcription (STAT) signaling cascade are activated by
various ligands and the receptors engaged by these ligands. The
JAK-STAT pathways are involved in proliferation, apoptosis,
angiogenesis, and other biological processes. STAT3, a member
of the STAT group, is known to be effective in cell proliferation
and tumor formation. Abnormal transduction of the JAK-STAT
signaling cascade that is involved in tumorigenesis has been
associated with invasion, metastasis, and tumor prognosis [1].

*Corresponding Author: Fatma Nilay Tutak, Adiyaman University, School of
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Bel-xL is a transmembrane protein found in mitochondria and
acts as an antiapoptotic protein. Suppressors of cytokine signaling
(SOCS) can inhibit tyrosine phosphorylation and transduction of
the JAK-STAT pathway, thereby preventing their activity. SOCS2,
amember of the SOCS family, functions as a transcription factor and
determines the differentiation of adult cells and the direction of cell
differentiation. SOCS proteins are negative regulators of cytokine
and growth factor signaling. SOCS2 has been reported to suppress
carcinogenesis in many types of cancer (liver, lung, breast, and
prostate cancers). In this context, it is stated that low SOCS?2 protein
expression is associated with tumorigenesis. However, SOCS2 is
an important anti-inflammatory regulator and is required for the
generation of immune response in various pathological processes
[2]. The functions of SOCS2 in wound healing are not fully known,
but it is believed that it may have negative regulatory and other
different roles in the production of proinflammatory cytokines
(interleukin (IL)-6, tumor necrosis factor (TNF)-a, and mast
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cells). According to the common view, SOCS proteins can affect
epithelial cell formation and basic components in wound healing.

The p53 protein is a transcription factor that controls the cellular
response to deoxyribonucleic acid (DNA) damage. It takes part in
cell cycle arrest until the repair of the DNA damage and induces
cell apoptosis if the damage cannot be repaired. Initiation of
apoptosis or cell cycle arrest after DNA damage has an important
role in preventing the formation of new genetically damaged cells.
The p53 protein levels increase significantly within minutes in
cells with DNA damage. p21 is a cyclin/CDK inhibitor, especially
associated with CDK2, and negatively regulates the cell cycle. The
p21 protein is one of the main targets of p53 in case of DNA damage,
and an increased intracellular concentration of p53 elevates the p21
expression levels, resulting in anegatively regulated cell cycle [3,4].

Researches have shown that c-MY C and Bel-xL proteins stimulated
by the JAK-STAT cascade are effective in carcinogenesis by
controlling the cell cycle and preventing apoptosis. It is further
believed that the JAK-STAT-mediated signaling may interact
with the activation of the MAP kinase pathway in malignant
transformation [22]. Several studies have demonstrated that the
JAK/STAT3 cascade activation increases the expression levels
of Bcl-xL, ¢-MYC, p2l, p53, and SOCS2 genes (Table 1).

Table 1. Serum Hsp 70 and RANKL concentrations (ng/ml; pg/ml) in umbilical
cord blood, presented as Median [min-max]

41*  Genes
upregulated Cell Line Reference
by STAT3
STAT3-C transformed NIH3T3, Bromberg et al. (31)
Bel-xLL U266 myeloma cel.ls, Head and neck Catlett-Falcone ct al.(32)
squamous cell carcinomas
STAT3-C transformed NIH3T3, gfmi‘rl e;‘il‘l (2 i)
¢-MYC BAF/B03, murine pro-B cells, romberg )
MCF-7. HepG2 Kiuchi et al. (34)
- Hep Zhang et al. (35)
V transformed NIH3T3 cells and - .
p21 BALB/G3T3 cells Sinibaldi et al. (36)
p53 MCE-7 Zhang et al. (35)
Many human cancers, including he-
patocellular carcinoma (HCC), non-
SOCS2 small-cell lung cancer, mesothelioma, Croker et al. (37)

and head and neck squamous cell car-
cinoma (HNSCC)

Mesenchymal Stem Cells (MSCs) have a strong ability
to synthesize, undergo self-renewal, and are capable of
differentiating into bone, fat, and cartilage [5-8]. Growth factors
(such as VEGF) required for angiogenesis and adipogenesis are
secreted by MSCs, which also play an active role in maintaining/
increasing tissue volume in adipose tissue regeneration [9].
MSC-lyophilized is preferred due to its therapeutic effect, non-
toxicity, easy production, and greater safety in applications.

There are important advantages in the use of derived Mesenchymal
Stem Cell-Lyophilizate (MSC-L) from maternal sources its
availability, including its anti-inflammatory characteristics,
growth factors, chemokines, extracellular vesicles, and cytokines
[5-9]. Apoptosis, which is defined as the programmed death of
the cells to balance proliferation, remove the cells with loss of
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functions due to damage, and balance homeostasis [10], also
represents a normal and physiological state just like proliferation.
Exploration of the cellular proliferation-enhancing properties
of MSC-L without any change in apoptosis and identification
of the ongoing mechanisms may offer promising results for
rapid tissue healing. Our study aimed to examine the effects of
MSC-L on the proliferation of A549 lung cancer cells and the
activities of the JAK-STAT3 signaling pathway in this process.

Materials and Methods
Study Design

Our research is an experimental type of laboratory work. All cell
cultures studies were performed in the Cell Culture Laboratories
of VETAL Animal Health Products Inc. Gene expression analyses
were conducted in the Quality Control Laboratories of VETAL
Animal Health Products Inc. Our study utilized A549 cells as
model cells. Due to the unknown cytotoxic or proliferative
effects of MSC-L cells on A549 cells, first, the proliferative
or antiproliferative effects of MSC-L cells on A549 cells were
analyzed by MTT assay. As aresult, an increase was detected in cell
proliferation up to certain exposure doses. Then, the concentration
at which the proliferation was most distinct and a lower dilution
were selected as the experimental group. In experimental groups,
the A549 cells were exposed to the umbilical cord-derived MSC-L
cells at two concentrations: 5X10° MSC-L cells/well and 20X10°
MSC-L cells/well. The lyophilized MSC-L cells were resuspended
with serum-free DMEM-F12. In the control group, A549 cells
with no exposure and incubated in serum-free DMEM-F12 with
lyophilization additive used in lyophilization process of MSC-L
cells were used at the same concentration with the experimental
group and the proliferation process of all three groups was
monitored.

A549 Lung Cancer Cell Cultures

Our study utilized a lung adenocarcinoma (A549) cell line. Cells
were cultured using DMEM-F12 medium containing 10% fetal
calf'serum (FCS), 0.2 mM glutamine, 100 pg/ml streptomycin, and
100 TU/ml penicillin in 25- and 75-cm? sterile flasks at 37°C, 5%
CO2, and 1 atm pressure. The culture medium was changed twice a
week and the cell number was increased by passaging the cells by
trypsinization from 25 cm? to 75 cm? flasks when the cells reached
a sufficient number. Cells were seeded in 24-well plates for the
MTT assay and gene expression analyses. For exposure, when the
cells reached 70-80% confluency, a medium containing 10% FCS
was discharged from the cultures, followed by washing three times
with Hanks' Balanced Salt Solution (HBSS) and replacing by SF
(serum-free) medium, and then incubated for 24 hours under these
conditions.

MSCs and Lyophilization

After obtaining the necessary legal permissions, MSC-L was
obtained from the Tissue Typing Laboratories, Istanbul Acibadem
University (the umbilical cord was used as the source to derive
MSCs). Growth of MSC cells to make MSC-L was performed at
Vetal Inc lyophilization unit.

Stem cells were grown in 75-cm? flasks and serum-free Dulbecco's
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Modified Eagle's Medium (DMEM), by incubating at 37°C in a 5%
carbon dioxide (CO2) atmosphere. When the cells reached 70-80%
confluency, the cells were passaged using trypsin to increase the
number of cells.

Passaged cells were detached using trypsin in the final passage and
centrifuged at 400 rpm for 10 minutes at +4°C. The supernatant was
discarded, and Physiological Saline (PS) was added. The pellet was
suspended, centrifuged again at 400 rpm for 10 minutes at +4°C,
the supernatant was discarded and SF was added. The cell culture
was centrifuged at 400 rpm for 10 minutes at +4°C for the last time,
the supernatant was discarded and then suspended in SF. Then,
the lyophilization additive was added. The freeze-drying medium
was composed of 30% Polyvinylpyrrolidone (Sigma Aldrich, CAS
Number: 9003-39-8), 100 mmol/l trehalose (Merck, CAS Number:
6138-23-4), 100 mmol/l sucrose (Sigma Aldrich, CAS Number: 57-
50-1), and serum-free DMEM/F-12 (Gibco 11320074, Dulbecco's
Modified Eagle Medium/ Nutrient Mixture F-12) as solvent. The
cell suspension with lyophilization additive was divided into
15X107 cells per vial. The vials were lyophilized at a half-capped
state. Then, 1.5 million MSC cells were placed into each vial.

Inoculation of lyophilized MSCs cells into A549 cells

A549 cells were cultured for 24 hours and then treated with
lyophilized MSC cells. Serum-free DMEM was used as a solvent
to prepare the dilutions of lyophilized MSC cells. In addition,
considering that the JAK/STAT pathway is a fast pathway due to
STAT proteins that pass directly to the nucleus with the transcription
factor, a 24-hour incubation period was preferred for exposure.

Cell Viability Assessment

In the study, exposure doses and times for MSC-L cells were
determined by the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] assay. The working principle of
MTT assay is based on measuring the color change, which results
from the production of purple formazan dye by the proliferating
cells using tetrazolium, a yellow compound, through increasing
dehydrogenase activity, as absorbance with a microplate reader
or spectrophotometer. Analyses to determine cell viability were
repeated three times.

Gene Expression Analyses

After exposure to MSC-L cells at concentrations and times
determined by the MTT assay, the A549 cells were washed three
times with HBSS and the cells were detached using Trypsin-EDTA,
resulting in total RNA isolation. Expression levels of SOCS2, Bcl-
xL, c-MYC, p21, p53 genes that are regulated by the JAK/STAT 3
cascade, which plays an important role in cell proliferation, were
determined. Gene expression analyses were performed in triplicate.

RNA Isolation and cDNA Synthesis

The A549 cells seeded at 5X10* cells/ml in 6-well cell culture
dishes for RNA isolation were washed three times with PBS when
the bottom of the plate was covered by 70%. Then, the MSC-L
cells suspended in serum-free DMEM were added to the A549
cells at concentrations of 5X10° cells/well and 20X10° cells/well.
After 24 hours, the supernatant of A549 cells was discarded and
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the cells were washed three times with PBS. The washed A549
cells were harvested by detaching from the base of the flask using
Trypsin-EDTA (1X) (0.25%). RNA isolation was performed using
the commercial kit Qiagen; RNeasy Mini Kit, (Catalog number:
74104), and cDNA synthesis using Thermo; HighCapacity cDNA
Reverse Transcription Kit, (Catalog number: 4368814).

Primers Used in the Study

The specificity of the gene sequences used in the study was tested
(Table 2).

Table 2. Forward and Reverse Coding of Gene Sequences Used in the Study

Genes Primers Reference
Forward CAGCAGCTTGACACACGGTA
STAT3  peverse AAACACCAAAGTGGCATGTGA Yuetal. (18)
Forward TTAAAAGAGGCACCAGAAGGAAC
SOCS2 peverse AGTCGATCAGATGAACCACACT Zhu etal. (19)
Forward GTCAAGAGGCGAACACACAAC
-MYC g everse TTGGACGGACAGGATGTATGC Caoctal. (20)
. Forward TGTCCGTCAGAACCCATGC Mong ctal. 21)
p Reverse AAAGTCGAAGTTCCATCGCTC gctal
- Forward CAGCACATGACGGAGGTTGT Yang ot al. (22)
P Reverse TCATCCAAATACTCCACACGC getal
Bexr,  Forward GAGCTGGTGGTTGACTTTCTC Zhao of al. (23)

Reverse TCCATCTCCGATTCAGTCCCT

Real-time PCR

Gene expression analyses were performed in the QITAGEN-Rotor-
Gene Q Real-time PCR instrument, using the commercial kit
Thermo; Applied Biosystems Power SYBR Green PCR Master
Mix (Catalog number: 4367659). The primer sequences of the
analyzed genes are presented in Table 3. The primer of the GAPDH
(Glyceraldehyde-3-Phosphate Dehydrogenase) gene, which was
used as the housekeeping gene, was purchased commercially from
Qiagen. Melting curve analysis was performed to check for non-
specific products and the presence of primer-dimer. Experiments
were performed in triplicate and each sample was studied in
duplicate. The experiments results were expressed as fold-change.

Table 3. Incubation of Tubes according to the Real-Time PCR Protocol

Temperature Time Number of Cycles
95°C 10 min 1
95°C 15 sec
40
60°C 60 sec

The Real-Time PCR Protocol

1. To each sample tube, 12.5 pL of Power SYBR Green PCR
Master Mix, 100 nM of primer, 6 uL. of RNase-free water, and 100
ng of cDNA were added, and the tubes were capped.

2. The tubes were placed in the device and incubated under the
conditions specified in Table 3.
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MTT Assay

Contral 5X10°3 25X100  1X10°5 5X1045 20X10%5  30X10%5  40X10%5
Group Cell Cell Cell Cell Cell Cell Cell

0.800
0.700

0,600

Figure 1. Changes in Proliferation Balance of A549 Cell Line with Exposures to
Increasing Numbers of MSC-L Cells

Legal and Ethical Considerations

Since the study was not an experimental animal or a clinical study
and it was a laboratory study ethical approval for cell use was
obtained from Istanbul Acibadem University. After obtaining the
necessary legal permissions, MSC-L was obtained from the Tissue
Typing Laboratories, Istanbul Acibadem University (the umbilical
cord was used as the source to derive MSCs).

Statistical Analysis

The data on cell viability was assessed using the GraphPad
Prism 5.01 (GraphPad Software Inc., USA) software. Statistical
analyses of the study results were conducted using the Statistical
Package for Social Sciences (SPSS) for IBM 25 package program.
Descriptive statistical methods (number, percentage, minimum
and maximum, mean and standard deviation) were used to assess
numerical data. The Mann-Whitney U test was used to determine
the difference between the means. Statistical analysis of the Real-
Time PCR data was conducted using RT2 Profiler PCR Array Data
Analysis version 3.5 software. Experiments were repeated three
times. Results were presented as fold-change, assessed at 95%
confidence interval and a significance level of p<0.05.
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Results

The MTT Assay

The MTT assays revealed that cell proliferation continued
to increase until exposure to lyophilized containing 20X10°
cells, while exposure to a higher amount of cells inhibited cell
proliferation and caused cytotoxicity. For exposure, 20X10° at
which statistically significant change began and a lower digit of
this level were preferred. Therefore, it was decided to examine the
gene expression regulations resulting from exposure to 5X10° and
20X10° MSC-L in the gene expression analyses (Table 4).

Table 4. Statistical data on the MTT Assay

N Meant = SD Min-Max U, p
Control 6 0.19+0.02 0.16-0.22 U=0.790
5x10° 6 0.19+0.02 0.17-0.22 p=0.810
Control 6 0.19+0.02 0.16-0.22 U=0.210
2.5x10* 6 0.47£0.2 0.21-0.61 p=0.016*
Control 6 0.19+0.02 0.16-0.22 U=1.231
1x10° 6 0.46+0.22 0.22-0.73 p=0.004**
Control 6 0.19+0.02 0.16-0.22 U=1.123
5x10° 6 0.5+0.23 0.23-0.76 p=0.004**
Control 6 0.19+0.02 0.16-0.22 U=0.513
20x10° 6 0.71£0.11 0.62-0.87 p=0.004**
Control 6 0.19+0.02 0.16-0.22 U=2.214
30x10° 6 0.56+0.05 0.49-0.61 p=0.004**
Control 6 0.19+0.02 0.16-0.22 U=0312
40x105 6 0.56+0.16 0.39-0.75 P=0.004**

U; Mann-Whitney U Test, *p<0.05, **p<0.01.

In the study conducted by adjusting the cell concentration to
5x103 cells/well, the MTT assay results did not show a statistically
significant difference when compared to the control group
(p>0.05). When compared control and exposure groups for all
other cell concentrations, the MTT assay results were statistically
higher for all exposure groups (p<0.05).

Table 5 shows the comparison of fold-change values in gene
expressions between the control group and the A549 cells exposed
to 5X10° MSC-L cells/well.

Table 5. Comparison of fold-change values in gene expressions between the control group and the A549 cells exposed to 5X10° MSC-L cells/well

p53 XX +SD Min-Max U, p
Control 1+0 1-1 U=3.00
5X10° MSC-L 1.02+0.12 0.91-1.14 p=0.487
c-MYC XX+SD Min-Max U,p
Control 1+0 1-1 U=4.500
5X10° MSC-L 0.96£0.08 0.87-1.01 p=0.999
SOCS2 XX+SD Min-Max U,p
Control 1£0 1-1 U=3.00
5X10° MSC-L 0.91£0.12 0.8-1.04 p=0.487
p21 XX+SD Min-Max Up
Control 10 1-1 U=3.00
5X105 MSC-L 1.27+0.38 0.97-1.7 p=0.487
Bel-xL XX+SD Min—Max Up
Control 1+0 1-1 U=0.001
5X105 MSC-L 1.2+0.12 1.06-1.28 p=0.037*

U; Mann-Whitney U Test, **p < 0.01, *p < 0.05

510



doi: 10.5455/medscience.2021.09.324

The p53, c-MYC, SOCS2, and p21 values did not differ statistically
between the groups (p>0.05). The Bcl-xL value was higher in
the 5X10° MSC-L group than in the control group, which was
statistically significant (p=0.037).

Table 6 shows the comparison of fold-change values in gene
expressions between the control group and the A549 cells exposed
to 20X10° MSC-L cells/well.
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There was no statistically significantly different change in the
expression levels of p53, ¢c-MYC, and SOCS2 compared to
the control group (p>0.05). The p21 gene expression level was
statistically significantly higher in the 20X10° MSC-L experimental
group than in the control group (p=0.037). The Bcl-xL value was
higher in the 20X10° MSC-L experimental group than in the
control group, which was statistically significant (p=0.034).

Table 6. Comparison of fold-change values in gene expressions between the control group and the A549 cells exposed to 20X10° MSC-L cells/well

p53 XX +SD Min-Max (Median) U,p
Control 1+0 1-1 U=3.00
20X10° MSC-L 1.010.09 0.94-1.11 p=0.487
c-MYC XX+SD Min-Max U,p
Control 1+0 1-1 U=3.00
20X10° MSC-L 1.07+0.17 0.96-1.27 p=0.487
SOCS2 XX+£SD Min-Max U,p
Control 1+0 1-1 U=3.00
20X105 MSC-L 1£0.18 0.87-1.21 p=0.487
p21 XX+£SD Min-Max U,p
Control 1+0 1-1 U=0.001
20X10° MSC-L 1.14+0.14 1.02-1.29 p=0.037*
Bel-xL XX+SD Min—Max Up
Control 1£0 1-1(1) U=0.001
20X105 MSC-L 1.2240.15 114-1.4 p=0.034*

U; Mann-Whitney U Test, **p < 0.01, *p <0.05

Discussion

STAT3 is a member of the STAT group that is known to be effective
in cell proliferation and tumor formation. Following the binding
of cytokines to the cell surface receptor, STAT3 proteins form a
dimeric structure, transmitting extracellular signals directly to the
cell nucleus via a signal transduction pathway with an extremely
rapid mechanism. The signal transduction pathway is critical for
the response of JAK-STAT to extracellular factors, conversion
of the signaling pathway response, and the regulation of cell
growth/apoptosis [24]. Cytokines bind to dimerized receptors of
growth factors and phosphorylated JAK through STAT activation-
inducing ligands. A previous study has indicated that STAT3 is
associated with unregulated cell proliferation and malignant
transformation [25]. SOCS2 proteins directly bind to JAK proteins
that are involved in the initiation of the JAK-STAT3 pathway and
act as a feedback inhibitor of the STAT3 pathway. The expression
levels of SOCS2 protein are directly controlled by STAT3 [26,
27]. Therefore, JAK-STAT3, which induces SOCS2 expression,
regulates its expression levels through SOCS2 proteins [26]. In
addition, STAT3 activators and signal converters were found to
induce Bcl-xL expression [28].

The results of the MTT assay conducted in our study revealed
that cell proliferation continued to increase until exposure to
lyophilized containing 20X10° cells, while exposure to a higher
amount of cells inhibited cell proliferation. For exposure, 20X10°
at which statistically significant change began and a lower digit of
this level were preferred. Therefore, it was decided to examine the
gene expression regulations caused by 5X10° and 20X10° MSC-L
in the gene expression analyses. Our study observed no STAT3

value change during A549 cell proliferation in the control and both
experimental groups. Based on the data from our study, it is possible
to say that the JAK-STAT3-Bcl-xL pathway is not responsible for
the proliferation of A549 cells exposed to MSC-L. A similar study
found the JAK/STATS5-Bcel-xL pathway to be responsible for anti-
apoptotic activities, and to regulate the anti-apoptotic activities of
granulocyte-macrophage colony-stimulating factor (GM-CSF) and
the expression of genes activating the Bel-2 family proteins [28].
The same study determined that the JAK-STAT3-Bcl-xL pathway
was not responsible for antiapoptotic processes. The absence of
any change in the gene expression of STAT3 may indicate that the
MAPK/Erk pathway, which is one of the important regulators of
the STAT3 protein, is not actively involved in proliferation.

In our study, the Bcl-xL value was statistically significantly
higher in the 5X10° and 20X10° MSC-L experimental groups
than in the control group (p<0.05). Even though the expression
level of the anti-apoptotic Bcl-xL protein is regulated by the JAK-
STAT3 pathway, the increase or decrease in the expression level
of the Bcl-xL protein alone cannot be evidence for the activity
of the JAK-STAT3 pathway. To detect the activation of the JAK-
STAT3 pathway, it is required to determine the STAT3/pSTAT3
ratio by a method such as Western Blot. This is the subject of
another study that can be conducted in the future. p53 plays an
essential role in arresting cell proliferation at the G1/S phase in
cells with DNA damage [29]. p53 arrests the cell cycle until the
DNA damage is repaired in the cell and controls the transition of
the cell to apoptosis. After DNA damage, the p53 protein levels
increase significantly within minutes in cells with DNA damage.
p21, in turn, negatively regulates the cell cycle through CDK2
together with p53. p21 is one of the main targets of p53 after DNA
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damage, and an increased intracellular p53 concentration elevates
P21 expression levels [3,4]. It is stated in the literature that the
proto-oncogene c-MYC is the master regulator of cell proliferation
and transformation [29]. In our study, the statistically significant
increased level of p21 expression in the 20x10° experimental group
compared to the control group can be associated with the survival
of the cells and interpreted as contributing to cell proliferation
[30]. Our study did not establish any statistically significant
difference in p53, c-MYC, SOCS2 gene expression levels between
the control and experimental groups (p>0.05). In addition, the p21
level was statistically significantly higher in the 20X10° MSC-L
experimental group than in the control group (p=0.037).

There are studies in the literature showing that MSCs lead to a
high level of increase in A549 cell proliferation [31,32]; however,
such studies did not provide any data on the signaling pathway.
Besides, some studies have demonstrated that tumors can integrate
MSCs into the microenvironment, where they can affect tumor
cell survival, angiogenesis, and metastasis [33,34]. Acceleration
of cell proliferation, increase in cell migration, and suppression
of apoptosis accelerate wound healing [35]. In addition, MSCs
with strong potential and differentiation ability improve the
regeneration capacity of the tissue [36,37]. It has been emphasized
in the literature that MSCs increase the neovascularization of
ischemic tissues [38,39]. The present study established that the
change in the expression levels of p21 and Bcl-xL genes that are
believed to be upregulated by the JAK-STAT3 pathway, which is
believed to be involved in cell proliferation, was associated with
MSC-L exposure. This, in turn, revealed an important effect of
MSC-L on the cell cycle.

Our study is the first to examine the effect of umbilical cord-derived
MSC-L on A549 cell proliferation. In this study, which examined
the effect of MSC-L on the lung adenocarcinoma cell line, there
were remarkable changes in some parameters of proliferation in the
experimental groups due to the effect of MSC-L application. The
results from this study suggest that MSC-L can accelerate wound
healing. However, we estimate that the improving effect was not
realized through the JAK-STAT3 pathway but under the control of
other signaling pathways contributing to cell proliferation. Further
preclinical and clinical studies are required to demonstrate the
wound healing-accelerating effect of MSC-L. The limitations of
the study included the lack of testing on primary cell lines, the
absence of performing analyses such as Western blot, and the non-
optimal number of similar studies.

Conclusion

Changes in some parameters that were identified in our study
examining the effects of MSC-L on A549 cell proliferation via
the JAK-STAT3 signaling pathway are important findings. No
exposure was applied to A549 cells in the control group and
gene expression analyses of STAT3, p53, c-MYC, SOCS2, P21,
and Bcl-xL proteins were performed during cell proliferation.
Analyses showed that the expression level of the Bcl-xL gene
increased significantly with exposure to both 5X105 and 20X105
cells, while p21 increased significantly only with exposure to
20X105 cells. There was no change in the expression levels of
other genes. This gives clues that the JAK-STAT3 pathway is not
directly responsible for the proliferation of A549 cells exposed to
MSC-L exposure.
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It is known that the p53 and p21 levels increase when the cell
DNA is damaged. In our study, the insignificant difference in
p53 elevation between the control and experimental groups is a
promising development regarding the lack of DNA damage in the
produced cells. However, the p21 level is statistically significantly
higher in the 20X10° MSC-L experimental group than in the
control group suggests that this topic should be explored in more
depth.
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