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Mesenchymal stem cell conditioned medium azacytidine, panobinostat and GSK126
alleviate TGF-f-induced EMT in lung cancer
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Abstract

This study aimed to investigate the effects of mesenchymal stem cells (MSCs) conditioned medium, azacytidine, panobinostat,
and GSK126 on TGF-B-induced EMT in lung cancer. MSC were cultured in DMEM medium to make MSC conditioned medium.
Our results showed that MSC conditioned medium, azacytidine, panobinostat and GSK126 reduced cell viability, invasion,
expressions of N-cad, vimentin and a-SMA and increased E-cad expression in cells treated with TGF-p. MSC conditioned
medium alleviated TGF-{-induced increases in cell viability and decrease in E-cad expression. In conclusion, MSC conditioned
medium, azacytidine, panobinostat, and GSK126 could alleviate TGF-p-induced EMT in lung cancer.
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Practical Application: We investigated the effects of mesenchymal stem cells (MSCs) conditioned medium, azacytidine,
panobinostat, and GSK126 on TGF-p-induced EMT in lung cancer. We found that MSC conditioned medium, azacytidine,
panobinostat, and GSK126 could alleviate TGF-B-induced EMT in lung cancer.

1 Introduction

Lung cancer is the most common primary malignant
tumor with high morbidity, rapid growth, high mortality and
poor prognosis (Torre et al., 2016). Its morbidity and mortality
are still the highest among all types of malignant tumors in the
world (Hou et al., 1993). In addition to smoking, air pollution
and genetics, occupational exposure and unhealthy diet can also
lead to lung cancer (Godfrey, 2001). Therefore, lung cancer has
become a serious global public health problem (Kesika et al.,
2020; Wang et al,, 2021; Zhao & Zhan, 2020). In recent years,
molecular targeted therapy has been a major breakthrough in
the treatment of lung cancer (Dacic, 2012). However, a study
found that the most cause of death in lung cancer patients
was the invasion and metastasis of tumor cells (Chen et al,,
2008). Hence, how to find lung cancer as soon as possible, and
effectively control the invasion and metastasis of cells become
an urgent problem to be solved in the treatment of lung cancer
(Vasconcelos et al., 2019; Rafiq et al., 2020; Satelli & Li, 2011).

Epithelial-mesenchymal transition (EMT) plays an important
role in the invasion and metastasis of cancer cells, and the degree
of malignancy in lung cancer is closely related to EMT (Jin et al.,
2014; Krohn et al., 2014; Lamouille et al., 2014). EMT means that
epithelial cells exhibit the characteristics of interstitial cells and
acquire migration and exercise capacity, which are important for
embryonic development and organ fibrosis (Zavadil et al., 2008;
Lamouille et al., 2014). It is also play an important role in the
occurrence and development of tumors (Jin et al., 2014). EMT can
promote tumor cells infiltration and metastasis, causing tumor
cells to escape apoptosis induced by certain factors (Zavadil et al.,
2008; Lamouille et al., 2014). An account of studies indicates

that EMT has cellular plasticity that regulate normal human
tissues and tumor tissues. In addition, EMT also cause cells
to form a plurality of different cell subpopulations (called cell
heterogeneity) (Wahl & Spike, 2017). These features are associated
with tumor-related phenotypes, such as metastasis or mortality
(Krohn et al., 2014). Therefore, designing treatment protocols
based on stem cell characteristics and finding therapeutic drugs
has become a hot spot in clinical research.

Mesenchymal stem cells (MSCs) are a kind of multi-potential
non-hematopoietic stem cell with self-replication ability that can
replenish non-active cells and repair damage to maintain the
stability of the internal environment (Uccelli et al., 2008). MSCs
interact with tumors by secreting a range of soluble cytokines such
as vascular endothelial growth factor (VEGF) and b-fibroblast
growth factor (b-FGF). MSCs not only promote EMT to increase
breast cancer cell metastasis but also inhibit cell proliferation
in the tumor microenvironment (Zhu et al., 2009; Martin et al.,
2010). However, the mechanism by which MSC regulates EMT
in lung cancer cells remains to be further elucidated.

In this study, we aimed to investigate the effects of MSC
conditioned medium and three inhibitors on TGF-p-induced
EMT in lung cancer and to screen effective anti-lung cancer drugs.

2 Methods
2.1 Cell culture

MSCs (HUXMA-01001) isolated from healthy adult
bone marrow were purchased from Cyagen Biotechnology
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Co. Ltd (Suzhou, China) and cultured in low glucose DMEM
medium supplemented with penicillin (100 U/mL, Thermo Fisher
Scientific, Waltham, USA), streptomycin (100 pg/mL, Thermo
Fisher Scientific, Waltham, USA) and 10% (v/v) fetal calf serum
(FCS; Thermo Fisher Scientific, Waltham, USA) for 48 h at 37 °C.
The above medium was also called MSC conditioned medium.

Human lung cancer cell line A549 was purchased from
ATCC (Manassas, USA), cultured in 0.1% serum for starvation
overnight, and then divided into four groups: one group did not
do any treatment; one group added MSC conditioned medium
in equal proportion; one group added 10ng/ml TGF-p; the last
one group added 1:1 MSC conditioned medium and 10 ng/mL
TGF-p. In addition, each group of cells were treated with
50-200 nM GSK126 (Bio-Techne, Minnesota, USA), 5-20 nM
panobinostat (Bio-Techne, Minnesota, USA) and 0.5-2 uM
azacytidine (Bio-Techne, Minnesota, USA), respectively.

2.2 Cell viability assay

Cells (2000 cells/well) were seeded into 96-well plates for
48 hat 37 °C, and incubated in DMEM with 10 uL MTT solution
for 1-4 h. After adding dimethylsulfoxide (DMSO), the light
absorption values of each well were measured at the wavelength
of 450 nM (OD450) by Enzyme-linked immunodetector (Thermo
Fisher Scientific, Waltham, USA).

2.3 Cell invasion assay

Transwell assay was used to test cell invasion. In brief, cells
were digested with trypsin (Thermo Fisher Scientific, Waltham,
USA). Medium (700 pL), including 15% FBS (Thermo Fisher
Scientific, Waltham, USA) and Matrigel (1:5; BD biosciences,
California, USA), was added into the bottom membrane of
Transwell chamber with extracellular matrix. Meanwhile, cell
suspension was added into the upper chamber and incubated for
24 h. Then, cells were washed three times in PBS, added 200 uL
of pure methanol for 15 min, and stained with 200 uL of crystal
violet (Thermo Fisher Scientific, Waltham, USA) for 15 min.
The stained cells were observed, counted and photographed
under the microscope.

2.4 qRT-PCR

Total RNA was extracted by Trizol Reagent (Life Technologies
Corporation, Carlsbad, USA). cDNA was reverse transcripted by
TaKaRa PrimeScript II First Strand cDNA Synthesis Kit (TaKaRa
Biotechnology, Dalian, China). The sequences of primers were
shown in Table 1. PCR amplification system was configured by
TaKaRa SYBR Premix Ex Taq II Kit (TaKaRa Biotechnology,
Dalian, China) according to the specification. The conditions
were 95 °C for 10 min, 44 cycles of 95 °C for 10s, 60 °C for 20 s,
72 °Cfor 30, finally 72 °C 5min. Data were analyzed by Bio-Rad
CFX Manager 1.6 Software (Bio-Rad, Hercules, CA) and 2744
method (Livak & Schmittgen, 2001).

2.5 Western blotting

The proteins were extracted from washed cells by RIPA Lysis
Buffer (Beyotime, Shanghai, China) and quantified by Coomassie

Table 1. The sequences of primers.

Gene F/R Primer Sequence (5’ to 3)

E-cad F GGTGAAAGAGTGAGACCCCA
R GGGTCTAGGTGGGTTATGGG

N-cad F CACTTCCACCTCCACATCCT
R CTGATGACAAATAGCGGGCC

Vimentin F CCTTGGCGGGTAAGTACTCA
R TTCGTGCAATTGACCTTGGG

a-SMA F GCACGCCTATAGTCCTAGCT

R TATCGCCCTCCCACATTTGT
GAPDH F AAAAGCGGGGAGAAAGTAGG
R AAGAAGATGCGGCTGACTGT

F: Forward; R: Reward.

brilliant blue G-250 (Solarbio, Beijing, China). The samples were
electrophoresed by SDS-PAGE and transferred to the PVDF
membranes for 60-120 min. The antibody of E-cad, N-cad,
Vimentine, a-SMA and GAPDH were purchased from Abcam
(Shanghai, China), diluted 3,000 times and incubated with
PVDF membranes at 4 °C overnight. The secondary antibody
(1: 5000, Abcam, Shanghai, China) marked by HRP was added
into PVDF membranes to cultivate 1 h at room temperature.
Then, BeyoECLPlus (Beyotime, Shanghai, China) was used to
develop color in the dark, and the signals were captured and the
intensity of the bands was quantified using Image Lab™ Software
(Bio-Rad, Shanghai, China).

2.6 MeDIP

Transfected cells were digested with trypsin (Thermo
Fisher Scientific, Waltham, USA), re-suspended in cold-PBS
and added 870 uL. DNA extraction buffer, 100 pL 10% SDS and
30 uL proteinase K (Thermo Fisher Scientific, Waltham, USA)
at 55 °C overnight. DNA was extracted by RNaseA (Thermo
Fisher Scientific, Waltham, USA) 30 min at 37 °C. MeDIP Kit
(BersinBio, Guangzhou, China) was used to perform standard
MeDIP assay, and then 2xSYBR Green qPCR Mix Kit (Cwbio,
Beijing, China) was used to configure the 20 uL PCR amplification
system following the manufacturer’s instructions. Finally, data
analysis was carried out to obtain enrichment efficiency.

2.7 Statistical analysis

The data were presented as the mean + standard deviation
(SD), and performed using SPSS 21.0 statistical software (IBM
Corporation, Armonk, USA). The p-values were calculated using
student’s t-test for two groups or one-way analysis of variance
(ANOVA) for multiple groups. Besides, p < 0.05 was considered
as statistically significant.

3 Results

3.1 Effects of azacytidine, panobinostat, GSK126, MSC
conditioned medium and TGF-f on cell viability and
invasion

Firstly, in order to study the influences of MSC conditioned
medium and three inhibitors azacytidine, panobinostat and GSK126 in
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Figure 1. Effects of azacytidine, panobinostat, GSK126, MSC conditioned
medium and TGF-B on cell viability. After culturing cells, EMT cell
model was established by TGF-, and then different concentration of
azacytidine, panobinostat, GSK126, MSC conditioned medium were
added into different groups. MT T assay was used to detect cell viability in
(A)0,0.5,1.0, 1.5 and 2.0 uM azacytidine; (B) 0, 50, 100, 150 and 200 nM
GSK126;(C) 0, 5, 10, 15 and 20 nM panobinostat treated cells. *p < 0.05,
compare with control group; #p < 0.05, compare with the TGF- group.

Il 0 .M azacytidine [l O nM Panobinostat

TGF-B-induced EMT in A549 cells, we used MTT and Transwell
assay to detect cell viability and invasion. In Figure 1, cell viability
was significantly increased in TGF-P treated cells, while decreased
after adding 1:1 MSC conditioned medium (p < 0.05). Besides,
conditioned medium alleviated the TGF-B-induced increase in
cell viability (p < 0.05). Subsequently, Figure 1A-C showed that
azacytidine, panobinostat and GSK126 respectively inhibited cell
viability in a dose-dependent manner, respectively, but the inhibitory
effect did not change significantly with increasing dose (p < 0.05).

As shown in Figure 2 and Figure 3, relative cell count was
increased in the TGF-f group compared with that in the control
group, and it was more than that in the MSC conditioned medium
group (p <0.05). TGF-B-induced cell invasion addition was inhibited
by MSC conditioned medium. Moreover, with the increase of
azacytidine, panobinostat and GSK126, relative cell count was
reduced in the same group (p < 0.05). These data indicated that
azacytidine, panobinostat, GSK126 and MSC conditioned medium
could affect TGF-B-induced A549 cell development in lung cancer.

3.2 Effects of azacytidine, panobinostat, GSK126, MSC
conditioned medium and TGF-f on EMT-related proteins

Next, we explored the effects of azacytidine, panobinostat,
GSK126 and MSC conditioned medium on TGF-B-induced EMT
in lung cancer by qRT-PCR and western blotting. The results
in Figure 4, the mRNA level of E-cad was increased in the
1:1 conditioned medium group, and reduced in the TGF-f group
compared with that in the control group. On the contrary, TGF-f3
up-regulated and MSC conditioned medium down-regulated
the mRNA levels of N-cad, Vimentin and a-SMA in A549 cells.
Then, these down-regulation or up-regulation of E-cad, N-cad,
Vimentin and a-SMA were mitigated when simultaneously
adding MSC conditioned medium and TGF-f. Furthermore,
Figure 4A-C severally showed that azacytidine, panobinostat
and GSK126 increased E-cad expressions and decreased N-cad,
vimentin and a-SMA expression (p < 0.05).

In addition, western blotting results also showed that
the protein level of E-cad in the control group was less
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Figure 2. Effects of azacytidine, panobinostat, GSK126, MSC conditioned medium and TGF-p on cell invasion. Transwell assay was used to detect
cell invasion in cells. * p < 0.05, **p < 0.01, compare with control group; #p < 0.05, ##p < 0.01compare with the TGE-p group.
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Figure 3. Effects of azacytidine, panobinostat, GSK126, MSC conditioned medium and TGF-f on cell invasion. Transwell assay was used to
detect cell invasion in cells.
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Figure 4. Effects of azacytidine, panobinostat, GSK126, MSC conditioned medium and TGF-P on EMT-related proteins. qRT-PCR was used to
assess E-cad, N-cad, Vimentin and a-SMA in (A) 0, 0.5, 1.0, 1.5 and 2.0 uM azacytidine; (B) 0, 5, 10, 15 and 20 nM Panobinostat; (C) 0, 50, 100,
150 and 200 nM GSK126 treated cells. * p < 0.05, **p < 0.01, compare with control group; #p < 0.05, ##p < 0.01compare with the TGF-p group.

than that in the 1:1 conditioned medium group, and it was
increased in the TGF- group. Conversely, the protein levels
of N-cad, Vimentin and a-SMA were down-regulated when
adding MSC conditioned medium, and were up-regulated
in TGF-B-treated cells (Figure 5-6, p < 0.05). The roles of
azacytidine, panobinostat and GSK126 in protein expression
levels of E-cad, N-cad, Vimentin and a-SMA were consistent
with qRT-PCR results (Figure 5-6, p < 0.05). That is, E-cad
expression was added and N-cad, Vimentin and a-SMA
expressions were reduced after cells treated with azacytidine,
panobinostat and GSK126.

3.3 Effects of azacytidine, MSC conditioned medium
and TGF-f3 on methylation rate of EMT-related genome
promoter regions

Finally, we studied the relationship between methylation rate
and EMT of lung cancer. In Figure 7, MSC conditioned medium
and azacytidine reduced methylation rate of E-cad promoter
region and increased methylation rate of N-cad, Vimentin,
a-SMA genome promoter regions. On the contrary, TGF-p
increased methylation rate of E-cad enrichment and decreased
methylation rate of N-cad, Vimentin, a-SMA. Besides, MSC
conditioned medium alleviated the changes of TGF-f-induced
methylation rate. Sum up, promoter methylation rate of E-cad,

Food Sci. Technol, Campinas, v42, e53021, 2022

N-cad, Vimentin, and a-SMA genomes were involved in the
regulation of expression of such genes in lung cancer cells.

4 Discussion

In recent years, more and more studies have found that
the invasion, metastasis and drug resistance of lung cancer are
closely related to EMT (Jin et al., 2014). However, the entire
EMT process is very complex. EMT can be stimulated by a
variety of signaling pathways, and can also form a complex
signal network with the transcription factors involved in the
downstream signaling pathway of EMT in cells (Colas et al.,
2012; Zaravinos, 2015).

Conditioned medium has been widely used in angiogenesis
models to stimulate endothelial cells to form capillary-like
structures in vitro (Lecht et al., 2014). It has been reported
that MSC conditioned media protects myocardial cells from
oxidative stress and reduces the severity of inflammatory
arthritis and immune response (Dong, 2015; Kay et al., 2017).
It may also cause neuroinflammation, exacerbate oxygen and
glucose deficiencies, thereby leading to cell death (Horn et al.,
2011; Khan et al., 2021; Hu et al,, 2021). Ruiz et al. revealed
that MSC conditioned medium can lead to proliferation or
death of hepatocellular carcinoma cells, depending on the
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source of stem cells, and Maj et al. found that MSC conditioned
medium may inhibit the damage caused by chemotherapy and
become a potential alternative drug for urinary tract tumors
(Ruiz et al., 2013; Maj et al., 2017). In this study, we found that
MSC conditioned medium reduced cell viability and invasion,
suggesting that MSC conditioned medium is closely related to
the growth and survival of lung cancer cells.

TGEF-P is considered to be the most important factor in
inducing EMT during developmental processes, cancers and
other pathological conditions (Fuxe etal., 2010). In some in vitro
cultured epithelial cell lines, EMT can be induced by simple TGE-[3
stimulation. EMT mediated by TGF-f signal can be achieved
either through the classical Smad pathway or by the non-Smad
pathway (Fuxe et al., 2010; Li et al., 2013). In this experiment, we
used TGF- to induce the EMT process of cells. Furthermore,
TGEF-p can not only inhibit the proliferation of endothelial cells,
lymphocytes and hematopoietic stem cells as tumor suppressor, but
also stimulate tumor fibrosis, extracellular matrix deposition and
EMT process as a tumor promoting factor (Tripodo et al., 2011).

Moreover, high expressed of E-cad in early highly
differentiated lung cancer cells and low expression in late poorly
differentiated lung cancer suggest that the adhesion between
tumor cells decreases with the down-regulation of E-cad to
promote EMT occurrence (Mateen et al., 2013). Vimentin is an
important factor in EMT, which is expressed more frequently
in advanced lung cancer than that in early lung cancer (2011).
The expression of N-cad expression mediates the transformation
of tumor cells from epithelial to mesenchymal and promotes
angiogenesis (Tran et al.,, 1999). a-SMA can also be used as
an indicator of phenotypic transformation of mesenchymal
cells. It is a reliable marker protein for the cell phenotype of
myofibroblasts (Ju et al., 2012). These reports indicate that the
expression of these proteins is related to the malignant process
of cells. In addition, Hyeonseok et al. showed that TGF-8 could

induce cell morphological changes, increase cell invasion and
metastasis, up-regulate the expression of N-cad, Vimentin, snail
and MMP2, and down-regulate the expression of E-cad that is
a classic symbol of EMT (Ko et al., 2013). And these data were
similar to our experimental results, we found that TGF-{ increased
cell viability, invasion, the mRNA and protein levels of N-cad,
Vimentin and a-SMA, as well as decreased E-cad expression.
At the meanwhile, TGF-B-induced changes were alleviated when
cells were treated with MSC conditioned medium, indicating
that MSC conditioned medium might inhibit TGF-f-induced
EMT in lung cancer.

With the in-depth study of TGF-B-induced EMT in lung
cancer, many inhibitors have emerged, which can effectively
reverse EMT, be combined with conventional anti-tumor drugs,
and reduce the risk of drug resistance of single anti-tumor drugs
(Shietal.,2015). An experiment had suggested that azacytidine
can reproduce various tumor suppressor genes containing
hypermethylation rate of CPG islands by demethylation, thereby
restoring the ability to inhibit cancer (Fiiller etal., 2015). Hence,
we chose DNA methyltransferase inhibitor azacytidine to study
the mechanism of EMT in lung cancer. In addition, panobinostat
increases nuclear histone and non-histone acetylation, thus
regulating gene expression and protein activity associated with
cancer cell growth and survival pathway (Crisanti et al., 2009).
GSK126, as an EZH?2 selective inhibitor, is closely related to
the occurrence and development of tumors (Zeng et al., 2017;
Balthazar et al., 2021). Our results showed that azacytidine,
panobinostat and GSK126 respectively inhibited cell viability
and invasion in a dose-dependent manner. Therefore, these
suggested that we could use a higher concentration of inhibitors
when avoiding EMT of lung cancer. Finally, MeDIP results
also showed that MSC conditioned medium and azacytidine
reduced methylation rate of E-cad promoter region and increased
methylation rate of N-cad, Vimentin, a-SMA genome promoter
regions. Due to disordered methylation rate of DNA in animals
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can cause embryonic death, neurodegenerative diseases, some
kinds of cancers, inactivation of certain genes and changes in DNA
conformation in certain regions, thus affecting the interaction
between proteins and DNA. Therefore, we considered that
MSC conditioned medium inhibited the occurrence of EMT
by removing methylation of certain genes.

In conclusion, azacytidine, panobinostat, GSK126 and MSC
conditioned medium could alleviate TGF-B-induced EMT in
lung cancer. These data provide an effective experimental basis
for the treatment of lung cancer. However, we will study the
effects and regulatory mechanisms of TGF-f signaling pathway
on EMT in lung cancer in order to find more effective anti-tumor
drugs and treatments in the future.
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