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Gastric cancer (GC) remains a major cause of cancer-related deaths worldwide. GATA4 has been previously reported
to exhibit functions in GC. In this study, we aimed to investigate the effect of GATA4 gene methylation on GC progres-
sion. Methylation-Sensitive High-Resolution Melting was used to detect the methylation of GATA4 promoter region in GC
tissues and adjacent normal tissues, GC cell lines and GES-1 cells. The relationship between GATA4 methylation level and
clinical characteristics of GC patients was analyzed. GATA4 levels in GC tissues and adjacent normal tissues, GC cell lines
and GES-1 cell lines were detected, and gain-of-function was performed to investigate the role of GATA4 in GC. si-GATA4
was transfected into GES-1 cells to observe the changes of various indicators. RNA-seq detected the differentially expressed
genes in SGC-7901 cells overexpressing GATA4, and western blot analysis verified their expression. GATA4 methylation
rate was increased in GC tissues, and GATA4 promoter was abnormally methylated in GC cells. GATA4 methylation rate in
GC tissues was related to lymph node metastasis, differentiation degree and clinical stage of GC patients. Lower expressed
GATA4 was observed in GC tissues and cells. Cell proliferation rate decreased and cell apoptosis rate increased in SGC-7901
cells overexpressing GATA4. Transfecting si-GATA4 into GES-1 cells led to increased proliferation, inhibited apoptosis, and
restoration of GATA4 led to decreased APC and GSK3 levels. In conclusion, restoration of GATA4 caused by 5-Aza treat-
ment can inhibit the proliferation and promote apoptosis of GC cells possibly via Wnt/p-catenin signaling pathway. This

study may offer new sight for GC treatment.
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Gastric cancer (GC) is estimated to be the fifth most
frequently diagnosed cancer worldwide and it ranks third in
regard to cancer-related deaths in both males and females all
over the world [1]. It has been observed that over 70% of new
cases and deaths occur in developing regions and countries
[2]. A research made in 2012 found that GC incidence rate
in males was nearly two times higher than that in females
globally, and an increasing trend that corresponded with
increasing age, peaking at 80-84 years, as well as increased
median and the average age [3]. It is commonly believed
that the incidence and mortality of GC are associated with
the economic status and diet, mainly environmental sanita-
tion for water and housing, Helicobacter pylori infection,
high intake of salt, pickled or smoked foods, as well as
refined carbohydrates [4]. The prognosis is far from satis-
faction since its average 5-year survival rate is less than 20%
owing to late diagnosis [5]. In recent years, although diverse
molecules have been utilized for GC prediction, their roles

in identifying the individual risk are quite limited [6]. There-
fore, there is an urgent need to find new diagnostic markers
to prevent GC incidence and improve the overall treatment
effect of GC patients.

GATA transcription factors are zinc finger DNA-binding
proteins, which exert functions in the development of
various tissues by activating or inhibiting transcription, thus
regulating the proliferation, differentiation, and cell survival,
and their reduced expression can lead to malignant transfor-
mation [7, 8]. GATA4, a member of the GATA family, can
regulate gene expression and play a crucial role in cardiac
development, gastrointestinal system, respiratory system as
well as cancer [9]. It has been previously reported that GATA4
displays genomic amplification in GC, and the combination
of KLF5, GATA4, and GATA6 promotes GC development
[10]. It has previously been shown that the GATA4 gene
methylation is related to poor lung function and increased
odds of chronic obstructive pulmonary disease, and showed
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a 3-fold increase in the risk of poor health [11]. GATA4
methylation has also been reported to play an important role
in epithelial ovarian cancer [12], and the methylation level of
GATA4/5 has been considered as a noninvasive biomarker
of colorectal cancer [13]. Based on the above literature, we
can draw a hypothesis that GATA4 is involved in GC through
its gene promoter methylation. Therefore, this study aims to
explore the effects of GATA4 on proliferation and apoptosis
in GC cells.

Materials and methods

Sample collection. From September 2016 to September
2018, 64 GC patients (46 males and 18 females, with a
median age of 36-77 years and an average age of 59.5+10.4
years) diagnosed and treated in Shaanxi Provincial People’s
Hospital were enrolled in this experiment for collection of
GC tissues and adjacent normal tissues (at least 5 cm away
from GC tissues). Inclusion criteria were as follows: 1) all
patients were diagnosed as GC by pathological examina-
tion after operation; 2) no patients received radiotherapy
or chemotherapy before operation; 3) all patients had
complete clinical data. Patients with chronic system diseases
or other malignant tumors would be excluded. This study
was approved by and supervised by the ethics committee of
Shaanxi Provincial People’s Hospital. All the subjects signed
the informed consent.

GC cell selection and cultivation. GC cell lines
(BGC-823, AGS, and SGC-7901) purchased from the Cell
Resource Center of Shanghai Institute of Biology, Chinese
Academy of Sciences (Shanghai, China) and human normal
gastric mucosal cell line GES-1 purchased from Shanghai
Aiyan Biological Technology Co., Ltd. (Shanghai, China)
were cultured with medium (Gibco, Grand Island, NY, USA)
containing 10% fetal bovine serum (FBS) and 1% penicillin
streptomycin in a 5% CO, incubator at 37°C. When cell
density reached about 80%, the cells were subcultured into
the second or third generation. Cells in logarithmic growth

Table 1. Primer sequences of methylation.

Primer
F: 5-GGTTGAAGTGTAGTGGTATGATTTT-3’
R: 5-ATTCAACACCAAACTAACCAACATA-3

Gene

GATA4

Table 2. Primer sequences of RT-qPCR.

Genes Sequences

GATA4 F: 5-ATAAAGCTGACCC TGGGCAC-3’
R: 5-GGGTGAATTCAGCTGCTCCT-3

GAPDH F: 5-TGGGTGTGAACCATGAGAAG-3

R: 5-GTGTCGCTGTTGAAGTCAGA-3

Note: GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; RT-qPCR:
reverse-transcription quantitative polymerase chain reaction; F, forward;
R, reverse.

phase were selected to detect the expression of GATA4
and the methylation of CpG island in the promoter region.
SGC-7901 cells with high methylation level were selected for
demethylation treatment and GATA4 overexpression experi-
ments.

SGC-7901 cells were cultured in Dulbeccos modified
Eagles medium (DMEM) containing 10% FBS and treated
with 1% 5-aza-cytidine (Sigma, St. Louis, MO, USA)
dissolved in dimethyl sulphoxide (DMSO) for 72 h. Finally,
the methylation level and expression of GATA4 in SGC-7901
cells were detected.

Methylation-Sensitive =~ High-Resolution = Melting
(MS-HRM). The genomic DNA of tissues and cells was
extracted by conventional phenol-chloroform extraction and
transformed by EpiTect fast DNA Bisulfite kit. The reaction
system included 1000 ng DNA, 35 ul DNA protective solution
and 85 ul conversion reagent. The reaction condition was at
95°C for 5 min, at 60°C for 20 min, at 95°C for 5 min, and at
60°C for 20 min. After the reaction, the product was purified
and recovered with a centrifugal column attached to the
kit and then stored at -20°C. MS-HRM was carried out on
Rotor-gene 6000 (Corbett, Sydney, Australia) in two copies
of each sample. Each analysis included 100%, 50%, 10%,
and 3% methylated and completely unmethylated standard
samples for the detection of methylation levels. MS-HRM
primers were designed and synthesized by Shanghai Sangon
Biotechnology Co., Ltd. Shanghai, China (Table 1). The 20 pl
reaction system consisted of 1x PCR bufter, 1.5 to 3.0 mM
MgCl,, 200uM dNTP mixture, 200-400 nM forward and
reverse primers, 1x SYTO9 intercalating dye (Thermo Fisher
Science, Waltham, MA, USA), 0.5 U Hotstar Taq polymerase
and 10 ng hydrogen sulfite-transformed DNA. The methyla-
tion level was presented as a percentage.

GC cell grouping and treatment. SGC-7901 cells in the
logarithmic growth phase were allocated into a blank group
(without any treatment), negative control (NC) group (trans-
fected with empty vector pcDNA3.1), GATA4 group (trans-
fected with pcDNA-GATA4 plasmid, overexpressed GATA4
plasmid constructed by pcDNA3.1 vector), si-NC group and
si-GATA4 group. The empty vector pcDNA3.1, pcDNA-
GATA4 plasmid, and si-NC were synthesized by Shanghai
Sangon Biotechnology Co., Ltd. (Shanghai, China). Transient
transfection was carried out strictly according to the instruc-
tions of Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA). After 48 h, the mRNA expression and protein level
of GATA4 in cells were detected by reverse-transcription
quantitative polymerase chain reaction (RT-qPCR) and
western blot analysis to verify the transfection effect.

RT-qPCR. Trizol (Invitrogen, Carlsbad, CA, USA)
one-step method was used to extract total RNA of tissues and
cells, and the extracted high quality RNA was confirmed by
ultraviolet analysis and formaldehyde denaturation electro-
phoresis. One pig RNA was reversely transcribed into cDNA
by avian myeloblastosis virus (AMV) reverse transcriptase.
The qPCR was conducted by SYBR Green method with
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glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as
an internal reference. The PCR primers were designed and
synthesized by Shanghai Sangon Biotechnology Co., Ltd.,
Shanghai, China (Table 2). PCR system included ¢cDNA
1.0ul, 2x SYBR Green Mix 10pul, Forward Primer (10 uM)
0.5 pl, Reverse Primer (10 uM) 0.5 ul, and was supplemented
into 20 pl with the addition of RNase free water. The reaction
conditions were as follows: pre-denaturation at 94°C for
5 min, 40 cycles of denaturation at 94°C for 40s, annealing
at 60°C for 40s, extension at 72°C for 60s, and extension
at 72°C for 10 min at last. The products were verified by
agarose gel electrophoresis. The threshold value was selected
manually at the lowest point of the parallel rise of logarithmic
amplification curves, and the threshold cycle (Ct) value of
each reaction tube was obtained. The data were analyzed
by 2-24¢ method, which indicated the multiple relationships
between the experimental group and the control group. The
formula was as follows: AACt = [Ct (target gene) — Ct (refer-
ence gene)] coperimental growp — LCt (target gene) — Ct (reference
£en)] conl g

Western blot analysis. The protein concentration of each
tissue and cell was determined according to the instruc-
tions of bicinchoninic acid (BCA) kit (Boster Biological
Technology Co., Ltd, Wuhan, Hubei, China). The extracted
protein was added with the loading buffer, then boiled at
95°C for 10 min, and loaded on each well (each for 30 pg),
and then protein was separated by 10% polyacrylamide
gel electrophoresis (PAGE, Boster Biological Technology)
with the voltage changing from 80 V to 120 V. The protein
was transformed into the polyvinylidene fluoride (PVDF)
membrane by wet transformation at 100 mV for 45-70
min. The membrane was sealed in 5% bovine serum
albumin (BSA) at room temperature for 1 h and added
with the primary antibodies at 4°C overnight. Afterward,
the membrane was rinsed by Tris-buffed saline containing
0.05% Tween 20 (TBST) for 3 times, each for 5 min, and
then incubated with the secondary antibody (ZSGB-Bio
Co., Ltd, Beijing, China) at room temperature for 1 h.
Then the membrane was washed 3x5 min, developed by
chemiluminescence reagent and bands were visualized
using the Bio-Rad Gel Dol EZ imager (Bio-Rad Laborato-
ries, Hercules, CA, USA). The target band was analyzed by
Image] software (National Institutes of Health, Bethesda,
Maryland, USA) for grey value analysis. All antibodies
GATA4 (1:2000, ab227512), P-actin (1:5000, ab227387),
APC (1:1000, ab15270), GSK3p (1:1000, ab93926), APOB
(1:1000, ab20737) COX-2 (1:1000, ab15191) were purchased
from Abcam (Cambridge, MA, USA).

Cell counting kit-8 (CCK-8). SGC-7901 cell suspension
was diluted to a certain concentration and then inoculated
in a 96-well plate with a density of 2x10°/100 ul/well, with
12 parallel wells in each group. The cells were cultivated for
24 h, 48 h, 72 h, and 96 h, with 3 duplicated wells at each
time point. CCK-8 solution (Sigma, St. Louis, MO, USA) was
added to the medium without cells and served as the blank

control. The plate was then cultured at 37 °C with 5% CO,. A
total of 10 ul CCK-8 solution was added to the wells at each
time point, and the plate was cultured in an incubator for 4 h.
The optical density (OD) value was detected at a wavelength
of 450 nm by a microplate reader.
5-ethynyl-2’-deoxyuridine (EdU) assay. Cell-light EAU
fluorescence detection kit (RiboBio, Guangzhou, Guang-
dong, China) was used to detect the DNA replication ability
of cells. SGC-7901 cells in each group were resuspended
and counted after routine treatment. The cells were inocu-
lated into a 96-well plate at 1x10*cells/well, and each group
had 3 duplicated wells. After 2 h cultivation in 100 ul 50 uM
EdU, the cells were rinsed by phosphate buffered saline (PBS)
twice, fixed with 4% paraformaldehyde for 20 min, incubated
with 2% glycine for 15 min, and washed twice by PBS with
the liquid absorbed. Then the cells were treated with 150 ul
penetrating agent and washed repeatedly by PBS for 3 times.
The cells were treated according to the instructions of the
EdU kit. Under the fluorescence microscope (Olympus
FSX100), five visual fields were randomly photographed.
Blue fluorescence represented all cells, while red fluores-
cence represented the replicating cells infiltrated by EAU. The
percentage of EAU positive cells was then calculated.

Colony formation assay. SGC-7901 cells in each group
were treated with trypsin, then the cell suspension was fully
dispersed, and 200 cells were inoculated into a 6-well plate.
The plate was shaken gently so that the cells were evenly
dispersed and cultured for 2-3 weeks. When cell clones were
visible to the naked eyes, the cultivation was terminated, the
culture medium was removed, and cells were washed 3 times
with PBS. Afterward, cells were fixed with 4% paraformalde-
hyde for 30 min and washed with PBS 3 times again. Subse-
quently, cells were stained with Giemsa solution for 60 min,
and the dying solution was washed away slowly by running
water and cells were dried. Finally, the number of cell clones
was counted under the microscope.

Flow cytometry. After treatment, suspended cells were
mixed, centrifuged and collected with supernatant discarded.
Cells were resuspended, washed with PBS and the concentra-
tion was adjusted to 1x10° cells/ml to reach dispersed single
cell suspension. The cells were centrifuged at 2000 rpm for
5 min and the supernatant was removed. Afterward, cells
in each group were added with 500l cold ethanol with a
volume fraction of about 70% and fixed for 2 h to overnight at
4°C. After discarding the fixative liquid, 1 ml PBS was added
to further elute the fixative liquid. Cells were centrifuged at
2000 rpm for 3 min with the supernatant removed, added
with 100 ul RNase A in a water bath at 37 °C for 30 min, and
stained with 400 pl propidium iodide (PI) at 4°C for 30 min
in the dark. Subsequently, the red fluorescence at 488 nm
excitation wavelength was recorded.

After treatment, cells were centrifuged with supernatant
discarded. Cells were resuspended and washed with PBS
and the concentration was adjusted into 1x10° cells/ml. A
total of 200 pl cells were centrifuged after twice wash by 1 ml
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pre-cooled PBS. Cells were re-suspended in 100l binding
buffer, added with 2uL Annexin-V- fluorescein isothiocya-
nate (FITC) (20 ug/ml), mixed gently and placed on the ice
for 15 min avoiding exposure to light. Then the cells were
transferred to the flow detection tube and added with 300 pl
PBS. Each sample was added with 1ul PI (50 ug/ml) before
detection and tested within 30 min. With Annexin-V as the
horizontal axis, PI as the vertical axis, mechanically damaged
cells were located in the upper left quadrant, apoptotic or
necrotic cells in the upper right quadrant, negative normal
cells in the left lower quadrant and early apoptotic cells in the
right lower quadrant.

Hoechst 33258 staining. SGC-7901 cells in the
logarithmic growth phase were inoculated at 1x10° cells/ml
into a 6-well plate with a cover glass, 3 ml per well. After
cells were cultivated in a 5% CO, incubator at 37°C for 24h,
the culture medium was removed. The fixative solution
was removed after cells were fixed for 10 min, and then the
Hoechst 33258 dyeing (Shanghai Beyotime Biotechnology
Co., Ltd, Shanghai, China) was added following cell washing.
Cells were stained at room temperature for 5 min, and then
the dyeing solution was removed and cells were washed
with PBS. The cover glass attached with cells was taken out
and placed on a slide dripped with an anti-fluorescence
quenching agent. The slide was observed and photographed
under a fluorescence microscope.

Transwell assay. Cell migration experiments were carried
out in a Transwell chamber without polyvinylpyrrolidone
polyvinyl acetate membrane with well size of 8 um. GES-1

Table 3. The relationship between the degree of GATA4 methylation and
the clinical characteristics of GC patients.

. . GATA4 methylation
Clinicopathological Cases  Positi Newatt p-value
data ositive egative

(n=39) (n=25)
Age 0.308

<60 30 16 (53.3) 14 (46.7)

=60 34 23 (67.6) 11(32.4)

Sex 0.273

Male 46 26 (56.5) 20 (43.5)

Female 18 13(722) 5(27.8)

Tumor size 0.193

<5cm 26  13(50.0) 13 (50.0)

>5cm 38 26 (68.4) 12 (31.6)

Clinical stages 0.010

I+11 35 16 (45.7) 19 (54.3)

III+1V 29 23 (79.3) 6(20.7)

Lymph node metastasis 0.015

Yes 41 30(732)  11(26.8)

No 23 9(39.1) 14 (60.9)

Degree of differentiation 0.019

Poor + moderate 47 33(70.2) 14 (29.8)

High 17 6(35.3) 11 (64.7)

Note: GC, gastric cancer. Data were analyzed by Fisher’s exact test.

cells transfected with 1x10° cells/ml siRNA was placed in
the upper chamber with serum medium (0.1% BSA) and in
the lower chamber with DMEM containing 10% FBS. After
cultivation in a 5% CO, incubator at 37 °C for 24 h, the filtra-
tion membrane was taken out and washed with PBS, fixed
with 0.5% glutaraldehyde, stained with crystal violet staining
solution at 37°C in a 5% CO, incubator. Five visual fields
(200x) were randomly counted under the microscope.

Total RNA was extracted from cells by miRNAeasy Mini
Kit (Qiagen, Dusseldorf, Germany), quantified by NanoDrop
ND-2000 spectrophotometer (Thermo Fisher Scientific), and
differentially expressed RNA was screened by microarray
analysis (Sangon Biotech, Shanghai, China). The threshold
was set at a multiple of more than 2, and p<0.05.

Statistical analysis. SPSS 21.0 (IBM Corp., Armonk, NY,
USA) was applied for data analysis. Kolmogorov-Smirnov
test showed whether the data were in the normal distribu-
tion. The results were expressed as mean + standard devia-
tion. Comparison between the two groups was analyzed by
t-test, comparison among multiple groups was analyzed
by one-way analysis of variance (ANOVA) or two-way
ANOVA, and pairwise comparison after ANOVA was
conducted by Tukey’s multiple comparisons test. Fisher’s
exact test was used to compare the enumeration data. p was
obtained by a two-tailed test and p<0.05 indicated a signifi-
cant difference.

Results

Hypermethylation of GATA4 in GC tissues and cells.
The methylation of GATA4 promoter region in GC tissues
was detected by MS-HRM. The results showed that the
methylation rate of the GATA4 promoter region in GC
tissues was significantly higher than that in adjacent tissues
(Figure 1). Then we detected the methylation of the GATA4
promoter region in GC cell lines BGC-823, AGS, SGC-7901,
and human normal gastric mucosa cell line GES-1. The
results showed that no promoter methylation of the GATA4
gene was detected in human normal gastric mucosal cell line
GES-1, while there was significant abnormal methylation
in the promoter region of the GATA4 gene in GC cell line
GES-1 (Figure 1). This indicated that there was abnormal
methylation of GATA4 in GC.

GATA4 methylation is associated with the clinical stage
and lymph node metastasis of GC patients. The relation-
ship between the GATA4 methylation level and the clinical
characteristics of GC patients was analyzed. The results
showed that the GATA4 methylation level in GC tissues
was related to the clinical stage, lymph node metastasis,
and tumor differentiation. The methylation rate of GATA4
increased with the increase of GC clinical stages. The methyl-
ation rate of GATA4 in GC tissues of patients in stage III+IV
was significantly higher than that of patients in stage I+II
(p<0.05). The methylation rate of GATA4 in poorly differ-
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Figure 1. GATA4 is hypermethylated in GC tissues and cells. MS-HRM was used to detect the degree of GATA4 methylation in tissue specimens and cell
lines. 0% M was non-methylation, N=64, Repetitions = 3. GC, gastric cancer; MS-HRM, methylation-sensitive high-resolution melting.

entiated GC tissues was significantly higher than that in
highly differentiated GC tissues (p<0.05). The methylation
rate of GATA4 in GC tissues with lymph node metastasis was
significantly higher than that in GC tissues without lymph
node metastasis (p<0.05). There was no significant correla-
tion between GATA4 methylation and age, sex, and tumor
size (all p>0.05; Table 3).

GATA4 is poorly expressed in GC tissues and cells.
RT-qPCR and western blot analysis were used to detect
the mRNA and protein levels of GATA4 in GC tissues and
adjacent normal tissues as well as in GC cell lines BGC-823,
AGS, SGC-7901, and human normal gastric mucosa cell line
GES-1. The results showed that the mRNA and protein levels
of GATA4 in GC tissues were significantly lower than those
in adjacent normal tissues (p<0.05; Figure 2A). Besides,
the mRNA and protein levels of GATA4 in GC cell lines
BGC-823, AGS, and SGC-7901 were significantly lower than

those in normal gastric mucosa cell line GES-1 (all p<0.05;
Figure 2B).

SGC-7901 cells with a high level of methylation were
selected and demethylated with 5-Aza. Then the promoter
methylation of GATA4 was detected by MS-HRM. It was
found that the methylation level of the GATA4 promoter in
SGC-7901 cells decreased significantly after demethylation,
while the level of GATA4 increased significantly (Figures 2C
and 2D; all p<0.05). These results suggested that the level
of GATA4 in GC was regulated by the methylation of its
promoter region, and the abnormal methylation of GATA4
led to the low level of GATA4.

Restoration of GATA4 inhibits the proliferation of
SGC-7901 cells. To construct SGC-7901 cell line with
stable overexpression of GATA4, the overexpression
plasmid of GATA4 was transfected into SGC-7901 cells by
Lipofectamine 2000. After 48 h of transfection, the level of
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Figure 2. GATA4 is poorly expressed in GC tissues and cells. A) The mRNA and protein levels of GATA4 in GC and adjacent normal tissues were
detected by RT-qPCR and Western blot analysis, N=64; B) The mRNA and protein levels of GATA4 in GC cells and human normal gastric mucosa
cells GES-1 were detected by RT-qPCR and western blot analysis; C) The GATA4 methylation in SGC-7901 cells after demethylation was detected by
MS-HRM; D) The level of GATA4 in demethylated cells was detected by RT-qPCR; Repetitions = 3; One-way ANOVA was used to analyze the data, and
Tukey’s multiple comparisons test was used for pairwise comparisons after ANOVA; **p<0.01. GC, gastric cancer; RT-qPCR, reverse-transcription
quantitative polymerase chain reaction; MS-HRM, methylation-sensitive high-resolution melting; ANOVA, variance of analysis.

GATA4 was significantly increased (Figure 3A; all p<0.05),
indicating that the SGC-7901 cell line overexpressing GATA4
was successfully constructed.

In order to examine the role of GATA4 in GC cell prolif-
eration, CCK-8 assay was performed. The results showed that
there was no significant difference in cell proliferation rate
between the NC and blank groups (all p>0.05). Cell viability
in the GATA4 group was significantly lower than that of the
blank and NC groups at 48 h, 72 h, and 96 h with decreased
cell proliferation rate (all p<0.05; Figure 3B).

EdU assay was used to detect the DNA replication activity
of SGC-7901 cells. The results showed that the DNA replica-
tion activity in the blank and NC groups was similar, showing
no significant difference in the rate of EdU positive cells
(p>0.05). However, after stable transfection of the GATA4
overexpression plasmid, the DNA replication activity of
SGC-7901 cells decreased significantly, showing that the
rate of EAU positive cells decreased significantly (all p<0.05;
Figure 3C).

The colony formation ability of SGC-7901 cells in each
group was tested by colony formation assay. The results
showed that there was no significant difference in the number

of clones between the blank and NC groups (all p>0.05);
compared with the blank group, the number of clones in the
GATA4 group decreased significantly (all p<0.05; Figure 3D).
These results suggested that overexpression of GATA4 could
inhibit the proliferation of GC cells.

Restoration of GATA4 inhibits SGC-7901 cell cycle and
promotes apoptosis. Flow cytometry was used to detect the
effect of overexpressed GATA4 on cell cycle distribution of
SGC-7901 cells. There was no significant difference in cell
proportion between the blank and NC groups (p>0.05).
Compared with the blank group, the number of G0/Gl
cells in the GATA4 group increased significantly, while the
number of S and G2/M cells decreased significantly (all
p<0.05; Figure 4A). These results suggested that overexpres-
sion of GATA4 arrested SGC-7901 cells in GO/G1 stage, and
upregulation of GATA4 could inhibit the cell cycle of GC
cells.

Morphological changes of apoptotic cells were observed
by Hoechst 33258 staining combined with fluorescence
microscopy. The nuclei of normal cells were round, clear
edge and stained evenly; while the nuclei of apoptotic cells
were irregular, chromatin agglutinated and stained heavily,
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with nuclear pyknosis and increased fragments of nucleo-
somes; the number of apoptotic cells in the GATA4 group
was significantly more than that those in the blank and NC
groups (Figure 4B).

Flow cytometry was used to detect the apoptotic rate of
SGC-7901 cells in each group. The results showed that the
apoptotic rate of SGC-7901 cells in the GATA4 group was
significantly higher than that in the blank and NC groups
(p<0.05; Figure 4C), indicating that the restoration of GATA4
expression could induce the apoptosis of SGC-7901 cells.

Low expression of GATA4 in GES-1 cells promotes cell
migration and increases cell apoptosis. Compared with GC
cells, GES-1 cells have a higher expression of GATA4. We
transfected GES-1 cells with si-GATA4 and si-NC to further
confirm the function of GATA4 in GC. Firstly, we designed
and synthesized two si-GATA4. The expression of GATA4
decreased after transfection confirmed by RT-qPCR and
western blot analysis. The si-GATA4-1 with a better inter-
ference effect was selected to carry out subsequent experi-
ments (Figures 5A and 5B). Cell viability test showed that

after the transfection of si-GATA4, cell viability increased
significantly (Figure 5C). Cell cycle analysis showed that
GO0/G1 phase shortened, while S phase and G2/M phase
extended (Figure 5D). GATA4 knockout significantly
reduced the apoptosis of GES-1 cells (Figure 5E). Compared
with the control group, the low expression of GATA4 signifi-
cantly increased cell colonies (Figure 5F), and migration
(Figure 5G). These results suggest that GATA4 is a tumor
suppressor in gastric cancer.

Overexpression of GATA4 is a tumor suppressor in GC
by inhibiting Wnt/B-catenin signaling pathway. RNA-seq
analysis was applied to detect the gene expression changes
in SGC-7901 after overexpression of GATA4. We found
that after overexpression of GATA4, the expression of many
genes changed, among which the differentially expressed
APC and GSK3, which are related factors of Wnt/f-catenin
signaling pathway, attracted our attention (Figure 6A).
Then western blot analysis verified that levels of APC and
GSK3p in cells after overexpression of GATA4 were signifi-
cantly downregulated, consistent with the trend of RNA-seq
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results (Figure 6B), suggesting the overexpression of GATA4
could inhibit the expression of key factors in Wnt/f-catenin
signaling pathway. In conclusion, overexpression of GATA4
may play an anti-GC role by inhibiting Wnt/p-catenin
signaling pathway.

Discussion

It is generally recognized that GC is one of the most preva-
lent malignant tumors in the alimentary canal and is seen as
a major health problem due to its high frequency, aggressive-
ness, and low cure rate [14]. A recent report revealed that
GATA3 could serve as an oncogene in GC development and
potentially act as a novel therapeutic target [15]. But there
were few studies about the mechanism of GATA4 in GC
development. In this study, we investigate the role of another
member of the GATA family - GATA4 on the development of
GC. Consequently, we found that the GATA4 overexpression
inhibited GC cell proliferation and promoted cell apoptosis.

Initially, MS-HRM was performed to detect the methyla-
tion level of the GATA4 promoter region in GC tissues
and cells, finding that the methylation rates of the GATA4

promoter region in GC tissues and cells were significantly
higher than those in adjacent normal tissues and human
normal gastric mucosa cell line GES-1. This indicated that
there was abnormal methylation of GATA4 in GC. Tumor
cell-specific promoter hypermethylation, which exerts
critical functions on regulating cell cycle, apoptosis, and
differentiation, is a common characteristic of cancer [16]. It
was reported that promoter hypermethylation induced loss
of the GATA4 expression in colorectal, gastric, and esopha-
geal cancer [17]. Additionally, after the detection of GATA4
levels by RT-qPCR and western blot analysis, we found that
GATA4 was lowly expressed in GC tissues and cells, and
levels of GATA4 in GC were regulated by the methylation of
its promoter region, and the abnormal methylation of GATA4
led to the low level of GATA4. GATA4 was also found to be
abruptly reduced or even absent in ovarian cancer, and its
reduction was supposed to explain the dedifferentiation of
ovarian cancer cells [18]. As a former study demonstrated,
downregulating gene expression via DNA hypermethylation
can often be associated with poor clinical outcome in several
malignancies [16]. In a very recent study, it was revealed that
the expression of GATA4 was repressed in GC tissues and
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cell lines [19], which was consistent with our result that the
downregulation of GATA4 in GC was induced by hyper-
methylation.

Moreover, the relationship between the GATA4 methyla-
tion and the clinical characteristics of GC patients was
analyzed. Our results revealed that the GATA4 methyla-
tion was related to the clinical stage, lymph node metastasis,
and tumor differentiation. Interestingly, research mainly
published by Wei et al. showed that the expression of GATA3
was associated with tumor size, stage, and metastasis in GC,
but there were no correlations between the expression of
GATA3 and gender, age, pathological grade of cancer and
alcohol consumption of patients [15], which was highly in
line with our findings. Our work strongly demonstrated that
GATA4 played a significant role in GC development and

GATA4 methylation may be a potential marker for early
diagnosis of GC.

Because cell proliferation, colony formation ability
and cell apoptosis are crucial biological features in cancer
development, we further performed CCK-8, EdU assay,
colony formation assay, flow cytometry, and Hoechst 33258
staining to detect the effects of GATA4 on these cell biolog-
ical processes. The results indicated that the restoration of
GATA3 suppressed GC cell proliferation, DNA replication
ability and colony formation ability, arrested more cells
at GO/G1 phase, and promoted cell apoptosis rate possibly
through Wnt/p-catenin signaling pathway. GATAA4 silencing
reduced the proliferation of YCC3 cells, one kind of GC cells
[10]. Restoration of GATA3 suppressed GC cell proliferation,
migration, and invasion [15]. Besides, the GATA4 overex-
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pression had been reported to repress colony formation,
proliferation, migration, and invasion abilities of colorectal
cancer cells, thus exerting tumor suppressive effects in
colorectal cancer cells in vitro [20]. What’s more, restoration
of the GATA4 expression was also found to inhibit prolifera-
tion and colony formation ability, as well as induce apoptosis
of hepatocellular carcinoma cells [21]. Sawada et al. showed
that the increased activation of the Wnt/p-catenin pathway
was associated with poor survival in GC patients [22].

In conclusion, our data suggested that the GATA4 overex-
pression induced by 5-Aza treatment inhibited GC cell
proliferation, colony formation ability, and promoted cell
apoptosis via the regulation of its gene promoter methylation
and possibly through Wnt/p-catenin signaling pathway. This
study may provide a new target for the prevention and treat-
ment of GC. However, future studies are required to verify
our findings and to clarify the exact mechanisms of GATA4
in GC.
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