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GATA3 is downregulated in HCC and accelerates HCC
aggressiveness by transcriptionally inhibiting slug expression
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Abstract. Previous studies have reported that GATA3 is
downregulated in multiple types of tumours, including
gastric cancer and osteosarcoma. The aim of this study was
to explore whether GATA3 serves as a tumour suppressor to
inhibit hepatocellular carcinoma (HCC) development. Tumour
tissue specimens and adjacent normal tissue specimens
were obtained from 162 patients diagnosed with HCC in the
Affiliated Hospital of Shaoxing University from July 2000
to May 2018. The result of the present study demonstrated
that GATA3 was downregulated in HCC tumour tissues
compared with that of adjacent normal tissues. The expression
of GATA3 was also negatively associated with tumour size,
TNM stage and lymph node metastasis. Additionally, analysis
of the follow‑up data revealed that low GATA3 expression
was closely correlated with poor survival. Gain and loss of
function analyses revealed that overexpression of GATA3
decreased the ability of proliferation, migration and invasion
in HCC cell lines, whereas inhibition of GATA3 promoted
the ability of proliferation, migration and invasion. In addi‑
tion, GATA3 suppressed EMT through the regulation of slug
expression. Additionally, slug overexpression attenuated the
inhibitory effects of GATA3 overexpression on cancer cell
proliferation, migration and invasion. Thus, GATA3 is down‑
regulated in HCC, and suppresses cell proliferation, migration
and invasion. Moreover, GATA3 transcriptionally inhibits slug
expression, thereby suppressing EMT in HCC.
Introduction
Liver cancer has become one of the most malignant cancers
worldwide (1), with hepatocellular carcinoma (HCC)
accounting for ~80% cases of all cases (2). Due to the high
rate of recurrence or intrahepatic metastasis after curative
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resection, the overall prognosis of patients with HCC remains
poor despite marked improvements in surgical techniques and
perioperative management (2‑4). The overall 5‑year survival
rate of HCC is still <20% (5); thus, an improved understanding
of the molecular mechanisms underlying HCC metastasis will
help prevent HCC recurrence and metastasis.
Epithelial‑mesenchymal transition (EMT) is a crucial
event in tumour metastasis, where epithelial cell layers lose
polarity and cell‑cell contact, which results in dramatic
remodelling of the cytoskeleton (6). The main characteristic
of EMT is loss of E‑cadherin expression, which is associated
with tumour invasiveness, metastasis and poor prognosis (7‑9).
The activation of various ligands, such as vascular endothelial
growth factor (VEGF), epidermal growth factor (EGF) and
transforming growth factor‑β (TGF‑β) can induce the expres‑
sion of several EMT‑associated transcription factors, including
zinc finger e‑box binding homeobox (ZEB) 1, snail, slug and
Twist (10). A previous study has demonstrated positive correla‑
tions between EMT‑associated transcription factors and poor
clinical outcomes in cancer, such as lung cancer, breast cancer,
melanoma and HCC (10).
GATA3, a member of the GATA family (11,12), serves a
crucial role in T‑cell proliferation and differentiation (13). In
addition, numerous studies have demonstrated that GATA3
serves different roles in different cancers, for example, GATA3
serves as a tumour activator in soft tissue sarcomas, endo‑
metrial carcinomas and neuroblastomas (14‑16). In addition,
GATA3 suppresses cell proliferation, migration and invasion
in osteosarcoma (17). Furthermore, a recent study demon‑
strated that zinc finger protein 503 (ZNF503) accelerates HCC
cell aggressiveness by downregulating GATA3 expression
via microRNA‑495, suggesting that GATA3 may serve as a
tumour suppressor in HCC (18). However, the detailed func‑
tion of GATA3 in HCC remains unclear.
The aim of present study was to explore whether GATA3
serves as a tumour suppressor to inhibit HCC development
and further investigate whether GATA3 may be a molecular
therapy target in HCC.
Materials and methods
Tumour samples. A total of 162 HCC tissues and adjacent
non‑tumour tissues (resected 1‑2 cm from the malignant
tumor) were obtained from the Affiliated Hospital of Shaoxing
University from July 2000 to May 2018. These patients with
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gastric cancer included 92 males and 70 females aged between
23‑78 years, with a mean age of 42.3 years. Tumour tissue
(TT) and adjacent non‑tumour tissue (ANT) were resected by
surgical excision. No prior treatments (including chemotherapy
or radiotherapy) were conducted before liver resection surgery.
Pathological staging was determined according to the seventh
edition of the tumour node metastasis (TNM) classification of
the International Union Against Cancer (19). All tissue samples
were confirmed using histopathological evaluation and stored
at ‑80˚C until further use. The tissue samples were used in
accordance with the policies of the institutional review board
at the Affiliated Hospital of Shaoxing University, China. The
study was approved the by the review board of the Affiliated
Hospital of Shaoxing University and written informed consent
was obtained from all patients.
Cell culture. HCC cell lines, including MHCC97‑H and
Hep3B were obtained from the Institute of Biochemistry
and Cell Biology (Chinese Academy of Sciences). All cells
were cultured in DMEM medium (Thermo Fisher Scientific,
Inc.) supplemented with 100 U/ml penicillin‑streptomycin
mixture (Beyotime Institute of Biotechnology) and 10% FBS
(Sigma‑Aldrich: Merck KGaA) at 37˚C with 5% CO2.
Cell transfection. Transfections were performed using
Lipofectamine® 2000 or Lipofectamine® RNAiMAX Reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions. FLAG‑GATA3 (pcDNA3.1) and
FLAG‑slug (pcDNA3.1) plasmids were obtained from Vigene
Bioscience Inc. The sequences of small interfering (si)RNAs
were as follows: Scramble siRNA (SCR): 5'‑UUCUCCGA
ACGUGUCACGU‑3'; siGATA3#1: 5'‑AAACUAGGUCU
GAUAUUCAUU‑3'; siGATA3#2: 5'‑CUUUAUUGCAUCUG
GGUAGUU‑3'. For overexpression of GATA3 or/and slug,
cells were transfected with 2.5 µg FLAG‑GATA3 and/or
2.5 µg FLAG‑slug using Lipofectamine® 2000. For inhibition
of GATA3, cells were transfected with 40 nM siRNAs using
Lipofectamine® RNAiMAX Reagent. After transfection for
48 h, cells were collected.
RNA extraction and quantitative reverse transcription quanti‑
tative (RT‑q)PCR. Total RNA was extracted from tissue
samples or cells using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) according to the manufacturer's instruc‑
tions. A total of 2 µg RNA was used to synthesize cDNA using
a PrimeScript Reverse Transcriptase kit (Takara Biotechnology
Co., Ltd.). The reverse transcription protocol was as follows:
initial denaturation at 37˚C for 15 min and then 85˚C for 5 sec.
The samples were stored at 4˚C. Subsequently, RT‑qPCR was
performed by SYBRGreen (Takara Bio, Inc.) in the Applied
Biosystems 7500 Sequence Detection system (Thermo Fisher
Scientific Inc.). The PCR cycles were performed by initial
denaturation at 95˚C for 15 min, followed by 40 cycles at 95˚C
for 20 sec, 57˚C for 35 sec and elongation at 72˚C for 2 min.
Relative mRNA levels were normalized against that of
GAPDH, and the levels of the transcripts were quantified using
the 2‑ΔΔCq method (20). The sequences of primers as follows:
GATA3 forward, 5'‑GTTGTGCTCGGAGGGTTTCT‑3',
reverse, 5'‑GCACGCTGGTAGCTCATACA‑3'; Slug forward,
5'‑ATCACTGTGTGGACTACCGC‑3', reverse, 5'‑TCACTC

GCCCCAAAGATGAG‑3'; Snail forward, 5'‑GTTTACCTT
CCAGCAGCCCT‑3', reverse, 5'‑TCCCAGATGAGCATTGG
CAG‑3'; ZEB1 forward, 5'‑GATGACCTGCCAACAGAC
CA‑3', reverse: 5'‑CTGTGTCATCCTCCCAGCAG‑3'; and
GAPDH forward, 5'‑GAAAGCCTGCCGGTGACTAA‑3',
reverse, 5'‑AGGAAAAGCATCACCCGGAG‑3'. Each experi‑
ment was performed at least three times.
Western blotting. Cell lysates were prepared using RIPA lysis
buffer (Pierce; Thermo Fisher Scientific, Inc.) with a protease
inhibitor cocktail (Roche Applied Science) and protein
concentration was measured using a bicinchoninic acid kit
(Beyotime Institute of Biotechnology) according to manufac‑
turer's protocol. Subsequently, 40 µg protein was separated on
12% SDS‑PAGE and then transferred onto a PVDF membrane
(EMD Millipore). After blocking with 5% non‑fat milk in
TBST for 1 h at room temperature, membranes were incubated
with the indicated primary antibodies at 4˚C overnight. The
primary antibodies used were as follows: GATA3 (1:1,000; cat.
no. ab199428; Abcam); E‑cadherin (1:1,000; cat. no. 14472;
CST Biological Reagents Co., Ltd.); N‑cadherin (1:1,000;
cat. no. 13116; CST Biological Reagents Co. Ltd.); and Slug
(1:1,000; cat. no. ab51772; Abcam). The membranes were
then washed with TBST three times and incubated with horse
radish peroxide‑conjugated goat anti‑rabbit IgG (1:2,000; cat.
no. ab6721; Abcam) or goat anti‑mouse IgG (1:4,000; cat.
no. ab6789; Abcam) secondary antibodies for 1 h at room
temperature. The specific bands were visualized using the
enhanced chemiluminescence (ECL; Merck KGaA) according
to manufacturer's protocol. β‑actin (1:5,000; cat. no. ab8226;
Abcam) was used as the internal control. Each experiment was
performed at least three times. Western blotting densitometry
was analysed using Image J software (v1.48; National Institutes
of Health).
Cell Counting Kit‑8 (CCK‑8) assay. CCK‑8 (Dojindo
Molecular Technologies, Inc.) was utilized to determine the
effect of GATA3 on cell proliferation according to the manu‑
facturer's instructions. Briefly, Hep3B and MHCC97‑H cells
were transfected with FLAG‑GATA3 or GATA3 siRNA. After
transfection for 48 h, ~2x103 cells were seeded in 96‑well plates
with 200 µl DMEM at 37˚C with 5% CO2. After 24 and 48 h of
incubation, 20 µl CCK‑8 reagent was added to each well and
cultured for 2 h. Finally, the absorbance at 450 nm measured
using a microplate reader (Bio‑Rad laboratories, Inc.). Each
experiment was performed at least three times.
Colony formation assay. To evaluate the effect of GATA3
on cell proliferation in HCC, colony formation assay was
performed. In brief, 5x103 transfected Hep3B and MHCC97‑H
cells were plated into 6‑well plate. After incubation at 37˚C
with 5% CO2 for 2 weeks, cells were fixed in 4% parafor‑
maldehyde at room temperature for 10 min and stained with
0.5% crystal violet at room temperature for 10 min. Finally,
the colonies were counted. Each experiment was performed at
least three times.
Wound healing assay. GATA3 was overexpressed or knocked
down in Hep3B and MHCC97‑H cells. After transfection for
48 h, 5x106 cells were grown in 6‑well plates. After cell density
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Figure 1. GATA3 is downregulated in HCC cell lines and tissues. (A) GATA3 mRNA levels in tumour and adjacent normal tissues were established using
reverse transcription‑quantitative PCR analysis. *P<0.05. (B) GATA3 protein levels in tumour and adjacent normal tissues was established using western
blotting analysis. The relative densitometry of the western blots was analysed using Image J software. *P<0.05. (C) Kaplan‑Meier analysis was used to identify
the effect of GATA3 expression on the prognosis of patients with HCC. *P<0.05 high vs. low expression. HCC, hepatocellular carcinoma.

reached 100% confluency, the monolayer was scratched with a
20 µl sterile plastic pipette tip. After washing with PBS three
times, cells were cultured in serum‑free DMEM at 37˚C with
5% CO2 for 48 h. Then, wound closure was imaged under a
light microscope (magnification, x40) and the rate of wound
closure was measured using Image J software version 1.2
(National Institutes of Health). Relative distance of cell migra‑
tion = [wound closure (0 h) ‑ wound closure (48 h)]/wound
closure (0 h) x100. Each experiment was performed at least
three times.
Transwell assay. A transwell invasion assay was performed
to determine the effect of GATA3 on the capacity of cell
invasion. The upper chamber was precoated with BioCoat
Matrigel (BD Biosciences) and PBS (1:8) at 37˚C with 5% CO2
for 30 min. GATA3 was overexpressed or knocked down in
MHCC97‑H cells. After transfection for 48 h, 2x105 cells
were placed into upper chamber containing 400 μl serum‑free
DMEM and 500 µl DMEM medium containing 10% FBS was
added into the lower chamber. After incubation at 37˚C with
5% CO2 for 24 h, cells were stained with 0.5% crystal violet
for 5 min at room temperature and non‑invading cells on the
upper chamber surface were removed using a cotton swab.
Finally, invading cells were imaged under a light microscope
(magnification, x40). Each experiment was performed at least
three times.
Enzyme‑linked immunosorbent assay (ELISA). MHCC97‑H
cells were collected and plated into 6‑well culture plates at
a density of 4x105 cells/well. Cell supernatants in serum‑free

medium were homogenized and harvested 72 h later and
centrifuged at 1,000 x g for 30 min. The levels of MMP2 and
MMP9 were subsequently determined using commercially
available ELISA kits (cat. nos. E0100Hu and E0553Hu; Wuhan
USCN Business Co., Ltd.) according to the manufacturer's
instructions.
Chromatin immunoprecipitation (ChIP) and quantitative
(q) ChIP assay. ChIP and qChIP analyses were performed
using an EZ‑ChIP kit (EMD Millipore) according to the
manufacturer's instructions. Briefly, Hep3B and MHCC97‑H
cells were cultured to 80‑100% confluence and the chro‑
matin was cross‑linked by 1% formaldehyde at 37˚C for
10 min. Subsequently, cross‑linked chromatin was sonicated
(20 kHz; amplitude, 40%; 30 cycles, 1 sec on and 1 sec off)
at 4˚C to generate 200‑1,000 bp fragments. Next, 4 µg of
anti‑GATA3 (cat. no. ab199428; Abcam) or anti‑IgG antibody
(cat. no. ab171870; Abcam) were used to immunoprecipitate
chromatin fragments at 4˚C overnight. IgG antibody was
used as the control. The protein‑DNA complexes were
incubated with protein A Sepharose beads (Thermo Fisher
Scientific, Inc.), and eluted in 1% SDS/0.1 M NaHCO3. The
protein‑DNA cross‑link was reversed by heating at 65˚C for
6 h. The DNA was purified using QIAEX II Gel Extraction
kit (Qiagen GmbH) according to manufacturer's instructions.
After purifying the antibody‑interact DNA, RT‑qPCR was
conducted to analyze the precipitated chromatin DNA, as
aforementioned. The primer sequences were as follows: Slug
forward, 5'‑TCCGGTGGTTCCAAATGACA‑3'; and reverse,
5'‑TCCGGTGGTTCCAAATGACA‑3'. The qPCR conditions
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Table I. Clinicopathological variables in 162 patients with hepatocellular carcinoma
GATA3 expression

Variables

No. (n=162)

-------------------------------------------------------------------------------------

Low (n=111)

High (n=51)

Age, years				
≥40
83
55
28
<40
79
56
23
Sex				
Male
92
65
27
Female
70
46
24
Tumour size, cm				
Large (≥2)
94
72
22
Small (<2)
68
39
29
Pathological grade				
I‑II
83
51
32
III‑IV
79
60
19
Lymph node metastasis				
Yes
82
62
20
No
80
49
31
Slug expression				
High
77
63
14
Low
85
48
37

P‑value
0.527
0.503
0.009a
0.047a
0.049a
<0.001a

P<0.05.

a

were as follows: 5 min at 98˚C, denaturation at 98˚C for 30 sec,
annealing at 56˚C for 30 sec and extension at 72˚C for 20 sec,
performed for 32 cycles.
Luciferase reporter assay. The sequence of the slug promoter
region was amplified from human genomic DNA. The sequence
was then cloned into pGL3‑basic luciferase reporter vector
(Promega Corporation). A total of 2 µg pGL3‑slug, Renilla
and GATA3 or 50 nM GATA3 siRNA were co‑transfected
into Hep3B and MHCC97‑H cells using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). After transfec‑
tion for 24 h, the relative luciferase activity was measured
using Dual‑Luciferase Reporter Assay System (Promega
Corporation) according to the manufacturer's instructions.
Renilla activity was used as the internal control. The relative
luciferase activity was normalized with Renilla luciferase
activity. Each experiment was performed at least three times.
Statistical analysis. All data were represented as the
mean ± SD. The association between GATA3 expression and
clinicopathological features of HCC was analysed by χ2 test.
Student's t‑test was used to compare the statistical differences
between two groups and one‑way ANOVA followed by Tukey's
post‑hoc test was used to compare the statistical differences
between multiple groups. The overall survival of patients with
HCC with high or low level of GATA3 was estimated using the
Kaplan‑Meier method. All data were analysed by SPSS 18.0
software (SPSS, Inc.). P<0.05 was considered to indicate a
statistically significant difference.

Results
GATA3 is downregulated in HCC. To investigate whether
GATA3 serves as a tumour suppressor in HCC, the expres‑
sion of GATA3 in HCC tissues was determined. HCC tissue
samples and adjacent normal tissues samples were collected
and RT‑qPCR was performed to determine GTAT3 mRNA
levels. The results demonstrated that the expression of GATA3
mRNA in HCC tissues was significantly downregulated in TT
compared with that in ANT (Fig. 1A). In addition, western
blotting analyses demonstrated that the GATA3 protein
expression in HCC tissues was lower in TT compared with that
in ANT (Fig. 1B). To further determine the roles of GATA3 in
HCC, the association of GATA3 and the clinicopathological
features of HCC were analysed. GATA3 expression was
negatively associated with tumour size, pathological grade
and lymph node metastasis, but no significant association was
observed between GATA3 and other factors, such as age and
sex (Table I). Additionally, the survival curve demonstrated
that patients with high expression of GATA3 had an improved
prognosis compared with patients exhibiting low GATA3
expression (Fig. 1C). Collectively, the results indicated that
GATA3 serves a key function in HCC.
GATA3 suppresses HCC cell proliferation. Since GATA3
expression was associated with tumour size, it was hypothesized
that GATA3 may suppress cell proliferation in HCC. To verify
this hypothesis, GATA3 was overexpressed or knocked down
in Hep3B and MHCC97‑H cells and the expression of GATA3
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Figure 2. GATA3 suppresses HCC cell proliferation. (A) GATA3 was overexpressed or knocked down in Hep3B and MHCC97‑H cells using FLAG‑GATA3
plasmid or GATA3 siRNAs, respectively. After transfection for 48 h, the expression of GATA3 was determined using reverse transcription‑quantitative PCR.
GATA3 was (B) overexpressed or (C) knocked down in Hep3B and MHCC97‑H cells using FLAG‑GATA3 plasmid or GATA3 siRNAs, respectively. The
expression of GATA3 was determined using western blotting. The relative densitometry of the western blots was analysed using Image J software. (D) GATA3
was overexpressed or knocked down in Hep3B and MHCC97‑H cells, after which cell proliferation rate was detected using a Cell Counting Kit‑8 assay.
(E) After GATA3 was overexpressed or knocked down in Hep3B and MHCC97‑H cells, colony formation assay was assessed to determine the effect of GATA3
on cell proliferation. *P<0.05 vs. vector; #P<0.05 siGATA3 vs. siControl. HCC, hepatocellular carcinoma; si, small interfering.

was established by RT‑qPCR (Fig. 2A) and western blotting
(Fig. 2B and C). The results demonstrated that GATA3 mRNA
and protein levels were significantly increased in Hep3B and

MHCC97‑H cells transfected with FLAG‑GATA3 compared
with those of the vector group. In addition, GATA3 mRNA
and protein levels were significantly decreased following
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Figure 3. GATA3 inhibits cell migration and invasion in HCC in vitro. (A) Wound healing assay was performed to detect the effect of GATA3 on cell migra‑
tion. (B) Transwell invasion assay was performed to detect the effect of GATA3 on cell invasion. (C) The secretion of MMP2 and MMP9 was measured
using MMP2 and MMP9 Elisa kits. *P<0.05 GATA3 vs. vector; #P<0.05 siGATA3 vs. siControl. HCC, hepatocellular carcinoma; si, small interfering; MMP,
metalloproteinase.

siGATA3 transfection compared with those of the siControl
group. CCK‑8 and colony formation assays were subsequently
performed to detect the effects of GATA3 on cell proliferation.
The results of the CCK‑8 assay demonstrated that, when
compared with the control groups, GATA3 overexpression
significantly suppressed cell proliferation, whereas inhibition
of GATA3 significantly increased cell proliferation (Fig. 2D).
Additionally, the colony formation assay demonstrated that
GATA3 overexpression significantly reduced the number of
colonies compared with the control groups, whereas inhibition

of GATA3 significantly increased the number of colonies,
suggesting that GATA3 may suppress cell proliferation in
HCC (Fig. 2E).
GATA3 inhibits cell migration and invasion in HCC
in vitro. The effects of GATA3 on cell migration and inva‑
sion in MHCC97‑H cells was investigated. The results of
wound healing analysis demonstrated that MHCC97‑H
cell migration was significantly reduced when GATA3
was overexpressed compared with the control group.
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Figure 4. GATA3 inhibits epithelial‑mesenchymal transition in hepatocellular carcinoma through the regulation of Slug. (A) The mRNA levels of E‑cadherin
and N‑cadherin in GATA3‑overexpression or GATA3‑depletion MHCC97‑H cells were determined by RT‑qPCR. The protein levels of E‑cadherin and
N‑cadherin in (B) GATA3‑overexpressed or (C) knocked down MHCC97‑H cells were determined by western blotting. The relative densitometry of the
western blots was analysed using Image J software. (D) The mRNA levels of slug, snail and ZEB1 in GATA3‑overexpressed or knocked down MHCC97‑H
cells were determined by RT‑qPCR assay. GATA3 vs. vector, siGATA3 vs. siControl. (E and F) The protein level of slug in GATA3‑overexpression or
GATA3‑depletion MHCC97‑H cells were determined by RT‑qPCR assay. The relative densitometry of the western blots was analysed using Image J soft‑
ware. *P<0.05 GATA3 vs. vector; #P<0.05 siGATA3 vs. siControl. si, small interfering; ZEB1, zinc finger e‑box binding homeobox 1; RT‑qPCR, reverse
transcription‑quantitative PCR.

Furthermore, MHCC97‑H cell migration was significantly
increased when GATA3 was knocked down compared with
the siControl group (Fig. 3A). Transwell invasion analysis
demonstrated that GATA3 overexpression significantly

suppressed the invasion of MHCC97‑H cells compared
with the control group. Additionally, inhibition of GATA3
promoted MHCC97‑H cell invasion compared with that of
the siControl group (Fig. 3B). Metalloproteinase (MMP)2

8

ZHANG et al: GATA3 SUPPRESSES HEPATOCELLULAR CARCINOMA CELL PROGRESSION

Figure 5. Slug is a direct target of GATA3 in hepatocellular carcinoma cells. (A) qChIP assay was performed using in Hep3B and MHCC97‑H cells. IgG was
used as internal control. GATA3 vs. IgG, *P<0.05. (B) Hep3B and MHCC97‑H cells were transfected with FLAG‑GATA3 plasmid or GATA3 siRNA. After
transfection for 24 h, dual luciferase assay was performed. *P<0.05 GATA3 vs. IgG; GATA3 vs. vector; #P<0.05 siGATA3 vs. siControl. si, small interfering.

and MMP9 have been reported to be strongly associated
with tumour aggressiveness and poor prognosis in multiple
types of cancer, such as lung adenocarcinoma and tongue
carcinoma (21,22). Thus, whether GATA3 promotes HCC
cell migration and invasion through regulation of MMP2 or
MMP9 was explored. The effect of GATA3 on MMP2 and
MMP9 secretion was determined using ELISA assay. The
results demonstrated that GATA3 inhibition significantly
increased MMP2 and MMP9 secretion compared with the
siControl group (Fig. 3C). By contrast, GATA3 overexpres‑
sion significantly suppressed MMP2 and MMP9 secretion
compared with the same group. These data suggested that
GATA3 may suppress HCC cell migration and invasion by
inhibiting MMP2 or MMP9 secretion.
GATA3 inhibits EMT in HCC by regulating Slug. EMT is a
complex process associated with metastasis (23); thus, whether
GATA3 suppresses migration and invasion through the regula‑
tion of EMT in HCC was explored. The results demonstrated
that GATA3 overexpression significantly increased the mRNA
and protein expression of E‑cadherin, an epithetical marker.
However, the mRNA and protein expression of N‑cadherin,
a mesenchymal marker was significantly reduced compared
with the control group (Fig. 4A and B). By contrast, inhibi‑
tion of GATA3 significantly reduced the mRNA and protein
expression levels of E‑cadherin, but significantly increased
the mRNA and protein expression levels of N‑cadherin
and vimentin compared with those of the control group
(Fig. 4A and C). Notably, a previous study demonstrated that

GATA3 regulates the expression of slug in osteosarcoma (17).
Thus, whether GATA3 regulated slug expression in HCC was
determined. The results demonstrated that compared with the
controls, GATA3 overexpression significantly decreased the
expression of slug, whereas inhibition of GATA3 significantly
increased slug levels (Fig. 4D, E and F).
Slug is a direct target of GATA3 in HCC cells. To further
determine whether GATA3 inhibits EMT in HCC through the
regulation of slug expression, slug levels were detected in HCC
specimens. The results demonstrated that slug expression was
negatively associated with GATA3 (Table I). GATA3 is a tran‑
scription factor; thus, to further determine whether GATA3
directly binds to the promoter region of slug, qChIP and dual
luciferase reporter assays were performed. The results demon‑
strated that the relative enrichment of GATA3 in the promoter
region of slug was significantly increased compared with that
of the IgG group (Fig. 5A). In addition, the relative luciferase
activity of Hep3B and MHCC97‑H cells were significantly
reduced in GATA3‑overexpression cells compared with that of
the vector group (Fig. 5B). By contrast, inhibition of GATA3
significantly increased relative luciferase activity compared the
siControl group (Fig. 5B). The results suggested that GATA3
may transcriptionally inhibit slug expression in HCC cells.
Overexpression of slug partially attenuates GATA3 inhibited
migration, invasion and proliferation. Slug serves as a down‑
stream target of GATA3; thus, whether the roles of GATA3
in HCC occurred through the transcriptional regulation of
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Figure 6. Overexpression of Slug partially attenuates GATA3 inhibited migration, invasion and proliferation of MHCC97‑H cells. (A) MHCC97‑H cells
were transfected with FLAG‑GATA3 and/or slug plasmid. After transfection for 48 h, the mRNA and protein levels of slug were determined using reverse
transcription‑quantitative PCR and western blotting. The relative densitometry of the western blots was analysed using Image J software. (B) MHCC97‑H cells
were transfected with FLAG‑GATA3 or/and slug plasmid. Wound healing assay was used to determine the effect of slug on GATA3 inhibited cell migration.
(C) MHCC97‑H cells were transfected with FLAG‑GATA3 or/and slug plasmid. Transwell invasion assay was used to effect of slug on GATA3 inhibited
cell invasion. (D) MHCC97‑H cells were transfected with FLAG‑GATA3 or/and slug plasmid, the cell proliferation rate was detected by Cell Counting Kit‑8
assay. (E) MHCC97‑H cells were transfected with FLAG‑GATA3 and/or slug plasmid, colony formation assay was used to determine the effect of slug on cell
proliferation. *P<0.05 GATA3 vs. vector; #P<0.05 GATA3+ slug vs. GATA3.

slug was investigated. GATA3 and slug was simultaneously
overexpressed in MHCC97‑H cells and the expression of slug
was determined by RT‑qPCR and western blotting. The results
demonstrated that compared with those the control group, the

mRNA and protein levels of slug were significantly reduced
in the GATA3 group and that this was partially restored in the
GATA3+ slug (Fig. 6A). To further confirm whether GATA3
regulated cell migration and invasion by transcriptionally
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inhibiting slug expression, wound healing and Transwell inva‑
sion assays were performed. The results demonstrated that
overexpression of slug partially rescued the GATA3 overex‑
pression‑induced suppression of MHCC97‑H cell migration
and invasion (Fig. 6B and C). Furthermore, CCK‑8 and colony
formation assays demonstrated that overexpression of slug in
GATA3‑overexpressed MHCC97‑H cells partially reversed
the dampening effect of GATA3 overexpression on cell prolif‑
eration (Fig. 6D and E). Together, the results suggested that
slug acts as a downstream effector of GATA3 in the regulation
of migration, invasion and proliferation of HCC cells.

In summary, the current study suggested that GATA3 may
act as a tumour suppressor in HCC. Mechanistically, GATA3
directly regulated slug expression to suppress the EMT
process, thereby inhibiting HCC cell migration and invasion.
In addition, GATA3 also reduced cell proliferation. Thus,
the current study provides a strong rationale for GATA3 as a
therapeutic target in HCC.

Discussion

Funding

The function of GATA3 varies in different cancers. For
example, previous studies have demonstrated that GATA3 is
a poor prognostic marker in soft tissue sarcomas, endometrial
carcinomas and neuroblastomas (14‑16,24). However, GATA3
has also been demonstrated to suppress cell proliferation,
migration and invasion in osteosarcoma (17). In breast cancer
cells, GATA3 interacts with the G9A/NuRD (MTA3) complex
to suppress tumour growth factor (TGF) β1, ZEB2 and other
EMT‑related genes (25). By contrast, GATA3 facilitates
the cell cycle by activating the transcription of cyclin D1 in
luminal‑type breast cancer cells (26). However, the detailed
mechanisms underlying the distinct roles of GATA3 in HCC
remains unclear.
The present study suggested that GATA3 may act as a
tumour suppressor in HCC. The results of the present study
demonstrated that GATA3 expression is downregulated in
HCC tissue species and cell lines and that the expression of
GATA3 is associated with tumour size, lymph node metas‑
tasis, TNM stage and prognosis. Additionally, the present
study demonstrated that GATA3 overexpression inhibited
cell proliferation, migration and invasion in HCC. In addition,
GATA3 overexpression suppressed EMT by transcriptionally
regulating slug expression.
Several gain of function and loss of function analyses
were performed to identify the functions of GATA3 in HCC.
Colony formation and CCK‑8 assays revealed that overex‑
pression of GATA3 suppressed cell proliferation in HCC. In
addition, wound healing assay and Transwell invasion assays
demonstrated that overexpression of GATA3 suppressed
cell migration and invasion in HCC. EMT serves key roles
in cancer metastasis (27). In corroboration with previous
studies (17,28), the present study demonstrated that GATA3
suppressed EMT in HCC cells by increasing the expression
of E‑cadherin and decreasing the expression of N‑cadherin
and vimentin. In addition, qChIP and dual luciferase reporter
assays demonstrated that GATA3 transcriptionally regulated
slug, thereby inhibiting EMT in HCC.
A previous study revealed that GATA3 may serve as a
tumour suppressor in HCC (18). However, Guan et al (29)
identified that hepatitis B virus‑regulated GATA3 helps HCC
cells escape from natural killer cell surveillance by regulating
major histocompatibility complex class I polypeptide‑related
sequence B, ligands of the NKG2D receptor. These contradic‑
tory findings imply that the roles of GATA3 in HCC is complex
and that the detailed mechanism of GATA3 in HCC needs to
be further investigated.
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