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Abstract
Objective: Explore the effect of GATA5 expression on Paclitaxel inhibiting growth of hepatocellular carcinoma (HCC)
cells.

Materials and Methods: In the experimental study, HCC cell lines (HLE, Bel7402 and PLC/PRF/5) were treated with
different concentrations of Paclitaxel (5-20 mg/ml) for 24 hours. HLE cells were transfected with GATA5-siRNA vector, while
Bel7402 and PLC/PRF/5 cells were transfected with overexpressed GATAS vector for 24 hours, followed by treatment of
the cells with Paclitaxel (10 mg/ml) for 24 hours and subsequently 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium
bromide (MTT) assay to detect growth of HCC cells. Soft agar cultured was used to analyze formation of colony. Apoptosis
of HCC cells were detected by Flow cytometer. Migration of HCC cells was observed by trawell assays. Western blotting
and laser confocal microscopy were utilized to detect expression and location of the proteins.

Results: Inhibiting expression of GATA5 reduced sensitivity of HLE cells to Paclitaxel, while overexpression of GATA5

increased sensitivity of Bel7402 cells and PLC/PRF/5 cells to Paclitaxel. Overexpression of GATAS played a role in

stimulating Paclitaxel to inhibit growth, colony formation and migration, as well as enhance apoptosis in HCC cells.
Overexpression of GATAS also promoted Paclitaxel to inhibit expression of reprogramming genes, such as Nanog,
EpCAM, c-Myc and Sox2 in Bel7402 and PLC/PRF/5 cells. Inhibited expression of GATA5 led to enhancement of the

expression of CD44 and CD133, in HLE cells. Overexpression of GATA5 was not only alone but also synergized with

Paclitaxel to inhibit expression of CD44 and CD133 in Bel7402 or PLC/PRF/5 cells.

Conclusion: Overexpression of GATAS played a role in enhancing Paclitaxel to inhibit the malignant behaviors of HCC
cells. It was involved in suppressing expression of the reprogramming genes and stemness markers. Targeting GATAS

is an available strategy for applying paclitaxel to therapy of patients with HCC.
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Introduction

Paclitaxel is an effective chemotherapeutic drug that
is widely applied in the treatment of a number of cancer
types. It promotes cell death through apoptotic pathway
(1, 2), while it causes drug resistance in the cancer cells
(3). Hepatocellular carcinoma (HCC) is the fifth most
frequent type of cancer and the rate of drug-resistance in
HCC patients is high (3, 4). Surgery is considered as the
best method for the treatment of liver cancer. However,
many patients are diagnosed in the middle and late
stages of disease and they loss chance of surgery. Thus,
the mortality rate of liver cancer patients is higher than
many other types of malignant tumor (3, 5). There is an
imperative need to explore the mechanism of HCC cell
resistance to drug therapy and to develop new strategy for
treating drug-resistance of HCC patients.

GATA family regulates cell reprogramming to induce
stem cell differentiation and normal function of cells (6).

This family includes GATA1-6, while GATA3 plays a
key role in the regulating breast cancer suppression (7).
GATAS also inhibits proliferation, invasion and migration
of cholangiocarcinoma cells (8). Hypermethylation of
gene promoter suppresses GATAS expression, leading to
promoting growth and colony formation in HCC cells (9)
Paclitaxel is a valid chemotherapy drug in HCC patients,
although the corresponding drug-resistance has frequently
been observed during treatment of these patients. GATAS
is an optional bio-target for treatment of HCC, however,
the effect of GATAS5 expression on Paclitaxel during
treatment of HCC patients is not clear yet.

Previously, evidences indicated high expression of
some reprogramming genes and stemness markers in
HCC cells (10-13). In this study, we investigated how
GATAS influenced proliferation, apoptosis, migration
and invasion of HCC cells after treatment with Paclitaxel.
The results displayed that overexpression of GATAS
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stimulates Paclitaxel effect to decrease expression of the
reprogramming genes Nanog, EpCAM, c-Myc, Sox2 and
two stemness marker (CD44 and CD133) in the HCC
cells in vitro. Our results revealed that GATAS played
an important role in Paclitaxel inhibiting the malignant
behaviors of HCC cells by blocking expression of the
reprogramming related genes and stemness markers.

Materials and Methods
Cell culture

In the experimental study, three human liver cancer cell
lines (HLE, Bel7402 and PLC/PRF/5) were selected to
test, the HCC cells were purchased from the Institution
of Cellular Biology, Shanghai Academy of Life Science,
China Academy of Science (Shanghai, China). These
cells were cultured in RPMI-1640 medium supplemented
with 10% heat-inactivated fetal calf serum (FCS) at 37°C
in a humidified atmosphere containing 5% CO,. The
culture medium was replaced or the cells were passaged
according to their growth state after 1-2 days. This study
protocol was approved by the Ethical Committee of
Hainan Medical College (code: 20170106).

Construction and transfection of the GATAS expression
vector

The construct of stable expression vector CDH-GATAS
was as follows: the full-length human GATAS5 cDNA
(residue 1-397, NCBI: NM_080473) was synthesized and
amplified by polymerase chain reaction (PCR) using the
following primers:

F: 5"-CCGAAGCTTGCCACCATGTACCAGAGCCT-3"
R:5"-CGGGCGGCCGCCTAGGCCAAGGCCAGCGC-3".

They were then ligated into the expression vector
pCDH-CMV-MCS-EF1-coGFP (Systembio, USA) by the
HindlIII and Notl restriction enzymes (Takara Bio Inc.,
China). The expression vector was transfected into HCC
cells by Lipofectamine 2000 (Invitrogen, USA). To obtain
the stable expression vector CDH-GATAS5, Puromycin
was used to screen the stable cell clones. The transfected
Bel7402 and PLC/PFR/S cells with CDH-GATAS5 were
respectively named Bel7402-CDH-GATA5 and PLC/
PFR/5-CDH-GATAS.

RNA interference

Transfection of siRNA-GATAS or its negative control
siRNA-scramble into HLE cells was as follows: the cells
were seeded into 6-wells plate until they reached 70-
80% confluence. The siRNA-GATAS or siRNA-scramble
was transfected in each well, in the absence of serum by
Lipofectamine 2000. The siRNA-GATAS5 sequence was as
follows: 5'-AAAGUCCUCAGGCUCGAAC-3" (8). The
transfected HLE cells with siRNA-GATAS5 were named
HLE-siRNA-GATAS.

MTT assay
1.5%10* cells/ml of HLE, Bel7402, PLC/PRF/5, HLE-

90

siRNA-GATAS, Bel7402-CDH-GATAS5 and PLC/PRF/5-
CDH-GATAS5 were cultured in 96-wells plate in RPMI-
1640 medium supplemented with 10% FCS at 37°C in a
humidified atmosphere of 5% CO, for 48 hours. These
cells were refreshed with culture medium containing
with 10% FCS and they were next treated with different
concentrations (5-20 pg/ml) of Paclitaxel (Sigma-
Aldrich, USA) for 24 hours. Effect of Paclitaxel on cell
growth was measured by the methylthiazolyldiphenyl-
tetrazolium bromide (MTT) assay. Absorbance of the
experimental group was measured by a microplate reader
at a wavelength of 490 nm. Growth ratio was calculated
using the following formula: growth ratio=(control group
Ay, -treated group A4, )/control group 4,, x100% (14).

Analyses of the cell morphology, cell death and cellular
nucleus

The HLE, Bel7402, PLC/PRF/5, HLE-siRNA-GATAS,
Bel7402-CDH-GATAS5, and PLC/PRF/5-CDH-GATAS
cells were inoculated into a 6-wells plate with the
concentration of 2.5x10* cells/ml. Then, the cells were
cultured in complete medium, containing 10% FCS for 24
hours and they were refreshed with serum-free medium
after 12 hours, followed by treating with 10 pg/ml
Paclitaxel for 24 hours (in complete medium, containing
10% FCS). Morphology of the cells was observed under a
light microscope. Trypan blue staining was used to observe
dead cells by microscopy. The cells were also stained with
4,6-diamidino-2-phenylindole  dihydrochloride (DAPI)
solution to determine potential changes of the cellular
nucleus. The cells were imaged using a microscopy at x100
magnification. The cellular apoptosis condition was assessed
under a microscope, and these criteria were described in the
previous reports (14-16).

Soft agar colony formation assay

Approximately 1000 cells were plated in the 6-wells plate
and they were cultured in complete medium containing
20% FCS, mixing with 0.7% soft agar (1:1) to lay the
upper layer. Then, the cells were incubated for 14 days at
37°C. The colonies were photographed and counted using
a Nikon inverted microscope (Nikon, Japan) (9).

Crystal violet staining observation of the colony
formation

The cells were transferred into the fresh 6-wells plate
Petri-dishes at a concentration of 800 cells/well, followed
by growth selection using 400 mg/ml of G418 (Beijing
Baiaolaibo Science and Technology Ltd., China). After 14
days of incubation, the cells were fixed with 75% ethanol
for 30 minutes. They were subsequently stained with
0.2% crystal violet (Beijing Zhongshan Biotechnology
Co., China) for colony visualization and counting (9).

Flow cytometry

The HLE, Bel7402 and PLC/PRF/5 cells were cultured
in RPMI-1640 medium supplemented with 10% FCS at



37°C in a humidified atmosphere of 5% CO,. The cells
were transfected with sSiRNA-GATAS or CDH-GATAS for
48 hours, followed by treatment with Paclitaxel (20 pg/
ml) for 48 hours. Apoptosis of the cells were analyzed by
flow cytometer (Thermo Fisher Scientific, China) using
the method as described previously (14).

Cells migration assays

The transwell method was used for observing the
cells migration, and it was performed according to the
manufacturer’s protocol (Biofavor Biotech, China) and
as described previously (17, 18). The HLE, Bel7402 and
PLC/PRF/S cells (1.5x10*) were transfected with siRNA-
GATAS5 or CDH-GATAS for 48 hours. The cells were added
to the upper chamber, cultured in serum-free RPMI-1640
medium and treated with Paclitaxel (10 pg/ml) for 48
hours, while the lower chamber was filled with 20% FCS.
The complete medium was manipulated according to the
previously described methods (18). Number of the cells
migrated through the wells was quantified by counting
five independent fields, using a microscopy with a x20
objective lens (Olympus Corporation, Japan).

Western blotting

To evaluate the effect of Paclitaxel on migration-related
proteins, reprogramming genes and stemness markers,
the cells were transfected with siRNA-GATAS5 or CDH-
GATAS followed by treatment with Paclitaxel (10 pg/ml)
for 48 hours. A Western blot analysis of the metastasis-
associated proteins MMP2 and MMP9 as well as the
reprogramming related genes Nanog, c-Myc, Sox2, and
EpCAM were performed. The experimental method was
described previously (14, 19).

Detection of proteins expression by laser confocal
microscopy

Expression of the stemness markers (CD44 and CD133)
was observed by laser confocal microscopy after drug
screening. HLE, Bel7402 and PLC/PRF/5 cells were
transfected with siRNA-GATAS or CDH-GATAS5 for 24
hours. They were then inoculated into the laser confocal
culture chamber for 12 hours, followed by treating with
Paclitaxel (10 pg/ml) for 48 hours. The remaining cells
were incubated with rabbit anti-human primary CD44
and CD133 antibodies (Abcam Corp., USA) for 12 hours.
Next, they were incubated with fluorescent Alex488
and Alex647 (Beyotime Corporation, China) secondary
antibodies for 2 hours. Then, they were washed with PBS
and DAPI was added. Expression and localization of
CD44 and CD133 were subsequently observed by laser
confocal microscopy (Fuji, Japan). The experimental
method was described previously (20, 21).

Statistical analysis

The data are presented as the mean + SD. Statistical
analysis was performed using Student’s t test (for two
experimental groups) and F-test (SPSS 11.5 software for
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Windows, SPSS Inc., USA). The statistical significance
was set at P<0.05.

Results

GATAS stimulated Paclitaxel to inhibit the growth of
hepatocellular carcinoma cells

To investigate the influence of GATAS on Paclitaxel
regulating growth of HCC cells, we first conducted a MTT
assay to analyze the influence of different concentrations
of Paclitaxel (5-20 pg/ml) on proliferation of HCC
cells. When the optimal concentration of paclitaxel was
determined as >10 pg/ml, growth of these HCC cells
was significantly inhibited (Fig.1A). Then, we used
Western blot to test GATAS expression in the HCC cells.
Result showed that the HLE cells had high expression
of endogenous GATAS, but the endogenous expression
of GATAS in the Bel7402 and PLC/PRF/5 cells was low
(Fig.1B). Thus, we silenced GATAS expression in the
HLE cells by transfecting the cells with siRNA-GATAS,
and enhanced GATAS5 expression in the Bel7402 and
PLC/PRF/5 cells by transfecting with the CDH-GATAS
expression vector. The MTT result indicated that silencing
GATAS expression in the HLE cells stimulated growth,
which was inhibited by Paclitaxel. Enhancing GATAS
expression in the Bel7402 and PLC/PREF/5 cells inhibited
the growth to a higher degree, synergizing with Paclitaxel
(Fig.1C). The results indicated that overexpression of
GATAS5 was able to enhance sensitivity of HCC cells to
Paclitaxel in vitro.

GATAS enhanced Paclitaxel to promote apoptosis of
hepatocellular carcinoma cells

In this study, we also investigated whether GATAS
was able to enhance Paclitaxel to induce apoptosis of
HCC cells by microscopy observations, trypan blue
exclude staining, DAPI staining and a flow cytometry
analysis. The HCC cells were treated with Paclitaxel
for 48 hours followed by transfection with siRNA-
GATAS5 or CDH-GATAS5 for 48 hours. The results
obtained from light microscopy observation (Fig.2A),
trypan blue exclude staining observation (Fig.2B)
and DAPI staining observation (Fig.2C) showed that
Paclitaxel promoted apoptosis of HCC cells. Silencing
GATAS5 expression by transfecting with siRNA-
GATAS5 in the HLE cell antagonized the influence of
HCC cell apoptosis, which was induced by Paclitaxel.
Increasing expression of GATAS by transfecting with
CDH-GATAS5 in the Bel7402 and PLC/PRF/5 cells
could enhance Paclitaxel to induce apoptosis of these
HCC cells. The flow cytometry analysis also confirmed
that GATAS was able to promote Paclitaxel-induced
apoptosis of the HCC cells. The results showed that
number of apoptotic cells was significantly higher
in the Paclitaxel+siRNA-scramble group compared
to the untreated group. HLE cells were treated with
Paclitaxel followed by transfecting with siIRNA-GATAS
to silence expression of this gene (Paclitaxel +siRNA-
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GATAS5 group). The obtained cells displayed that the
number of apoptotic cells was reduced compared to
Paclitaxel+siRNA-scramble group. Bel7402 and PLC/
PRF/5 cells were treated with Paclitaxel followed by
increasing GATAS5 expression by transfecting with
CDH-GATAS5 (Paclitaxel+CDH-GATAS5 group). The

obtained cells showed that the number of apoptotic
cells was increased compared to the transfected cells
with the CDH empty vector (Paclitaxel+CDH group,
Fig.2D). These results indicated that GATAS has a
trait to enhance the effect of Paclitaxel on inducing
apoptosis of HCC cells.
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Fig.1: Effect of GATAS and Paclitaxel on the growth of hepatocellular carcinoma cells (HCC). A. HLE, Bel7402 and PLC/PRF/5 cells were treated with different
concentrations of Paclitaxel (0, 5, 10, 15 and 20 ug/ml) for 24 hours. Growth of the cells was measured by MTT assay. B. Western blotting was carried out
to test expression of GATAS in the HLE cells, Bel7402 and PLC/PRF/5 cells. C. The HLE cells were transfected with siRNA-scramble or siRNA-GATA5 vectors
for 24 hours followed by treatment with Paclitaxel (10 pg/ml) for 24 hours. The Bel7402 and PLC/PRF/5 cells were transfected with the CDH empty vectors
or CDH-GATAS vectors for 24 hours followed by treatment with Paclitaxel (10 pg/ml) for 24 hours. Growth of the cells was measured by an MTT assay.

N=6, *; P<0.05, **; P<0.01 versus the control groups, and #; P<0.01 versus the empty vector groups or the empty vector groups plus the Paclitaxel-treated

groups. Three independent experiments were performed for these data.
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Fig.2: Effect of the GATAS and Paclitaxel on the apoptosis of hepatocellular carcinoma cells (HCC). The HLE cells were transfected with siRNA-scramble
or siRNA-GATAS for 24 hours. The Bel7402 and PLC/PRF/5 cell were transfected with the CDH empty vectors or CDH-GATAS vectors for 24 hours. Next,
these cells were treated with Paclitaxel (20 pg/ml) for 48 hours. Then, apoptosis of the cells was analyzed. A. Light microscopy was used to observe
morphological changes of the HCC cells (x100). B. Trypan blue excluded staining and observations by microscopy (scale bar: x100). C. DAPI staining and
morphological observation by microscopy (scale bar: 20 uM). D. Flow cytometry was applied to detect apoptosis of HCC cells. The low columnar graph
indicates quantity of the cell apoptosis. Three independent experiments were performed for these data.

N=5, **; P<0.05 versus siRNA-scramble vectors groups or CDH empty vectors groups.
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GATAS enhanced the effect of Paclitaxel on inhibiting
migration and invasion of HCC cells

In this study, we also investigated whether GATAS
synergizes with Paclitaxel to inhibit HCC migration by a
transwell analysis. The microscopic observations showed
that after silencing GATAS5 expression by transfecting
with siRNA-GATAS in the Paclitaxel treated HLE cells
(Paclitaxel+siRNA-GATAS group), pore transfer capacity
ofthe cells was significantly increased compared to the cells
transfected with siRNA-scramble (Paclitaxel+siRNA-
scramble group). Enhancing GATA5 expression by
transfecting with CDH-GATAS in the Paclitaxel-treated
Bel7402 and PLC/PREF/5 cells (Paclitaxel+CDH-GATAS
group), showed that pore migration capacity of the HCC
cells was decreased compared to the cells transfected with
the CDH empty vector (Paclitaxel+CDH group, Fig.3A,
B). These data indicated that GATAS synergized with
Paclitaxel to inhibit HCC cells migration and invasion.

We also assessed the influence of GATAS on the
expression of the metastasis-related factors, MMP2
and MMP9. In the present study, Western blot results
indicated that after silencing expression of GATAS
by transfecting with siRNA-GATAS5 in the Paclitaxel-
treated HLE cells (Paclitaxel+siRNA-GATAS5 group),
there was a higher expression of MMP2 and MMP9,
compared to the cells transfected with siRNA-scramble
(Paclitaxel+siRNA-scramble group). Enhancing GATAS
expression by transfecting with CDH-GATAS in Bel7402
and PLC/PRF/5 cells (Paclitaxel+CDH-GATAS5 group)
revealed a reduced expression of MMP2 and MMP9,
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Control

Paclitaxel +
siRNA-GATAS
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compared to the cells transfected with the CDH empty
vector (Paclitaxel+CDH group, Fig.3C). These results
demonstrated that GATAS played a role in synergizing
with Paclitaxel to down-regulate expression of the
metastasis-related factors, MMP2 and MMP9.

GATAS increased the effect of Paclitaxel on inhibiting
colony formation of hepatocellular carcinoma cells

In addition, we investigated whether GATAS was able
to enhance the effect of Paclitaxel on inhibiting colony
formation of the HCC cells. The crystal violet staining and
microscopy (x100) observations showed that HLE cells
treated with Paclitaxel and transfected with siRNA-scramble
(Paclitaxel+siRNA-scramble  group) inhibited colony
formation. Silencing GATAS5 expression by transfecting
with siRNA-GATAS5 in the paclitaxel-treated HLE cells
(Paclitaxel+siRNA-GATAS5 group) restored more capacity
of colony formation compared to the Paclitaxel+siRNA-
scramble group. Bel7402 and PLC/PREF/S cells treated
with Paclitaxel and transfected with the empty vector CDH
(Paclitaxel+CDH group) showed that number and volume
of cellular colony were significantly decreased compared to
the control. Increasing expression of GATAS by transfecting
with CDH-GATAS5 in the Bel7402 and PLC/PRF/5 cells
(Paclitaxel+CDH-GATAS5 group) demonstrated that number
and volume of cellular colony were inhibited compared to the
control group and the Paclitaxel+CDH group (Fig.4). These
results indicated that GATAS played a key role in enhancing
the effect of Paclitaxel on inhibiting the colony formation of
HCC cells.
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Fig.3: Influence of GATAS and Paclitaxel on the migration, invasion and expression of the migration-related proteins in hepatocellular carcinoma cells
(HCC). The HLE cells were transfected with siRNA-scramble or siRNA-GATA5. The Bel7402 and PLC/PRF/5 cell were transfected with the CDH empty vectors
or CDH-GATAS5 vectors for 24 hours followed by treatment with Paclitaxel (10 ug/ml) for 48 hours. A, B. The migratory and invasive cells were stained with
0.1% crystal violet and they were observed by microscopy. The right columnar graph indicates quantity of the migratory cells (x100). C. Western blotting
was used to analyze the expression of MMP2 and MMP9 in the HLE, Bel7402 and PLC/PRF/5 cells. Three independent experiments were performed for

these data.
N=8, **; P<0.05 versus the control group.
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Fig.4: Influence of GATAS and Paclitaxel on the colony formation of hepatocellular carcinoma cells (HCC). The HLE cells were treated with Paclitaxel and
they were transfected with siRNA-scramble vectors or siRNA-GATAS5 vectors. The Bel7402 and PLC/PRF/5 cells were transfected with the CDH empty
vectors or CDH-GATA5 vectors followed by treatment with Paclitaxel (10 ng/ml) for 14 days. The colonies were observed by microscopy (x40). The right
columnar graph indicates quantity of colony formation. N=6, **; P<0.05 versus the control group.

GATAS increased the effect of Paclitaxel on inhibiting
expression of the reprogramming genes

To investigate how GATAS5 mechanistically
stimulated Paclitaxel to suppress malignant behaviors
of HCC cells, we analyzed expression of the cancer stem
cell reprogramming genes, Nanog, EpCAM, c-Myc
and Sox2 in the cells by Western blotting. The results
indicated that after silencing expression of GATAS
by transfecting the HLE cells with siRNA-GATAS5
(Paclitaxel+siRNA-GATAS group) the reprogramming
genes were upregulated in comparison with the cells
transfected with siRNA-scramble (Paclitaxel+siRNA-
scramble group). After enhancing expression of
GATAS by transfecting with CDH-GATAS in Bel7402
and PLC/PRF/5 cells (Paclitaxel+CDH-GATAS group),
expression of the reprogramming genes was reduced
compared to the cells transfected with the CDH empty
vector (Paclitaxel+CDH group, Fig.5). These results
indicated that GATAS enhanced Paclitaxel to inhibit
expression of Nanog, EpCAM, c-Myc and Sox2 in
HCC cells.
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GATAS promoted Paclitaxel to inhibit expression of
stemness markers, CD44 and CD133 in hepatocellular
carcinoma cells

The stemness markers CD44 and CD133 play a key role
in maintaining the malignancy of HCC. Thus, in this study,
we investigated whether GATAS was able to play a role in
stimulating Paclitaxel to suppress expression of CD44 and
CD133 in HCC cells. Western blot was performed to assay
expression of these proteins and laser confocal microscope
observation was applied to detect expression and location
of these markers in the HCC cells. The results indicated
that silencing expression of GATAS (transfected cell with
siRNA-GATAS) resulted in a higher expression of CD44
and CD133 compared to the HLE cells transfected with
siRNA-scramble. After enhancing expression of GATAS
(transfected cells with CDH-GATAY) in the Bel7402 and
PLC/PRF/5 cells, expressions of CD44 and CD133 were
suppressed, compared to the cells transfected with CDH
empty vector (Fig.6A, B). These results showed that
GATAS played a role in promoting Paclitaxel to inhibit
expression of the stemness markers, CD44 and CD133 in
HCC cells.
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Fig.5: Effect of GATAS and Paclitaxel on the expression of reprogramming genes in the hepatocellular carcinoma cells (HCC). The HLE cells were transfected
with siRNA-scramble vectors or siRNA-GATA5 vectors. The Bel7402 and PLC/PRF/5 cells were transfected with the CDH empty vectors or CDH-GATAS
vectors for 24 hours followed by treatment with Paclitaxel (10 pug/ml) for 48 hours. Then, Western blotting was applied to analyze expression of the
reprogramming genes: Nanog, EpCAM, c-Myc and Sox2. The images are representative of three independent experiments.
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Fig.6: Effect of GATAS and Paclitaxel on the expression of stemness markers, CD44 and CD133 in the HCC cells. The HLE cells were transfected with siRNA-
scramble vectors or siRNA-GATAS vectors for 24 hours. The Bel7402 and PLC/PRF/5 cells were transfected with the CDH empty vectors or CDH-GATAS
vectors for 24 hours, and then the cells were treated with Paclitaxel (10 ug/ml) for 48 hours. A. Western blotting was used to analyze expressions of CD44
and CD133 in the HCC cells. B. The expression and localization of CD44 and CD133 in the HCC cells were visualized by laser confocal microscopy. The nuclei
were stained with DAPI (blue). CD44 (green) and CD133 (red) were labeled with Alex488 and Alex647, respectively (x40). Three independent experiments

were performed for these data.

Discussion

inherent or late acquired drug resistance of liver cancer

Paclitaxel is now widely used as a chemotherapeutic  cells, sensitivity of HCC cells to Paclitaxel is reduced,
drug for treatment of many types of cancer. It blocks the  limiting application of Paclitaxel in the treatment of
M/G2 cell cycle and stimulates caspase signal transduction liver cancer (24, 25). Drug resistance in the liver cancer
to promote apoptosis in cancer cells (22, 23). Due to the  cells is a crucial problem in clinical treatment. Our study
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showed that the endogenous expression of GATAS was
higher in the HLE cells than in Bel7402 and PLC/PRF/5
cells. Thus, we silenced expression of GATAS5 in the HLE
cells and enhanced expression of GATAS in the Bel7402
and PLC/PRF/5 cells. Silencing GATAS5 expression in
the HLE cells could antagonize Paclitaxel to inhibit
proliferation and stimulate apoptosis of the HCC cells.
Inversely, enhancing GATAS5 expression in the Bel7402
and PLC/PRF/5 cells was capable to promote Paclitaxel
to inhibit proliferation and stimulate apoptosis of these
HCC cells. The results indicated that GATAS has a trait
to inhibit growth and stimulate apoptosis of HCC cells.
Additionally, findings suggested that GATAS was able to
increase sensitivity of HCC cells to Paclitaxel.

To further demonstrate whether GATAS synergized with
Paclitaxel to suppress malignant behaviors of HCC cells,
we performed HCC cellular colony formation, migration
and invasion assays to assess the influence of GATAS
in the HCC cells accompanied by the treatment with
Paclitaxel. Colony formation assay indicated that GATAS
synergizes with Paclitaxel to significantly inhibit cellular
colony formation in the HCC cells. The cell migration
and invasion assay indicated that GATAS synergized
with Paclitaxel to significantly reduce pore migratory
capacity of the HCC cells and overexpression of GATAS
enhanced Paclitaxel to inhibit expression of the migration-
related factors, MMP2 and MMP9. These results further
demonstrated that GATAS promoted Paclitaxel to induce
apoptosis of HCC cells. Enhancing expression of GATAS
was able to synergize with Paclitaxel to inhibit HCC cells
migration and invasion. GATAS increased the sensitivity
of HCC cells to Paclitaxel which maybe involved in
suppressing expression of MMP2 and MMP9.

Cancer stem cells play pivotal role in malignant cells
transformation (26, 27). Reprogramming genes, such as
Nanog, KLF4, EpCAM, c-Myc, Sox2 and p-Oct4 induce
the origin of CSCs (10, 11, 21). In the present study, we
performed a Western blot analysis to assess influence of
GATAS and Paclitaxel on expression of reprogramming
genes in HCC cells. Silencing GATAS5 expression in
HLE cells (accompanied with treatment by Paclitaxel)
stimulated expression of the reprogramming genes, while
enhancing expression of GATAS in the Bel7402 and PLC/
PRF/5 cells (accompanied with treatment by Paclitaxel)
could inhibit expression of the reprogramming genes,
such as Nanog, c-Myc and Sox2. The results indicated
that GATAS played a role in promoting Paclitaxel to
inhibit expression of the reprogramming genes in HCC
cells, which enhanced sensitivity of the HCC cells to
Paclitaxel, and also inhibiting cancer stem cell formation
and cancer cells aggressiveness. Previously, we found that
hepatitis virus B x protein (HBx) promoted liver cancer
stem cell genesis by stimulating expression of alpha
fetoprotein (AFP); so that AFP promoted expressions
of CD44 and CD133 (21). AFP is a critical molecule
to promote malignant transformation of liver cells
and inhibit autophagy of HCC cells (28). These results
implicated that expression of CD44 and CD133 in liver
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cancer cells is related to the malignant behaviors. CD44
is a stemness marker involved in cell adhesion and tumor
metastasis (12, 29). CDI133 is considered a stemness
marker of cancer cells which plays a critical role in cancer
recurrence (12). Recently, we found that GATAS played
role in inhibiting expression of reprogramming genes in
HCC cells (30). In the present study, we also found that
GATAS synergized with Paclitaxel to inhibit expression
of the stemness markers CD44 and CD133 in the cancer
stem cells. These results further demonstrated that
overexpression of GATAS was able to enhance the effect
of Paclitaxel on inhibiting HCC cells malignant behaviors.
These mechanisms maybe involved in suppressing the
expression of reprogramming genes.

Conclusion

This is the first report indicating that GATAS plays a role
in promoting Paclitaxel to inhibit the growth, migration,
invasion and colony formation of HCC cells, in addition
to stimulating apoptosis in these cells. All together, we
revealed that in terms of molecular mechanism, GATAS
synergizes with Paclitaxel to inhibit the malignant
behaviors of HCC cells which maybe involved in
suppressing expression of reprogramming genes and
stemness markers. These findings suggest that enhanced
expression of GATAS may be an available strategy for
applying Paclitaxel to treat HCC patients.

Acknowledgements

This work was supported by the National Natural
Science Foundation of China (Nos. 81660463, 81560450,
31560243). The Natural Science Foundation of Hainan
Province (Nos. 2019CXTD406, 20168263 and 814293);
Hainan Provincial Association for Science and Technology
Program of Youth Science Talent and Academic
Innovation (No.QCXM 201922); The Hainan Graduate
Students Innovate Program (Hys2017-178, Hys2017-180,
Hys2018-277, Hys2018-278, Hys2018-279). The authors
declare that they have no competing interest.

Authors’ Contributions

H.F., B.L.,, Y.Z., JX., Y.Z.; Performed the experiments.
K.L., M.L.; Analyzed the clinical data and discussed the
results. B.L., M.L.; Drafted the manuscript. M.Z., M.L.;
Designed the experiments and revised the results. All
the authors contributed to the manuscript editing and
approval.

Reference

1. Hu P, Huang Q, Li Z, Wu X, Ouyang Q, Chen J, et al. Silencing
MAP3K1 expression through RNA interference enhances paclitax-
el-induced cell cycle arrest in human breast cancer cells. Mol Biol
Rep. 2014; 41(1): 19-24.

2. Liu K, Cang S, Ma Y, ChiaoJW. Synergistic effect of paclitaxel
and epigenetic agent phenethyl isothiocyanate on growth inhibi-
tion, cell cycle arrest and apoptosis in breast cancer cells. Can-
cer Cell Int. 2013; 13(1): 10.

3. Zhu M, LiW, LuY, Dong X, Chen Y, Lin B, et al. Alpha fetoprotein
antagonizes apoptosis induced by paclitaxel in hepatoma cells in
vitro. Sci Rep. 2016; 6: 26472.

Cell J, Vol 22, Suppl 1, Autumn 2020


https://www.ncbi.nlm.nih.gov/pubmed/?term=Synergistic+effect+of+paclitaxel+and+epigenetic+agent+phenethyl+isothiocyanate+on+growth+inhibition%2C+cell+cycle+arrest+and+apoptosis+in+breast+cancer+cells
https://www.ncbi.nlm.nih.gov/pubmed/?term=Synergistic+effect+of+paclitaxel+and+epigenetic+agent+phenethyl+isothiocyanate+on+growth+inhibition%2C+cell+cycle+arrest+and+apoptosis+in+breast+cancer+cells
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alpha+fetoprotein+antagonizes+apoptosis+induced+by+paclitaxel+in+hepatoma+cells+in+vitro.

GATAS5 Enhances Paclitaxel to Suppress Growth of HCC Cells

10.

1.

12.

13.

14.

15.

16.

17.

Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A.
Global cancer statistics, 2012. CA Cancer J Clin. 2015; 65(2): 87-
108.

Zhu GQ, Shi KQ, Yu HJ, He SY, Braddock M, Zhou MT, et al. Op-
timal adjuvant therapy for resected hepatocellular carcinoma: a
systematic review with network meta-analysis. Oncotarget. 2015;
6(20): 18151-18161.

Shu J, Zhang K, Zhang M, Yao A, Shao S, Du F, et al. GATA family
members as inducers for cellular reprogramming to pluripotency.
Cell Res. 2015; 25(2): 169-180.

Mehra R, Varambally S, Ding L, Shen R, Sabel MS, Ghosh D, et
al. Identification of GATAS as a breast cancer prognostic marker by
global gene expression meta-analysis. Cancer Res. 2005; 65(24):
11259-11264.

Liu P, Zhou TF, Qiu BA, Yang YX, Zhu YJ, An Y, et al. Methylation-
mediated silencing of GATA5 gene suppresses cholangiocarci-
noma cell proliferation and metastasis. Transl Oncol. 2018; 11(3):
585-592.

Xia L, Gong Y, Zhang A, Cai S, Zeng Q. Loss of GATA5 expres-
sion due to gene promoter methylation induces growth and colony
formation of hepatocellular carcinoma cells. Oncol Lett. 2016;
11(1): 861-869.

Liang G, Taranova O, Xia K, Zhang Y. Butyrate promotes induced
pluripotent stem cell generation. J Biol Chem. 2010; 285(33):
25516-25521.

Nagy K, Sung HK, Zhang P, Laflamme S, Vincent P, Agha-Mo-
hammadi S, et al. Induced pluripotent stem cell lines derived from
equine fibroblasts. Stem Cell Rev Rep. 2011; 7(3): 693-702.

Zhu Z, Hao X, Yan M, Yao M, Ge C, Gu J, et al. Cancer stem/pro-
genitor cells are highly enriched in CD133+CD44+ population in
hepatocellular carcinoma. Int J Cancer. 2010; 126(9): 2067-2078.
Yang XR, Xu Y, Yu B, Zhou J, Qiu SJ, Shi GM, et al. High expres-
sion levelsof putative hepatic stem/progenitor cell biomarkersre-
lated to tumour angiogenesis and poor prognosis of hepatocellular
carcinoma. Gut. 2010; 59(7): 953-962.

Li M, Li H, Li C, Guo L, Liu H, Zhou S, et al. Cytoplasmic alpha-
fetoprotein functions as a co-repressor in RA-RAR signaling to pro-
mote the growth of human hepatoma Bel 7402 cells. Cancer Lett.
2009; 285(2): 190-199.

Li C, Wang S, Jiang W, Li H, Liu Z, Zhang C, et al. Impact of intra-
cellular alpha fetoprotein on retinoic acid receptors-mediated ex-
pression of GADD153 in human hepatoma cell lines. Int J Cancer.
2012; 130(4): 754-764.

Li M, Zhou S, Liu X, Li P, McNutt MA, Li G. Alpha-Fetoprotein
shields hepatocellular carcinoma cells from apoptosis induced by
tumor necrosis factor-related apoptosis-inducing ligand. Cancer
Lett. 2007; 249(2): 227-234.

Zhu M, Li W, Dong X, Chen Y, Lu Y, Lin B, et al. Benzyl-isothio-
cyanate induces apoptosis and inhibits migration and invasion of
hepatocellular carcinoma cells in vitro. J Cancer. 2017; 8(2): 240-
248.

100

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

LuY, Zhu M, Li W, Lin B, Dong X, Chen Y, et al. Alpha fetoprotein
plays a critical role in promoting metastasis of hepatocellular carci-
noma cells. J Cell Mol Med. 2016; 20(3): 549-558.

Li MS, Li PF, He SP, Du GG, Li G. The promoting molecular mech-
anism of alpha-fetoprotein on the growth of human hepatoma
Bel7402 cell line. World J Gastroenterol. 2002; 8(3): 469-475.

Li M, Li H, Li C, Zhou S, Guo L, Liu H, et al. Alpha fetoprotein is
a novel protein-binding partner for caspase-3 and blocks the ap-
optotic signaling pathway in human hepatoma cells. Int J Cancer.
2009; 124(12): 2845-2854.

Zhu M, Li W, Lu Y, Dong X, Lin B, Chen Y, et al. HBx drives alpha
fetoprotein expression to promote initiation of liver cancer stem
cells through activating PI3K/AKT signal pathway. Int J Cancer.
2017; 140(6): 1346-1355.

Chao Y, Chan WK, Birkhofer MJ, Hu OY, Wang SS, Huang YS, et
al. Phase Il and pharmacokinetic study of paclitaxel therapy for un-
resectable hepatocellular carcinoma patients. Br J Cancer. 1998;
78(1): 34-39.

Chun E, Lee KY. Bcl-2 and Bcl-xL are important for the induction
of paclitaxel resistance in human hepatocellular carcinoma cells.
Biochem Biophys Res Commun. 2004; 315(3): 771-779.

Sutter AP, Maaser K, Grabowski P, Bradacs G, Vormbrock K, H6p-
fner M, et al. Peripheral benzodiazepine receptor ligands induce
apoptosis and cell cycle arrest in human hepatocellular carcinoma
cells and enhance chemosensitivity to paclitaxel, docetaxel, doxo-
rubicin and the Bcl-2 inhibitor HA14-1. J Hepatol. 2004; 41(5): 799-
807.

Gagandeep S, Novikoff PM, Ott M, Gupta, S. Paclitaxel shows cy-
totoxic activity in human hepatocellular carcinoma cell lines. Can-
cer Lett. 1999; 136(1): 109-118.

Kawai T, Yasuchika K, Ishii T, Katayama H, Yoshitoshi EY, Ogiso S,
et al. Keratin 19, a cancer stem cell marker in human hepatocel-
lular carcinoma. Clin Cancer Res. 2015; 21(13): 3081-3091.
Chiba T, Kita K, Zheng YW, Yokosuka O, Saisho H, lwama A, et
al. Side population purified from hepatocellular carcinoma cells
harbors cancer stem cell-like properties. Hepatology. 2006; 44(1):
240-251.

Wang S, Zhu M, Wang Q, Hou Y, Li L, Weng H, et al. Alpha-fetopro-
tein inhibits autophagy to promote malignant behaviour in hepato-
cellular carcinoma cells by activating PI3K/AKT/mTOR signalling.
Cell Death Dis. 2018; 9(10): 1027.

Chou YE, Hsieh MJ, Chiou HL, Lee HL, Yang SF, Chen TY. CD44
gene polymorphisms on hepatocellular carcinoma susceptibil-
ity and clinicopathologic features. Biomed Res Int. 2014; 2014:
231474.

Feng H, Zhu M, Zhang R, Wang Q, Li W, Dong X, et al. GATAS in-
hibits hepatocellular carcinoma cells malignant behaviors by block-
ing expression of reprogramming genes. J Cell Mol Med. 2019;
23(4): 2536-2548.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Methylation-mediated+silencing+of+GATA5+gene+suppresses+cholangiocarcinoma+cell+proliferation+and+metastasis.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Loss+of+GATA5+expression+due+to+gene+promoter+methylation+induces+growth
https://www.ncbi.nlm.nih.gov/pubmed/?term=Induced+pluripotent+stem+cell+lines+derived+from+equine+fibroblasts.+Stem+Cell+Rev.+2011%3B+7%3A693-702.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang YS%5bAuthor%5d&cauthor=true&cauthor_uid=9662247
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sutter AP%5bAuthor%5d&cauthor=true&cauthor_uid=15519653
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maaser K%5bAuthor%5d&cauthor=true&cauthor_uid=15519653
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grabowski P%5bAuthor%5d&cauthor=true&cauthor_uid=15519653
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bradacs G%5bAuthor%5d&cauthor=true&cauthor_uid=15519653
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vormbrock K%5bAuthor%5d&cauthor=true&cauthor_uid=15519653
https://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%B6pfner M%5bAuthor%5d&cauthor=true&cauthor_uid=15519653
https://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%B6pfner M%5bAuthor%5d&cauthor=true&cauthor_uid=15519653
https://www.ncbi.nlm.nih.gov/pubmed/16799977
https://www.ncbi.nlm.nih.gov/pubmed/16799977
https://www.ncbi.nlm.nih.gov/pubmed/30301886
https://www.ncbi.nlm.nih.gov/pubmed/?term=CD44+gene+polymorphisms+on+hepatocellular+carcinoma+susceptibility+and+clinicopathologic+features.

	_GoBack
	OLE_LINK1
	OLE_LINK2
	_ENREF_12
	_ENREF_23
	_ENREF_35
	_GoBack
	OLE_LINK3
	OLE_LINK4
	OLE_LINK24
	OLE_LINK69
	OLE_LINK26
	OLE_LINK49
	OLE_LINK67
	OLE_LINK78
	OLE_LINK70
	OLE_LINK80
	OLE_LINK81
	OLE_LINK79
	OLE_LINK37
	OLE_LINK38
	_GoBack
	OLE_LINK1
	OLE_LINK3
	OLE_LINK2
	OLE_LINK4
	OLE_LINK6
	_ENREF_2
	_ENREF_8
	_ENREF_18
	_ENREF_24
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	bau0010
	bau0015
	bau0020
	bau0025
	bau0030
	bau0035
	_ENREF_35
	_Hlk2357592
	_Hlk5891055
	_GoBack
	_Hlk37771711
	_Hlk38116260
	_Hlk41831950



