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STAT1 negatively regulates hepatocellular
carcinoma cell proliferation
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Abstract. Signal transducer and activator of transcription 1
(STAT1) regulates cell proliferation and survival. The present
study aimed to investigate the role of STAT1 in the develop-
ment and progression of human hepatocellular carcinoma
(HCC). The levels of STAT1 expression in 36 HCC and 12
non-HCC liver tissues were examined by immunohistochem-
istry. The effect of STAT1 overexpression or silencing on
the proliferation and apoptosis of HCC cells was determined
by MTT and flow cytometric assays. The effect of STAT1
overexpression or silencing on the levels of p53 and cyclin E
expression was determined by quantitative PCR and western
blot assays. The level of STAT1 expression in the HCC tissues
was significantly lower compared to the level in the non-HCC
liver tissues and was negatively associated with the histological
grade of HCC and serum HBsAg, anti-HCV and a-fetoprotein
positivity in HCC patients. Induction of STAT1 overexpres-
sion significantly inhibited HepG2 cell proliferation and
enhanced HCC cell apoptosis, accompanied by upregulation
of p53 expression and STAT1 phosphorylation, but a reduction
in cyclin E expression in HepG2 cells. In contrast, knockdown
of STAT1 by introduction of STAT1-specific siRNA promoted
HepG2 cell proliferation, but inhibited HCC cell apoptosis,
accompanied by significant downregulation of p53 expression,
but enhancement of cyclin E expression in vitro. Our data
suggest that STATI1 may inhibit HCC growth by regulating
p53-related cell cycling and apoptosis.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors worldwide (1). Its incidence is increasing due
to a high prevalence of chronic liver diseases. Emerging lines of
evidence indicate that aberrant activation of several signaling
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cascades, including the Janus kinase/signal transducer and
activator of transcription (Jak/STAT), epidermal growth factor
receptor (EGFR), Ras/extracellular signal-regulated kinase
(ERK), and phosphoinositol 3-kinase (PI3K)/mammalian
target of rapamycin (mTOR) pathways, contributes to the
pathogenesis of HCC (2). In addition, other factors, such as
hepatocyte growth factor (HGF), mesenchymal-epithelial
transition (MET) factors of Wnt, and Hedgehog, and apop-
totic signaling, regulate the development and progression of
HCC (2). However, how these signaling events regulate the
development and progression of HCC are not fully understood.
Hence, further clarification of individual signaling events in
the development and progression of HCC will be of great
significance.

The signal transducer and activator of transcription 1
(STAT1) functions as an important upstream regulator of
interferon (IFN) signaling (3,4). In many circumstances,
STAT] has both pro-apoptotic and anti-proliferative activi-
ties in tumor cells (5). STAT1-deficient mice are more prone
to tumor development than animals with wild-type (6,7).
Indeed, chronic ethanol exposure induces oxidative stress
and hepatocyte damage by inhibiting IFN-y-mediated STAT1
activation (8). In addition, STAT1 is crucial for the control of
hepatitis C virus (HCV) replication although the HCV core
protein can selectively degrade STATI, and subsequently
subvert Jak-STAT kinase (9). It is possible that STAT1 may
negatively regulate the growth of HCC (10,11). However, how
STATI regulates the growth of HCC has not been clarified.

In the present study, we compared the levels of STATI
expression in 36 HCC and 12 non-HCC liver tissues as well
as HCC cell lines, and analyzed their clinical relevance in
HCC patients. Furthermore, we tested the impact of induction
or knockdown of STAT1 expression on the proliferation and
apoptosis of HepG2 cells and on the levels of p53, cyclin E,
and STATI1 phosphorylation in HepG2 cells in vitro. Our
data suggest that STAT1 may be a negative regulator of the
development and progression of human HCC by regulating
p53-related cell cycling and apoptosis.

Materials and methods
Patients and specimens. A total of 36 patients with HCC were

recruited at the First Affiliated Hospital of Jilin University
from April 2009 to April 2012. There were 21 male patients
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Table I. Sequences of siRNAs.
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Gene

siRNA1:STAT1_homo-575

siRNA2:STAT1_homo-647

siRNA3:STAT1_homo-1601

siRNA negative control

Sequences
Sense 5'-GCUGGAUGAUCAAUAUAGUTT-3'
Antisense: 5'-ACUAUAUUGAUCAUCCAGCTT-3'
Sense: 5'-GCGUAAUCUUCAGGAUAAUTT-3'
Antisense: 5'-AUUAUCCUGAAGAUUACGCTT-3'
Sense: 5'-GCACCUGCAAUUGAAAGAATT-3'
Antisense: 5'-UUCUUUCAAUUGCAGGUGCTT-3'
Sense: 5'-UUCUCCGAACGUGUCACGUTT-3'
Antisense: 5'-ACGUGACACGUUCGGAGAATT-3'

and 15 females with a median age of 50 and ranging from 34
to 73 years. Individual patients with HCC were diagnosed by
radiological imaging and histological evidence of liver biopsy,
and they underwent surgical removal of HCC. In addition, 12
gender and age-matched non-HCC patients were recruited
for surgical resection of hepatic hemangioma, focal nodular
hyperplasia, hepatic angiomyolipoma, or angioleiomyoma,
and their non-HCC liver specimens were sampled. No patient
received any chemotherapy or radiotherapy before sample
collection. Individuals with acute inflammatory liver diseases
were excluded. Written informed consent was obtained from
each patient, and the experimental protocols were approved by
the Ethics Committee of the First Affiliated Hospital of Jilin
University.

Laboratory tests. Individual HCC tissue sections were stained
with hematoxylin and eosin. The pathological degrees of HCC
were graded into high, moderate or poor differentiation in a
blinded manner. The concentrations of serum a-fetoprotein
(AFP), hepatitis B surface antigen (HBsAg), and anti-hepatitis
C virus (anti-HCV) were measured by routine methods.

Immunohistochemical analysis. The levels of STATI
expression in the specimens were determined by immuno-
histochemistry. Briefly, individual paraffin-embedded tissue
sections (4-ym) were deparaffinized and rehydrated. The
sections were treated with 3% H,0,, blocked with 5% fat-free
milk, and incubated overnight with rabbit anti-STAT1 (1:500
dilution) (Bioworld Technology Inc., St. Louis Park, MN,
USA). After being washed, the bound antibodies were detected
with biotinylated goat-anti-rabbit IgG and visualized with
horseradish peroxidase (HRP)-conjugated streptavidin and
3,3-diaminobenzidine (DAB; Sigma, St. Louis, MO, USA).
The number of positive anti-STAT1-staining hepatocytes
in five areas selected randomly from a single specimen was
counted, and the intensity of anti-STAT1 staining was scored by
two pathologists in a blinded manner using a semi-quantitative
and subjective grading system. The level of STAT1 expression
was scored according to the percentage of positively stained
tumor cells: 0, <5% positively stained tumor cells; 1, 6-10%
positively stained tumor cells; 2, 11-25% positively stained
tumor cells; and 3, >40% positively stained tumor cells. The
intensity of anti-STAT]1 staining was scored as 0, no staining;
1, weak staining; 2, moderate staining; and 3, strong staining.

The staining index for each section was calculated as the
score of the staining intensity multiplied by the score of the
STAT]1 expression levels. Cases with discrepant results were
re-evaluated jointly and discussed to reach an agreement.

Cell culture. Human HCC HepG?2 cells were purchased from
the American Type Culture Collection (ATCC, Rockville,
MD, USA). The cells were maintained in Dulbecco's modified
Eagle's medium (DMEM) containing 10% fetal calf serum
(FCS), 100 U/ml of penicillin, and 100 pg/ml of streptomycin
at 37°C in a 5% CO,-humidified incubator.

Cell transfection. The sense and antisense sequences of the
STATI1-specific and control siRNAs were synthesized by
Shanghai GenePharma, Shanghai, China and are presented in
Table I. HepG2 cells (1x10%/well) were cultured in 6-well plates
overnight and transfected in duplicate with 1.3 ug control or
each type of STAT1-specific siRNA using X-tremeGENE
siRNA transfection reagent, according to the manufacturer's
instructions (Roche, Mannheim, Germany). The plasmids of
pcDNA3.1 (EV) and pcDNA3.1-STAT1 were obtained from
GenePharma. HepG2 cells (1x10%/well) were transfected in
duplicate with 2 yg pcDNA3.1 (EV) and pcDNA3.1-STAT1
using X-tremeGENE DNA transfection reagents. Forty-eight
hours after transfection, the cells were harvested and used for
the following experiments.

Quantitative real-time reverse transcription-polymerase
chain reaction (qRT-PCR). Total RNA was extracted from
each cell group using an RNA extraction kit (RNAiso Plus),
according to the manufacturer's instructions (Takara, Tokyo,
Japan). The purified RNA was reversely transcribed into
cDNA. The relative levels of target gene mRNA transcripts to
the control GAPDH were determined by qRT-PCR on an ABI
PRISM 7300 system (ABI, USA) using the SYBR® Premix Ex
Taq™ II (Takara) and specific primers. The sequences of
primers were forward,5'-GCAGGTTCACCAGCTTTATGA-3'
and reverse, 5S-TGAAGATTACGCTTGCTTTTCCT-3' for
STAT1 (225 bp); forward, 5'-GTTATAAGGGAGACGGG
GAG-3' and reverse, 5S"TGCTCTGCTTCTTACCGCTC-3' for
cyclin E (205 bp); forward, 5'-CAGATCCCTTAGTTTTG
GGTGC-3' and reverse, 5'-GCCTGGAGAGACCTAGAC
CA-3' for p53 (132 bp); forward, 5"-TCACTGCCACCCAGA
AGACT-3' and reverse 5-AAGGCCATGCCAGTGAGC-3' for
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Figure 1. Immunohistochemical analysis of STAT1 expression in non-HCC liver and HCC tissues. Non-tumor liver tissues and HCC tissues at different degrees
of differentiation were subjected to immunohistochemstry using a specific anti-STAT1 antibody. Data shown are representative images (magnification, x400)
from each group of tissue samples. The cells with yellow-brown staining are immunopositive for STAT1.

GAPDH (157 bp). The amplifications were performed at 95°C
for 30 sec and subjected to 40 cycles of 95°C for 5 sec, and
56°C for 35 sec, followed by a cycle of 95°C for 15 sec, 60°C for
1 min and 95°C for 15 sec. The relative expression level of each
gene in individual samples was calculated using the 2-24CT
method.

Western blotting. Each type of cell was lysed using RIPA lysis
buffer [S0O mM Tris-HCI (pH 7.4), 150 mM NaCl, 1% NP-40,
0.1% SDS]. After quantification of the protein concentra-
tion using the Bradford assay, cell lysates (20 ug/lane) were
separated by 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE), and transferred to polyvinyli-
dene difluoride (PVDF) membranes (Millipore, Billerica, MA,
USA). The membranes were blocked with 5% non-fat dry milk
in Tris-buffered saline plus Tween-20 (TBS-T; 0.1% Tween-20)
and probed at 4°C overnight with anti-STAT1 (1:2,000 dilu-
tion) (Bioworld Technology), anti-p-STAT1 (1:2,000 dilution;
Bioworld Technology), anti-p53 (1:400 dilution), anti-cyclin E
(1:400 dilution) (Beijing Biosynthesis Biotechnology Co.,
Ltd., Beijing, China), and anti-B-actin or control IgG (1:2,000
dilution) (Wuhan Amyjet Scientific Co., Ltd., Wuhan, China).
After being washed with TBS-T, the bound antibodies were
detected with HRP-conjugated specific secondary antibodies
for 1 h at room temperature and visualized using the enhanced
chemiluminescent (ECL) kit (Haigene, Harbin, China). The
relative levels of each target protein to the control f-actin were
determined using a UVP bioimaging system and LabWorks
4.6 software (UVP, Upland, CA, USA).

MTT assay. The impact of STAT1 on HCC cell proliferation
was evaluated by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide) assay. HCC cells (2x10*/well)
were cultured on 96-well plates overnight and were transfected
in triplicate with 0.1 ug/well plasmid vectors or siRNAs for
48 h. Subsequently, the cells were exposed to 100 ul of MTT
solution (R&D Systems, Minneapolis, MN, USA) and continu-
ally cultured for 4 h. The formed formazan was dissolved with
MTT solubilization buffer and measured for the absorbance at
570 nm on an ELISA plate reader.

Flow cytometric analysis. After transfection for 48 h, the
cells were harvested and stained with FITC-Annexin V and
propidium iodide (PI) (Invitrogen, Grand Island, NY, USA)
in the dark for 20 min and washed with staining buffer. The

Table II. STAT1 expression in non-HCC liver and HCC
tissues.

STAT1 expression

N 0 1 2 3 4 P-value
Non-HCC liver tissues 12 1 1 1 2 7 <005
HCC tissues 36 19 4 5 5 3

percentage of apoptotic cells was determined by flow cyto-
metric analysis on a FACSAria (BD Biosciences, San Jose,
CA, USA).

Statistical analysis. All results are expressed as the
means + SEM or real case number. The difference between
groups was analyzed by one-way ANOVA or the Chi-squared
test, and the non-parametric data between groups were
analyzed by the Mann-Whitney U test using SPSS version
17.0 software. A P-value of <0.05 was considered to indicate a
statistically significant result.

Results

Clinical relevance of STATI in the development and progres-
sion of HCC. To determine the clinical relevance of STAT1
expression in the development and progression of HCC, a total
of 36 HCC patients and 12 non-HCC patients were recruited,
and their HCC and non-HCC liver tissue sections were
subjected to immunohistochemical analysis (Fig. 1). As shown
in Table II, the percentage of STAT1-expressing non-HCC
tissues (11/12) was significantly higher than the percentage in
HCC tissues (17/36, P<0.05). Quantitative analysis of STAT1
expression indicated that there was a significant difference
in the relative levels of STAT1 expression between HCC and
non-HCC tissues in this population (P<0.05). Stratification
analysis revealed that the level of STAT1 expression in the
HCC tissues was positively associated with the degree of HCC
differentiation (P<0.05), but was negatively correlated with
serum HBsAg, anti-HCV and a-AFP positivity (all P<0.05,
Table IIT). However, the level of STAT1 expression in the HCC
tissues was not associated with age, gender and tumor size
in this population. These data suggest that STATI may be a
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Table III. Stratification analysis of the potential association between the levels of STAT1 expression and demographic and

clinical characteristics of the HCC patients.

Levels of STAT1 expression

Factors N 0 1 2 3 4 P-value

Age (years)
<50 14 8 2 2 1 1 >0.05
>50 22 11 4 2 3 2

Gender
Male 21 11 3 2 >0.05
Female 15 8 3 1 2 1

Tumor diameter (cm)
<5 13 7 1 1 3 1 >0.05
=5 23 12 5 1

Differentiation
High 12 5 1 2 2 2 <0.05
Moderate 12 6 2 1 2 1 <0.05
Low 12 8 3 1 0 0

HBsAg
Positive 22 13 4 1 1 <0.05
Negative 14 6 2 1 3 2

Anti-HCV
Positive 10 5 3 1 0 1 <0.05
Negative 26 14 3 4

Serum AFP
Positive 27 14 5 3 4 1 <0.05
Negative 9 5 1 1 0 2

negative regulator of the development and progression of HCC
in humans.

Induction of STATI overexpression inhibits HepG?2 cell prolif-
eration and induces HepG2 cell apoptosis in vitro. To further
illustrate the functional role of STATI in the development of
HCC, we examined the effects of STAT1 overexpression by
transient transfection with a recombinant plasmid encoding the
STAT1 sequence (pcDNA3.1-STAT1) or control empty vector
(EV) pcDNA3.1 on the proliferation and apoptosis of HepG2
cells. Forty-eight hours after transfection, the levels of STAT1
expression were determined by RT-PCR and western blot
assays. The relative level of STAT1 mRNA transcripts in the
pcDNA3.1-STAT 1-transfected HepG2 cells was significantly
higher than levels in the EV and unmanipulated HepG2 cells
(data not shown). Similarly, the level of STAT1 protein in the
pcDNA3.1-STAT 1-transfected HepG2 cells was significantly
higher than levels in the EV and unmanipulated HepG2 cells
(Fig. 2A), but there was no significant difference in the levels
of STAT1 expression between the EV and unmanipulated
HepG2 cells. A similar pattern for phosphorylated STAT1 was
detected in these groups of cells, suggesting that induction of
STAT1 overexpression increased the levels of phosphorylated
STATI. Furthermore, proliferation of the pcDNA3.1-STAT1-
transfected HepG2 cells was significantly reduced when
compared with that of the EV-transfected HepG2 cells

(Fig. 2B), but the percentage of apoptotic pcDNA3.1-STAT1-
transfected HepG2 cells was significantly higher (60.6 vs.
8.06%) when compared with that of the EV-transfected HepG2
cells (Fig. 2C and D). Collectively, induction of STAT1 overex-
pression inhibited proliferation and promoted apoptosis in the
HepG2 cells in vitro.

Knockdown of STATI expression promotes proliferation
and inhibits apoptosis of HepG?2 cells. In parallel, we tested
the impact of STAT1 silencing by transfection with STAT1-
specific siRNA on the levels of STAT1 phosphorylation,
proliferation and apoptosis in HepG2 cells. We designed
and synthesized three pairs of STATI1-specific siRNAs.
Following transfection, we found that all of the tested
siRNAs effectively reduced the levels of STAT1 expres-
sion, and transfection with siRNA3 resulted in inhibition
of STAT1 expression by ~65% (Fig. 3A). Notably, the rela-
tive level of phosphorylated STAT1 to total STATI in the
STAT1-knockdown (KD) HepG2 cells was higher than those
levels in the EV-transfected and unmanipulated HepG2
cells. While the proliferation of STAT1-KD HepG2 cells
was significantly increased when compared with that of
the unmanipulated HepG2 cells (Fig. 3B), the percentage
of apoptotic STAT1-KD HepG2 cells was significantly less
than that of the unmanipulated HepG2 cells (8.43 vs. 13.1%,
Fig. 3C and D). Therefore, knockdown of STAT1 expression
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Figure 2. Induction of STAT1 overexpression inhibits proliferation and enhances apoptosis in HepG2 cells. HepG2 cells were transfected with pcDNA3.1-
STATI or empty vector pcDNA3.1 (EV) for 48 h, and the relative levels of STAT1 mRNA transcripts and protein were characterized by RT-PCR and western
blot assays. The proliferation and apoptosis of the transfected and unmanipulated HepG2 cells were determined by MTT and flow cytometric analysis,
respectively. Data are representative images or expressed as the means = SEM of individual groups of cells from three separate experiments. (A) Western blot
analysis. (B) HepG2 cell proliferation. (C and D) HepG2 cell apoptosis. A similar pattern of STAT1 mRNA transcripts was detected in the different groups of
cells (data not shown). “P<0.05, as determined by the Student's t-test.

A

— — — P-STAT1
— N STATY
D GEmame e [3Acln B

(@)

2.04 20+
£ g 15+
g R z
z 2 8
g = o 104 *
|3 a = s ]
£ 5} 2
- a
1 g s
¢ <
H
[ 0- —
HepG2 HepG2 STAT1 KD
D HepG2 HepG2 STAT1 KD

il"= -

=3 =3

'a-;

Plq Pl
%

LILRELLL P L R |'|n|||| T |r||||r|a T LR LLLL PR R |r|rur|s T
n n
1 Ll w 0 Ll w W

FITC-Annexin V FITC-Annexin V

Figure 3. Knockdown of STAT1 promotes proliferation and inhibits apoptosis in HepG2 cells. HepG2 cells were transfected with three different STAT1-
specific siRNAs or control siRNA for 48 h, and the relative levels of STAT1 mRNA transcripts and protein were determined by RT-PCR and western blot
assays. The inhibitory effects of transfection with STAT1-specific siRNA1 and siRNA2 were less when compared with the effect of transfection with STAT1-
specific siRNA3 (data not shown). Subsequently, HepG2 cells were transfected with STAT1-specific siRNA3 or control siRNA for 48 h. The proliferation
and apoptosis of the different groups of HepG2 cells were determined by MTT and flow cytometric analysis. Data are representative images or expressed as
the means + SEM of individual groups of cells from 3 separate experiments. (A) Western blot analysis. (B) HepG2 cell proliferation. (C and D) HepG2 cell
apoptosis. A similar pattern of STAT1 mRNA transcripts was detected in the different groups of cells (data not shown). ‘P<0.05, as determined by the Student's
t-test.
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expressed as the means + SEM of individual groups of cells from 3 separate experiments. “P<0.05, as determined by the Student's t-test.

promoted proliferation and inhibited apoptosis in the HepG2
cells in vitro.

Modulation of STATI expression alters the levels of cyclin E
and p53 expression in HepG?2 cells. Cyclin E and p53 are
crucial regulators of cell proliferation and apoptosis. To under-
stand the mechanisms underlying the action of STATI1, we
examined the relative levels of cyclin E and p53 expression in

the different groups of HepG2 cells. The relative level of cyclin
E expression in the pcDNA3.1-STAT1-transfected HepG2
cells was significantly lower than levels in the EV-transfected
and unmanipulated HepG2 cells (Fig. 4A and B). In contrast,
the relative level of cyclin E expression in the STAT1-KD
HepG2 cells was significantly higher than levels in the control
siRNA-transfected and unmanipulated HepG2 cells (Fig. 3C
and D). In addition, the relative level of pS3 expression in the
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pcDNA3.1-STAT1-transfected HepG2 cells was significantly
higher than those in the EV-transfected and unmanipulated
HepG2 cells, while the relative level of p53 expression in the
STAT1-KD HepG2 cells was significantly lower than levels
in the control siRNA-transfected and unmanipulated HepG2
cells (Fig. 3E-H). Thus, induction of STAT1 overexpression
downregulated cyclin E expression, but upregulated p53
expression in HepG2 cells. In contrast, knockdown of STAT1
expression increased the level of cyclin E, but decreased the
level of p53 expression in HepG2 cells.

Discussion

The STAT family members were originally identified as
cytokine-related signal events and have emerged as prom-
ising molecular targets for cancer therapy (11). Among these
proteins, STAT1 plays a critical role in IFN-y-dependent
signaling in the regulation of diverse biological actions,
including antiviral defense (12,13), induction of cell death and
growth arrest (14,15).

In the present study, we found significantly lower levels of
STAT1 expression in HCC tissues, consistent with a previous
study that demonstrated significantly lower levels of STAT1
expression in squamous cell carcinoma (16). Furthermore, we
found that the level of STAT1 expression in HCC tissues was
positively correlated with the degree of differentiation of HCC
and was associated negatively with serum HBsAg, anti-HCV
and a-AFP positivity in HCC patients. It is well known that
HBV or HCV infection is a risk factor for the development of
HCC and a-AFP positivity occurs at a high frequency in HCC
patients, contributing to the progression of HCC. Hence, our
novel data suggest that STAT1 may be a negative regulator
of the development and progression of HCC. Given that the
histological degree of HCC is associated with the prognosis of
HCC, further investigation to determine whether the level of
STAT1 expression in HCC tissues could serve as a biomarker
for evaluating the prognosis of HCC in Chinese patients is
warranted. However, it is notable that ubiquitous activation of
Ras and Jak/Stat pathways is detected in human HCC tissues
(17). Such a discrepancy may be due to the different genetic
backgrounds and variable pathologic factors that contribute
to the development of HCC. While chronic viral hepatitis is
the major factor for the development of HCC in the Chinese
population, hyperlipidemia-related and alcoholic liver diseases
are crucial for the development of HCC in Western countries.
Indeed, the levels of STAT1 expression vary in different types
of cancers, and even in the same type of cancer with different
genetic backgrounds and in patients from different geographic
regions (16). We are interested in further investigating how
these factors modulate the STAT1 expression and activation,
contributing to the development and progression of HCC.

To understand the role of STATI in the development and
progression of HCC, we evaluated the impact of altered levels
of STAT1 expression on the proliferation and apoptosis of
HepG2 cells. Our results support the notion that STAT1 may
be a tumor suppressor. We found that induction of STAT1
overexpression inhibited proliferation, but enhanced apoptosis
of HepG2 cells. Similarly, knockdown of STAT1 expression
enhanced proliferation, but inhibited apoptosis of HepG2 cells.
These two independent lines of evidence clearly indicate that
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STATI acts as a suppressor of HCC cell proliferation, which
is consistent with a previous study of human head and neck
squamous cell carcinoma (16).

Several molecules have been implicated in STATI-
regulated cell survival, proliferation and apoptosis. These
include caspase-2, -3 and -7, Bcl-2, IRF1 and p21/Waf1 (18-20).
Cyclin E is associated with CDK?2 and is crucial for regulating
the G1/S phase transition of the cell cycle (21). It has been
reported that IFN-y induces GO/G1 phase arrest in human
melanoma cells by downregulating cyclin E and cyclin-depen-
dent kinase expression (22). We found that induction of STAT1
overexpression in HepG2 cells significantly reduced the levels
of cyclin E expression, while knockdown of STAT1 expression
dramatically upregulated the levels of cyclin E expression in
HepG?2 cells. These data suggest that STAT1 inhibits cyclin E
expression and induces cell cycle arrest in HCC cells. In addi-
tion, a previous study indicated that loss of p53 expression or
the presence of abnormal forms of the protein is frequently
detected in HCC cell lines, suggesting that alterations in p53
expression may be an important event in the transformation
of hepatocytes to the malignant phenotype (23). In the present
study, we found that induction of STAT1 overexpression
increased the levels of p53 expression, while knockdown of
STAT1 expression decreased the levels of p53 expression in
HepG2 cells. Indeed, a previous study demonstrated that p53 is
an important negative regulator of the cell cycle in HCC cells
(24). It is possible that STAT1 may regulate the p53 expression
and in turn inhibit cyclin E expression, leading to cell cycle
arrest, growth inhibition, and apoptosis of HCC cells.

In summary, our data revealed a significantly lower level
of STAT1 expression in HCC tissues, which was correlated
positively with the degree of differentiation of HCC, but was
negatively associated with the positivity of HBV, HCV infec-
tion, and AFP in Chinese HCC patients. Furthermore, our data
also suggest that STAT1 may function as a suppressor of HCC
cell proliferation and a regulator of HCC cell apoptosis, which
is modulated by an increased level of p53 expression and a
decreased level of cyclin E expression in HepG2 cells. Hence,
our findings highlight the importance of STAT1 in regulating
the development and progression of HCC. Conceivably, our
findings may provide a basis for the design of new therapies
for the intervention of HCC in the clinic. We recognize that
our study had limitations due to its small sample size and the
lack of longitudinal studies. Therefore, further longitudinal
investigation in a larger population is warranted.
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