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Abstract

AIM: To investigate the role of signal transduction and
activation of transcription 4 (STAT4) in the development
and progression of human hepatocellular carcinoma
(HCO).

METHODS: Recent genetic investigations have iden-
tified that a genetic variant of STAT4 is associated with
hepatitis B virus (HBV)-related HCC. The level of STAT4
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in 90 HCC patients was examined via Western blot
and immunohistochemical analyses. The correlation
between STAT4 expression and the clinicopathological
characteristics of the patients was analyzed. The
level of STAT4 expression in the HCC liver tissues was
significantly lower than that in the non-HCC liver tissues
and correlated with tumor size, histological grade of
HCC and serum hepatitis B surface antigen level in
HCC patients. The data were statistically analyzed
using SPSS. Furthermore, siRNA oligos targeting STAT4
were employed to investigate the influence of STAT4
RNA interference on HCC cell physiology. Based on
Cell Counting Kit-8 and flow cytometric assays, we
found that depletion of STAT4 expression significantly
enhanced the proliferation of L02 cells.

RESULTS: STAT4 protein expression was significantly
lower in HCC tissues than in normal liver tissues.
Immunohistochemistry followed by statistical analysis
revealed that the expression of STAT4 negatively
correlated with Ki67 expression (r = 0.851; P < 0.05)
and positively correlated with maximal tumor size (P <
0.05), HBV (P = 0.012) and histological grade (P < 0.05).
Kaplan-Meier analysis revealed significant differences
in the survival curves between HCC patients expressing
low and high levels of STAT4 and Ki67 (P < 0.05). Based
on a multivariate Cox proportional hazard model, STAT4
expression was an independent prognostic indicator
for HCC patients who underwent curative resection. n
vitro, following the release of L02 cell lines from serum
starvation, the expression of STAT4 was downregulated,
and transfection of L02 cells with siRNA targeting STAT4
inhibited cell proliferation.

CONCLUSION: Our data indicate that STAT4 may
inhibit HCC development by modulating HCC cell
proliferation.

Key words: Signal transduction and activation of

transcription 4; Prognosis; Proliferation; Hepatocellular
carcinoma
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Core tip: In this study, we assessed the role of signal
transduction and activation of transcription 4 in
hepatocellular carcinoma (HCC) and discussed the
possible function of this protein in the development of
HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is among the most
common cancers and is the third most common cause
of cancer mortality worldwide!"!. Worldwide, more than
600000 new HCC cases are diagnosed annually, among
which about 55% are in China™®. Although intensive
efforts have been made by clinical practitioners and
basic researchers to identify prognostic markers
of and therapeutic targets for HCC, the molecular
mechanisms underlying HCC progression remain
largely elusive*!. Moreover, effective treatments for
HCC are essentially absent. This deficiency emphasizes
the urgency to develop new diagnostic and therapeutic
strategies for HCC.,

Signal transducers and activators of transcription
(STATs) are members of a well-conserved family of
transcription factors that play integral roles in various
cellular processes'®”). STATs are latent cytoplasmic
proteins that are promptly activated by tyrosine
phosphorylation by receptor-associated JAK (Janus)
kinases in response to cytokine or growth factor
exposure. The resulting functional STATs are capable
of entering the nucleus, where they directly bind to
DNA and activate the transcription of a variety of
target genes®®’. Generally, STAT proteins regulate
cytokine-mediated cell proliferation by modulating the
expression of crucial cell cycle regulators, such as cyclin
D1, p21 and p27®. In addition to cell cycle regulation,
STATs modulate various other cellular processes, such
as apoptosis, differentiation and migration, via the
transcription of various target genes, including Bcl-2
family members, cytokines, matrix metalloproteinases
and miRNAs. Accordingly, dysregulated STAT proteins
are closely associated with the pathogenesis of human
cancers. The hyperactivation of STAT signaling has been
widely documented in various cancer types, including
ovarian cancer, breast cancer, brain tumors, gastric
cancer and colon cancer'’®*!, Consistent with these
findings, STATs have been considered as promising
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therapeutic targets in cancer drug discovery. However,
much remains unclear with respect to the expression
profiles and roles of STATs in HCC development™*.

Studies have indicated that several members of
the STAT family play crucial roles in the pathology of
liver diseases. STAT1 has been demonstrated to play a
key role in antiviral defense, inflammation, and injury
in the liver of STAT1 knockout mice™® and STAT1
negatively regulates HCC cell proliferation!*®’. STAT2-
deficient mice exhibit an increased susceptibility to
viral infections, and the loss of a type I IFN autocrine/
paracrine loop indicates that STAT2 performs an
antiviral defense function in the liver™®. STAT3, which is
activated by a variety of extracellular signals, has been
shown to play key roles in the acute phase response,
protection against liver injury, the promotion of liver
regeneration, glucose homeostasis, and hepatic lipid
metabolism'*. STATS is primarily activated by growth
hormone, which regulates the expression of a wide
range of hepatic genes, including cytochrome P450,
glutathione S-transferase, sulfotransferase enzyme,
the growth hormone receptor, serine protease inhibi-
tor Sp12.1, insulin-growth factor 1, and hepatocyte
growth factor'®??, which suggests that STATS re-
gulates HCC cell proliferation!®*?*, STAT6, which is
primarily activated by interleukin (IL)-12, IL-4, and
IL-13, plays an important role in Th2 differentiation'.
The study of STAT4 in liver diseases, compared with
other members of the STAT family, is limited. STAT4
was primarily regarded as a transducer of IL-12
signaling, affecting a broad range of immune cell
physiology™*?®!, A very recent study by Jiang and
colleagues reported that STAT4 might prevent HBV-
related hepatocarcinogenesis'””’. However, the precise
involvement of STAT4 in HCC development remains
unclear.

Our study aimed to investigate the possible
involvement of STAT4 in HCC pathology and to evaluate
the prognostic value of STAT4 expression for HCC
development. We found that STAT4 was significantly
downregulated in HCC specimens compared with
adjacent nontumorous specimens. Furthermore, we
showed that the expression of STAT4 correlated with
HBV, the maximal tumor size, the histological grade and
Ki67 expression. These findings provide novel insight
into the mechanisms underlying HCC development.

MATERIALS AND METHODS

Patients and tissue samples

Paired samples of tumor and adjacent nontumor
tissues were obtained from 90 HCC patients who
underwent curative surgery at the Affiliated Cancer
Hospital of Nantong University. After surgical removal,
a portion of the paired tissue samples was snap-
frozen in liquid nitrogen and then maintained at
-80 C until use for protein extraction, and another
portion of the paired tissue samples was immediately
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fixed in formalin and embedded in wax for immuno-
histochemistry.

The inclusion criteria for all patients in this study
were: (1) HCC diagnosis as confirmed by experienced
pathologists based on histological examination of HE-
stained biopsy sections; (2) no anticancer treatment
before surgery; (3) curative resection, defined as the
macroscopically complete removal of the tumor and
histologically demonstrated tumor-free margins; and
(4) the availability of complete clinicopathologic and
follow-up data. Informed consent was obtained from
each patient, and the study protocols were approved
by the Institutional Review Board of the Affiliated
Cancer Hospital of Nantong University. The patients
included 57 males and 33 females with a mean age
of 47.3 years (range: 21-75 years). The primary
clinicopathological characteristics of the subjects were
recorded. The differentiated tumors were histologically
classified as grade I -1 (n = 49) or grade M-IV (n =
41). The follow-up duration ranged from 1 to 96 mo.

Immunohistochemistry

Tissues were formalin-fixed and paraffin-embedded
for immunohistochemical analysis. The sections
were dewaxed in xylene and rehydrated in graded
ethanol solutions. Then, the sections were processed
in 10 mmol/L citrate buffer (pH 6.0) and heated in
a microwave at high power (750 W) in 10 mm for
three cycles of 5 min each for antigen retrieval. Then,
endogenous peroxidase activity was blocked by soaking
the sections in 0.3% hydrogen peroxide for 15 min
after cooling at room temperature for 1 h. Goat serum
was applied for 15 min to block nonspecific reactivity.
The sections were incubated overnight at 4C in a
rabbit anti-human STAT4 polyclonal antibody (diluted
1:100; Santa Cruz Biotechnology), and an anti-Ki-67
mouse monoclonal antibody (diluted 1:100; clone
7B11; Zymed Laboratories, San Francisco, CA, United
States). Negative control samples were processed
in parallel using a nonspecific immunoglobulin IgG
(Sigma Chemical Co, St. Louis, MO) at the same
concentration as the primary antibody. All sections
were processed using the peroxidase-antiperoxidase
method (Dako, Hamburg, Germany). After rinsing
in water, the sections were counterstained with
hematoxylin, dehydrated, and coverslipped. All of the
immunostained sections were evaluated in a blinded
manner with respect to the clinical and pathological
characteristics of the patients. For the assessment
of STAT4 expression, five high-power fields for each
specimen were randomly selected, and nuclear
(cytoplasmic) staining was examined. More than 500
cells were counted to determine the LI (labeling index)
which represented the percentage of immunostained
cells relative to the total number of cells. In half of
the samples, the staining was repeated twice to avoid
possible technical errors, but similar results were
obtained for these samples. The results obtained were

Raishidenge ~ WJG | www.wjgnet.com

confirmed by another investigator (J.Y.X.) using a
multihead microscope, and a consensus was achieved.

Cell culture and cell cycle analysis

One normal hepatocyte cell line (L0O2) and 3 HCC
cell lines (HepG2, HuH7, and Hepl) were obtained
from the Institute of Cell Biology of the Chinese
Academy of Sciences and were cultured in RPMI 1640
and Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS),
100 U/mL penicillin, and 100 ug/mL streptomycin (all
media were from Invitrogen, Carlsbad, CA, United
States) in 5% - at 37 C.

Two human STAT4 siRNA expression vectors and
pSilencer siRNA were constructed. The siRNA sequences
targeting the nucleotide residues AAATCCGGCATCT-
GCTAGCTC and AATTGGATGAACAGTTGGGGC were
termed siRNA-1 and -2, respectively. L0O2 cells were
seeded the day before transfection using DMEM con-
taining 10% FBS lacking antibiotics. Transfection was
performed using the transfection reagent Lipofectamine
2000 (Invitrogen) according to the manufacturer’s
protocol. The cells were incubated in pSilencer vector-
Lipofectamine 2000 complexes for 4-6 h at 37 C, and
FBS was added to the DMEM to a final concentration of
10%. The cells were used for subsequent experiments
at 48 h after transfection.

Western blot analysis

Tissue and cellular protein samples were promptly
homogenized in homogenization buffer containing 1
mol/L Tris HCI pH7.5, 1% Triton X-100, 1% Nonidet
p-40 (NP-40), 10% sodium dodecyl sulfate (SDS),
0.5% sodium deoxycholate, 0.5 mol/L EDTA, 10 ug/mL
leupeptin, 10 pg/mL aprotinin, and 1 m mol/L PMSF,
followed by centrifugation at 10000 xg for 30 min to
collect the supernatants. The protein concentrations
were determined via a Bio-Rad protein assay (Bio-Rad,
Hercules, CA, United States). The total cellular protein
extracts were separated via SDS-polyacrylamide gel
electrophoresis and transferred to a nitrocellulose
membrane. The membranes were blocked with
5% nonfat dry milk in PBS for approximately 2 h at
room temperature and then incubated in antibodies
against STAT4 (1:1000; Santa Cruz Biotechnology)
and GAPDH (1:1000; Sigma) in PBS containing 5%
milk for approximately 1 h at room temperature. The
membranes were washed three times in PBS buffer,
followed by incubation in the appropriate horseradish
peroxidase-conjugated secondary antibodies (1:500;
Santa Cruz Biotechnology). Specific protein bands in
the membranes were visualized using an enhanced
chemiluminescence reagent (NEN, Boston, MA). Three
independent experiments were performed.

Cell proliferation assay and cell cycle analysis
Cell proliferation was determined via a Cell Counting
Kit-8 (CCK)-8 assay according to the manufacturer’s
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Figure 1 Expression of signal transducer and activator of transcription 4 in human hepatocellular carcinoma tissues. A, B: Expression of STAT4 in eight
representative matched samples of HCC tissue (T) and adjacent noncancerous liver tissues (N) via Western blot and SigmaPlot. STAT4: Signal transducer and

activator of transcription 4; HCC: Hepatocellular carcinoma.

instructions. In brief, cells which were transfected with
siRNA were seeded at a density of 2 x 10" cells/well in
a 96-well cell culture dish (Corning, Corning, NY, United
States) in 100 uL of culture medium and incubated
overnight. CCK-8 (Dojindo, Kumamoto, Japan) reagents
were added to a subset of the wells, and the cells were
incubated for 2 h at 37 'C. The absorbance was recorded
using an automated plate reader. Each experiment
was performed in triplicate and repeated at least three
times.

For cell cycle analysis, the cells were fixed in 70%
ethanol for 1 h at 4 'C and then incubated in 1 mg/mL
RNase A for 30 min at 37 ‘C. Subsequently, the cells
were stained with propidium iodide (PI; 50 ug/mL)
(Becton-Dickinson, San Jose, CA, United States) in
PBS containing 0.5% Tween-20, followed by flow
cytometry using a Becton-Dickinson FACScan and Cell
Quest acquisition and analysis software. Gating was
applied to exclude cell debris, cell doublets, and cell
clumps.

Statistical analysis

Statistical analysis was performed using the SPSS
software package. The association between STAT4
expression and the clinicopathological characteristics
was analyzed using the »° test. The relationship
between the STAT4 and Ki-67 expression levels was
evaluated using the Spearman rank correlation test
because the data were not normally distributed.
Survival analysis was performed using the Kaplan-
Meier method, and the difference in the survival
rates was assessed using the generalized log-rank
test. Multivariate analysis was performed using Cox
proportional hazard models. The data were expressed
as the means + SE, and P < 0.05 was considered to
be significant.
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RESULTS

STAT4 expression in tumor and adjacent nontumor
tissues from HCC patients

To determine the role of STAT4 in HCC development,
we first investigated the expression profile of STAT4 in
HCC and non-tumorous tissues via Western blot and
immunohistochemical analyses. Western blot analysis
of eight paired tumor and adjacent non-tumorous
tissues confirmed that STAT4 expression was lower in
tumor tissues than in adjacent non-tumorous tissues
(Figure 1). Immunohistochemical analysis indicated
that STAT4 expression was low or undetectable in most
tumorous tissues and was highly expressed in most
adjacent nontumor tissues (Figure 2). In addition, the
proliferation index of Ki67 was used as a control to
indicate the tumorous and non-tumorous tissues.

Correlation between STAT4 expression and the
clinicopathological characteristics

Next, we analyzed the relationship between STAT4
expression and the clinicopathological characteristics of
HCC patients. To this end, the patients were stratified
into those exhibiting high and low STAT4 expression
according to the immunostaining intensity score (high
> 0.53, low < 0.53; 0.53 was the mean proportion
of STAT4-expressing cells) The clinicopathological
and demographic characteristics of the HCC patients
are listed in Table 1. Statistical analysis indicated
that STAT4 expression significantly correlated with
histological grade, HBV infection and the tumor size
(P < 0.05) but not to other characteristics, including
gender, age, metastasis, the tumor count, the
serum AFP level, cirrhosis, and vascular invasion.
Furthermore, the patients were stratified into those
exhibiting high and low Ki67 expression depending
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Figure 2 Immunohistochemical analysis of signal transducer and activator of transcription 4 and Ki67 expression in hepatocellular carcinoma and adjacent
noncancerous liver tissues. Paraffin-embedded tissue sections were stained with antibodies against STAT4 and Ki67 and counterstained with hematoxylin. High expression
of STAT4 (E, F) and Ki67 (C, D) was detected in the HCC tissues. Low expression of STAT4 (A, B) and high expression of Ki67 (G, H) were detected in adjacent noncancerous
liver tissues (SP x 400) based on immunohistochemistry. STAT4: Signal transducer and activator of transcription 4; HCC: Hepatocellular carcinoma.

Table 1 Clinicopathological features of hepatocellular carcinoma in relation to the Stat4/Kié7 expression pattern in 90 patients

Clinicopathological features Total Stat4 Kié7
Low < 0.53 High > 0.53 Pvalue ,’value Low < 0.48 High > 0.48 Pvalue ;” value
n =40 n =50 n =49 n =41

Age (yr)
<45 33 13 20 0.463 0.538 17 16 0.671 0.180
=45 57 27 30 32 25

Gender
Male 57 26 31 0.769 0.086 31 26 0.988 0.000
Female 33 14 19 18 15

Serum AFP level (ng/mL)
<25 34 19 15 0.089 2.895 18 16 0.823 0.050
=25 56 21 35 31 25

Liver cirrhosis
No 26 13 13 0.499 0.457 13 13 0.589 0.291
Yes 64 27 37 36 28

No. of tumor nodes
Single 51 24 27 0.568 0.326 29 22 0.598 0.278
Multiple 39 16 23 20 19

HBV
Negative 43 25 18 0.012' 6.255 27 16 0.128 2.313
Positive 47 15 32 22 23

Maximal tumor size (cm)
<45 40 30 9 0.000" 29.403 31 8 0.000" 17.402
=45 50 10 41 18 88

Tumor metastasis
No 77 36 41 0.283 1.151 42 35 0.963 0.002
Yes 13 4 9 7 6

Microvascular invasion
No 66 30 36 0.749 0.102 36 30 0.975 0.001
Yes 24 10 14 13 11

Histological grade
I-1 49 36 13 0.000" 36.699 35 14 0.000 12.510
m-Iv 41 4 37 14 27

Ki67 expression
Low 49 33 16 0.000" 22.849
High 41 7 34

'The P value was considered significant. Statistical analyses were carried out using pearson y° test. HBV: Hepatitis B virus.
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Figure 3 Relationship between signal transducer and activator of transcription 4 expression and the Ki67 proliferation index in hepatocellular carcinoma.
A: Scatterplot of STAT4 expression vs Ki-67 expression; the regression line indicates a correlation based on the Spearman correlation coefficient; B: Kaplan-Meier
survival curves of 90 HCC patients stratified into low and high STAT4 expression show a highly significant difference between these groups (P < 0.05, log-rank test
using SPSS). STAT4: Signal transducer and activator of transcription 4; HCC: Hepatocellular carcinoma.

on the expression score for Ki67. We found that Ki67
expression significantly correlated with histological
grade and tumor size (P < 0.05) but not with the other
characteristics. Very importantly, there was a negative
correlation between STAT4 and Ki67 expression (R =
0.85; Figure 3A). These findings suggested that STAT4
downregulation might contribute to HCC progression.

Prognostic significance of STAT4 expression to HCC
prognosis

The above data indicated that STAT4 downregulation
might commonly occur in HCC specimens, indicating
the potential value of STAT4 expression for predicting
the prognosis of HCC. Therefore, we analyzed
whether the STAT4 expression level was indicative
of HCC prognosis. Survival analysis was restricted
to 90 cases for which complete follow-up data and
STAT4 expression scores were available. Kaplan-Meier
analysis of the overall survival of these HCC patients
demonstrated that the patients displaying low STAT4
expression exhibited significantly worse overall survival
than those displaying high STAT4 expression (P <
0.05; Figure 3B). Multivariate analysis using a Cox
proportional hazard model showed that STAT4 was an
independent prognostic indicator of the overall survival
of HCC patients (P < 0.05; Table 2). As shown in Table 3,
STAT4 was an independent prognostic indicator based
on a multivariate Cox proportional hazard model.
These findings convincingly demonstrated that STAT4
may serve as a valuable prognostic marker for HCC
prognosis.

STAT4 was downregulated in HCC cell lines and was
associated with the proliferation status of HCC cells
Next, HCC cell lines and L02 hepatocytes were
employed to analyze the role of STAT4 in HCC cell
physiology. The expression of STAT4 in these cell lines
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was initially determined via Western blot analysis.
LO2 cells displayed the highest expression of STAT4
of all of the cell lines examined (Figure 4A). Given
that STAT4 expression negatively correlated with
histological grade and Ki67 expression in the HCC
specimens, we hypothesized that STAT4 might play
an inhibitory role in the proliferation of HCC cells.
Thus, we analyzed whether the expression of STAT4
was altered in HCC cells during various proliferation
statuses using a serum-starvation and refeeding
experiment. After serum depletion for 72 h, HepG2
cells were arrested at the G1 phase (Figure 4B). Then,
after serum refeeding, the cells progressively entered
the S phase. Accordingly, we detected the progressive
accumulation of cyclin D1 in HepG2 cells after serum
refeeding, whereas the expression level of STAT4
decreased (Figure 4C). These data demonstrated that
the expression of STAT4 was associated with HCC cell
proliferation.

Effects of altered STAT4 expression on cell growth and
the cell cycle in human L02 cell lines

To further examine the functional role of STAT4 in
HCC proliferation, STAT4-siRNA oligos were employed
to silence STAT4 expression in LO2 cells. After
transfection with two different STAT4-targeting siRNAs,
LO2 cells were subjected to Western blot analysis to
determine the interference efficiency of each siRNA
oligo. As shown in Figure 5A, STAT4 was significantly
decreased after transfection with the STAT4-siRNAs. In
addition, the expression level of cyclin D1 was elevated
after STAT4 depletion, implying that STAT4 negatively
regulates the expression of cyclin D1 in LO2 cells.

Next, we analyzed the impact of STAT4 depletion
on the proliferation of L0O2 cells. Flow cytometry was
performed to determine the cell cycle distribution of
LO2 cells at 72 h after mock transfection or transfection
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Table 2 Survival status and clinicopathological parameters in 90 hepatocellular carcinoma speciments

Parameters Total Survival Status P value 7% value
Dead Alive
n =43 n =47

Age (y7)
<45 33 16 17 0.919 0.010
=45 57 27 30

Gender
Male 57 26 31 0.589 0.292
Female 33 17 16

Serum AFP level (ug/mL)
<25 34 15 19 0.588 0.293
=25 56 28 28

Cirrhosis
No 26 13 13 0.788 0.072
Yes 64 30 34

No. of tumor nodes
Single 51 23 28 0.561 0.339
Multiple 39 20 19

HBV
Negative 43 14 29 0.006 7.644
Positive 47 29 18

Maximal tumor size (cm)
<45 39 7 32 <0.051 24.543
=45 51 36 15

Tumor metastasis
No 77 36 41 0.636 0.224
Yes 13 7 6

Microvascular invasion
No 66 31 35 0.799 0.065
Yes 24 12 12

Histological grade
I-1 49 14 35 <0.051 15.902
m-Iv 41 29 12

Stat4 expression
Low 40 6 34 <0.051 31.003
High 50 37 13

Ki67 expression
Low 49 10 39 <0.051 32.293
High 41 33 8

'The P value was considered significant. Statistical analyses were performed using Pearson y° test. HBV: Hepatitis B virus.

Table 3 Contribution of various potential prognostic factors

to survival by Cox regression analysis in hepatocellular
carcinoma specimens

Parameters RR 95%CI P value
Age (yr) 0.156 0.060-0.405 0.069
Gender 1.629 0.843-3.147 0.147
Serum AFP Level (ng/mL) 0.885 0.476-1.647 0.701
Cirrhosis 2.066 0.934-4.572 0.073
Tumor numbers 1.166 0.595-2.288 0.654
HBV 0.742 0.546-1.013 0.057
Maximal tumor size (cm) 0.448 0.460-0.951 0.014
Tumor metastasis 1.732 0.644-4.658 0.277
Microvascular Invasion 0.874 0.430-1.778 0.710
Histological grade 0.343 0.599-0.817 0.023'
STAT4 expression 0.411 0.222-0.758 <0.001"
Ki67 expression 0.454 0.193-1.065 0.004'

'The P value was considered significant. Statistical analyses were
performed using Long-rank test. HBV: Hepatitis B virus.

with control or STAT-targeted siRNA. As predicted,

the STAT4-depleted LO2 cells consisted of a markedly
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higher proportion of cells in the S phase (29.09%
and 31.46%) than the control cells (20.29% and
20.28%), whereas the percentage of cells in the G1
phase (64.64% and 63.13%) after transfection with
STAT4 siRNA-1 and 2 was significantly lower than that
in the control cells (73.96% and 73.39%) (Figure 5B).
Moreover, the impact of STAT4 depletion on HepG2
cell proliferation was determined using the CCK-8
assay. As shown in Figure 5C, the STAT4-depleted
cells exhibited enhanced cell growth compared to
the mock transfected and control siRNA-transfected
cells. These data suggested that the downregulation
of STAT4 might be associated with enhanced HCC cell
proliferation.

DISCUSSION

HCC prognosis remains unsatisfactory because of
its high recurrence and metastasis rates, despite
significant improvements in surveillance and clinical
treatment strategies®®. The efficacy of traditional
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Figure 4 Western blot analysis of signal transducer and activator of transcription 4 protein expression in hepatocellular carcinoma cells compared to
normal hepatocyte (L02) cells. A: GAPDH was used as a loading control. Each experiment was repeated at least 3 times; B: Expression of STAT4 and cell cycle-
related molecules in proliferating HCC cells. HepG2 cells were synchronized via serum starvation for 72 h. Upon serum refeeding, cell lysates were prepared and
analyzed via Western blot using antibodies directed against STAT4 and cyclin D1. GAPDH was used as a control for protein load and integrity. S: Serum starvation;
R: Serum refeeding; C: Flow cytometric quantification of the cell cycle status in HepG2 cells. The cells were synchronized at G1 via serum starvation for 72 h; then,
progression into the cell cycle was induced by adding medium containing 10% FBS for the indicated period (R4 h, R8 h, R12 h, or R24 h). STAT4: Signal transducer

and activator of transcription 4; HCC: Hepatocellular carcinoma.

therapeutic methods, such as chemotherapy and
surgical operation, remains limited. Therefore, it is
critical to identify patients exhibiting poor prognosis
for timely intervention and to develop novel targeted
therapeutic strategies. Our current study showed that
the decreased expression of STAT4 was significantly
associated with a poor prognosis among HCC patients,
which is partially attributed to uncontrolled HCC cell
proliferation. Thus, our findings may promote the
development of novel therapeutic strategies for HCC
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patients based on STAT4.

The STAT family members were originally
identified as cytokine-related signaling factors and
have emerged as promising molecular targets for
cancer therapy®®®!. Among these proteins, STAT4 plays
a critical role in the regulation of diverse biological
actions, including anti-viral defense, the induction
of cell death and growth arrest®°!, In the present
study, we detected significantly lower levels of STAT4
expression in HCC tissues. Furthermore, we found that

April 7,2015 | Volume 21 | Issue 13 |



A

siRNA-1 siRNA-2 Control

[ " s
STAT4 g | —
D — —— —
- s e

Mock

>

C 1.6
—e— SiRNA-1
1.4 —0— siRNA-2
—¥— Mock
€ 1.2 —— Control
[
& 10
8
0.8
0.6
0.4
Il Il Il 1
1 2 3 4 5
t/d

Wang G et al. STAT4 affects HCC prognosis and proliferation

Number

Number

Mock G1: 73.96% Control G1: 73.39%
2000+ S: 20.29% 2000 - S: 20.28%
G2: 5.75% G2: 6.52%
1500 1500
o]
fa)
1000 E 1000
=
500 500
0 0
0 30 60 90 120 150 0 30 60 90 120 150
Charrois (FL2-A) Charrois (FL2-A)
siRNA-1 G1: 64.64% siRNA-2 G1: 63.13%
S: 29.09% S: 31.46%
1600 1600
G2: 6.30% G2: 5.42%
1200 1200
9]
Ka)
8001 E 800
=
400 400
0 : : 0
0 30 60 90 120 0 30 60 90 120

Charrois (FL2-A)

Charrois (FL2-A)

Figure 5 Signal transducer and activator of transcription 4 knockdown inhibited cell proliferation and the effects of altered signal transducer and activator
of transcription 4 expression on the cell cycle status of L02 cells. A: Western blot analysis revealed that treatment with STAT4-siRNA markedly decreased the
STAT4 and cyclin D1 levels at 48 h after siRNA transfection in L02 cells compared to transfection with negative control sSIRNA and mock transfection; B: siSTAT4-1 and
-2 were used to knockdown STAT4 in HepG2 cells, resulting in the delay of the G1-S transition and significant arrest in the G1 phase after these cells were released
from starvation. The data are presented as the mean + SD of three experiments; C: A CCK-8 assay showed that STAT4 knockdown inhibited cell proliferation. CCK-8
reagents were added to the medium for 2 h. The absorbance was measured at each indicated time point (0, 1, 2, and 3 d). Each value was derived from three
independent experiments. STAT4: Signal transducer and activator of transcription 4; HCC: Hepatocellular carcinoma.

the level of STAT4 in HCC tissues positively correlated
with the degree of HCC differentiation and the serum
hepatitis B surface antigen levels in HCC patients. It
is well known that HBV infection is a risk factor for the
development of HCC, contributing to the progression
of HCC. Hence, our data suggest that STAT4 may
serve as a negative regulator of HCC development and
progression. Importantly, recent reports found that
genetic alteration of STAT4 was a key risk factor for
HBV-related HCC, which is consistent with our data
showing that STAT4 downregulation was associated
with HBV infection in HCC specimens*). However,
another recent study reported that the mRNA level
of STAT4 was not correlated with HBV infection in
HCC patients®. Given that, STAT4 may be regulated
at both the transcriptional and posttranscriptional
levels. However, the detailed relevance of STAT4 to
HBV-related hepatocarcinogenesis remains virtually
unknown and requires clarification in future studies.
We showed that the expression of STAT4 correlated
with the histological degree of HCC and the prognosis
of HCC patients. Therefore, STAT4 may serve as an
effective biomarker to evaluate the prognosis of HCC
in Chinese patients. However, ubiquitous activation
of JAK/STAT pathways is detected in human HCC
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tissuest®. This discrepancy may be due to the different
genetic backgrounds and the various pathologic factors
that contribute to the development of HCC. Although
chronic viral hepatitis is the predominant 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 level of STAT4 expression varies
for different types of cancers, and even for the same
type of cancer in different genetic backgrounds and
in patients from different geographic regions. We are
interested in further investigating how these factors
modulate STAT4 expression and activation, thereby
contributing to the development and progression of
HCC.

As a crucial member of the STAT family, STAT4 was
widely considered to be primarily expressed in immune
cells, including T helper cells, natural T killer cells,
dendritic cells and macrophages, to mediate IL-12-
dependent signaling. However, the function of STAT4
in non-immune cells remains poorly understood. We
and other groups recently revealed a role of STAT4 in
HCC development. In this regard, it was unexpectedly
found that STAT4 was highly expressed in normal liver
cells and was dramatically downregulated in HCC cells.
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In addition, the low expression of STAT4 was verified
in HCC cell lines and was found to be associated with
the proliferation of HCC cells. Therefore, STAT4 in
hepatocytes may exert a suppressive effect on the
development of HCC tumors. Aside from HCC, STAT4
has been reported to be expressed in breast cancer
cells and to play an important role in the regulation
of breast cancer physiology™*. Moreover, varying
degrees of STAT4 activation have been detected in
both prostate cancer and normal prostate tissues™*.
Evidence has also indicated that STAT4 might be
expressed in several other cancer types, including
gastric cancer and ovarian cancer™®*!, These findings
may provide novel insight into the role of STAT4 in
the pathogenesis of various human cancers. However,
a majority of recent studies inferred that the role of
STAT4 in the prevention of liver disease was related to
inflammatory pathways®'?**"). Therefore, it remains
unclear to what extent an inflammation-independent
role of STAT4 may contribute to HCC prevention.
Further investigation should be performed to resolve
this intriguing issue.

In summary, our findings suggest that STAT4 re-
presents a novel and promising therapeutic target
and prognostic biomarker for HCC. Our data may be
of important clinical value for estimating prognosis
and for determining the treatment of HCC patients.
Technological development may lead to new
treatments based on STAT4 that improve the therapies
against HCC.
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