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Hepatitis B virus X protein promotes hepatocellular
carcinoma invasion and metastasis via upregulating
thioredoxin interacting protein
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Abstract. Hepatitis B virus X protein (HBx), a multifunctional
protein encoded by the X gene of the hepatitis B virus (HBV)
is involved in the metastasis of HBV-associated hepatocel-
lular carcinoma (HCC) through various pathways, including
upregulating intracellular reactive oxygen species (ROS).
Thioredoxin interacting protein (TXNIP) is a key mediator
of intracellular ROS, but its function in HBx-mediated metas-
tasis of HBV-associated HCC is elusive. In the present study,
HBV-associated HCC tissues with or without metastasis and
HepG2 cells were used to study the function of TXNIP in
HBx-mediated metastasis of HBV-associated HCC. Initially,
the expression levels of TXNIP and HBx in HBV-associated
HCC tissues were detected by immunohistochemistry and
reverse transcription-quantitative polymerase chain reaction.
The results revealed that high expression of TXNIP may be
an independent risk factor for metastasis of HBV-associated
HCC, and the mRNA levels of TXNIP and HBx were posi-
tively associated. Secondly, the association between HBx and
TXNIP was investigated using a HBx expression stable cell
line, in which HBx expression was induced and controlled by
doxycycline. The results demonstrated that HBx may upregu-
late TXNIP expression in HepG2 cells. Thirdly, the effects
of TXNIP and HBx on HepG2 cell migration and invasion
were studied by scratch and Matrigel invasion assays, respec-
tively. The results demonstrated that TXNIP overexpression
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enhanced HepG2 cell migration and invasion. In addition,
ectopic expression of HBx promoted HepG2 cell migration
and invasion, and this effect may be attenuated by knockdown
of TXNIP expression, which indicated that TXNIP may be
involved in the process. In summary, the present results
demonstrated that TXNIP may be involved in HBx-mediated
metastasis of HBV-associated HCC.

Introduction

Hepatocellular carcinoma (HCC) accounts for between 85-90%
of primary liver cancers, which is the fifth most common
cancer and the third leading cause of cancer-associated
mortality worldwide (1). Hepatitis B virus (HBV) infection is
an important factor for HCC occurrence (2). The association
between HBV and HCC has been demonstrated by multiple
epidemiological studies: High HBV prevalence may result in
a high frequency of occurrence of HCC, and the risk of HCC
in HBV carriers is significantly increased compared with that
of non-carriers (3,4). The main reason for poor prognosis of
HCC is invasion of the portal vein, leading to the formation of
a tumor thrombus and intrahepatic spread, which results in a
high intrahepatic metastatic rate and recurrence rate following
surgery (5).

Hepatitis B virus X protein (HBX), an important regula-
tory protein, may enhance the transcription and replication of
HBYV (6) and regulate biological processes, including host gene
transcription, cell cycle, apoptosis and oxidative stress (7,8).
Previous studies have demonstrated that HBx is an important
factor in the development of HBV-associated HCC (9-11).
Thus far, mechanisms of HCC metastasis promotion by
HBx include: Promotion of epithelial-mesenchymal transi-
tion (EMT) (12,13); degradation of the extracellular matrix
(ECM) (14,15); reduction of cell-ECM interactions (16); altera-
tion of the cellular morphology conductive to migration and
motility (17,18); repression of miRNA-148a (19) or upregula-
tion of miRNA-143 (20). HBx may also upregulate intracellular
ROS levels (21,22), and ROS have been demonstrated to regu-
late the expression of EMT and metastasis-associated genes,
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including E-cadherin, integrin and matrix metalloproteinases
in HCC cells, which contribute to HCC metastasis (23,24).

Thioredoxin interacting protein (TXNIP), also known
as vitamin D3 upregulated protein 1, is involved in a wide
range of cellular processes, including proliferation, apoptosis,
lipid and glucose metabolism and redox regulation (25).
TXNIP may also be involved in the metastasis of a variety of
tumors (26-29) and may act as a key mediator of intracellular
ROS levels through the TXNIP/thioredoxin/ROS axis (25),
which contributes to the progression of tumors. However,
the function of TXNIP in the metastasis of HCC remains to
be investigated, and it is unclear whether TXNIP serves a
function in HBx-mediated metastasis of HCC.

In the present study, the expression levels of HBx and
TXNIP were investigated in HBV-associated HCC tissues,
and the association between their expression levels and
the metastasis of HBV-associated HCC was analyzed. The
function of TXNIP in HBx-induced migration and invasion
of HepG2 cells was also investigated. It was revealed that
TXNIP expression in HBV-associated HCC tissues may be an
independent risk factor for metastasis, and HBx may mediate
metastasis of HBV-associated HCC through upregulating
TXNIP expression.

Materials and methods

Patients and tissue specimens. In the present study,
62 HBV-associated HCC tissue samples were collected
between October 2010 and August 2012 from West China
Hospital, Sichuan University (Chengdu, China). The age of the
patients ranged from 26 to 76 years (median, 46 years). Of the
62 patients, 54 were male and 8 were female. All the patients
were confirmed by pathological diagnosis of HCC and had not
received irradiation or chemotherapy prior to surgical opera-
tion. The patients were divided into two groups as follows:
A metastatic group with portal vein thrombus or peripheral
metastasis, and a non-metastatic group without portal vein
thrombus and peripheral metastasis. The present study was
approved by the Ethics Committee of West China Hospital,
Sichuan University. Informed consent was obtained from all
the patients or their relatives prior to analysis.

Tissue microarray construction and immunohistochemical
staining. All 62 samples were used to construct tissue
microarrays. Paraffin sections of the tissue microarrays were
deparaffinized in xylene and rehydrated in graded ethanol.
Antigen retrieval was performed in boiled 0.01 M citrate
buffer (pH 6.0) for 2 min. Endogenous peroxidase was blocked
by 3% H,0, in PBS for 30 min at 37°C. Sections were then
incubated with rabbit anti-TXNIP antibody (dilution, 1:400;
cat. no. SAB2108250; Sigma-Aldrich, St. Louis, MO, USA)
overnight at 4°C. Subsequently, sections were visualized using
the EnVision GI2 System/AP (cat. no. K535521-2; Agilent
Technologies, Inc., Santa Clara, CA, USA) and counterstained
with Hematoxylin Staining Solution (cat. no. CO107; Beyotime
Institute of Biotechnology, Haimen, China) for 5 min at room
temperature, according to the manufacturer's instructions.
A total of five randomly selected optical microscopic fields
at x400 magnification for each sample were evaluated by two
pathologists who were blind to the clinical data according to
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the Axiotis score standard (30). The intensity and percentage
of positive cells were used to evaluate each section. Intensity
was scored as follows: 0) No detectable staining; 1) weak
staining; 2) moderate staining; and 3) strong staining. The
scores for the percentage of positive cells were as follows:
0) Rate of 0-25% scored; 1) rate of 26-50%; 2) rate of 51-75%;
and 3) rate of >75%. The total score was calculated by multi-
plying the intensity and positivity scores.

Cell culture and transfection or infection. The human HCC
HepG2 cell line was purchased from American Type Culture
Collection (ATCC; Manassas, VA, USA) and cultured at 37°C in
a 5% CO, atmosphere, in Dulbecco's modified Eagle's medium
(DMEM; Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) supplemented with 10% fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc.). The HEK 293T cell line
was purchased from ATCC and cultured at 37°C in a 5% CO,
atmosphere, in RPMI-1640 medium (Invitrogen; Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS. Cells were seeded
onto 6-well plates 24 h before transfection or infection. Cells were
transfected with purified plasmids constructed in the present
study [pTRE-Tight-HBx, pEGFP-N1-TXNIP, pSicoR-TXNIP
short hairpin (sh) RNA] or preserved in our lab (pBabe-puro,
pEGFP-N1, pNKF, pNKF-HBx, pSicoR, psPAX2 and pMD2G)
using X-tremeGENE HP DNA transfection reagent (Roche
Diagnostics GmbH, Mannheim, Germany), according to the
manufacturer's protocol, or infected with lentivirus constructed
in the present study as previously described (31).

Construction of the HBx expression stable cell line.
pNKF-HBx and pTRE-Tight plasmids from the Tet-On
Advanced Inducible Gene Expression System (Clontech Labo-
ratories, Inc., Mountain View, CA, USA) were digested with
Not 1 and Xba 1 (Takara Bio, Inc., Otsu, Japan). The digested
HBx gene with FLAG sequence was inserted into the digested
pTRE-Tight plasmid. pTRE-Tight-HBx and pBabe-puro
plasmid with puromycin resistant was preserved in our lab,
they were then co-transfected into HepG2 Tet-On Advanced
cells (Clontech Laboratories, Inc.) in the proportion of 10:1.
Puromycin-resistant clones were treated with gradient concen-
trations (0.1-0.25 mg/l) of doxycycline (Dox; Sigma-Aldrich)
and tested for HBx expression, as well as inducing efficiency,
by western blot analysis as described below. Clones with low
constitutive expression and high inducing efficiency were
selected for subsequent investigation.

Overexpression of TXNIP in HepG2 cells. pPEGFP-N1 was
preserved in our lab. Total RNA was extracted with TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific,Inc.) from HepG2
cells and reverse transcribed into cDNA using PrimeScript RT
Master mix (Takara Bio, Inc.), according to the manufacturer's
protocol, and used as a template for TXNIP gene amplifica-
tion by polymerase chain reaction (PCR) using PrimeSTAR
HS DNA Polymerase (Takara Bio, Inc.). The cycling condi-
tions for PCR were: 5 min incubation at 95°C, followed by
30 cycles of 98°C for 5 sec, 60°C for 5 sec and 72°C for 90 sec.
The primer sequences used were as follows: TXNIP forward
(F), 5'-GACGCGCTCGAGATGGTGATGTTCAAGAAG-3'
and reverse (R), 5'-CACCTGGTCGACTGCTGCACATTGTT
GTTG-3". The PCR products were digested with Xho 1 and
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Sal 1 (Takara Bio, Inc.) ligated into pEGFP-N1 (also digested
with Xho 1 and Sal 1). HepG2 cells were transfected with
pEGFP-NI-TXNIP or pEGFP-NI1 as a negative control.
TXNIP expression was detected by western blot analysis as
described below.

Knockdown of TXNIP in HepG?2 cells. Lentivirus system
pSicoR, pxPAX2 and pMD2.G were preserved in our lab. The
oligonucleotides (5'-TGCCACACTTACCTTGCCAATGTC
AAGAGCATTGGCAAGGTAAGTGTGGCTTTTTTC-3and
5" TCGAGAAAAAAGCCACACTTACCTTGCCAATGCTC
TTGACATTGGCAAGGTAAGTGTGGCA-3'") encoding
shRNA targeting TXNIP were digested with Hpa 1 and Xho 1
(Takara Bio, Inc.) and ligated into pSicoR (also digested
with Hpa and Xho 1) using the DNA Ligation kit Ver.2.1
(Takara Bio, Inc.) according to manufacturer's protocol.
pSicoR-TXNIP shRNA or pSicoR, psPAX?2 and pMD2 G were
co-transfected into HEK 293T cells in the proportion of 4:3:1
as previously described (32), lentivirus-containing supernatant
were harvested 48 h post transfection. HepG2 cells were
infected with TXNIP shRNA lentivirus or pSicoR lentivirus.
Knockdown efficiency of TXNIP was evaluated by western
blot analysis.

Reverse transcription-quantitative PCR (RT-gPCR). For
RT-gqPCR,total RNA was extracted with TRIzol reagent (Invit-
rogen; Thermo Fisher Scientific, Inc.) from frozen HCC tissues
and reverse transcribed into cDNA using PrimeScript RT
Master Mix (Takara Bio, Inc.), according to the manufacturer's
protocol. RT-qPCR was then performed using a Light Cycler 96
with Fast Start Universal SYBR-Green Master mix (Roche
Diagnostics GmbH). The cycling conditions for PCR were:
initial denaturation 95°C for 120 sec, then 40 cycles of 95°C
at 10 sec, 62°C at 15 sec and 72°C at 30 sec. Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) was used as the internal
reference. Relative gene expression level was analyzed using the
2-AAcq method (33). The primer sequences were as follows:
TXNIP, F, 5-CTCTGCTCGAATTGACAGAAAAGGATT-3'
and R, 5-CGCATGTCCCTGAGATAATATGATTGC-3";
HBx, F, 5-GACTCCCCGTCTGTGCCTTCTCATC-3" and
R, 5-AGACCAATTTATGCCTACAGCCTCC-3"; GAPDH,
F, 5'-“AGGAGCGAGATCCCTCCAAAATCAAGT-3' and R,
5S"TGAGTCCTTCCACGATACCAAAGTTGT-3".

Western blot analysis. For detection of Flag-HBx, HBx expres-
sion stable cells were cultured at 37°C in a 5% CO, atmosphere,
in DMEM supplemented with 10% FBS and gradient concen-
trations (0.1-0.25 mg/1) of Dox for 48 h. Proteasome inhibitor
MG132 (10 uM, Sigma-Aldrich) was added to the medium
12 h prior to extracting total protein with SDS-PAGE loading
buffer (Beyotime Institute of Biotechnology). For detection of
TXNIP, cells were lysed in M, buffer (34). Equal amounts of
protein extracts (60 ug) were separated by 12% SDS-PAGE
and transferred to polyvinylidene fluoride membranes (Merck
Millipore, Darmstadt, Germany). Membranes were then
blocked at room temperature in 5% non-fat milk in Tris-buff-
ered saline with 0.05% Tween-20 (TBS-T) for 1 h, followed by
incubation with primary antibody against Flag-HBx (dilution,
1:1,000; cat. no. A2220; Sigma-Aldrich) or TXNIP antibody
(dilution, 1:100; cat. no. sc-33099; Santa Cruz Biotechnology,
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Inc., Dallas, TX, USA) overnight at 4°C. The membranes
were then incubated with horseradish peroxidase-conjugated
secondary antibody (dilution, 1:5,000; cat. no. ZDR-5307,;
ZSGB-BIO, Beijing, China) at room temperature for 1 h and
visualized with enhanced chemiluminescence western blotting
substrate (Pierce; Thermo Fisher Scientific, Inc.).

Scratch assay. HepG2 cells transfected and/or infected with
pEGFP-N1, pEGFP-NI1-TXNIP, pSicoR lentivirus, TXNIP
shRNA lentivirus, pNKF, pNKF-HBx, pNKF-HBx in combi-
nation with TXNIP shRNA lentivirus were collected and
seeded onto 12-well plates at a density of 3x10° cells per well.
Monolayer cultures were scratched with 200 pl tips. Serum-free
DMEM medium was added and optical microscopic images
of the scratches at 0 and 24 h were captured at x100 magni-
fication. Each experimental group took three scratches, and
each experiment repeated three times. Scratch space was
analyzed with Image J software (version 1.41; National Insti-
tutes of Health, Bethesda, MD, USA). Relative cell migration
distance (%) = 100 A - B)/A, where A is the width of the scratch
at 0 h and B is the width of the scratch at 24 h (35).

Matrigel invasion assay. Matrigel invasion assays were
performed using Transwell chambers (24-well insert; pore
size, 8 um; BD Biosciences, Franklin Lakes, NJ, USA).
HepG2 cells transfected and/or infected with pEGFP-NI1,
pEGFP-NI-TXNIP, pSicoR lentivirus, TXNIP shRNA
lentivirus, pNKF, pNKF-HBx, pNKF-HBx in combination
with TXNIP shRNA lentivirus were collected in serum-free
DMEM medium and seeded into the top chamber coated with
Matrigel (BD Biosciences) at a density of 1x10° cells per well.
The lower chamber was filled with DMEM medium supple-
mented with 10% FBS. Following incubation for 24 h, the
upper layer of Matrigel was removed. The cells on the under-
side of the filter were fixed by anhydrous methanol and stained
with hematoxylin (Beyotime Institute of Biotechnology). Cell
number was counted in five random optical microscopic fields
at x200 magnification. Three chambers were used per experi-
mental condition.

Statistical analysis. Data are presented as the mean + standard
deviation. Statistical analysis was performed using SPSS 20
software (IBM SPSS, Armonk, NY, USA). Receiver operating
characteristic (ROC) curve analysis was applied to determine
the cut-off score for TXNIP expression in HBV-associated
HCC tissues as previously described (36). The independent
sample Student's t-test was performed to analyze the variables
between two groups. The y* test was used to analyze the asso-
ciations between TXNIP expression and clinicopathological
features of patients with HBV-associated HCC. Univariate and
multivariate logistics regression analysis was used to analyze
the risk factors associated with metastasis of HBV-associated
HCC. Spearman's rank correlation coefficient tests were
used to assess the correlations between TXNIP and HBx in
HBV-associated HCC tissues.

Results

TXNIP expression in HBV-associated HCC tissues and its
association with clinicopathological features of patients
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Figure 1. Expression levels of TXNIP in HBV-associated HCC tissues. (A) TXNIP expression in representative tissues. Case 10, tissue without metastasis;
case 16, tissue with metastasis; scale bar, 100 gm. (B) Statistical analysis of TXNIP expression levels in NM and M HBV-associated HCC tissues. (C) The
cut-off score for TXNIP expression was determined by receiver operating characteristic curve analysis. The sensitivity and specificity for each clinicopatho-
logical feature at different TXNIP scores were plotted. ‘P<0.05 vs. NM. TXNIP, thioredoxin interacting protein; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; NM, non-metastatic; M, metastatic; AFP, a-fetoprotein; ALT, alanine transaminase; AST, aspartate transaminase; HBsAg, surface antigen of

hepatitis B virus; HBeAg, hepatitis B viral protein.

with HBV-associated HCC. TXNIP expression of the tissue
microarray was detected by immunohistochemical staining
and evaluated according to the Axiotis score standard. TXNIP
expression in representative samples of HBV-associated HCC
tissues is depicted in Fig. 1A. The results of statistical analysis
revealed that TXNIPscoresof the metastatic group (6.000+3.185)
increased compared with those of the non-metastatic group
(4.244+2.634; P=0.024; Fig. 1B). According to the cut-off score
determined by the ROC curve analysis (Fig. 1C), low expres-
sion of TXNIP in HCC tissues was defined when the TXNIP
score was <4.9 and high expression was defined when the
TXNIP score was 24.9. The %> test demonstrated that TXNIP
expression levels were positively associated with metastasis of

HBV-associated HCC (Table I). Additional multivariate logistic
regression analysis revealed that besides age, tumor size and
histological grade, high expression of TXNIP in HCC tissues
was also an independent risk factor for metastasis (hazard ratio,
1.533; confidence interval, 1.094-2.150; P=0.013; Table II) of
HBV-associated HCC. Histological grade of HCC tissues was
based on the Edmondson-Steiner criteria (37). The ISHAK
score of patients with HBV-associated HCC was based on the
ISHAK scoring system (38).

HBx upregulates TXNIP expression in HepG?2 cells. Previous
studies have demonstrated that HBx may upregulate intracel-
lular ROS levels (21), and TXNIP expression may be induced
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Table 1. Results of %> tests to investigate the association between thioredoxin interacting protein expression level and
clinicopathological features of patients with hepatitis B virus-associated hepatocellular carcinoma.

Characteristics Low expression, n High expression, n y* value P-value
Age, years

<50/=50 18/15 17/12 0.104 0.747
Sex

Female/male 3/30 5/24 0912 0.339
AFP (ng/ml)

<8/=8 7/25 10/16 1.905 0.168
ALT (IU/)

<55/=55 19/13 20/8 0.954 0.329
AST (1U/1)

<46/=46 14/18 18/10 2.53 0.112
HBsAg (S/CO)

<3000/>3000 11/22 7/22 0.633 0.426
HBeAg (S/CO)

<1/=1 26/7 22/7 0.076 0.783
ISHAK score

<4/z4 6/27 7/22 0.33 0.565
Tumor size, cm

<5/=25 11/22 8/21 0.24 0.624
Capsule invasion

Nol/yes 16/17 8/21 2.841 0.092
Histological grade

Moderate/high 23/10 16/13 1.395 0.237
Metastasis

Nol/yes 26/7 15/14 5.047 0.025

P-values were calculated using the % test. AFP, a-fetoprotein; ALT, alanine transaminase; AST, aspartate transaminase; HBsAg, surface antigen

of hepatitis B virus; HBeAg, hepatitis B viral protein.

by ROS stimulation (39). However, to the best of our knowl-
edge, no previous studies have investigated the association
between HBx and TXNIP expression in HBV-associated HCC
tissues or HCC cells. To investigate their clinicopathological
implication and association, TXNIP and HBx mRNA levels
were first investigated in HBV-associated HCC tissues. The
results revealed that the mRNA levels of HBx and TXNIP
were positively correlated (r=0.42; P=0.0007; Fig. 2A). The
association between HBx and TXNIP was then investigated by
constructing a HBx expression stable cell line with HBx expres-
sion induced and controlled by Dox. The results revealed that
HBx expression was increased as Dox concentration increased
(Fig. 2B), and the expression of TXNIP was upregulated as
HBx expression increased (Fig. 2C). These results indicated
that HBx may upregulate TXNIP expression in HepG2 cells.

The function of TXNIP in HepG2 cell migration and invasion.
In the present study, high TXNIP expression was demonstrated
to be positively associated with metastasis of HBV-associated
HCC. The function of TXNIP in HCC cell migration and inva-
sion was investigated by scratch migration assays and Matrigel
invasion assays. The impact of TXNIP overexpression or

knockdown on HepG2 cell migration and invasion were
studied. Firstly, the results of western blot analysis revealed that
TXNIP-EGFP fusion protein was efficiently expressed and that
TXNIP expression was effectively silenced by TXNIP shRNA
in HepG2 cells (Fig. 3A). The results of scratch and Matrigel
assays demonstrated that TXNIP-EGFP expression may lead
to increased migration (P=0.02) and invasion (P=0.004) in
HepG2 cells compared with the control, while knockdown of
TXNIP expression did not significantly suppress migration
(P<0.05) but did significantly suppress invasion (P=0.012) of
HepG2 cells (Fig. 3B and C, respectively). Therefore, TXNIP
overexpression may facilitate the promotion of migration and
invasion of HepG?2 cells.

HBx promotes the migration and invasion of HepG2 cells
through upregulating TXNIP expression. The aforemen-
tioned results indicated that HBx may upregulate TXNIP
expression in HepG2 cells, and that TXNIP may have a rein-
forcing effect on migration and invasion of HepG2 cells. To
investigate the function of TXNIP in HBx-induced migration
and invasion of HCC cells, HBx was ectopically expressed
with or without knockdown of TXNIP in HepG2 cells, and
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Table II. Univariate and multivariate logistics regression analysis of risk factors associated with metastasis of patients with
hepatitis B virus-associated hepatocellular carcinoma.

Univariate analysis Multivariate analysis

Variable HR (95% CI) P-value HR (95% CI) P-value
Age, years

<50 vs. =50 0.184 (0.053-0.644) 0.008 0.044 (0.004-0.443) 0.008
Gender

Female vs. male 0.972 (0.217-4.348) 0971
AFP (ng/ml)

<8 vs. =8 2.692 (0.664-10.913) 0.165
ALT (IU/)

<55 vs. =55 1.385 (0.455-4.213) 0.566
AST (1U/M)

<46 vs. =46 1.654 (0.561-4.875) 0.362
HBsAg (S/CO)

<3000 vs. =3000 1.486 (0.447-4.935) 0.518
HBeAg (S/CO)

<1 vs. =1 0.729 (0.198-2.681) 0.635
ISHAK score

<4 vs. =4 0.515 (0.148-1.793) 0.297
Tumor size, cm

<5 vs. =5 6.729 (1.381-32.8) 0.018 22.25 (2.002-247.259) 0.012
Capsule invasion

No vs. yes 6.3 (1.606-24.72) 0.008 6.561 (0.877-49.081) 0.067
Histological grade

Moderate vs. high 5.037 (1.622-15.642) 0.005 12.185 (1.877-79.09) 0.009
TXNIP expression

Low vs. high 1.241 (1.021-1.508) 0.03 1.533 (1.094-2.15) 0.013

HR, hazard ratio; CI, confidence interval; AFP, a-fetoprotein; ALT, alanine transaminase; AST, aspartate transaminase; HBsAg, surface antigen
of hepatitis B virus; HBeAg, hepatitis B viral protein; TXNIP, thioredoxin interacting protein.
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or pPEGFP-N1 TXNIP, and fusion protein TXNIP-EGFP was detected by western blot analysis. Right: HepG2 cells were infected with TXNIP shRNA
lentivirus or pSicoR lentivirus. The knockdown effect on TXNIP was evaluated 72 h post-infection by western blot analysis. (B) Representative images and
statistical analysis of scratch assay and (C) Matrigel invasion assay. HepG2 cells were pretreated as described in (A). Scratch migration and Matrigel invasion
assays were used to evaluate the effects of TXNIP overexpression or knockdown on HepG2 cell migration and invasion, respectively. "P<0.05 and “P<0.01
vs. pEGFP-N1, "P<0.05 vs. pSicoR. TXNIP, thioredoxin interacting protein; EGFP, enhanced green fluorescent protein; shRNA, short hairpin RNA; GAPDH,

glyceraldehyde 3-phosphate deyhydrogenase.

scratch and Matrigel assays were performed. The results of
western blot analysis revealed that expression of HBx may
upregulate TXNIP in HepG2 cells, while knockdown of
TXNIP expression may attenuate this effect (Fig. 4A). The
results of scratch and Matrigel assays revealed that HBx
may promote migration (P=0.003) and invasion (P<0.001)
of HepG2, respectively, while knockdown of TXNIP expres-
sion significantly attenuated HBx-mediated enhancement
of migratory (P=0.003) and invasive (P<0.001) potential of
HepG?2 cells (Fig. 4B and C, respectively). These data indi-
cated that HBx, potentially through upregulation of TXNIP
expression, may promote the migration and invasion of
HepG?2 cells.

Discussion

HBx is involved in metastasis of HBV-associated HCC by
various means, including upregulating intracellular ROS

levels (23,24). Acting as a key mediatory factor of intracellular
ROS level, TXNIP is involved in the progression of numerous
types of tumor (26). However, the involvement of TXNIP in
the development of HBV-associated HCC remains unclear.
TXNIP was proposed as a tumor suppressor gene in various
tumors (40), including HCC (41), but its function in metastasis
remains controversial. TXNIP expression levels in tumor cells
of hypoxic perinecrotic areas of glioblastoma and conven-
tional RCC are increased compared with non-hypoxic tumor
cells or peritumoral tissues (42), while hypoxia often promotes
cancer metastasis and leads to a poor prognosis (43,44). In an
in vitro intravasation model study, overexpression of TXNIP
in melanoma cells increased trans-endothelial intravasation
compared with the control (26), while overexpression of
TXNIP was reported to inhibit metastasis through the gene
KiSS-1 metastasis-suppressor in melanoma cells (27). In
the present study, TXNIP was detected in HBV-associated
HCC tissues. TXNIP expression levels in HBV-associated
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Figure 4. Function of TXNIP in HBx-induced enhancement of migration and invasion in HepG2 cells. (A) HepG2 cells were transfected with pNKF,
pNKF-HBx, or infected with TXNIP shRNA lentivirus and transfected with pNKF-HBx 24 h following this. Flag-HBx and TXNIP expression was then
detected by western blot analysis. (B) Representative images and statistical analysis of scratch assay and (C) Matrigel invasion assay. HepG2 cells were
pretreated as described in (A). Scratch and Matrigel invasion assays were used to study the effects of ectopic expression of HBx on migratory and invasive

potential of HepG2 cells and the role of TXNIP in the process. *

“P<0.01 and ""P<0.001 vs. pNKF; #P<0.01 and "*P<0.001 vs. pPNKF-HBx. TXNIP, thioredoxin

interacting protein; HBx, hepatitis B virus X protein; shRNA, short hairpin RNA; GAPDH, glyceraldehyde 3-phosphate deyhydrogenase.

HCC tissues were revealed to be positively associated with
tumor metastasis, and high expression levels of TXNIP may
be an independent risk factor of metastasis. The involvement
of TXNIP in regulating HCC cell migration and invasion
was then studied by scratch migration assays and Matrigel
invasion assays. The results demonstrated that TXNIP may
enhance HepG2 cell migration and invasion. Consistent with
the present findings, a previous study has demonstrated that
TXNIP overexpression may increase motility and invasion
of HCC cells, and may give a selective advantage to HCC
cells (45). Similarly, a study on gene expression profiles of
three HCC lines with different organ-tropism (accession
no. GSE38945) indicated that TXNIP expression in HCC cell
lines with metastasis ability to the lung and celiac lymph node
is increased compared with HCC cell lines with only meta-
static ability to the lung or low metastatic ability (46). The
aforementioned results indicated that TXNIP may perform

different functions in the occurrence and development of
HBV-associated HCC. However, additional studies and more
substantial investigations are required to study the involve-
ment of TXNIP in HBV-associated HCC.

HBx was reported to increase intracellular ROS level by
targeting the peroxisome or mitochondria (21,22). TXNIP
was reported to be induced by stress stimulation, including
infection, H,0,, ultraviolet and ROS (39,47). It is therefore a
reasonable hypothesis that HBx may impact TXNIP expression
in HBV-associated HCC tissues and HCC cells. To confirm
this hypothesis, HBx and TXNIP mRNA was detected in
HBV-associated HCC tissues. The results revealed that mRNA
levels of HBx and TXNIP in HBV-associated HCC tissues
were positively associated.

Previous studies have demonstrated that the function of HBx
is associated with its expression level and subcellular distribu-
tion (48,49). Expression levels of HBx were difficult to control
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by transient transfection due to different experimental condi-
tions, promoters and cell types. Therefore, a HBx expression
stable cell line was constructed based on the Tet-On Advanced
inducible system for additional investigation of the association
between TXNIP and HBx. The results revealed that HBx may
increase TXNIP expression levels in a gradient-dependent
manner in HepG2 cells. These data supported the hypothesis
that HBx may impact TXNIP expression in HBV-associated
HCC tissues and HCC cells.

Previous studies have indicated that ROS induced
TXNIP may impair the ability of cells to remove intracel-
lular ROS (23,50,51), while increased intracellular ROS
may contribute to the metastatic process of HBV-associated
HCC (23,24,52). Whether TXNIP is involved in HBx-induced
metastasis of HBV-associated HCC is worthy of further study.
Scratch and Matrigel assays were employed to study the involve-
ment of TXNIP in HBx regulation of HCC cell migration and
invasion. Results revealed that HBx expression in HepG2 cells
markedly enhanced cell migration and invasion ability, which
is consistent with the results of previous studies (18,53). The
increase of cell migration and invasion was attenuated by
knockdown of TXNIP expression. These data indicated that
HBx, is involved in promoting migration and invasion of HCC
cells, potentially through upregulating TXNIP expression.

As a non-structural protein, HBx has a short half-life of
only ~30 min; and its concentration in cells or tissues is too
low to detect (54,55). Previous studies have indicated that
HBx is degraded in a ubiquitin-proteasome pathway (56,57).
In addition, previous studies have demonstrated that HBx may
be highly expressed in HepG2 cells transiently transfected
with HBx expression plasmids, but its expression in the HBx
expression stable cell line is weak (54,58). In the present study,
HBx expression stable cell lines were treated with proteasome
inhibitors MG132 prior to western blot analysis.

In summary, to the best of our knowledge, the present
study was the first to identify that high expression of TXNIP
in HBV-associated HCC tissues may be an independent risk
factor for metastasis. Utilizing scratch migration assays and
Matrigel invasion assays, it was confirmed that overexpres-
sion of TXNIP in HepG2 cells enhanced cell migration
and invasion, and TXNIP may be involved in HBx-induced
enhancement of cell migration and invasion. Additional inves-
tigations designed to study the mechanisms of HBx-induced
upregulation of TXNIP and TXNIP-induced migration and
invasion of HepG?2 cells are required.
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