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ABSTRACT

Background/Aims: We have previously identified a tight junction protein claudin-9 (CLDN9) as an upregulated gene in hepatocellular
carcinoma (HCC) through an immunohistochemistry analysis. Here, we explore its function and clinical relevance in human HCC.
Materials and Methods: Stable transfection of the hepatocyte line HL7702 with CLDN9 was confirmed by the real-time polymerase
chain reaction (PCR), western blotting, and immunofluorescence. The impact of CLDN9 on the cell invasion and migration was assessed
in vitro by a transwell assay and wound-healing experiment. Western blotting was used to determine the activation state of the Tyk2
(tyrosine kinase 2)/Stat3 (signal transducer and activator of transcription 3) pathway. Moreover, we used a Tyk2-RNAi assay to silence
the expression of Tyk2 in CLDN9 expressing hepatocytes; subsequently, the impact of the Tyk2/Stat3 signaling pathway on the cell
invasion and migration in vitro was assessed by a transwell assay and a wound-healing experiment. Furthermore, an immunohistochem-
istry method was utilized to explore the expression levels of CLDN9 and p-Stat3 in the HCC tissues and histologically non-neoplastic
hepatic tissues.

Results: We confirmed that the expression of CLDN9 significantly enhanced the metastatic ability of hepatocytes in vitro, and the
activation of the Stat3 pathway by Tyk2 was an important mechanism by which CLDN9 promoted hepatocyte aggressiveness in HCC.
Conclusion: As an HCC proto-oncogene, CLDN9 affected the Stat3 signaling pathway via Tyk2 and ultimately enhanced the metastatic
ability of hepatocytes.
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INTRODUCTION

Recent studies have revealed that the metastasis of epi-
thelium-derived tumors is accompanied by abnormalities
in the tight junction structure and function (1,2). Clau-
din (CLDN) is a structural protein that forms tight junc-
tions (3). The common viewpoint is that the expression of
CLDNSs is downregulated in tumors (4,5). Abnormalities in
the cell tight junction structure and function caused by
the lack of the CLDN expression have been suggested to
be essential for the invasiveness and metastasis of epi-
thelium-derived tumors (6,7). For instance, CLDN1 is re-
ported to be a metastasis suppressor in lung adenocarci-
noma, and its lack of expression is associated with a poor
patient prognosis (8). However, recently, there has been
growing evidence showing that the CLDNs expression in
human tumor tissues is notably upregulated compared
to the adjacent normal tissues (9-11). A study of gene
sequence analysis expression showed that CLDN3 and
CLDN4 were upregulated in ovarian, breast, prostate, and
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pancreatic tumors (12,13). Specific expression patterns
of CLDNSs in various tumor tissues indicate that CLDNs
may be used as molecular tumors markers (14,15).

Moreover, CLDNs have been revealed to be involved in
the regulation of cell growth, differentiation, invasion, and
migration through participating in transduction of cellular
signals (16,17). For exanple, CLDN3 increases the malig-
nant potential of colorectal cancer cells as modulators
of the epidermal growth factor receptor signaling (18).
These pieces of evidence suggest that the expression and
function of CLDNs in the occurrence and progression of
a tumor may be tissue specific. In a preliminary work, we
found that the CLDN9 expression was upregulated in the
HCC cell lines, but downregulated in hepatocyte lines, re-
vealing that upregulated CLDN9 expression may have an
effect on the tumorigenesis of HCC. A gene chip screen-
ing revealed that the CLDN9 overexpression activated
the Tyk2/Stat3 signaling pathway. At present, there are
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no reports on the impact and mechanism of CLDN9 on
the metastatic phenotype of hepatocytes. In this study,
we used molecular biology and other techniques to study
the impact and mechanisms of CLDN9 in hepatocyte
metastasis and to identify novel targets for the HCC
treatment and control of early metastasis.

MATERIALS AND METHODS

Cell culture

The human embryonic kidney cells 293 (HEK293T), the
HCC cell lines (MHCC97H, HepG2, Hep3B, and Huh1),
and human hepatocyte line (HL7702) used in this study
were procured from Shanghai Cell Bank of the Chinese
Academy of Sciences. The cells were cultured in Dulbec-
co's modified Eagle’'s medium with added 10% fetal bo-
vine serum (FBS) in a humidified incubator containing 5%
CO,at 37°C.

Plasmid construction and transfection

A full-length CLDN9 cDNA fragment (GeneBank ac-
cession no. NM 9080) was amplified by Nanjing KeyGen
Biotech Co. Ltd. The fragments, digested by Xhol/EcoRl,
were ligated into the response plasmid p-EGFP-C1 (+)
to create the expression vector p-EGFP-C1/CLDN9. The
final construct was confirmed by a direct sequence anal-
ysis. The cloned CLDN9 expression vector was amplified
and purified according to the current protocol in molec-
ular biology. A total of 5 pg of plasmid were transfected
into cells using a SuperFect Transfection Reagent (Ta-
KaRa, Japan). Clones resistant to G418 (Sigma, St. Louis,
Missouri, USA) were expanded in culture as a monoclo-
nal population. Cells transfected with the empty vector
p-EGFP1-C1 (+) were used as a vector control.

Reverse transcription-quantitative polymerase chain
reaction

Total RNA was extracted using a Perfect Pure RNA Cul-
tured Cell kit (Thermo Fisher Scientific, Inc.,, Waltham,
MA, USA), according to the manufacturer's proto-
col. Typical reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR) reactions were con-
ducted as previously described (19). The primer pairs
used for CLDN9 and glyceraldehyde phosphate de-
hydrogenase (GAPDH) were as follows: CLDN9 for-
ward, 5'- CCTTCATCGGCAACAGCATC-3', and reverse,
5'-CGTACACCTTGCACTGCATC-3'; GAPDH forward,
5'-AACGTGTCAGTCGTGGACCTG-3; and reverse,
5'-AGTGGGTGTCGCTGTFGAAGT-3". The relative ex-
pression was based on the expression ratio of a certain
gene versus that of GAPDH.

Western blotting materials

Rabbit polyclonal antibodies against CLDN9 (ab192398)
and mouse anti-human -actin (ab8226) were purchased
from Abcam (Massachusetts, US). The rabbit anti-human
phospho-Stat1 antibody (#7649), rabbit anti-human
phospho-Stat3 antibody (#9145), rabbit anti-human
Stat1 antibody (#14994), rabbit anti-human Stat3 an-
tibody (#9139), rabbit anti-human phospho-Tyk2 an-
tibody (#68790), and rabbit anti-human Tyk2 antibody
(#13531) were purchased from Cell Signaling Technology
(Boston, USA).

Western blotting

The protein concentration of cell lysates was deter-
mined using a bicinchoninic acid Protein Assay Kit
(Pierce Chemical Co., Rockford, Illinois, USA). The to-
tal protein (30 pg) was detached via 10% sodium do-
decyl sulfate-polyacrylamide electrophoresis gel. Then,
the total protein was transferred onto a nitrocellu-
lose membrane (Millipore, Temecula, California, USA),
and the membrane was blocked and investigated with
rabbit anti-human phospho-Stat1 antibody, rabbit
anti-human Stat1 antibody, rabbit anti-human phos-
pho-Stat3 antibody, rabbit anti-human Stat3, rabbit
anti-human phospho-Tyk2 antibody, rabbit anti-human
Tyk2 antibody, rabbit anti-human CLDN9 antibody, and
mouse anti-human B-actin antibody at a dilution rate
of 1:1000 overnight at 4°C. After three washes with
phosphate-buffered saline (PBS), the membrane was
incubated with horseradish-peroxidase-conjugated
secondary antibody (Santa Cruz Biotechnologies, Cali-
fornia, USA) at a dilution rate of 1:1000 overnight at 4°C.
Immunoreactive bands were detected using the ECL
western blotting reagents (GE, Fairfield, Connecticut,
USA) and analyzed with the Image Lab 6.0.1 software
(Bio-Rad Laboratories).

Immunofluorescence method

The cells were incubated with 4% paraformaldehyde
at 20°C for 10 min and permeabilized with 0.1% Tri-
ton X-100 (Sigma-Aldrich, cat. no. 9002-93-1) at room
temperature for 10 min. Next, after blocking with 2%
bovine serum albumin (Bote Biotechnological Corpo-
ration, Jilin, China) diluted in PBS at 20°C for 15 min,
the cells were probed with a primary rabbit anti-hu-
man CLDN9 antibody, diluted in the blocking solution
(1:1000 dilution) for 30 min at 20°C. Then, the cells
were reacted with Alexa Fluor 647-conjugated an-
ti-rabbit IgG antibody (ab150093, Santa Cruz Biotech-
nologies, California, USA) at a dilution rate of 1:1000
overnight at 4°C.

723



Liu et al. CLDN9 enhances the metastatic potential of hepatocytes

Turk J Gastroenterol 2019; 30(8): 722-31

Cell counting kit-8 assay

The cells were seeded into 96-well plates in triplicate,
and a cell proliferation curve was determined by the colo-
rimetric water-soluble tetrazolium salt assay (Cell Count-
ing Kit-8; Dojindo, Kumamoto, Japan) according to the
manufacturer's protocol.

Wound-healing assay

The cells were maintained in a monolayer at 70% conflu-
ence on 24-well plastic dishes, and the monolayer was
scratched with a 100 pL pipette tip. The wounds were
photographed by a light microscope (E100, Nikon Instru-
ments Inc, Japan) (magnification x200) at the same loca-
tionat 0 h,12 h, and 24 h.

Transwell chamber method

The cells were grown on a monolayer at 90% conver-
gence and were maintained in an FBS-free medium for
12 h. Matrigel (BD Biosciences, cat. no. 356234) was
added to the upper Boyden chamber (Millipore, Bedford,
MA) in 24-well plates, and they were maintained in a cell
incubator at 37°C for 15 min. Then, a medium contain-
ing chemotactic factors, which had been collected from
the cell culture, was added to the 24-well plate, and a cell
suspension was added to the Matrigel and incubated at
37°Cin a humidified 5% CO, atmosphere for 6 h.

RNA interference (RNAi) method

The pGCSIL-scramble, pGCSIL-green fluorescent protein,
pGCSIL-Tyk2-RNAI, vesicular stomatitis virus glycopro-
tein (VSVG) expression plasmid, and virion-packaging el-
ements (pHelper 1.0) frozen glycerol bacterial stocks were
purchased from Nanjing KeyGen Biotech Co, Ltd. (Nan-
jing, China). The target was Tyk2-RNAi (29473), and the
control insert sequence was pGCSIL-scramble. HEK293T
cells (0.2x107) were seeded and maintained for 24 hours to
achieve a 70%-80% confluence in 6-well dishes (Costar,
Cambridge, MA). Four plasmids, including pGCSIL-Tyk2-
RNAI or pGCSIL-scramble, 5 pg of pGCSIL- GFP, 5 pg of
the pHelper 1.0 (packaging vector), and 5 pg of a VSVG
expression plasmid vector were added to the Opti-MEM,
with a final volume of 1.0 mL. Then, 50 pL of lipofectamine
were supplemented to 950 pL of FBS-free medium. These
two solutions were mixed and added to the cells. Lentiviral
particles were harvested 48 h after transfection, and the
viral titer was determined with a fluorescence microscopy
(Nikon Diaphot 300) with filters 96 h after transfection.

Patients and tissue samples
Biopsies were gathered from 50 patients diagnosed
with HCC who received treatment at First Hospital of

Jilin University between May 2007 and June 2012. The
cases were carefully chosen on the basis of the follow-
ing principles: no history of radiotherapy or chemother-
apy and no prior malignant disease. The HCC patients
were classified and graded on the basis of the Ameri-
can Joint Committee on Cancer tumor node metastasis
staging system. Histologically, non-neoplastic hepatic
tissues were also obtained from patients infected with
hepatitis B virus who received treatment at First Hos-
pital of Jilin University between September 2006 and
October 2011.

Immunohistochemistry

Immunohistochemistry was used to explore the expres-
sion levels of CLDN9 and p-Stat3 in tissues from 50
HCC tissue samples and 50 histologically non-neoplas-
tic hepatic tissues. The HCC cases included 18 cases
of highly differentiated cancer tissues and 32 cases of
low-to-moderately differentiated tissues. Of the 50 cas-
es, 26 also exhibited distant metastasis. The experimental
method was the same as previously described (20), and
the antibodies used were the rabbit anti-human CLDN9
antibody and p-Stat3 antibody. The evaluation of protein
expression levels depended on the ratio of stained tumor
cells and the staining intensity as previously described
(21).

Statistical analysis

All of the experiments were repeated three times, and all
of the data are presented as the mean+tstandard deviation
of at least three experimental results. The experimental
results were analyzed using Student's t-test or analysis
of variance with Dunnett's multiple comparisons test,
and p<0.05 was considered to indicate statistical signifi-
cance. The chi-squared test/chi-squared goodness of fit
test was utilized to analyze the correlation between the
p-Stat3 and CLDN9 expression levels and clinicopatho-
logical indicators.

RESULTS

The expression of CLDN9 was upregulated in human
Hcc

A RT-gPCR and a western blotting analysis were utilized
to detect the expression of CLDN9 in human hepatocyte
(HL7702) and HCC cell lines (HepG2, Hep3B, Huh1, and
MHCC97H). As it is revealed in Figures 1a, b, and d, the
mMRNA and protein expression of CLDN9 was low or ab-
sent in the human hepatocyte line HL7702 but highly ex-
pressed in the HCC cell lines Huh1, HepG2, Hep3B, and
MHCC97H.
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Moreover, the CLDN9 expression was explored in the 50
HCC tissues and 50 non-neoplastic hepatic tissues. As
shown in Figure 1c, the expression of CLDN9 in hepatic
tissues was mainly located in the membrane. A high ex-
pression of CLDN9 was seen in 68.0% (34/50 of HCC tis-
sues) and in 24.0% (12/50) of hepatic tissues (p=0.0001)
(Table 1). The relationship between CLDN9 and clinical
pathological indicators was also analyzed, and the CLDN9
expression was found to be unassociated with patient
age (p=1.000), degree of differentiation (p=0.678), clin-
ical staging (p=1.000), or Ki67 expression (p=1.000) of
HCC patients, but it was associated with distant metas-
tasis (p=0.001) (Table 1).

Stable transfection of hepatocyte lines with CLDN9

A p-EGFP-C1/CLDN9 plasmid was used to transfect
HL7702 cells. After the G418 screening, a monoclonal
strain of HL7702 cells was obtained and termed HL7702-
CLDN9. The expression of CLDN9 was explored by re-
al-time PCR and western blotting in cultured cells. The
data showed that the mRNA and protein expression of
CLDN9 in the HL7702-CLDN9 group were notably high-

er than those in the empty vector groups (p=0.0001;
p=0.0001, respectively) (Figure 23, b, d). Immunofluores-
cence was used to detect the localization of CLDN9 in
HL7702-CLDNS cells. The results showed that the ex-
pression of CLDN9 was primarily localized on cell mem-
branes (Figure 2c). These results demonstrated that the
clonal HL7702 cell line that expressed CLDN9 steadily
was successfully established.

The impact of CLDN9 on the proliferation and metasta-
sis of hepatocyte lines

To determine the impact of CLDN9 on the malignant
phenotype of hepatocyte lines, the growth curve of
HL7702 cell line was drawn by the CCK-8 method. Data
revealed that there was no significant difference in the
proliferation rate between the HL7702-CLDN9 cells and
empty vector groups (Figure 3a). A wound-healing exper-
iment was used to detect the impact of CLDN9 on the
migration ability of hepatocytes (Figure 3b). The results
showed that the migration distances of HL7702-CLDN9
cells were significantly longer than those of the empty
vector groups at 12 h and 24 h (p=0.0022). The transwell
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Figure 1. a-d. The expression levels of CLDN9 in the HCC cell lines and tissues (a). The relative mRNA level of CLDN9 in hepatocyte lines and
HCC cell lines (b). The relative protein expression of CLDN9 in hepatocyte lines and HCC cell lines (c). The protein expression of CLDN9 in
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chamber method was also used to detect the metasta-
sis ability of hepatocytes. Six hours after the cells were
seeded, we quantified the cells that invaded the chamber
membrane. These observations displayed that there were
notably more invasive cells in the HL7702-CLDN9 groups
than in the empty vector groups, suggesting that CLDN9
significantly promotes invasive behavior in hepatocytes
in vitro (Figure 3c, d).

The impact of CLDN9 on the Tyk2/Stat3 signaling path-
way of hepatocytes

The western blotting was utilized to explore the ac-
tivation state of the Tyk2/Stat3 pathway. The results
showed that after the overexpression of CLDN9, the
phosphorylation level of Stat3 and Tyk2, an upstream
regulator of Stat3, were significantly increased (Figure
4a, b). These data suggest that CLDN9 significantly en-
hances the activation of the Tyk2/Stat3 signaling path-
way.

The impact of Tyk2/Stat3 signaling pathway activation
on the invasion and migration ability of hepatocytes

To determine the impact of Tyk2/Stat3 signaling pathway
on hepatocyte invasion and migration ability, we trans-
fected HL7702-CLDN9 cells with a pGCSIL-scramble
plasmid and a pGCSIL-Tyk2-RNAi plasmid. The real-time
PCR and western blotting were utilized to determine the
expression level of Tyk2 and changes in the activation
state of Stat3 in these cells, and the results showed that
compared with the expression in the scramble group, the
expression of Tyk2 was significantly reduced in Tyk2-
RNAI cells (Figure 5a-c). The phosphorylation level of
Stat3 were also explored, and the results displayed that
the phosphorylation level of Stat3 was notably downreg-
ulated following the knockdown of Tyk2 in the HL7702
cell line that overexpressed CLDN9 (Figure 5b, c).

The transwell chamber assay and wound-healing assay
were utilized to determine the impact of Tyk2 on the
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invasive and migration ability of the cells. The results
showed that the numbers of invasive HL7702 cell lines
in the CLDN9-expressing cells were significantly reduced
following Tyk2 silencing (Figure 5d, e). The migration dis-
tances of Tyk2-RNAi cells were significantly shorter than
those of the scramble group at 12 h and 24 h (Figure 5f).

Expressions of p-Stat3 in human HCC

The expression of p-Stat3 was explored in the 50 HCC
sections and 50 non-neoplastic hepatic sections. As re-
vealed in Figure 6, the expression of p-Stat3 was highly
expressed in 62.0% (31/56) of HCC tissues and in 32.0%
(16/50) of non-neoplastic hepatic tissues (p=0.0001)
(Table 1). The results suggested that the p-Stat3 expres-
sion was increased in human HCC tissues.

The relationship between p-Stat3 and clinical patho-
logical indicators was analyzed, and the expression of
p-Stat3 was found to be unassociated with the age

(p=0.451), tumor Ki67 expression (p=1.000), or clinical
staging (p=0.296) of HCC patients, but it was associated
with the degree of differentiation and distant metastasis
(p=0.002 and p=0.0258, respectively) (Table 1).

CLDN9 and p-stat3 were concurrently expressed in HCC
tissues

In addition, the relevance of CLDN9 and p-stat3 expres-
sion in HCC tissues was also explored. As shown in Table
2,the CLDN9 and p-stat3 were concurrently expressed in
44.0% (22/50 of HCC tissues). The expression of CLDN9
was found to be positively correlated with p-stat3 in HCC
tissues by the chi-squared test/chi-squared goodness of
fit test (0=0.852, p<0.01).

DISCUSSION

To date, certain studies have characterized the CLDN
expression in HCC tumorigenesis and progression
(22,23). For instance, the CLDN1 and CLDN7 protein
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expression was suggested to be notably upregulated in
cirrhotic tissues versus non-cirrhotic liver tissues (24).
Moreover, CLDN1 has been defined as a crucial feature
in the entrance of hepatitis C virus into hepatocytes, and
upregulated expression of CLDN1 was revealed to serve
as a trigger of the epithelial-to-mesenchymal transi-
tion through the c-Abl/Raf/Ras/ERK signaling pathway
(25). Given these correlations of the claudin protein ex-
pression and HCC, these proteins may be established
as novel targets in the diagnosis and treatment of HCC
(26). However, few studies have explored the etiologic
association between the CLDN9 and hepatic carcino-
genesis.

The current understanding of the biological functions
of CLDN9 is primarily limited to epithelial and epider-
mal permeability, barrier protection, and cell connec-
tions, with reports on the relationship between CLDN9
and HCC being rare. Our research group found that the
CLDN@9 expression was upregulated in HCC tissues, and
we speculated that the expression of this gene may play
a part in the HCC tumorigenesis. At present, our data
indicated that the upregulation of CLDN9 significantly

promoted the invasion and migration abilities of hepato-
cytes. To determine the character of the Tyk2/Stat3 sig-
naling pathway in this effect, we used Tyk2-RNAi assays
to silence the expression of Tyk2 in the hepatocytes that
overexpressed CLDN9 and assessed the impact of the
Tyk2/Stat3 signaling pathway on cell metastasis ability in
vitro. Our data showed that the Tyk2 silencing resulted in
the inhibition of the Stat3 signaling pathway and metas-
tasis abilities in hepatocytes. To date, few studies have
shown that the Tyk2/Stat3 signaling impacts the role of
various CLDNs in human tumorigenesis. One of the most
interesting findings in our research is the evidence that
upregulated CLDN9 contributed to an enhancement of
cell invasion and migration through the Tyk2/Stat3 sig-
naling pathway in HCC. To further confirm our findings,
we explored the association between the CLDN9 and
p-Stat3 expression in HCC tissues. Our data displayed
that the CLDN9 expression was positively correlated
with p-Stat3, suggesting that the expression of CLDN9
may be negatively correlated with the activation of Stat3
during the HCC progression. Hence, the CLDN9 and
p-Stat3 have the potential to be established as molecular
markers for HCC diagnosis.
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At present, we confirmed that, as an HCC proto-onco-
gene, CLDN9 notably promotes the metastatic ability of
the HL7702 hepatocyte line. We also performed an initial
investigation into the molecular mechanism of this effect

and found that CLDN9 affected the Stat3 signaling path-
way via Tyk2, ultimately enhancing the metastatic ability
of hepatocytes. In view of the insufficient therapeutic
selections in HCC, the CLDNO role as a therapeutic tar-
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Normal
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Figure 6. Expressions of p-Stat3 in human HCC and hepatic tissue

get needs to be further explored. However, the precise
mechanisms of the signal transduction from the mem-
brane-anchored CLDN9 to Tyk2 protein located in the
cell interior remains to be elucidated.

In conclusion, we confirm that the expression of CLDN9
significantly enhances the metastatic ability of hepato-
cytes in vitro, and the activation of the Stat3 pathway by
Tyk2 may be one of the important mechanisms by which
CLDN9 promotes hepatocyte aggressiveness in HCC.
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