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Claudinl promotes the proliferation, invasion and migration
of nasopharyngeal carcinoma cells by upregulating
the expression and nuclear entry of f3-catenin
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Abstract. The aim of the present study was to measure the
expression of Claudin (CLDN) 1 in nasopharyngeal carcinoma
(NPC) and to determine its biological function and mechanism
of action. Reverse transcription-quantitative polymerase chain
reaction and western blotting were performed to measure the
expression of CLDNI mRNA and protein, respectively, in the
immortalized human nasopharyngeal epithelial cell line NP69
and NPC-TWOI cells. Subsequently, small interfering RNA
against CLDN1 and the LV-GFP-PURO-CLDNI lentivirus
were transfected into NPC-TWOI cells. Western blotting
was used to determine the effects of CLDN1 down- and
upregulation on the expression of the epithelial mesenchymal
transition (EMT) markers E-cadherin and vimentin. In addi-
tion, the effect of CLDNI1 on the expression of f-Catenin
was determined. The results demonstrated that levels of
CLDNI mRNA and protein in NPC cells were significantly
higher than in NP69 cells. Furthermore, the downregulation
of CLDNI inhibited the proliferation, invasion and migra-
tion of NPC-TWOI cells. The results of western blotting
demonstrated that the downregulation of CLDNI resulted in
the upregulation of E-cadherin and inhibition of vimentin in
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NPC-TWOLI cells. By contrast, the overexpression of CLDN1
resulted in the downregulation of E-cadherin and upregula-
tion of vimentin in NPC-TWOLI cells. The downregulation of
[-catenin attenuated the cancer-promoting effect of CLDN1
on NPC-TWOI cells, whereas the upregulation of f-catenin
reversed the tumor-suppressing effect of CLDN1 downregu-
lation on NPC-TWOI cells. The results of the present study
therefore demonstrate that CLDN1 expression is elevated in
NPC cells. As an oncogene, CLDNI promotes the prolifera-
tion, invasion and migration of NPC cells by upregulating the
expression and nuclear entry of f-catenin.

Introduction

Nasopharyngeal carcinoma (NPC) is a malignant tumor
affecting the head and neck and has a particularly high inci-
dence in Southern China (1,2). The onset and development of
NPC is closely associated with genetic factors, Epstein-Barr
viral infection, air pollution and excessive contact with trace
elements, including nickel (3). Poorly differentiated squamous
cell carcinoma is the most common type of NPC, whereas the
incidence of other types of NPC, including highly differenti-
ated squamous cell carcinoma, adenocarcinoma and vesicular
nucleus cell carcinoma, is much lower (4). Most patients with
NPC are sensitive to radiotherapy, which is the preferred
modality of treatment (5).

The overall survival rate of patients with NPC has been
increasing; however the prognosis of patients with advanced
NPC remains poor and the 5-year survival rate of such patients
is only 30-40% (6,7). Tumor recurrence and distant metastasis
are the primary factors affecting the prognosis of patients with
NPC (8). It has been demonstrated that 70-80% of patients
with NPC already have lymph node metastasis upon diag-
nosis and 60% of patients with NPC experience neck lymph
node enlargement as their initial symptom (9). Therefore, it is
important to determine the molecular mechanism of invasion
and metastasis of NPC, as this may improve the early diag-
nosis and treatment of patients with NPC.
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Tight junctions are important structures that maintain cell
connections and polarity and are composed of a variety of
proteins (10). The disordered expression of tight junctions is
closely associated with the proliferation, invasion, metastasis
and apoptosis of tumors (11,12). Claudin (CLDN) 3 and CLDN4
are important proteins in the intestinal epithelial cell barrier and
their disordered expression induces tumor metastasis (13,14).
CLDN3 expression is downregulated in early gastric cancer,
whereas CLDN4 overexpression is closely associated with the
development of gastric cancer (15,16). Furthermore, CLDNG6,
CLDN7 and CLDN9 promote the proliferation, invasion and
metastasis of gastric cancer cells (17,18).

CLDNI is one of the key structural proteins in the tight
junction protein family and is distributed across the surface of
the cell membrane in the form of a transmembrane structure
that crosses the membrane four times. CLDNI interacts with
the isoenzymes of creatine kinase, tight junction proteins ZO1,
702,703 and proteins containing the PDZ domain, to pass
signals inside and outside cells and maintain the physical
barrier function of tight junctions (19,20). The expression of
CLDNI1 is upregulated in NPC and is associated with lymph
node metastasis and clinical staging; however, the function of
CLDNI1 in NPC remains unclear (21).

The epithelial-mesenchymal transition (EMT) is a process
during which epithelial cells lose their polarity and gain
interstitial cell properties, including increased invasiveness
and metastasis, and decreased rates of apoptosis. The EMT
is a key step in tumor metastasis and inhibiting the EMT thus
inhibits tumor invasion and metastasis (22). Previous studies
have demonstrated that numerous genes and signaling path-
ways are involved in the EMT in epithelial tumors. Inhibiting
enhancer of zeste homolog 2 expression and enhancing fork-
head box protein C2 expression promotes the EMT in ovarian
cancer cells (23). In addition, microRNA-630 regulates the
invasion and metastasis of esophageal squamous carcinoma
cells by inhibiting the EMT (24). Tight junction proteins are
associated with the EMT in tumors (25); however, to the best
of our knowledge, the effect of CLDN1 on the EMT in NPC
cells has not yet been reported. It has also been demonstrated
that the Wnt/B-catenin signaling pathway serves an impor-
tant role in the EMT and f3-catenin aggregation in cytoplasm
stimulates the entry of B-catenin into the nucleus. This trig-
gers the transcription of EMT-related genes and the onset
of the EMT (26). The present study assessed the biological
effects and molecular mechanisms of CLDN1 in NPC, with
the aim of determining the effect of tight junction proteins
in NPC.

Materials and methods

Cells. The human nasopharyngeal epithelial cell line NP69
was purchased from the Cell Bank of Chinese Academy of
Sciences (Shanghai, China). The human nasopharyngeal carci-
noma cell line NPC-TWO0I was purchased from the American
Type Culture Collection (Manassas, VA, USA). All cells were
cultured in RPMI-1640 medium containing 10% fetal bovine
serum (both obtained from BD Biosciences, Franklin Lakes,
NJ, USA) at 37°C and 5% CO,. Cells were passaged once they
reached 80-90% confluence. The medium was replenished
every 2 days.
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CLDNI silencing. To determine the biological functions
of CLDNI in NPC, NPC-TWOI cells exhibiting silenced
CLDNI1 expression were constructed. NPC-TWOI cells were
seeded into 24-well plates at a density of 1x10° cells/well.
NPC-TWOLI cells were divided into a small interfering RNA
(siR)-negative control (NC) group and an siR-CLDNI group
(25 pmol/ul; Hanbio Biotechnology Co., Ltd., Shanghai,
China). Cells in the siR-CLDNI group were transfected with
LV-GFP-PURO-siR-CLDNI1 lentivirus (MOI=20; Hanbio
Biotechnology Co., Ltd.) using Lipofectamine 3000 (Thermo
Fisher Scientific, Inc., Waltham, MA, USA). Following
12 h cultivation, RPMI-1640 medium was replenished.
Subsequently, cells in siR-NC and siR-CLDNI groups were
transfected with siR-NC and siR-B-catenin (rescue group;
25 pmol/ul; Hanbio Biotechnology Co., Ltd.), respectively. On
the next day, RPMI-1640 medium was replenished. Following
48 h of transfection, the cells were used for subsequent
experiments.

CDNI overexpression. NPC-TWOI cells were divided into
an NC group and a CLDNI group and transfected with a
LV-GFP-PURO-CLDNI lentivirus. Following 12 h cultiva-
tion, RPMI-1640 medium was replenished. Subsequently,
cells in the NC and CLDNI1 groups were transfected with
pcDNA3.1-NC and pcDNA3.1-B-catenin (rescue group; 0.5 ug
DNA; Hanbio Biotechnology Co., Ltd.), respectively. On the
next day, RPMI-1640 medium was replenished. Following
48 h of transfection, the cells were used for subsequent experi-
ments.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Cells were trypsinized and lysed with 1 ml TRIzol
(Thermo Fisher Scientific Inc., Waltham, MA, USA). Following
lysis, total RNA was extracted using the phenol chloroform
method (27). RNA purity was determined at A260/A280
using an ultraviolet spectrophotometer (Nanodrop ND1000;
Thermo Scientific, Inc.). cDNA was obtained from 1 zg RNA
following reverse transcription with a PrimeScript RT Reagent
kit (Takara Biotechnology, Co., Ltd., Dalian, China) and
stored at -20°C. gPCR was performed using a SYBR Green
RT-qPCR kit (Takara Biotechnology Co., Ltd.) and GAPDH
was used as an internal reference. The qPCR system (20 pl)
consisted of 10 ul SYBR EX Tag-Mix, 0.5 ul forward primer
(CLDNI, 5'-CTGGGAGGTGCCCTACTTTG-3'; GAPDH,
5-AGAAGGCTGGGGCTCATTTG-3"), 0.5 pl reverse primer
(CLDNI, 5-ACACGTAGTCTTTCCCGCTG-3'; GAPDH,
5'-AGGGGCCATCCACAGTCTTC-3"), 1 ul cDNA and 8 pul
ddH,0. qPCR was performed in triplicate for each sample. The
thermocycling conditions for gPCR were: Initial denaturation
at 95°C for 5 min; 40 cycles of denaturation at 95°C for 1 min,
annealing at 60°C for 30 sec, elongation at 72°C for 20 sec and
final extension at 72°C for 1 min. The 2224 method was used
to determine the relative expression of mRNA (28).

Western blotting. At 72 h after transfection, cells (1x10°)
were mixed with precooled radio immunoprecipitation assay
lysis buffer (1 ml; 50 mM Tris-base, | mM EDTA, 150 mM
NaCl, 0.1% sodium dodecyl sulfate, 1% Triton X-100 and 1%
sodium deoxycholate; Beyotime Institute of Biotechnology,
Shanghai, China) and lysed for 30 min on ice. Following
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sonication in an ice bath performed three times each at 5 sec
(with a 20 sec interval), the mixture was kept on ice for 1 min
and centrifuged at a speed of 12,000 x g at 4°C for 15 min.
The supernatant was used to determine protein concentration
using a bicinchoninic acid protein concentration determina-
tion kit [RTP7102; Real-Times (Beijing) Biotechnology Co.,
Ltd., Beijing, China]. Protein samples (20 pyg/lane) were then
mixed with 5X SDS loading buffer prior to denaturation in a
boiling water bath for 10 min. Samples were then subjected
to 10% SDS-PAGE at 100 V. Subsequently, resolved proteins
were transferred to polyvinylidene difluoride membranes
on ice (300 mA, 2 h). Following blocking with 50 g/I skim
milk at room temperature for 1 h, membranes were incubated
with polyclonal rabbit anti-human E-cadherin 1 (1:1,000;
cat. no. ab15148; Abcam, Cambridge, UK), polyclonal rabbit
anti-human vimentin (1:2,000; cat. no. ab45939; Abcam), poly-
clonal rabbit anti-human CLDNI (1:1,000; cat. no. ab15098;
Abcam), polyclonal rabbit anti-human B-catenin (1:1,000;
cat. no. AF0066; Beyotime Institute of Biotechnology),
monoclonal mouse anti-human H3 (1:1,000; cat. no. AF0009;
Beyotime Institute of Biotechnology), and monoclonal mouse
anti-human GAPDH (1:4,000; cat. no. AF0006; Beyotime
Institute of Biotechnology) primary antibodies at 4°C over-
night. Following 5 washes with phosphate-buffered saline
with Tween 20 (5 min/wash), membranes were incubated with
goat anti-rabbit (cat. no. A0208; for target proteins) or goat
anti-mouse (cat. no. A0216; for GAPDH) horseradish perox-
idase-conjugated secondary antibodies (1:3,000; Beyotime
Institute of Biotechnology) for 1 h at room temperature.
Membranes were then washed 5 times with phosphate-buff-
ered saline with Tween-20 (5 min/wash). Membranes were
developed using an enhanced chemiluminescence detection
kit (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany).
Image lab software v3.0 (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) was used to acquire and analyze imaging
signals. The expression of E-cadherin 1, vimentin CLDNI1 and
[-catenin were expressed relative to that of GAPDH, while
nucleo-B-catenin was expressed relative to that of H3.

Cell-counting kit 8 (CCK-8) assay. All cells were seeded in
96-well plates at a density of 3,000/well. At 24, 48 and 72 h,
the medium was discarded and cells were washed twice
with phosphate-buffered saline, followed by the addition of
RPMI-1640 medium (BD Biosciences) and 10% CCK-8 reac-
tion reagent (Beyotime Institute of Biotechnology). Following
incubation at 37°C for 1 h, the absorbance of each well was
measured at 450 nm for plotting cell proliferation curves. Each
sample was tested in triplicate.

Cell migration and invasion assays. Transwell chambers
(8 pm diameter and 24 wells; Corning Inc., Corning, NY,
USA) were used to evaluate the migration ability of cells. Cell
suspension (200 ul; 2x10° cells) in serum-free RPMI-1640
medium (BD Biosciences) was added to the upper chamber. In
the lower chamber, 500 1 RPMI-1640 medium supplemented
with 10% fetal bovine serum was added. Following 24 h incu-
bation, cells in the upper chamber were wiped using a cotton
swab. Then, the chamber was fixed using 4% formaldehyde for
10 min at room temperature and then stained using Giemsa
stain at room temperature for 1 min. Following 3 washes, cells
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that migrated to the other side of the chamber were counted
in five fields using a light microscope (magnification, x100) to
evaluate migration ability.

The same number of cells as the migration assay were
seeded in the upper chamber for the invasion assay. Matrigel
(BD Biosciences) was used to determine the invasive ability
of cells. Matrigel was diluted with serum-free RPMI-1640
medium at a ratio of 1:1. In the upper chamber, 100 ul diluted
Matrigel was added and kept at 37°C for 1 h. In the lower
chamber, 500 u1 RPMI-1640 medium supplemented with 10%
fetal bovine serum was added. Following 72 h incubation,
cells in the upper chamber were wiped using cotton swab.
The chamber was fixed using 4% formaldehyde for 10 min at
room temperature and then stained using Giemsa stain at room
temperature for 1 min. Following 3 washes, cells that moved to
the other side of the chamber were counted using a microscope
to evaluate invasive ability.

Statistical analysis. Results were analyzed using SPSS
17.0 statistical software (IBM Corp., Armonk, NY, USA).
The data were expressed as the mean + standard devia-
tion. Differences between two groups were compared using
Student's t-test and those among multiple groups were
compared using one-way analysis of variance. Subsequently, a
post hoc multiple comparison test (Tukey's honest significance
test) was performed. P<0.05 was determined to indicate a
statistically significant difference.

Results

CLDNI expression is elevated in NPC cell lines. To determine
the expression of CLDN1 in NPC cell lines, RT-qPCR and
western blotting were performed. The results demonstrated
that the expression of CLDN1 mRNA in NPC-TWOI cells was
significantly higher than in NP69 cells (P<0.05; Fig. 1A). The
results of western blotting demonstrated that the expression of
CLDNI1 protein in NPC-TWOI1 cells was significantly higher
than in NP69 cells (P<0.05; Fig. 1B). These results demonstrate
that CLDNI expression is significantly elevated in NPC cells.

CLDNI silencing inhibits the proliferation of NPC cells
whereas CLDNI overexpression promotes the proliferation of
NPC cells. To measure cell proliferation, a CCK-8 assay was
performed. The results demonstrated that the proliferation of
NPC-TWOI cells transfected with siR-CLDNI1 was significantly
lower compared with cells in the siR-NC group at 48 and 72 h
(P<0.05; Fig. 2A). By contrast, the proliferation of NPC-TWO01
cells transfected with CLDNI1 was significantly higher than
that of cells in the NC group at 48 and 72 h (P<0.05; Fig. 2B).
These results demonstrate that CLDNI1 silencing inhibits the
proliferation of NPC cells, whereas CLDN1 overexpression
promotes the proliferation of NPC cells.

CLDNI promotes the migration and invasion of NPC cells. To
determine the migration and invasion of NPC cells, a Transwell
assay was employed. The results of the migration and inva-
sion assays demonstrated that the number of NPC-TWOI cells
transfected with siR-CLDNI that passed through the Transwell
chamber membrane was significantly lower than that of the
siR-NC group (P<0.05; Fig. 3A). By contrast, the number of
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Figure 1. Expression of CLDNI (A) mRNA and (B) protein in NPC-TWO01
cells compared with NP69 cells. Reverse transcription-quantitative poly-
merase chain reaction was used to determine CLDNI mRNA levels, whereas
protein expression was measured by western blotting. “P<0.05 vs. NP69 cells.
CLDNI, Claudin-1.
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Figure 2. NPC-TWOI cell proliferation following transfection with
(A) siR-CLDNI and (B) CLDNI. A Cell Counting Kit-8 assay was used to
measure absorbance at 450 nm and proliferation curves were then plotted.
“P<0.05 vs. siR-NC or NC group. CLDN1, claudin-1; siR, short hairpin RNA;
NC, negative control.
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Figure 3. The migration and invasion of NPC-TWOL1 cells transfected with
(A) siR-CLDN1 and (B) CLDNI. Magnification, x100. "P<0.05 vs. the respec-
tive siR-NC or NC groups. CLDN1, Claudin-1; siR, short hairpin RNA; NC,
negative control.

NPC-TWOI cells overexpressing CLDNI that passed through
the Transwell chamber membrane was significantly higher
than those in the NC group (P<0.05; Fig. 3B). These results
suggest that CLDNI1 promotes the migration and invasion of
NPC cells.

CLDNI overexpression promotes the EMT in NPC cells. To
determine the expression of the two EMT markers E-cadherin
and vimentin following transfection of NPC-TWOI cells
with either siR-CLDNI or CLDNI, western blotting was
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performed. The results demonstrated that the expression
of vimentin following transfection with siR-CLDNI1 was
significantly lower than that of the siR-NC group (P<0.05;
Fig. 4A), however, the expression of E-cadherin following
transfection with siR-CLDNI1 was significantly higher than
that of the siR-NC group (P<0.05). By contrast, the expression
of vimentin following transfection with CLDNI1 was signifi-
cantly higher than that of the NC group (P<0.05; Fig. 4B),
however, the expression of E-cadherin following transfection
with CLDNI1 was significantly lower than that of the NC group
(P<0.05). These results indicate that the overexpression of
CLDNI promotes the EMT in NPC cells.

CLDNI promotes -catenin expression and entry into the
nucleus and induces the EMT via the (3-catenin signaling
pathway. To measure the expression of [-catenin, western
blotting was performed. The results demonstrated that
CLDNI silencing significantly inhibited the total expression
of B-catenin and its nuclear translocation in NPC-TWOI cells
(P<0.05; Fig. 5A). By contrast, overexpression of CLDNI
significantly enhanced the expression of B-catenin and its
nuclear translocation in NPC-TWOI cells (P<0.05; Fig. 5B).
These results suggest that CLDNI1 promotes -catenin expres-
sion and entry into the nucleus, and facilitates the EMT via the
[-catenin signaling pathway.

CLDNI exerts its oncogene function via the f-catenin
signaling pathway. To confirm that CLDNI1 induces its
effects via the (3-catenin signaling pathway, NPC-TWOI cells
exhibiting CLDNI silencing and overexpression were trans-
fected with B-catenin siRNA and overexpression plasmids,
respectively, to increase and decrease f-catenin expression
(Fig. 6). The results demonstrated that the upregulation of
[-catenin expression significantly promoted the proliferation
(Fig. 7), invasion and migration (Fig. 8) and the EMT (Fig. 9)
of NPC-TWOI cells with silenced CLDNI1 expression. By
contrast, downregulation of (3-catenin expression inhibited the
proliferation, invasion and migration, and EMT of NPC-TWO01
cells exhibiting CLDN1 overexpression (Figs. 6-9). These
results indicate that CLDNI exerts its oncogene function via
the B-catenin signaling pathway.

Discussion

CLDNI is a tumor marker that exhibits abnormal expression
in various different tumors and participates in the regula-
tion of biological processes, including cell proliferation,
apoptosis, invasion and migration (29). Nakagawa et al (30)
indicated that CLDNI1 overexpression promotes the invasion
and migration of colon cancer cells and is negatively corre-
lated with patient prognosis. Fortier er al (31) demonstrated
that deletion of the keratin 8 and 18 genes upregulates the
expression of CLDNI, thus stimulating the proliferation,
invasion and migration of HepG2 cells. Jian et al (32) indi-
cated that the function of CLDNI in promoting the invasion
and migration of osteosarcoma cells is closely associated with
its detachment from the cell membrane and entry into the
nucleus, suggesting that the intracellular location of CLDN1
is associated with tumor migration and invasion. It has also
been reported that the expression of CLDNI is elevated
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NPC-TWOLI cells transfected with (A) siR-CLDNI or (B) CLDNI. "‘P<0.05
vs. the respective NC. siR, short hairpin RNA; CLDNI, claudin-1; NC,
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in gastric cancer tissues and that it inhibits the anoikis of
gastric cancer cells via the 3-catenin signaling pathway (33).
These studies suggest that CLDNI is closely associated with
tumor invasion and metastasis and that the EMT is a key
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process in the migration of epithelial tumor cells. Certain
studies have demonstrated that CLDNI1 is closely associated
with the EMT. For example, CLDN1 promotes the EMT
in hepatocytes via the c- Abelson murine leukemia viral
oncogene homolog 1-extracellular-signal-regulated kinase
signaling pathway (34). In addition, the downregulation of
CLDNI facilitates the EMT of rat hepatocytes induced by
transforming growth factor 3 (35). The function of CLDNI1
in the EMT may differ among different cells. The results
of the present study demonstrate that CLDN1 expression is
upregulated in NPC cell lines and promotes the prolifera-
tion, the EMT, invasion and migration of NPC cells, which is
consistent with its effects in other tumors.

As a type of multifunctional protein, B-catenin is widely
distributed in different types of cells, including epithelial
cells, fibroblasts and osteoblasts, and promotes the prolifera-
tion, differentiation and apoptosis of these cells (35). It has
been demonstrated that the expression of B-catenin is upreg-
ulated in different types of tumor and promotes the EMT in
these tumor cells, indicating that it is a key molecular target
for inhibiting tumor metastasis. Oridonin inhibits the EMT
in pancreatic cancer cells by downregulating the activity of
the Wnt/p-catenin signaling pathway (36). Furthermore, the
long non-coding RNA UCA1 promotes the EMT in breast
cancer cells by activating the Wnt/B-catenin pathway (26)
and Yi et al (37) determined that Wnt/B-catenin promotes
the EMT and induces chemotherapy resistance in glioma.
Wnt/B-catenin is not only a key signaling pathway that
promotes the EMT, but also regulates tumor cell proliferation.
Santos et al (38) reported that Sox9 enhances the prolifera-
tion of gastric cancer cells by activating the Wnt/B-catenin
pathway. Furthermore, Lu et al (39) indicated that karyo-
pherin 1 promotes the proliferation of glioma cells by
activating the Wnt/p-catenin pathway. The results of these
studies suggest that the Wnt/B-catenin signaling pathway
induces important regulatory effects on the EMT and tumor
proliferation. The results of the present study demonstrated
that downregulating and overexpressing CLDN1 in NPC
cells upregulates and downregulates the expression and
nuclear entry of B-catenin, respectively. The downregula-
tion of B-catenin inhibits the cancer-promoting function of
CLDNI, suggesting that CLDNI1 promotes the proliferation,
EMT, invasion and migration of NPC cells by activating the
Wnt/B-catenin signaling pathway.

In conclusion, the results of the present study demonstrate
that CLDN1 promotes the proliferation, EMT, invasion and
metastasis of NPC cells by activating the Wnt/B-catenin
signaling pathway. Therefore, CLDNI is an oncogene that
may be a potential molecular therapeutic target for treating
NPC.
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