EXPERIMENTAL AND THERAPEUTIC MEDICINE 23: 7, 2022

IRF2-induced Claudin-7 suppresses cell proliferation,
invasion and migration of oral squamous cell carcinoma
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Abstract. Oral squamous cell carcinoma (OSCC) is a common
type of malignant tumor worldwide. Claudin-7 (CLDN7) has
been reported to exhibit low expression in tissues of patients
with OSCC; however, the underlying mechanisms of CLDN7
remain to be elucidated. The present study aimed to investigate
the effects of CLDN7 on the progression of OSCC and identify
its potential regulatory mechanisms. CLDN7 and interferon
regulatory factor-2 (IRF2) expression in several OSCC cell
lines were detected using reverse transcription-quantitative
PCR (RT-qPCR) and western blotting. Following CLDN7
overexpression, cell proliferation, invasion and migration were
determined using a Cell Counting Kit-8, colony formation,
Transwell and wound healing assays, respectively. The potential
binding sites of IRF2 on the CLDN7 promoter were analyzed
using the PROMO and JASPAR databases, which were veri-
fied via chromatin immunoprecipitation and RT-qPCR assays.
The effects of IRF2 and CLDN7 on the biological functions
of OSCC cells were examined by transfection with short
hairpin RNA (shRNA) against CLDN7 (sh-CLDN7), or IRF2
and CLDN7 overexpression plasmids. The results revealed
that CLDN7 and IRF2 expression were significantly down-
regulated in OSCC cell lines, and CLDN7 overexpression
reduced the proliferation, invasion and migration of OSCC
cells. Additionally, IRF2 was confirmed to combine with the
CLDNY7 promoter. CLDNT7 silencing reversed the inhibitory
effects of IRF2 overexpression on the proliferation, invasion
and migration of OSCC cells. Taken together, these find-
ings demonstrated that IRF2-induced CLDN7 upregulation
suppressed the proliferation, invasion and migration of OSCC
cells, suggesting the possibility of CLDN7 and IRF2 as novel
targets for the treatment of OSCC.
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Introduction

Oral squamous cell carcinoma (OSCC), a type of head and
neck squamous cell carcinoma, is one of the most common
malignant tumors diagnosed worldwide with high morbidity
and mortality rates (1). According to the 2018 global cancer
statistics, OSCC accounted for ~3% of new cases and 1.9%
of deaths of all malignant cancers (2). Over the past two
decades, although a multidisciplinary approach, including
chemotherapy, targeted therapy and surgical therapy, has been
applied for the treatment of OSCC, the overall 5-year survival
rate of patients with OSCC has remained <50% (3.4). Hence,
it is of great importance to widen the current understanding of
the mechanisms underlying OSCC progression and discover
effective biomarkers and therapeutic strategies for improving
OSCC treatment and prognosis.

Claudin-7 (CLDN7), one of the 24 members of the Claudin
family, is involved in regulating tight junction assembly,
intercellular exchange and cell polarity maintenance (5).
An increasing number of studies have confirmed that the
abnormal expression of CLDN7 can disrupt the integrity of
tight junctions, thereby resulting in the loss of cell polarity,
and inducing abnormal proliferation, invasion and metas-
tasis (6,7). Accumulating evidence has shown that CLDN7
is abnormally expressed in multiple types of cancer tissues,
such as ovarian carcinoma, salivary adenoid cystic carcinoma
and colorectal cancer (6,8,9), indicating that alterations in
CLDN7 expression may be closely related to the occurrence
of these tumors. Emerging evidence supports the notion that
low expression of CLDNT7 serves as a crucial feature of OSCC,
and loss of CLDN7 is considered as a negative prognostic
factor for invasion and metastasis in OSCC (10). However, the
exact regulatory mechanisms of CLDN7 in OSCC remains
to be elucidated. Interferon regulatory factor-2 (IRF2) was
predicted as an upstream regulator of CLDN7 expression, as
determined using the PROMO database, and the highest bound
fraction between IRF2 and CLDN7 was confirmed using the
JASPAR database. The roles of IRF2 on carcinogenesis are
controversial. Initially, it was shown that IRF-2 served as an
oncogenic protein, and the expression levels of IRF-2 were
also found to be upregulated in esophageal and pancreatic
cancer (11,12). The downregulation of IRF2 is responsible for
the anti-tumorigenic effects in prostate cancer cells overex-
pressing microRNA-221 (13). In contrast, IRF2 served as a
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tumor suppressor and its inactivation led to impaired P53 func-
tion (14). IRF2 is reported to inhibit the invasion and migration
of gastric cancer cells by inactivating MMP-1 expression (15).
However, the function of IRF2 in OSCC remains unknown, to
the best of our knowledge.

The present study aimed to investigate the effects of
CLDNT7 on proliferation, invasion and migration of OSCC
cells, and identify whether IRF2 could transcriptionally
activate CLDN7 to affect the progression of OSCC.

Materials and methods

Cell culture. SCC-9, CAL-27, SCC-15 and SCC090 human
OSCC cell lines were purchased from the American Type
Culture Collection. The human oral keratinocyte HOK cell
line was provided by Shanghai Haoyuan Biotech Co., Ltd.
These cell lines were maintained in DMEM supplemented
with 10% FBS (HyClone; Cytiva) at 37°C in a humidified
incubator with 5% CO,.

Cell transfection. CAL-27 cells in the logarithmic growth
phase were collected and plated into 6-well plates at a
density of 1x10° cells/well at 37°C. When cells reached 85%
confluence, cells were transfected with 2 yg CLDN7 plasmid
(pc-CLDN7), 2 ug IRF2 plasmid (pc-IRF2) or 2 ug empty
vector plasmid (pcDNA3.1) using Lipofectamine® 3000
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) at 37°C
according to the standard protocol (16). The aforementioned
plasmids were purchased from Shanghai GenePharma Co.,
Ltd. Additionally, 2 ug short hairpin RNA (shRNA) targeting
CLDN7 (sh-CLDN7) was constructed in a U6/GFP/Neo
plasmid (GenePharma, Shanghai, China) and transfected into
CAL-27 cells using Lipofectamine® 2000 reagent at 37°C.
Western blot analysis was employed to evaluate the transfec-
tion efficiency 48 h post-transfection.

Cell viability assay. Cell Counting Kit-8 (CCK-8; Shanghai
Yeasen Biotechnology Co., Ltd.) assays were utilized to assess
cell viability, according to the manufacturer's instructions.
CAL-27 cells were inoculated into 96-well plates and cultured
at 37°C overnight. At the indicated time points (24, 48 or
72 h), 10 ul CCK-8 solution was added to each well after 2 h
of culture at 37°C. The absorbance was determined at 450 nm
using a microplate reader (Bio-Rad Laboratories, Inc.).

Colony formation assay. Cells in the logarithmic growth
phase were seeded into a 6-well culture plate (500 cells/well).
Cells were cultured at 37°C for 2 weeks until colony formation
became visible to the naked eye. Then, cells were fixed with 4%
paraformaldehyde for 30 min at room temperature, followed
by staining with 0.5% crystal violet solution (Sigma-Aldrich;
Merck KGaA) for 5 min at room temperature. The number of
colony cells with a minimum of 50 cells was counted under a
light microscope (magnification, x200).

Transwell invasion assay. A Matrigel-based assay in 24-well
8-um pore Transwell chambers (Costar; Corning, Inc.) was
utilized for the evaluation of cell invasion. A total of 2.5x10°
CAL-27 cells were inoculated in serum-free medium in the
upper chamber. DMEM supplemented with 10% FBS was

added to the lower compartment as a chemoattractant. After
24 h of incubation, cells remaining on the top of the Matrigel
were gently removed with a cotton swab. Cells which had
invaded to the lower surface of the membrane were fixed in
4% paraformaldehyde for 20 min at 37°C and stained with
0.1% crystal violet (Sigma-Aldrich; Merck KGaA) for 30 min
at 37°C. Images were captured using an inverted fluorescence
microscope (magnification, x200; Olympus Corporation). The
number of cells which had invaded were counted using ImageJ
version 1.52r (National Institutes of Health).

Wound healing assay. CAL-27 cells were seeded into 6-well
plates (5x10* cells/well) and cultured to 80% confluence.
The cells were serum-starved overnight at 37°C prior to the
experiment. Then, cells were scratched with a sterile plastic
micropipette tip to generate a wound in the monolayer. After
24 h of incubation, the wound was imaged under an inverted
microscope (Olympus Corporation) and the separation
distance was analyzed using ImageJ.

Reverse transcription-quantitative PCR (RT-gPCR). TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used
to extract the total RNA from CAL-27 cells, according to
the manufacturer's instructions. Then, RNA was reverse
transcribed into cDNA using a RT kit according to the
manufacturer's protocol (Beijing Transgen Biotech Co.,
Ltd.). qPCR was performed using SYBR Premix Ex Taq
(Takara Biotechnology Co., Ltd.) on an ABI 7500 Real-Time
PCR Detection system (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The RT-qPCR conditions were as follows:
Pre-denaturation at 95°C for 2 min; followed by 35 cycles
of 95°C for 35 sec, 58°C for 45 sec and 72°C for 30 sec; and
72°C for 5 min. The sequences of the primers were: CLDN7
forward, 5~ AAAGTGAAGAAGGCCCGTATA-3' and reverse,
5'"TAATGTTGGTAGGGATCAAAGG-3"; IRF2 forward,
5'“TCACTAGTGTTATTACATCCTTGTGGCAC-3' and
reverse, 5-GAACTAGTGAAGTCATGCAAAACGCTCA-3
GAPDH forward, 5-~ACAACTTTGGTATCGTGGAAGG-3'
and reverse, 5'-GCCATCACGCCACAGTTTC-3'. Analysis of
gene expression was performed using the 2244 method (17).
GAPDH was used as an internal reference gene.

Chromatin immunoprecipitation (ChIP) assay. The binding
of IRF2 to the CLDN7 promoter was examined using a ChIP
assay with EZ-ChIPTM Chromatin Immunoprecipitation Kit
(Millipore), according to the manufacturer's protocol. After
fixing with formaldehyde (1%) for 10 min at room temperature to
produce cross-linked protein and DNA, cultured CAL-27 cells
were incubated with 1X Buffer B for 10 min at room tempera-
ture and incubated with ice-cold 1X Buffer C for a further
10 min. Cells were subsequently incubated with the 1X Buffer
D/PI mix and chromatin fragments were obtained using sonica-
tion (5 times for 10 sec each) on ice for 10 min. IRF2 antibody
(cat. no. sc-374327; Santa Cruz Biotechnology, Inc.) was utilized
to generate immunoprecipitants, whereas an IgG antibody (cat.
no. sc-69786; Santa Cruz Biotechnology, CA, USA) was used as
the blank control group to exclude the influence of other factors.
The recuperated DNA fragments were evaluated via qPCR. The
relative levels of CLDN7 promoter was normalized according to
the average level of the IgG group.
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Figure 1. CLDN7 expression is notably downregulated in OSCC cell lines. The expression of CLDN7 in several OSCC cells (SCC-9, CAL-27, SCC-15 and
SCC090) and a human oral keratinocyte cell line HOK was examined via (A) reverse transcription-quantitative PCR and (B) western blotting. “P<0.01,

“"P<0.001 vs. HOK. CLDN7, Claudin-7; OSCC, oral squamous cell carcinoma.
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Figure 2. CLDN7 overexpression suppresses the proliferation of oral squamous cell carcinoma cells. (A) CLDN7 expression in CAL-27 cells was determined via
western blotting after transfection with a CLDN7 overexpression plasmid. (B) Cell viability was detected using a Cell Counting Kit-8 assay. (C and D) A colony
formation assay was performed to determine the proliferative abilities of CAL-27 cells. “P<0.01, “"P<0.001 vs. pcDNA3.1. CLDN7, Claudin-7.

Luciferase reporter assay. Luciferase reporter plasmids
(Promega Corporation) were constructed using wild-type and
mutant 3' untranslated regions of the CLDN7 promoter. Firefly
luciferase activity represented the primary reporter used to
monitor the binding of proteins to cloned target sequences.
Renilla luciferase was regarded as a control reporter for normal-
ization. The luciferase reporter plasmids and regulating factors
were co-transfected into CAL-27 cells using Lipofectamine®
3000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
After 48 h, the luciferase activities were quantified using the
Dual-Luciferase Reporter assay system (Promega Corporation).

Western blot analysis. For immunoblotting, total cellular
extracts were prepared using RIPA lysis buffer containing

protease inhibitor cocktail (Beyotime Institute of
Biotechnology). Protein concentration was determined using
a bicinchoninic acid kit (Beyotime Institute of Biotechnology).
From each sample, 40 ug protein was added and sepa-
rated via SDS-PAGE on a 10% gel, and separated proteins
were subsequently transferred to a nitrocellulose blotting
membrane (Cytiva). Non-specific binding was blocked by
5% skimmed milk for 1.5 h at room temperature and then
the membranes were incubated overnight at 4°C with specific
primary antibodies. The following day, the membranes were
incubated with HRP-conjugated goat anti-rabbit secondary
antibody (cat. no. 7074S; Cell Signaling Technology, Inc.) for
1 h at room temperature. Signals were visualized using the
Odyssey Western Blot Analysis system (LI-COR Biosciences).
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Figure 3. CLDN7 overexpression inhibits the invasion and migration of oral squamous cell carcinoma cells. (A and B) The invasive ability of CAL-27 cells
was measured using a Transwell assay following CLDN7 overexpression. (C and D) The cell migratory ability of CAL-27 cells was detected using a wound

healing assay. ““P<0.001 vs. pcDNA3.1. CLDN7, Claudin-7.
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Figure 4. CLDN7 expression is induced by the transcription factor IRF2. Potential transcription factor binding with the promoter of CLDN7 was predicated
by (A) PROMO and (B) JASPAR. (C) IRF2 sequence and binding sites (Site 1 and 2) to CLDN7 promoter region were predicted using the JASPAR database.
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(D) IRF2 expression was examined via western blot analysis after transfection with IRF2 plasmid. ""P<0.001 vs. pcDNA3.1. (E) The direct binding of IRF2 to

ok

CLDN7 promoter in CAL-27 cells was confirmed via a chromatm 1mmun0premp1tat10n assay.  P<0.001 vs. anti-IgG. (F) The binding between IRF2 and the

promoter region was examined using a luciferase reporter assay. ““P<0.001 vs. pcDNA3.1. CLDN7,

Claudin-7; IRF2, interferon regulatory factor-2.
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Figure 5. IRF2 overexpression upregulates the expression of CLDN7 in OSCC cells. (A) IRF2 expression in several OSCC cells (SCC-9, CAL-27, SCC-15 and
SCC090) and the human oral keratinocyte cell line HOK was detected via (A) RT-qPCR and (B) western blotting. ““P<0.001 vs. HOK. (C) IRF2 expression
was evaluated using RT-qPCR following transfection with IRF2 plasmid in CAL-27 cells. ““P<0.001 vs. pcDNA3.1. (D) Western blotting was used to assess
the expression of CLDN7 following IRF2 overexpression. ““P<0.001 vs. pcDNA3.1. CLDN7, Claudin-7; IRF2, interferon regulatory factor-2; RT-qPCR,

reverse transcription-quantitative PCR; OSCC, oral squamous cell carcinoma.

Anti-CLDN7 (cat. no. ab265583) antibody was provided
by Abcam, anti-IRF2 (cat. no. sc-374327) and anti-GAPDH
(cat. no. sc-47724) antibodies were purchased from Santa
Cruz Biotechnology, Inc. The relative intensity of each band
was semi-quantified using ImageJ. GAPDH was used as the
loading control.

Statistical analysis. All experiments were repeated indepen-
dently three times. Data are presented as the mean + standard
deviation. Comparisons between two groups were performed
using a Student's t-test. A one-way ANOVA followed by a
Tukey's post-hoc test was used to assess differences between
multiple groups. All analyses were performed using GraphPad
Prism version 6.0 (GraphPad Software, Inc.). P<0.05 was
considered to indicate a statistically significant difference.

Bioinformatics. PROMO (alggen.lsi.upc.es/; version, 3.0.2)
was utilized to predict potential transcription factors of
CLDN7, and JASPAR (jaspar.genereg.net/; version, 2020) was
used to predict the potential binding sites between IRF2 and
the CLDN7 promoter.

Results

CLDN?7 expression is significantly downregulated in OSCC
cell lines. Firstly, the expression of CLDN7 in several OSCC

cell lines (SCC-9, CAL-27,SCC-15 and SCC090) was detected.
As shown in Fig. 1A and B, the expression levels of CLDN7
at the mRNA and protein level were notably reduced in the
OSCC cell lines compared with the human oral keratinocyte
HOK cell line. Lowest CLDN7 expression was observed in the
CAL-27 cells, therefore, this cell line was used in subsequent
experiments.

CLDN?7 overexpression inhibits the proliferation, invasion
and migration of OSCC cells. To study the effects of CLDN7
on the progression of OSCC, CLDN7 was overexpressed by
transfection with a CLDN7 plasmid. As shown in Fig. 2A,
CLDNT7 expression was notably upregulated after transfection
compared with the empty vector group. Next, the prolifera-
tive ability of CAL-27 cells was evaluated using CCK-8 and
colony formation assays. It was found that CLDN7 overex-
pression markedly suppressed cell viability compared with
the pcDNA3.1 group (Fig. 2B). Consistently, a significant
decrease in the number of colonies was observed after
CLDN7 overexpression compared with the vector control
group (Fig. 2C and D). Subsequently, Transwell and wound
healing assays were used to evaluate cell invasion and migra-
tion. As shown in Fig. 3A-D, CLDN7 overexpression notably
inhibited the invasion and migration of CAL-27 cells. These
data showed that overexpression of CLDN7 suppressed the
proliferation, invasion and migration of OSCC cells.
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Figure 6. CLDN7 knockdown reverses the inhibitory effects of IRF2 overexpression on cell proliferation in OSCC cells. (A) Knockdown efficiency of
CLDN?7 was demonstrated using western blotting. (B) A Cell Counting Kit-8 assay was used to evaluate cell viability in the Control group, pcDNA3.1 group,
pe-IRF2 group, pc-IRF2 + shNC group and pc-IRF2 + shCLDN7 group. (C and D) Colony formation assays were used to assess the number of cell colonies
in the Control group, pcDNA3.1 group, pc-IRF2 group, pc-IRF2 + shNC group and pc-IRF2 + shCLDN7 group. "P<0.05, “"P<0.001 vs. pcDNA3.1; “P<0.01,
"1P<0.001 vs. pc-IRF2 + shNC. CLDN7, Claudin-7; IRF2, interferon regulatory factor-2; OSCC, oral squamous cell carcinoma; sh, short hairpin RNA;

NC, negative control.

IRF?2 regulates CLDN7 expression by directly binding to the
CLDN?7 promoter. To further explore the molecular mechanism
by which CLDN7 regulated proliferation, invasion and migration
of OSCC cells, the potential transcription factor binding sites in
the promoter region of CLDN7 were predicted using PROMO and
JASPAR databases. IRF2 was predicted as a potential transcrip-
tion factor upstream of CLDN7, and the highest bound fraction
between the IRF2 and CLDN7 promoter was confirmed using
the JASPAR database (Fig. 4A and B). As presented in Fig. 4C,
one possible binding site of IRF2 was identified in the CLDN7
promoter (site-932 to -915). Next, IRF2 was overexpressed by
transfection (Fig. 4D). In subsequent ChIP assays performed with
extracts from CAL-27 cells, notable enrichment of the CLDN7
promoter sequence was obtained through immunoprecipitation
with an anti-IRF2 antibody, but not with the control IgG antibody
(Fig. 4E). Moreover, the luciferase activity of Wt-CLDN7 was
activated by IRF2 overexpression (Fig. 4F). These observations
showed that IRF2 promoted CLDN7 transcription through
directly binding to the CLDN7 promoter region.

IRF2 overexpression promotes the expression of CLDN7 in
OSCC cells. Subsequently, the expression of IRF2 in several
OSCC cell lines was assessed using RT-qPCR and western
blotting. As shown in Fig. 5A and B, IRF2 mRNA and protein
expression levels were significantly downregulated in OSCC
cell lines compared with the HOK cells. Moreover, IRF2
was overexpressed by transfection with the IRF2 plasmid in
CAL-27 cells, and the increase in IRF2 expression is shown
in Fig. 5C. Subsequently, CLDN7 expression was markedly
enhanced following IRF2 overexpression (Fig. 5D). Overall,
these data suggested that IRF2 overexpression promoted the
expression of CLDN7 in CAL-27 cells.

CLDN7 knockdown reverses the inhibitory effects of IRF2
overexpression on the proliferation, invasion and migra-
tion of CAL-27 cells. To further confirm the regulation of
CLDN7 and IRF2, function-related rescue experiments
were performed. Firstly, CLDN7 expression was silenced by
transfection with shCLDN7, which is presented in Fig. 6A.



EXPERIMENTAL AND THERAPEUTIC MEDICINE 23: 7, 2022 7

A pcDNA3.1
) s Sk g A

Pu A
SR

Relative invasion rate
%)

Oh§

20 h i

150 7

100 1 == |

50 1 .

Relative migration rate
(%)

055 T

pc-IRF2+shNC pc-IRF2+shCLDN7

e o | 2 ot w N N AR AR TR
o ORI o \_‘? A T

e & S T R R, ﬂsﬁﬁﬁ
". 1 o8 R {‘,4&" s ;‘,”‘?w :‘.,V.'.
i S e S ) S A

A e \;'v ,\\ y
gt L I's ]
E 1 75 ~ «

=3 Control

= pcDNAS.1

== pc-IRF2

mm pc-IRF2+shNC
### mmpc-IRF2+shCLDN7

pc-IRF2+shCLDN7

=3 Control
= pcDNAS.A
== pc-IRF2
##4# = pc-IRF2+shNC
ma pc-IRF2+shCLDN7

Figure 7. CLDN7 knockdown reverses the inhibitory effects of IRF2 overexpression on cell migration and invasion in OSCC cells. (A and B) Invasive ability of
CAL-27 cells in the Control group, pcDNA3.1 group, pc-IRF2 group, pc-IRF2 + shNC group and pc-IRF2 + shCLDN7 group was measured using a Transwell
assay. (C and D) Migration rates of CAL-27 cells in the Control group, pcDNA3.1 group, pc-IRF2 group, pc-IRF2 + shNC group and pc-IRF2 + shCLDN7

ok

group was detected using a wound healing assay. ““P<0.001 vs. pcDNA3.1; ##P<0.001 vs. pc-IRF2 + shNC. CLDN7, Claudin-7; IRF2, interferon regulatory
factor-2; OSCC, oral squamous cell carcinoma; sh, short hairpin RNA; NC, negative control.

As shown in Fig. 6B-D, the proliferative ability of CAL-27
cells was significantly inhibited following IRF2 overexpres-
sion, whereas this inhibitory effect was alleviated following
the knockdown of CLDN7 expression. Consistently,
notably suppressed invasion (Fig. 7A and B) and migration
(Fig. 7C and D) of CAL-27 cells was observed in the pc-IRF2
group compared with the pcDNA3.1 group, which was
restored after co-transfection with pc-IRF2 and shCLDN7
into CAL-27 cells.

Discussion

OSCC is one of the most aggressive neoplasms amongst
head and neck malignant tumors, and is associated with a
poor prognosis (18). Improving our understanding of the
underlying mechanisms of the development and progression
of OSCC is critical for identifying effective targets with
therapeutic potential to improve the survival rates of patients

with OSCC. The primary aim of the present study was to
investigate the role of CLDN7 in the progression of OSCC.
It The results showed that CLDN7 expression was signifi-
cantly decreased in OSCC cells, and CLDN7 overexpression
notably inhibited the proliferation, invasion and migration
of OSCC cells, which was directly induced by the IRF2
transcription factor.

Proliferation and metastasis are both hallmarks of the
malignant biological behavior of OSCC, and the inhibition
of these processes is a crucial factor to improve biomedical
treatment worldwide (19). CLDN7, a member of the Claudin
family, is reported to be a tumor-related gene. At present,
it is known that CLDN?7 plays either tumor promoting
or tumor suppressing roles based on the specific type of
tumor. A growing body of literature has shown that the loss
of CLDNY7 is closely associated with a poor prognosis in
nasopharyngeal cancer, ovarian carcinoma and esophageal
squamous cell carcinoma (8,20,21). CLDN7 silencing
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induces invasion and metastasis in colorectal cancer via
the promotion of epithelial-mesenchymal transition (6).
Dysregulation of CLDN7 results in loss of E-Cadherin
expression and the enhanced invasion of esophageal
squamous cell carcinoma cells (22). Conversely, CLDN7
is notably elevated in cervical and gastric cancer (23,24).
CLDNT7 suppresses proliferation and metastasis in salivary
adenoid cystic carcinoma (9). Of note, loss of CLDN7
expression may be associated with the pathogenesis of
OSCC and this loss is associated with a poor prognosis (25).
Loss of CLDN7 is considered a negative prognostic factor
for invasion and metastasis in OSCC (10). However, the
exact regulatory mechanisms by which CLDN7 is regulated
in OSCC remains unknown. The current study revealed
that CLDN7 was downregulated in OSCC cell lines, and
CLDN7 overexpression markedly inhibited the prolifera-
tion, invasion and migration of OSCC cells, suggesting the
potential tumor suppressor role of CLDN7 in OSCC.

According to PROMO and JASPAR database analyses,
IRF2 could potentially bind to the promoter region of
CLDN7. IRF2, one of the members of the IRF family of
transcription factors, can transcriptionally induce multiple
direct target genes, which has been identified to participate
in the regulation of immune responses and immune cell
development (26-28). An increasing number of studies have
confirmed that IRF2 is closely related to the physiological
and pathological processes of various types of cancer (13,29).
Existing reports have shown that IRF-2 inhibits the invasion
and migration of gastric cancer through downregulation
of MMP-1 expression (15). MicroRNA-664 suppresses the
progression of cutaneous squamous cell carcinoma via inhib-
iting IRF2 expression (30). IRF2 serves an inhibitory effect
on the invasion and migration of osteosarcoma, where it is
regulated by microRNA-18a-5p (31). Of note, IRF2 has been
reported to bind to inositol polyphosphate 4-phosphatase
type II (INPP4B) promoter and increase INPP4B expression,
thereby participating in the development of acute myeloid
leukemia (32). In the present study, significantly down-
regulated levels of IRF2 expression were observed in OSCC
cells, and overexpression of IRF2 significantly suppressed
the proliferation, invasion and migration of OSCC cells.
Furthermore, the binding effect of IRF2 to the promoter
of CLDN7 was confirmed via ChIP and luciferase reporter
assays. The rescue experiments demonstrated that CLDN7
silencing blocked the inhibitory effects of IRF2 overexpres-
sion on the proliferation, invasion and migration of OSCC
cells.

In summary, the present study found that both CLDN7
and IRF2 expression levels were downregulated in OSCC
cells. IRF2 was determined to have a direct regulatory
effect on the transcription of CLDN7, and the biological
functions of CLDN7 in OSCC cells were closely regulated
by the transcriptional factor IRF2. These findings provided
evidence for a novel regulatory mechanism involving
CLDN7 and IRF2 in OSCC, thus potentially identifying
novel targets for therapy. However, the use of only one OSCC
cell line to clarify the effects of CLDN7 and IRF2 in OSCC
is a potential limitation of the present study. Subsequent
experiments will incorporate more typical OSCC cell lines
to support this conclusion.
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