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Abstract. Tight junctions (TJs) are an important component of
cell connectivity; they maintain cell polarity, permeability and
adhesion, and participate in the regulation of cell proliferation
and differentiation. The claudin (CLDN) family is integral
to TJs, and CLDNG is an important member of this family.
Abnormal expression of CLDNG6 can destroy the integrity of
TJs through various mechanisms and can serve multiple roles in
the occurrence and development of tumours. CLDNG6 is widely
expressed in various tumours but rarely expressed in healthy
adult tissues. The aim of this review is to critically examine the
recent literature on CLDNG6, including its structure, expression
in different tumours, regulatory mechanisms and therapeutic
prospects. Although some conclusions are controversial,
in certain tumours, such as liver, ovarian, endometrial and
oesophageal cancer, and atypical teratoid/rhabdoid tumours,
research consistently shows that CLDNG6 is expressed in
tumour tissues but is not expressed or is expressed at low levels
in surrounding tissues. In these tumours, CLDNG6 has potential
as a carcinoembryonic antigen and a therapeutic target.
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7. Conclusion
1. Introduction

The monolayer epithelium is the largest tissue lining in a
number of human organs, and its integrity is maintained by the
cell junction complex. Tight junctions (TJs) exist in the junc-
tional complexes of epithelial and endothelial cells, and serve
crucial roles in cell polarity, adhesion and permeability (1).
TJs also maintain the integrity of the tissue structure and
participate in transmembrane movement and signal transduc-
tion inside and outside of cells (2). A decrease in TJ integrity
and an increase in cell bypass permeability are characteristics
of tumours and inflamed tissues (3). TJs also have adhesive
properties and can prevent the shedding of epithelial cells.
The initial stage of tumour metastasis is a disconnect between
tumour and endothelial cells. Therefore, TJs are the first obstacle
that must be overcome in tumour metastasis (4). The decrease in
TJ integrity leads to the perfusion and extravasation of cancer
cells through the endothelial barrier (5). TJs are composed of
three basic membrane proteins: Occludin, claudin (CLDN) and
junction adhesion molecules. The CLDN protein family serves
a key role in the functions of TJs (6) (Fig. 1), including helping
regulate defence and barrier functions, and differentiation and
polarity in epithelial and endothelial cells (7). Tumour progres-
sion is characterized by the migration, invasion and metastasis
of cancer cells. CLDNSs are believed to serve a significant role in
these processes as their loss contributes to the loss of cell junc-
tions in a tissue-dependent manner. CLDN expression can affect
cancer progression in several ways: First, changes in CLDN
expression cause TJ disorder and leakage, which is conducive
to tumour metastasis and invasion; second, a decrease in cell
polarity increases the supply of nutrition and growth factors
to the tumour, and increases tumour cell expansion; and third,
a decrease in intercellular adhesion may increase the risk of
metastasis and promote tumour invasion (8). The CLDN family
forms homologous and heterologous interactions between adja-
cent cells and is a key regulator of tumorigenesis and metastasis.
Classic CLDNs (CLDNs 1-10, 14, 15, 17, and 19) also exhibit
a much stronger sequence homology than the non-classic
CLDNs (CLDNs 11-13, 16, 18, and 20-27) (9) (Fig. 2). Recent
findings have shown that abnormal expression of CLDNs is
closely related to the occurrence, progression and prognosis of
tumours (10). Specifically, the CLDN family member CLDN6
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is expressed in numerous tumours but rarely found in adult
normal tissues (11). Although some studies have reported
results that contradict this, the high expression of CLDNG6 in
certain tumours makes CLDNG6 a potential therapeutic target
in these tumour types. Therefore, the present study reviewed
the literature on CLDNG, including information on its struc-
ture, expression in different tumours, regulatory mechanisms
and therapeutic prospects.

2. Structural characteristics of CLDNG6

CLDNG6 is one of 27 members of the CLDN family; it is
located on chromosome 16p13.3 and has a molecular weight of
23 kDa (12). CLDNG6 has four transmembrane domains and a
PDZ-binding region at the carboxyl end of the cytoplasm. This
CLDN can bind with signal proteins and cytoskeletal proteins,
and participate in the cellular response to external and intra-
cellular signal transmission (13). CLDNG is the only CLDN
to potentially show specificity, as it can activate cell adhesion
signals and regulate the activity of nuclear receptors (14).
CLDNG6 is expressed in a variety of embryonic epithelia,
induces epithelial cell junction formation and polarity, and
participates in the differentiation of stem cells into epithelial
cells. Overall, CLDNG6 is an important component of the
CLDN family and serves a substantial role in maintaining the
function of TJs (15).

3. Expression and regulation mechanisms of CLDNG6 in
tumours

Previous findings have shown that changes in CLDN expression
cause TJ disorders and leakage (16,17). This decrease in cell
polarity increases the supply of nutrition and growth factors
for tumour cells. In addition, the decrease in intercellular
adhesion may increase the metastatic potential (18). Previous
findings have shown that as a member of the CLDN family,
CLDNE6 is strongly expressed in the foetal stomach, lung and
kidney, but not in healthy adult tissues (19,20). However, other
studies have not reached the same conclusion (21,22), and the
specific expression and regulatory mechanisms for CLDN6
remain unclear or controversial. Regardless, it is accepted that
CLDNG is expressed in a variety of tumours and serves an
important role in the occurrence and development of tumours.
The known expression and regulatory mechanisms of CLDN6
in various tumour types are shown in Table I.

Breast cancer. CLDNG6 cannot be detected in human breast
cancer cell lines and tissues or is expressed at lower levels
than in healthy breast tissue (21,22). In addition, inhibiting
CLDNG6 expression leads to an increase in the resistance of
tumour cells to various types of apoptosis, enhancement of
anchoring independent growth characteristics and promotion
of breast cancer progression. Conversely, overexpression of
CLDNG restores the integrity of TJs, inhibits the epithelial
mesenchymal transition (EMT) of breast cancer cells, inhibits
the proliferation of breast cancer cells, decreases the migra-
tion and invasion of tumour cells, and induces the apoptosis
of tumour cells (23). Knocking out CLDNG6 can eliminate
the inhibition of EMT-related genes and promote cell migra-
tion and invasion. In addition, the expression of CLDN6

is independently associated with BRCAIl-related breast
cancer (24). Intratumoral overexpression compared with the
healthy surrounding tissue was significantly more frequent in
BRCA1 mutation carriers for CLDN6. However, compared
with all sporadic breast cancer cases, the incidence of breast
cancer with low CLDN expression (CLDN-low; E-cadherin
and CLDN3, 4, and 7) breast cancer was significantly higher
among BRCAI1 mutation carriers (23). Finally, CLDN6 can
act as a tumour suppressor, and upregulating the expression of
CLDNG6 may be helpful in preventing breast cancer (17).
There are numerous studies on the role of CLDNG6 in breast
cancer (25), which involves different pathways (Fig. 3).

TGF-p/Smad pathway. It has been suggested that silencing
CLDNG6 may be related to DNA methylation mediated by
DNA methyltransferase 1 (DNMT1), which is regulated by
the TGF-f/Smad pathway, and thereby has an effect on the
invasion and metastasis of breast cancer cells (26).

Methyl CpG binding protein 2 (MeCP2)/DNMTI/5-aza-
2-deoxycytidine (5-aza-dC)/trichostatin A (TSA) pathway.
Li et al (27) hypothesized that DNA methylation of CLDN6
promotes the migration and invasion of breast cancer cells
through the recruitment of MeCP2 and deacetylation. In
one study, a methyltransferase inhibitor (5-aza-dC) and a
histone deacetylase inhibitor, TSA, acted synergistically and
induced the expression of CLDNG6 in breast cancer cells (28).
In addition, 5-aza-dC treatment can induce the demethylation
of CLDNG, inhibit the binding of MeCP2 and the CLDN6
promoter, ease the chromatin structure of the CLDN6 gene
and upregulate the expression of CLDNG6 in breast cancer cells,
thereby inhibiting the migration and invasion of tumour cells.
CLDNG6 silencing restores the migration and invasiveness of
tumour cells (28).

MAPK/MMP?2 pathway. As reported by Ren et al (29), CLDN6
gene silencing may promote the proliferation and migration
of human breast epithelial cells through the MAPK pathway
and increase the activity of MMP2. Moreover, the inhibition
of CLDNG6 expression may enhance the resistance of tumour
cells to apoptosis, leading to tumour progression.

Hypoxia-inducible factor 1A (HIF-1a) pathway. Due to the
rapid growth of tumours and abnormalities in the tumour
vascular system, hypoxia is prevalent in breast cancer.
Therefore, HIF-1a is closely related to breast cancer metas-
tasis (22). Researchers discovered a negative feedback loop
between CLDN6 and HIF-1a, in which HIF-1a increased
and upregulated CLDNG6 expression during hypoxia. After
overexpression of CLDNG6, negative feedback inhibited the
expression of HIF-1a to decrease the metastasis of breast
cancer (29). The downregulation of CLDN6 expression was
positively correlated with lymph node metastasis in breast
cancer (30).

Apoptosis signal regulated kinase 1 (ASKI)-p38/c-Jun
N-terminal kinase (JNK) pathway. In a previous study, it was
found that CLDNG6 gene expression was related to the expres-
sion level of ASK1 (31), which induces apoptosis of breast cancer
cells by regulating the ASK1-p38/JINK signalling pathway.
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Figure 1. Structural diagram of tight connection. Upper panel represents the location diagram of the TJ. The lower panel is the schematic diagram of the main
components of TJs. Pink oval, paracellular route. TJ, tight junction. JAM, junctional adhesion molecule; ZO-1, Zona Occludens 1.
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Figure 2. Structure diagram of CLDNs and molecular diagram of CLDNG6. Upper panel shows the structure of CLDN proteins (monomer) and their classifica-
tion based on their homologous sequences. The lower panel shows the molecular structure of CLDN6. CLDN, claudin; CLDNG6, claudin 6.

ASK1 is a mitogen-activated protein kinase, which is involved
in the activation of the JNK and p38 pathways. The expression
of CLDNG in breast cancer cells decreases the phosphorylation
of ASK1, induces the activation of downstream target proteins
JNK and p38 kinase, and leads to tumour cell death (32).

Oestrogen receptor 3 (Erfp)/Era-Beclinl pathway. Oestrogen
has been found to regulate the expression of CLDNG6 at

the transcriptional level through Erf} (33). Erf can induce
autophagy in tumour cells through CLDN6 and inhibit the
migration and invasion of breast cancer cells. In addition,
Beclinl is a key regulator of autophagy, and the expression of
Erf and CLDNG6 in breast cancer has been positively correlated
with Beclinl expression. The prognosis of patients with breast
cancer with high expression of Er}, CLDNG6 and Beclinl was
improved compared with that of patients with low expression
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Table I. Expression of claudin 6 in human tumours.

(Refs.)

Cancer type Cell Tissue

Breast invasive carcinoma (17,25-35,65,66) (21-24)

Gastric cancer (37,3941 43-45) (36,38-40,42)

Hepatocellular carcinoma 49)

Cervical carcinoma (50) (20
Non-small cell lung cancer (52) (53)
Ovarian cancer 54)
Endometrial carcinoma (55)

Atypical teratoid/rhabdoid (56-58)
tumours

Oesophageal squamous (59)

cell carcinoma

of these proteins (33). Knocking out the Beclinl gene can also
reverse the autophagy induced by CLDNG6 and the inhibition
of CLDNG6 on breast cancer metastasis (34). Wu et al (35) also
suggested that the expression of CLDNG6 in breast cancer cells
is regulated by the ERa pathway, and that upregulation of
CLDNG6 expression may be helpful in preventing breast cancer.

Gastric cancer. One report indicated that the expression
of CLDNG6 differed between gastric cancer and adjacent
tissues (36). Additional studies showed that CLDNG6 expression
differed in gastric cancer compared with healthy tissue (37-41),
and according to Zavala-Zendejas et al (37), the expression of
CLDNG6 in gastric cancer tissues was higher compared with
that in adjacent tissues. CLDNG is a gene promoter in gastric
cancer, and its upregulation enhances the tumorigenicity of
gastric cancer cells (37). Several studies reported that the
upregulation of CLDNG6 expression was positively correlated
with a decrease in overall survival rate in gastric cancer, while
CLDNG6 silencing inhibited the proliferation and invasion of
tumour cells (39,42).

However, according to Gao et al (39), the expression level
of CLDNG6 in gastric cancer tissues was lower compared with
that in adjacent tissues. Results of the study showed that the
expression level of CLDN6 was associated with age, lymph
node metastasis, pathological stage and distant metastasis. The
expression of CLDNG6 in patients <50 years of age was higher
compared with that in patients >50 years of age. Furthermore,
the survival rate of patients with high expression of CLDN6
was significantly higher compared with that of patients with
low CLDNG6 expression (40). Decreasing the expression of
CLDNG6 may destroy the integrity of epithelial cells, leading
to paracellular leakage, an increased nutrient supply and
promotion of metastasis (41) (Fig. 4).

An additional regulatory role for CLDNG6 involves the
large tumour suppressor kinase (LATS)1/2/yes-associated
protein 1 (YAPI) pathway and intratumoral heterogeneity
(ITH) gene mutation. CLDN6 may promote the proliferation
and invasion of gastric cancer by affecting the Yapl and
Yapl-snail axes (43). The interaction between CLDNG6 and
LATS1/2 in the Hippo signalling pathway decreases the

phosphorylation of LATS1/2 and Yapl, affects Yapl entry
into the nucleus, changes target gene modification, affects
the EMT process and enhances the invasion ability of gastric
cancer cells (43). CLDNI is a pre-MMP?2 activator, while
CLDN6 promotes the migration and invasion of gastric
cancer cells by promoting the expression of CLDN6 and
inducing the activation of MMP2 (44). Previous findings
have shown that CLDN6 may change TJ function in gastric
cancer through gene mutations and in this way may promote
the occurrence of cancer. The CLDN6 gene contains not
only a frameshift mutation, but also an ITH mutation (44).
Previous findings have shown that lipopolysaccharides from
Helicobacter pylori can increase the expression of CLDN-4,
-6, -7 and -9 in gastric cancer cells by inducing Toll-like
receptor TLR2 expression (45). Overall, the expression of
CLDNG6 in gastric cancer is associated with a poor prognosis
and a short survival period (45).

Hepatocellular carcinoma (HCC). HCC is one of the most
common malignant tumours of the digestive system, with
high incidence and mortality rates. In particular, China
has a high incidence of hepatitis B and liver cancer (46).
Therefore, it is important to identify potential therapeutic
targets for HCC. CLDNG is highly expressed in HCC and is
also expressed in the liver during hepatitis C virus (HCV)
replication. CLDNG is the receptor for HCV and is therefore
necessary for the entry of HCV into cells (47,48). In addition,
CLDNG6 can promote EMT and enhance the proliferation and
invasion of hepatoma cells. Moreover, the upregulation of
CLDNG6 expression may act as an oncogene in HCC through
the EGFR/Akt/mTOR signalling pathway, and may promote
the proliferation, metastasis and invasion of HepG2 cells.
By contrast, CLDNG6 silencing inhibits the proliferation and
metastasis of hepatoma cells (49).

Cervical carcinoma. CLDNG6 expression was downregu-
lated in cervical cancer cells (50,51), which is inconsistent
with the conclusion of Reinhard ez al (11). Zhang et al (50)
hypothesised that the occurrence of cervical cancer may
be related to the decreased expression of CLDNG6 and that
increased expression of CLDN6 may inhibit the proliferation
of tumour cells (51). CLDN6 may also promote the apop-
tosis of cervical cancer cells by inhibiting the activity of the
AKT signalling pathway. Similarly, it may reverse EMT and
inhibit the invasion of cervical cancer cells by binding to
AF-6, thereby inhibiting the ERK signalling pathway (51).
In this way, CLDN6 may act as a tumour suppressor gene in
cervical cancer, and loss of CLDN6 may enhance the carci-
nogenicity of cervical cancer cells (50).

Non-small cell lung cancer (NSCLC). CLDNG6 protein levels
showed significant positivity in NSCLC cells, but were nega-
tive in normal lung cells and bronchial epithelial cells (52).
In this study, the expression of CLDN6 was related to
lymph node metastasis and Tumour-Node-Metastasis stage.
However, in the study by Wang et al (53), the expression of
CLDNG in adjacent tissues was higher compared with that
in NSCLC tissues. The survival rate of patients with low
CLDNG6 expression was significantly lower compared with
that of patients with high CLDNG6 expression. In addition,
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Figure 3. Regulatory mechanisms of CLDNG6 expression in breast cancer. The expression 1 is increased, | decreased, + is promoting effect and -is inhibiting
effect. CLDNG6, claudin 6; TGF-f, transforming growth factor-f; MeCP2, methyl cytosine binding protein-2; DNMT1,DNA methyltransferase 1; 5-aza-dc,
5-aza-2-deoxycytidine; AKT, protein kinase B; MAPK, mitogen-activated protein kinase; ASK1, apoptosis signal-regulated kinase 1; MMP2, matrix metal-
loproteinase 2; HIF-1a, hypoxia inducible factor-la; SMAD, small mothers against decapentaplegic; mall mothers against decapentaplegic; JNK, c-Jun
N-terminal kinase; PRT, promote tumour progression; INT, inhibition of tumour progression.
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low CLDNG6 expression may be associated with poor prog-
nosis in patients with NSCLC (53).

Ovarian cancer. CLDN6 was highly expressed in ovarian
cancer tissues and showed low expression in normal ovarian
epithelium. The high expression of CLDNG6 in ovarian cancer
cells suggests promotion of ovarian cancer cell proliferation.
In addition, high CLDNG6 expression enhanced cell migra-
tion and invasion abilities, and inhibition of the apoptosis of
ovarian cancer cells. CLDN6 may serve an active role in the
invasion and metastasis of ovarian cancer (54).

Endometrial cancer. The expression of CLDN6 was
upregulated in endometrial carcinoma. CLDNG6 gene knockout

Figure 4. Regulatory mechanisms of CLDNG6 expression in other tumours. The expression 1 is increased, | decreased, + is promoting effect and -is inhibiting
effect. CLDNG, claudin 6; LATS1/2, large tumor suppressor 1 and 2; EMT, epithelial mesenchymal transition; YAP1, Yes-associated proteinl; PI3K, phosphati-
dylinositol 3-kinase; MAPK, mitogen-activated protein kinase; ERK, extracellular regulated protein kinases; AKT, protein kinase B; EGFR, epidermal growth

factor receptor; mTOR, mammalian target of rapamycin; ITH, intratumoral heterogeneity; AF-6, Protein AF-6; TSG, tumour suppressor gene; PRT, promote
tumour progression, INT, inhibition of tumour progression.

-
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may inhibit the proliferation and migration of endometrial
carcinoma HEC-1-B cells through the PI3K/Akt/mTOR
signalling pathway. The expression of CLDN6 may be related
to the overall survival rate of patients with endometrial
carcinoma (55).

Atypical teratoid/rhabdoid tumours (AT/RTs). AT/RTs are
highly aggressive brain tumours in children (56). CLDN6
was moderately or highly expressed in AT/RTs (57), but the
expression level of CLDN6 was not associated with survival
rate or clinical behaviour (58).

Oesophageal squamous cell carcinoma. The methylation
frequency of CLDNG6 in oesophageal carcinoma was higher
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compared with that in non-invasive tissues. Methylation of
CLDNE6 can result in the silencing of tumour suppressor genes
and the development of oesophageal cancer (59). According
to Tsunoda ez al (59), CLDN6 may silence tumour suppressor
genes through high-frequency methylation, thus promoting the
occurrence and development of oesophageal cancer.

4. CLDNG6 and drug resistance in cancer

Previous findings have shown that cancer stem cells (CSCs)
are responsible for cancer treatment failure and drug resis-
tance, and that CSCs serve an important role in tumour
recurrence, metastasis and drug resistance. Therefore,
understanding the factors that regulate CSCs has become
very important (60,61). In mouse stem cells, CLDN6 may
trigger epithelial morphogenesis, while the expression of
CLDNG6 constitutes an early marker of embryonic stem
cells (62,63). Therefore, it is possible that CLDN6 may affect
the biological functions of CSCs.

Chemotherapy is one of the primary treatments for breast
cancer, and chemotherapy resistance is the main obstacle
in breast cancer treatment (64). In a previous study (65),
the expression of CLDN6 was significantly higher in the
MCF-7/MDR cell line than in the MCF-7 cell line. The
high expression of CLDN6 in MCF-7/MDR cells increased
the resistance to Adriamycin (ADM), 5-fluorouracil and
cisplatin, while the silencing of CLDNG6 enhanced the killing
effect of those drugs on the MCF-7/MDR cell line. It is also
possible that CLDNG is involved in the regulation of drug
resistance in human breast cancer cells. The mechanism
may be through CLDNG6 regulating glutathione S-transferase
nl (GSTP1) to promote the chemotherapeutic resistance of
MCF-7 cells through p53, as GSTP1 expression and enzyme
activity is regulated by p53. In cells that overexpress MCF-7,
the expression of GSTP1 was upregulated (65). Furthermore,
CLDNG6 interacts with p53 to inhibit the transfer of p5S3 from
the cell nucleus to the cytoplasm, leading to drug resistance.
CLDNG6 can also enhance the drug resistance of breast
cancer cells to ADM by activating the AF-6/ERK signal-
ling pathway and upregulating the characteristics of breast
cancer cells (66). These findings may provide a new target
and strategy for cancer treatment.

5. Prospect of CLDNG6 in the treatment of tumours

In the study by Reinhard et al (11), CLDN6 was specifically
expressed in a variety of tumours but not in healthy tissues.
Although a number of research conclusions contradict
this (39,50,51), CLDNG still has the potential to act as a
tumour gene target in cancer types, such as liver, ovarian and
endometrial cancer, and to provide new strategies for tumour
treatment. The treatment modalities for this include antibody
drug-binding targets, radionuclide therapeutic targets and
new antibody therapeutic targets, among others.

A new patent for a monoclonal antibody against CLDN6
has been shown to be effective against testicular germ cell
tumours (TGCTs). The use of CLDN6 antibody can block
tumour growth and prolong the life of patients with TGCT.
The presence of tumour-associated antigens can induce
strong and persistent antigen-specific T-cell responses, break

the immune system tolerance to endogenous self-antigens and
produce effective antitumour effects (67).

Antibody drug conjugates (ADCs) are monoclonal anti-
bodies that bind to cytotoxic drugs (68). The antibodies used by
ADCs have high specificity for tumour cell surface proteins and
can specifically kill tumour cells. ADCs can transport drugs
to tumour sites through targeted drug delivery and decrease
the toxicity of cytotoxic drugs to normal tissues (69,70). As
CLDNG6 is a specific antigen found in some tumours, it may be
a potential target for ADC drugs.

Targeted radionuclide therapy (TRT) uses a molecular
carrier with a high affinity for tumour cell surface antigens
to transport nuclides to tumour cells and sites of metastasis
for treatment. Drugs containing radionuclides are targeted to
accumulate in tumour tissues, which directly affects cancer
cells and avoids damaging normal cells (71). TRT combines
the specificity of molecular targeting and the cytotoxicity of
ionising radiation to reduce toxicity to healthy tissues and
provides a more effective tumour treatment method (72). This
may be an important direction for tumour treatment in the
future. As a specific antigen in some tumours, CLDN6 may be
an effective tumour-targeting vector.

Recent findings have shown that chimeric antigen receptor
(CAR)-T cells can be used to treat tumours expressing
chimeric antigen receptors after the gene transformation of
B-cell malignant tumours (11). However, due to the limitations
of tumour-specific targets, CAR-T cell therapy is ineffective in
patients with solid tumours (11). CLDNG6 is a surface antigen of
carcinoembryonic cells and has an ideal expression profile for
CAR-T cells. Although some research conclusions are incon-
sistent on this topic, study results show that CLDN6 LPX can
cause CLDN6-CAR-T proliferation and survival effectively
in vivo, allowing CAR-T cells to treat solid tumours (73). This
provides a new strategy for the treatment of solid tumours
using CAR-T cells.

In addition, it has been found that CLDN6-mediated measles
virus (MV) can induce tumour-associated antigen-specific
humoral immunity. Mice inoculated with the CLDNG6 vaccine
showed targeted complement-dependent cytotoxicity with
cytolytic activity. MV combined with a tumour lytic effect and
the CLDN6 tumour vaccine was able to break the tolerance to
endogenous tumour antigens and produce a highly effective
and specific antitumour immune response (74). These studies
suggest that CLDN6 may provide a new strategy for tumour
vaccine treatments of solid tumours.

6. Discussion

Reinhard et al (11) believed that CLDNG is a strictly carci-
noembryonic antigen that is expressed exclusively in tumour
tissues. However, the present study reviewed the expression
of CLDNG6 in various tumours and found that the research
conclusions for several tumour types were not completely
consistent or were contradictory. Possible reasons for incon-
sistent conclusions include heterogeneity in tumours, use of
monoclonal antibodies, different experimental methods and
the interpretation of the results. In addition, the role of CLDN6
differs by tumour type, as it promotes some tumours, inhibits
others and shows inconsistent (promotional and inhibitory)
effects in some tumours.
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However, in liver, ovarian, endometrial and oesopha-
geal cancer types, the expression of CLDNG6 is consistently
expressed in tumour tissues, compared with no or less expres-
sion in the surrounding normal tissues. Therefore, CLDN6
has potential as a carcinoembryonic antigen and a therapeutic
target for these tumours.

The reason for CLDNG6 expression being upregulated in
some tumours and downregulated in others remains unclear.
Possible reasons include detection errors or CLDN6 having
different roles in different tumours. This area requires further
research. Moreover, currently, there are no studies of whether
a relationship exists between these tumours; this needs to be
further explored. The expression of other CLDNs and their
synergistic effects with CLDNG6 have been reported. In breast
cancer, overexpression of CLDN3, -4 and -7 was primarily
dependent on oestrogen receptor-status, whereas overexpres-
sion of CLDNG6 and high membranous expression of CLDN1
were independent of other characteristics (24). Another study
showed that CLDNS5, CLDN9, CLDNI12 and CLDN13 were
not expressed in breast carcinoma tissues or non-neoplastic
tissues (22).Inaddition, CLDN1,CLDN3,CLDN8 and CLDN10
were expressed in breast carcinoma and non-neoplastic
tissues, but there was no significant difference between the
expression of all these CLDN proteins. The expression of
CLDN2, CLDN6 and CLDN14 was downregulated, while the
expression of CLDNI11 was upregulated in breast carcinoma
compared with those in non-neoplastic tissues. In addition, a
distinct prognostic significance in the expression of CLDN3
and mostly of CLDN4 between triple-negative and luminal
breast carcinomas was identified (75). In gastric cancer, the
expression of CLDN2 and CLDN6 was downregulated in
gastric cancer tissue, while the expression of CLDN11 was
upregulated (36). CLDNG6 induces MMP?2 activation through
CLDNI membrane expression, which in turn promotes cell
migration and invasiveness (44). CLDNG6 expression was high
in both intestinal- and diffuse-type gastric adenocarcinomas.
CLDNY7 was expressed mainly in the diffuse-type, whereas
CLDN9 was primarily found in the apical membrane of the
gland cells in the intestinal-type (40). In addition, CLDN7,
-3 and -4 have been detected in gastric cancer (76-78).

CLDNG6 has more than one regulatory mechanism in a
variety of tumours, such as breast and gastric cancer. These
mechanisms may work synergistically. However, the primary
mechanism, as well as the effect(s) of different regulatory
mechanisms, remain to be determined and require further
study.

Although there are still a number of controversies regarding
the expression and regulation mechanisms of CLDN6, CLDN6
is a potential antigen and has the potential to be used as a target
for a variety of tumours and treatments.

7. Conclusion

CLDNG is expressed in a variety of tumours, and its expres-
sion levels differ by tumour type. In some tumours, research
consistently shows that CLDNG6 is expressed in tumour tissues,
but is not expressed or expressed at low levels in surrounding
tissues. These include liver, ovarian, endometrial and oesopha-
geal cancer, and AT/RTs, among others. In these tumours,
CLDNG6 has potential as a carcinoembryonic antigen and a

therapeutic target. However, in other tumours, the expression
levels of CLDNG6 between tumour and surrounding tissues
differ from one another or are even the opposite. These include
breast, gastric, cervical and lung cancer. In the future, CLDN6
may be used as a target for a variety of therapeutic types such
as antibody-drug radionuclide-targeted drugs and ADCs.
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