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Abstract: The development of cancer occurs with various genomic and epigenetic modifications that act as indica-
tors for early diagnosis and treatment. Recent data have shown that the abnormal expression of the claudin (CLDN) 
tight junction (TJ) proteins is involved in the tumorigenesis of numerous human cancers. Real-time quantitative 
PCR and western blotting were used to explore the differences in the expression of the CLDN TJ proteins in breast 
carcinoma tissues and non-neoplastic tissues. The results showed that CLDN5, CLDN9, CLDN12 and CLDN13 were 
not expressed in breast carcinoma tissues or non-neoplastic tissues. CLDN1, CLDN3, CLDN8 and CLDN10 were 
expressed in breast carcinoma and non-neoplastic tissues, but there was no significant difference between the ex-
pression of these CLDN proteins among them. The expression of CLDN2, -6, -11 and -14 varied between the breast 
carcinoma and non-neoplastic tissues. Moreover, 86 samples of breast carcinoma and non-neoplastic tissues were 
examined for the expression of CLDN2, -6, -11 and -14 by streptavidin-peroxidase immunohistochemical staining. 
The data revealed that the CLDN2, CLDN6, and CLDN14 were expressed in the cell membrane and the expression 
levels of these proteins were downregulated in breast carcinoma. The CLDN11 was expressed in cell cytoplasm and 
the expression level of CLDN11 was upregulated compared with those in non-neoplastic tissues. Consistent with 
these findings, the expression of CLDN2, CLDN6 and CLDN14 were downregulated, while the expression of CLDN11 
was upregulated in breast carcinoma compared with those in non-neoplastic tissues. Furthermore, the associations 
between these CLDNs and clinicopathologic indicators were analyzed, and these CLDN expressions were revealed 
to be associated with distant metastasis and to predict a poor prognosis. In conclusion, our data showed that the 
expression levels of CLDN2, -6, -11 and -14 differed between breast carcinoma tissues and histologically non-
neoplastic tissues, and the expression levels of these CLDNs may be useful as molecular markers for the diagnosis 
of breast carcinoma as well as for the determination of metastasis and prognosis.
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Introduction

Tight junctions (TJs), in cooperation with adher-
ens junctions and desmosomes, form the api-
cal junctional complex in epithelial and endo-
thelial cellular sheets [1]. TJs are crucial for the 
tight fastening of cellular sheets, which allows 
monitoring of the paracellular ion flux and con-
sequently maintains tissue homeostasis [2]. 
More than 40 diverse proteins have been iden-
tified in the TJs of epithelia and endothelia to 
date [3, 4]. The TJs have a cement-like function 
and can prevent cell detachment in epithelial 
cells [5]. A vital phase in the initiation of cancer 
metastases is contact with and dissemination 
of the vascular endothelium by disconnected 
tumor cells [6]. TJs are consequently the first 

obstacle that tumor cells must overcome for 
metastasis [7]. TJs consist of three major types 
of fundamental membrane proteins: occludin, 
claudin (CLDN), and junctional adhesion mole-
cules (JAM) [8, 9]. Although the precise charac-
teristics of these proteins are not entirely clear, 
increased information on the molecular con-
struction of TJs led to the development of the 
aforementioned biological models that show 
TJs to be morphologic features in diverse tis-
sues and to respond to fluctuating natural, 
pathological or experimental surroundings [10, 
11]. 

The CLDN protein family, which is expressed in 
the transmembrane area, plays a critical role in 
the foundation of TJs and comprises approxi-
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mately 27 members, most of which can strong-
ly bind with PDZ-containing proteins [12, 13]. 
These interesting findings have altered the view 
of TJs as a purely paracellular barrier to being 
considered as a composite structure participat-
ing in signaling cascades that control cell prolif-
eration and differentiation [14]. Hence, CLDNs 
are linked to multimolecular multiplexes and 
the transduction of cell signaling pathways [15-
17]. Due to the ability of CLDNs to interact with 
signaling proteins, CLDNs have been shown to 
be associated with the regulation of cell prolif-
eration, differentiation, and other cellular func-
tions [18, 19]. Although the expression profile 
of CLDNs is tissue-specific, most tissues 
express manifold CLDNs, which can recruit 
both homotypic and heterotypic CLDNs to con-
stitute TJ components [20]. The precise mixture 
of CLDNs inside an assumed tissue can deter-
mine the selectivity and strength of the TJs. 
CLDNs are polymerized together inside acell 
and can cooperate with the CLDNs of histologi-
cally normal cells to form an adhesive struc-
ture. The expression of CLDNs has been 
revealed as altered in numerous tumor types 
[21]. Tumor cells commonly display an unchar-
acteristic CLDN expression profile, along with 
reduced differentiation and cell polarity [22, 
23]. CLDN1 has been shown to be downregu-
lated in colon cancer [24], These studies reveal-
ing decreased TJ protein expression in cancer 
is consistent with the commonly recognized 
idea that tumorigenesis is associated with the 
interruption of TJs, which may play a vital role in 
the damaged interconnection and deficient dif-
ferentiation detected in tumor cells. 

In contrast, most studies conducted on this 
topic thus far have identified the upregulation 
of CLDNs in tumor cells. One of the initial 
reports on this finding described a serial analy-
sis of gene expression (SAGE) study showing 
that both CLDN3 and CLDN4 were amon the 
most highly increased genes in ovarian cancer 
[25, 26]. As revealed previously, numerous 
CLDNs, such as CLDN3 and CLDN4, are char-
acteristically increased in various cancers, 
revealing that these proteins may promote the 
tumorigenesis of human cancers. Thus, the 
roles of CLDNs may be extremely tissue-specif-
ic and may depend on the precise molecular 
circuitry of the cell. Changes in CLDN expres-
sion may be associated with the tumorigenesis 
and progression of human tumors. However, 

the precise expression profiles of the CLDNs in 
breast carcinoma have not yet been defined. 
Thus, the objectives of this study were to 
explore the expression of CLDNs in histologi-
cally non-neoplastic tissues and breast carci-
noma tissues, and to detect the associations 
between alterations of CLDNs and patient  
clinicopathologic characteristics in breast car- 
cinoma.

Materials and methods

Patients

Biopsies were gathered from 86 patients with 
an average age of 54 years, who received treat-
ment at Jilin Cancer Hospital or The First 
Hospital of Jilin University between June 2007 
and May 2012 with a pathologically confirmed  
diagnosis of breast carcinoma. The patients 
were carefully chosen based on the following 
criteria: no history of radiotherapy and chemo-
therapy and no prior cancer. The grade and 
classification of the breast carcinoma pati- 
ents were defined according to the American 
Joint Committee on Cancer (AJCC) tumor node 
metastasis (TNM) staging system [27]. Histo- 
logically non-neoplastic breast tissues were 
also collected from patients with breast hyper-
plasia who received treatment at Jilin Cancer 
Hospital between July 2006 and April 2013, 
and these tissues were verified to be pathologi-
cally non-neoplastic.

Real-time reverse transcription polymerase 
chain reaction (real-time PCR) 

Real-time PCR was utilized to detect the expres-
sion of CLDNs in breast carcinoma tissues and 
non-neoplastic tissues. Total RNA was extract-
ed using a Perfect Pure RNA Cultured Cell Kit 
(Thermo Fisher Scientific, Waltham, MA) as 
described by the manufacturer’s protocol. Re- 
al-time PCR was carried out as previously 
described [28]. The RT cDNA reaction products 
were subjected to quantitative real-time PCR 
using a CTFX 96 Real-time system (Bio-Rad, 
Hercules, CA, USA) and SYBR Green Supermix 
(Bio-Rad, Hercules, CA, USA) according to the 
manufacturer’s protocol. The primer pairs tar-
geting CLDNs and glyceraldehyde phospha- 
te dehydrogenase (GAPDH) were as follows: 
CLDN1 forward (5’-GCCACAGCAAGGTATGGTA- 
AC-3’) and reverse (5’-AGTAGGGCACCTCCCA- 
GAAG-3’); CLDN2 forward (5’-TTCATCGGCAAC- 
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AGCATCG-3’) and reverse (5’-GGTTATAGAAG- 
TCCCGGATGA-3’); CLDN3 forward (5’-AGTGC- 
AAGGTGTACGACTC-3’) and reverse (5’-AGTC- 
CCGGATAATGGTGTTG-3’); CLDN4 forward (5’- 
TTGTCACCTCGCAGACCATC-3’) and reverse (5’- 
GCAGCGAGTCGTACACCTTG-3’); CLDN5 forward 
(5’-AACATCGTGACGGCGCAGACCA-3’) and re- 
verse (5’-TCAGAGCCAGCACCGAGTCGTACA-3’); 
CLDN6 forward (5’-GGCAACAGCATCGTCGTGG- 
3’) and reverse (5’-GAAGTCCTGGATGATAGAG- 
TGGGC-3’); CLDN7 forward (5’-TTTTCATCGT- 
GGCAGGTCTT-3’) and reverse (5’-GGCCAAAC- 
TCATACTTAATGTTGG-3’); CLDN8 forward (5’- 
TCTGCAGTAGGACATAGAAACCCCTAA-3’) and re- 
verse (5’-CGTTTAGGGGTTTCTATGTCCTACTGC- 
3’); CLDN9 forward (5’-CTAGCACTAGTTTCG- 
AAATGGCTTCGACCGGCTTAG-3’) and rever- 
se (5’-TCTCGAGCTAGTCGACTCACACGTAGTCC- 
CTCTTGTC-3’); CLDN10 forward (5’-GGAGGC- 
TCCGATAAAGCCAA-3’) and reverse (5’-GTG- 
GCCCCGTTGTATGTGTA-3’); CLDN11 forward 
(5’-TGACCTGCAGCTACACCATC-3’) and reverse 
(5’-GGG GTT TGC AGT GGT AGA GA-3’); CLDN12 
forward (5’-CCGTGATGTCCTTCTTGGCTTTC-3’) 
and reverse (5’-CTCTGATGATGGCATTGGCAA- 
CC-3’); CLDN13 forward (5’-TAGTGTTGGCCT- 
TCTGATGC-3’) and reverse (5’-AGCCAAGCAA- 
TGGGTTAAAG-3’); CLDN14 forward (5’-TGGC- 
TGGGCTGGGTGGTCTC-3’) and reverse (5’-AG- 
CGGCCATGAGCTGGTGTG-3’) and GAPDH for-
ward (5’-AACGTGTCAGTCGTGGACCTG-3’) and 
reverse (5’-AGTGGGTGTCGCTGTFGAAGT-3’). 

Western blotting

Western blotting was utilized to detect the 
expression of CLDNs in all the breast carcino-
ma and non-neoplastic tissues. The cells were 
washed with ice-cold phosphate-buffered sa- 
line (PBS) 3 times, and cell lysates were pre-
pared with a lysis buffer containing 10 mM Tris-
HCl (pH 7.4), 1% SDS, and 1 mM Na3VO4. A BCA 
Protein Assay Kit (Pierce Chemical Co., Rock- 
ford, Illinois, USA) was utilized to detect the pro-
tein concentration. Total protein (thirty micro-
grams) was separated in a 10% SDS-PAGE  
gel and then transferred to a nitrocellulose 
membrane (Millipore, Temecula, California, 
USA). Next, the membrane was blocked and 
incubated with the following primary antibod-
ies: rabbit anti-human CLDN2 (ab53032, 
Abcam Company, USA), rabbit anti-human 
CLDN6 (ab107059, Abcam Company, USA), 
rabbit anti-human CLDN11 (ab53041, Abcam 

Company, USA), or rabbit anti-human CLDN14 
(ab19035, Abcam Company, USA) and mouse 
anti-human β-actin (ab8226, Abcam Company, 
USA) at a 1:1000 dilution at room temperature. 
Subsequently, the membranes were washed 3 
times with PBS and incubated with horseradish 
peroxidase-conjugated secondary antibodies 
(1:1,000; Santa Cruz Biotechnology, Inc., Da- 
llas, TX, USA). Immunoreactive bands were 
detected using ECL Western blotting reagents 
(GE, Fairfield, Connecticut, USA) and were ana-
lyzed with Image Lab 6.0.1 software (Bio-Rad 
Laboratories).

Immunohistochemistry

Immunohistochemistry was utilized to explore 
the expression patterns of CLDNs in breast car-
cinoma tissues and non-neoplastic tissues. 
The experimental method was the same as that 
described previously [29], and the slides were 
incubated at 4°C overnight with a rabbit anti-
human CLDN1 antibody (sc-28670, Santa Cruz 
Biotechnology, USA), rabbit anti-human CLDN3 
antibody (sc-66834, Santa Cruz Biotechno- 
logy, USA), rabbit anti-human CLDN7 antibody 
(ab27487, Abcam Company, USA), or rabbit 
anti-human CLDN8 antibody (ab183738, Ab- 
cam Company, USA), which were diluted 1:400, 
1:300, 1:400, and 1:300, respectively. The 
evaluation of protein expression levels was 
based on the percentage of positively stained 
tumor cells together with the staining intensity, 
as previously described [30]. 

Follow-up

The pathologically confirmed diagnosis of bre- 
ast carcinoma was followed-up from the begin-
ning of diagnosis to 60 months to assess occur-
rence and metastasis and determine survival. 
The living status of the patients was determined 
either through a telephone interview or on an 
outpatient basis before July 2017. 

Statistical methods

All experiments were repeated 3 times, and all 
of the data are based on the mean ± SD of at 
least 3 experimental results. The results were 
analyzed by a paired Student’s t-test, and P < 
0.05 was considered significant. The Chi-
square test/Chi-square goodness-of-fit test 
was applied for correlation analysis with clinical 
case indicators. In addition, the correlations 
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between CLDNs and clinical survival were ana-
lyzed by Kaplan-Meier method and compared 
with log-rank tests.

Results

Expression levels of CLDN family members in 
breast carcinoma tissues and non-neoplastic 
tissues

Real-time quantitative PCR and western blot-
ting were used to detect the expression of 
CLDN family members in breast carcinoma and 
non-neoplastic tissues. As shown in Figure 1, 
neither the mRNAs nor the proteins of CLDN5, 

cantly lower in breast carcinoma than in his- 
tologically non-neoplastic tissues (Chi-square 
test/Chi-square goodness-of-fit test, χ2 = 
8.673, P < 0.01). As shown in Table 1, the 
expression of CLDN2 was not correlated with 
age (P = 0.116), the expression of Ki 67 (P = 
0.158), histologic grade (P = 0.552) but associ-
ated with distant metastasis (P = 0.003).

As shown in Table 1, membrane expression of 
the CLDN6 protein was found in 34.9% (30/86) 
of breast carcinoma and in 67.4% (56/86)  
of histologically non-neoplastic tissues. The 
expression of CLDN6 in breast carcinoma was 
significantly lower than in histologically non-

Figure 1. Expression of CLDNs in human breast carcinoma and histologi-
cally non-neoplastic tissues. A. Real-time quantitative PCR analysis of CLDN 
mRNA expression in breast carcinoma andnon-neoplastic tissues. B. West-
ern blotting was used to investigate significant differences in the expression 
of CLDNs in breast carcinoma and non-neoplastic tissues. C. Corresponding 
statistical analysis of protein expression. **P < 0.01 vs. non-neoplastic tis-
sues. 

CLDN9, CLDN12 and CLDN13 
were expressed in the sam-
ples of breast carcinoma and 
non-neoplastic tissues; CLD- 
N1, CLDN3 CLDN8 and CLD- 
N10 were expressed in breast 
carcinoma and non-neoplastic 
tissues, but there was no sig-
nificant difference between 
the expression of these pro-
teins in breast carcinoma and 
non-neoplastic tissues. How-
ever, the mRNA and protein 
expression of CLDN2, CLDN6 
and CLDN14 was downregu-
lated in breast carcinoma, wh- 
ile the mRNA and protein ex- 
pression of CLDN11 was up- 
regulated compared with non-
neoplastic tissues. 

The expression of CLDN2, 
CLDN6, and CLDN14 was 
downregulated in breast 
carcinoma

CLDN1 expression was further 
evaluated in 86 breast carci-
noma tissue specimens and in 
86 specimens of histological- 
ly non-neoplastic tissues. As 
shown in Figure 2A and 2B, 
CLDN2 were expressed in the 
cell membrane. Positive pro-
tein expression was found in 
30.2% (26/86) of breast carci-
noma and in 60.4% (52/86)  
of histologically non-neoplas-
tic tissues (Table 1). The ex- 
pression of CLDN2 was signifi-
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neoplastic tissues (Chi-square test/Chi-squa- 
re goodness-of-fit test, χ2 = 8.493, P < 0.01) 
(Figure 2E, 2F). As shown in Table 1, the expr- 
ession of CLDN6 was not correlated with age  
(P = 0.162), histologic grade (P = 0.231), or the 
expression of Ki 67 (P = 0.726) but was cor- 
related with distant metastasis (P = 0.001).

As shown in Figure 2G and 2H, positive mem-
brane expression of CLDN14 protein was found 
in 27.9% (24/86) of breast carcinoma and in 
54.7% (47/86) of histologically non-neoplastic 
tissues (Table 1). The expression of CLDN14 
was significantly lower in breast carcinoma tis-
sues than in histologically non-neoplastic tis-

Figure 2. Immunohistochemical demonstration of CLDN expression in human breast carcinoma and histologically 
non-neoplastic tissues. A. CLDN2 expression in non-neoplastic tissue (400×). B. CLDN6 expression in non-neoplas-
tic tissue (400×). C. CLDN11 expression in non-neoplastic tissue (400×). D. CLDN14 expression in non-neoplastic 
tissue (400×). E. CLDN2 expression in breast carcinoma (400×). F. CLDN6 expression in breast carcinoma (400×). 
G. CLDN11 expression in breast carcinoma. H. CLDN14 expression in breast carcinoma (400×).

Table 1. Expression of CLDN2 and CLDN6 clinicopathologic characteristics in breast carcinoma pa-
tients

Item n CLDN2 
(+)

CLDN2 
(-) χ2 P n CLDN6 

(+)
CLDN6 

(-) χ2 P

Breast carcinoma tissue 86 26 60 8.673 < 0.01 86 30 56 8.493 < 0.01
Histologically non-neoplastic tissue 86 52 34 86 58 28
Age (year)
    ≤ 60 54 15 39 0.116 0.764* 54 18 46 2.422 0.162*

    > 60 32 11 21 32 12 20
Histologic grade
    Well-differentiated 48 14 34 0.324 0.552* 48 16 32 1.276 0.231*

    Moderately and poorly differentiated 38 12 26 38 14 24
Distant metastasis
    + 47 10 31 6.827 < 0.01 47 7 40 9.276 < 0.01
    - 39 16 23 39 23 16
Ki67
    + 51 17 34 2.234 0.158* 51 18 33 0.186 0.726*

    - 35 9 26 35 12 23
*No statistical significance.
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sues (Chi-square test/Chi-square goodness-of-
fit test, χ2 = 8.163, P < 0.01). As shown in Table 
1, the expression of CLDN14 was not correlat-
ed with age (P = 0.926), the expression of Ki 67 
(P = 0.354), histologic grade (P = 0.175) but 
associated with distant metastasis (P = 0.002).

The expression of CLDN11 was increased in 
breast carcinoma

The cytoplasm staining of CLDN11 was strong 
in breast carcinoma and weak in histologically 
non-neoplastic tissues. Positive cytoplasm 
expression of CLDN11 was expressed in 53.5% 
(54/86) of breast carcinoma tissues. Cells were 
positive for CLDN11 in 25.6% (22/86) of histo-
logically non-neoplastic tissues (Figure 2E, 2F). 
We concluded that CLDN11 expression was sig-
nificantly higher in breast carcinoma than in 
histologically non-neoplastic breast carcinoma 
tissues (Chi-square test/Chi-square goodness-
of-fit test, χ2 = 7.265, P < 0.01). As shown in 
Table 2, the expression of CLDN11 was not cor-
related with age (P = 0.324), but was correlated 
with histologic grade (P = 0.024), the expres-
sion of Ki67 (P = 0.027) and distant metastasis 
(P = 0.001).

CLDN2 and CLDN6 are concurrently expressed 
in breast carcinoma tissue

As revealed in Table 3, a correlation between 
CLDN2 and CLDN6 expression was detected in 
breast carcinoma tissues (Chi-square test/Chi-
square goodness-of-fit test, φ = 0.879).

Associations with survival and clinical out-
comes

As shown in Figure 3, patients with tumors that 
were positive for the CLDN2, CLDN6, and 
CLDN14 proteins (median survival, 59.12 
months; median survival, 58.73 months; medi-
an survival, 58.69 months, respectively) exhib-
ited a significantly longer survival time (P = 
0.002, P = 0.018 and P = 0.012, respectively) 
than those whose tumors were negative for the 
CLDN2, CLDN6 and CLDN14 proteins (median 
survival, 55.23 months; median survival, 54.36 
months; median survival, 55.12 months, res- 
pectively). Patients with tumors that were posi-
tive for the CLDN11 proteins (median survival, 
54.83 months) had a significantly shorter sur-
vival time (P = 0.012) than those whose tumors 
were negative for the CLDN11 proteins (median 
survival, 58.72 months).

Discussion

Damage to cell-to-cell adhesion is commonly 
recognized as an initial event in metastasis, 
permitting the release of separate tumor cells 
from the primary tumor [6]. Cell-to-cell adhe-

Table 2. Expression of CLDN11 and CLDN14 and clinicopathologic characteristics in breast carci-
noma patients

n CLDN11 
(+)

CLDN11 
(-) χ2 P n CLDN14 

(+)
CLDN14 

(-) χ2 P

Breast carcinoma tissue 86 46 40 7.265 < 0.01 86 24 62 8.163 < 0.01
Non-neoplastic tissue 86 22 64 86 47 39
Age (year)
    ≤ 60 54 27 27 0.912 0.324* 54 13 41 0.086 0.926*

    > 60 32 19 13 32 11 21
Histologic grade
    Well-differentiated 48 21 27 5.243 < 0.05 48 10 28 2.126 0.175
    Moderately and poorly differentiated 38 25 13 38 14 24
Distant metastasis
    + 47 32 15 8.742 < 0.01 47 7 40 7.936 < 0.01
    - 39 14 25 39 17 22
Ki67
    + 51 29 22 6.214 < 0.05 51 14 37 0.724 0.354*

    - 35 17 1 8 35 10 25
*No statistical significance.

Table 3. Correlation between the expression 
of CLDN2 and CLDN6 in breast carcinoma
Item CLDN6 (+) CLDN6(-) φ* P
CLDN2 (+) 20 6 0.879 < 0.01
CLDN2 (-) 10 50
*Statistical significance was observed.
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sion in epithelial cells is maintained primarily 
through adherens junctions and TJs [1, 3]. Many 
studies have focused on the adherens junction 
protein E-cadherin [31]. Deficiencies in E-cad- 
herin function have been shown to lead to cell 
diffusion and confer invasive abilities in va- 
rious cell types [32, 33]. Because of these 
functions, E-cadherin is an accepted tumor 
suppressor in many tissues and has been dem-
onstrated to be a valuable prognostic marker 
for several human cancers [34], indicating a 
vital role of cell-to-cell adhesion proteins in 
tumor tumorigenesis. 

Interruption of TJs, which play crucial roles in 
cell penetrability and polarity, is thought to lead 
to epithelial tumorigenesis as well. The exact 
characteristics of alterations in the structure 
and function of TJs have been detected in mul-
tiple types of tumor. The CLDNs are the main 
components of TJs, and anomalous expression 
of these proteins can lead to disruption of TJs 
and therefore damage to cell polarity and inter-
connection [35]. Deficiency or abnormal expres-
sion of CLDNs has been suggested to be  
associated with harmful pathophysiologic con-
sequences. CLDN1-deficient mice show no sur-
vival within one day of birth as a consequence 
of the loss of epidermal barrier function [36]. 

Abnormality of TJ integrity triggered by anoma-
lous CLDN expression might play a major role in 
permitting the dispersion of nutrients and other 
factors essential for the maintenance and prog-
ress of the tumor cells [37]. As described 
above, disruption of CLDNs in tumors has been 
suggested to be a mechanism underlying defi-
cient cell adhesion and a vital event in the evo-
lution of tumor cells toward metastasis [38-
40]. Consistent with this theory, a recent study 
demonstrated that the expression of CLDN4 in 
pancreatic carcinoma cells decreases the met-
astatic phenotype of these cells. Additionally, 
CLDN1 re-expression in tumor cells can con-
tribute to enhanced apoptosis in three-dimen-
sional cultures [41]. Although the typical ratio of 
CLDNs plays a vital role in maintaining the 
structure and function of TJs in epithelial cells 
[19], the mechanisms by which CLDN expres-
sion and damage to TJs enhance tumor forma-
tion and the consequences of these alterations 
for tumor progression have not been explored 
comprehensively. 

The principal reason for cancer-related death is 
metastasis of tumor cells from primary tumor 
locations to distant organs. The crucial event 
that is believed to allow tumor cells to metasta-
size is the epithelial to mesenchymal transition 

Figure 3. Association between the expression of CLDNs and patient survival. Kaplan-Meier analysis was utilized for 
survival analysis in breast carcinoma patients. (A) CLDN2 curvature, (B) CLDN6 curvature, (C) CLDN11 curvature 
and (D) CLDN14 curvature.
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(EMT) [42, 43]. However, downregulation of cer-
tain claudins in tumors is accompanied by the 
interruption of TJs during tumorigenesis and 
EMT [44, 45]. Furthermore, enforced initiation 
of EMT in epithelial cells leads to a notable loss 
of function of TJs and abnormal expression of 
CLDNs [46]. Moreover, CLDNs have been 
revealed to interact with the TJ protein ZO-1 
through their carboxyl terminus [15]. Fasci- 
natingly, ZO-1 binds to numerous proteins that 
participate in cell signaling and transcriptional 
regulation [47, 48]. These reports suggested 
that CLDNs may play an auxiliary role in cell sig-
naling and transcriptional regulation. In view of 
the specificity of CLDN expression profiles in 
tumors, it has been proposed that CLDNs may 
be valuable indicators of diverse tumor types. 
For instance, a set of four indicators including 
CLDN3 was reported to be sufficient to preci- 
sely categorize all 158 ovarian cancers as- 
sessed [49]. Moreover, CLDNs may serve as a 
prognostic marker. CLDN1 expression is corre-
lated with a poor prognosis in stage II colon 
cancer. Furthermore, CLDN10 expression was 
shown to be an autonomous prognostic indict-
or of hepatocellular carcinoma recurrence [50]. 
However, little information is available on the 
functional correlation between breast carcino-
ma carcinogenesis and CLDNs. In the present 
study, the expression of CLDNs was examined 
in breast carcinoma samples and histologically 
non-neoplastic tissues from 86 patients. We 
demonstrated that the expression of CLDN2, 
CLDN6 and CLDN14 was decreased, while the 
expression of CLDN11 was increased in breast 
carcinoma compared with histologically non-
neoplastic tissues. Although functional roles of 
CLDN2, -6, -11 and -14 in breast carcinoma 
have not yet been determined, there is evi-
dence to support their role in cell-to-cell adhe-
sion, indicating that abnormalities in these pro-
teins may contribute to metastasis. 

In conclusion, the current work shows that the 
expression of CLDN2, -6, -11 and -14 differs 
between human breast carcinoma and histo-
logically non-neoplastic tissues. These CLDN 
expressions were found to be associated with 
distant metastasis and to predict a poor prog-
nosis. In addition, CLDN2 and CLDN6 were 
shown to be simultaneously expressed in 
breast carcinoma. However, the detailed mech-
anisms underlying these observations remain 
to be determined.
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