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Background: The prognostic significance of claudin 4 (CLDN4) in patients with gastric 

cancer (GC) is controversial. This meta-analysis aims to assess the correlation between CLDN4 

expression and clinicopathological characteristics and assess the prognostic significance of 

CLDN4 in GC.

Methods: We searched the PubMed and Embase databases. We performed the meta-analysis 

with odds ratio (OR), hazard ratio (HR), and 95% confidence interval (CI) as effect values.

Results: Fourteen studies containing 2,106 patients with GC were analyzed. The overall 

analysis showed that CLDN4 expression was associated with increasing pT category, tumor 

size, and lymph node metastasis in patients with GC (pT3–T4 vs pT1–T2: OR =1.56, 95% 

CI =1.13–2.16; P,0.01; large tumor size vs small tumor size: OR =1.64, 95% CI =1.15–2.34; 

P,0.01; positive lymph node metastasis vs negative lymph node metastasis: OR =1.49, 95% 

CI =1.12–1.97; P,0.01). CLDN4 expression was associated with histological differentiation 

(differentiated type vs undifferentiated type: OR =2.90, 95% CI =1.32–6.37; P=0.01; Lauren 

intestinal type vs diffuse type: OR =3.51, 95% CI =1.48–8.28; P,0.01). CLDN4 expression was 

also strongly associated with sex and age. This meta-analysis found no significant association 

between CLDN4 expression and prognosis for overall survival in patients with GC (HR =0.74, 

95% CI =0.43–1.27; P=0.28).

Conclusion: Present study indicates that aberrant CLDN4 expression plays an important role 

in the clinicopathological characteristics of GC.
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Introduction
Despite a recent reduction in the incidence of gastric cancer (GC), it remains the second 

most frequent cause of cancer-related deaths, leading to 723,100 deaths worldwide in 

2012.1 Although the clinical prognosis for GC has been improved by the development 

of surgical techniques and adjuvant chemoradiotherapy, most cases are at an advanced 

stage at the time of diagnosis and treatment options are limited.2 Moreover, using 

molecular subtypes to predict and provide information for treatment of patients with GC 

leaves much to be desired. The identification and characterization of novel pathways 

and distinct molecular markers that are exploitable for diagnosis and therapy remains 

a challenging, but crucial endeavor to make progress in improving GC prognosis.

Claudins are located at the most apical component of intercellular cell–cell junc-

tions, where they establish cell polarity.3 Claudin 4 (CLDN4) is a member of claudin 

family, which consists of 209 amino acids and encodes four putative transmembrane 

segments.4,5 Gress et al6 firstly reported that CLDN4 overexpression occurs in pancreatic 
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cancer. High levels of CLDN4 have been described in 

multiple other cancer entities, such as esophageal,7 ovarian, 

endometrial,8 bladder, renal, and prostate cancer.9

Numerous studies have demonstrated aberrant expression 

of claudins in several human cancers. Among the various clau-

din proteins related to GC, the function of CLDN4 is not con-

sistent. For example, Ohtani et al10 found that the expression 

of CLDN4 significantly correlated with favorable survival in 

patients with GC, while Resnick et al11 reported that moderate 

to strong CLDN4 staining in GC was significantly associated 

with poor survival. Thus, further investigations are required 

to clarify these controversial results and the real functions of 

CLDN4 in GC. We performed this meta-analysis to inves-

tigate the association between CLDN4 expression and its 

clinicopathological and prognostic significance in GC.

Methods
search strategy
All relevant articles were retrieved by searching the PubMed 

and Embase databases using different combinations of the 

terms “claudin 4”, “claudin-4”, “claudin4”, “CLDN4”, 

“CLDN 4”, “CLDN-4”, and “gastric cancer”. The reference 

lists of the retrieved studies and reviews were perused manu-

ally to check for potentially relevant studies. Two authors 

(XC and JZ) carried out the search independently.

study eligibility criteria
Studies were considered eligible if they met all of the fol-

lowing criteria: 1) the patients enrolled were all diagnosed 

with GC and investigated for CLDN4 expression status; 

2) the prognostic and clinicopathological significance of 

CLDN4 expression on at least one of the outcome mea-

sures of interest was assessed; 3) the outcome measures of 

interest were reported in the study or calculated from the 

published data; and 4) when several studies were based 

on the same patient population, only the most informative 

study was included.

Data extraction and quality assessment
The following information was recorded for each study: the 

first author’s name, the study country or area, the sample 

size, clinicopathological parameters, detection method, and 

prognostic factors.

Data collection and assessment followed the recom-

mendations of the Preferred Reporting Items for Systematic 

Reviews and Meta-analyses guideline.12 The data were 

extracted by two investigators (XC and JZ) independently. 

We used the Newcastle–Ottawa scale specific to cohort study 

to assess all included studies.13 Discrepancies were discussed 

by all investigators to reach a consensus.

statistical methods
We used odds ratio (OR) and hazard ratio (HR) and their 

95% confidence interval (CI) as outcomes. ORs were used 

to assess the relationship between the expression of CLDN4 

and clinicopathological features. HR was used to summarize 

the association between the expression of CLDN4 and GC 

survival. If the HR and its 95% CI were not provided in the 

study directly, these values were calculated from the available 

data using the method designed by Tierney et al.14

Heterogeneity among the studies was evaluated using 

Cochran’s Q test and the I2 statistic. Values of P,0.10 for 

the Q statistic and/or I2.50% were considered to show 

statistically significant heterogeneity. A random-effects 

model was used if there was significant heterogeneity; 

otherwise, a fixed-effects model was used. Publication bias 

was evaluated using a funnel plot.

Statistical analysis was performed using Review Manager 

5.2 software (Copenhagen: The Nordic Cochrane Centre; The 

Cochrane Collaboration, 2012). A two-sided P-value of ,0.05 

was considered statistically significant for all tests.

Results
Characteristics of the studies included
We identified 64 studies in this systematic literature search. 

A total of 43 potential studies were retrieved after duplicates were 

removed. Twenty-nine studies were then excluded because they 

lacked outcomes of interest. The remaining 14 studies10,11,15–26 met 

the selection criteria for the final analysis (Figure 1). These stud-

ies were from the People’s Republic of China, Korea, Taiwan, 

Japan, Finland, and USA, contained 2,106 patients with GC,  

Figure 1 Flow diagram showing the selection process for the included studies.
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and were published between 2005 and 2015. Their basic 

characteristics and study quality are summarized in Table 1.

Correlation of CLDN4 expression with 
clinicopathological parameters
CLDN4 expression and tumor–node–metastasis 
stage
The ORs for pT categories were available in six studies, 

including 513 cases with pT3–4 categories and 320 cases with 

pT1–2 categories. Our results show that CLDN4 expression 

was significantly higher in patients with GC of high pT 

category than in those of low pT category (OR =1.56, 95% 

CI =1.13–2.16; P,0.01) (Table 2; Figure 2A). Moreover, the 

OR for lymph node metastasis was available in nine studies, 

including 670 patients with GC with positive lymph node 

metastasis and 400 patients with GC with negative lymph 

node metastasis. The pooled OR indicates that CLDN4 

expression was significantly higher in patients with GC with 

Table 1 Baseline characteristics of the included studies

Study (year) Country/area Patients AB  
source

AB type Dilution Follow-up Cut-off point  
(high/positive), %

Score

Wang (2015)15 People’s Republic of China 92 rabbit Polyclonal nr nr $10 3
Tokuhara (2015)16 Japan 94 rabbit Polyclonal 1:200 nr $25 7
Zhu et al (2013)17 People’s Republic of China 329 Mouse Monoclonal 1:100 56 (1–136) .75 7
Kwon et al (2011)18 Korea 485 Mouse Monoclonal 1:40 150 nr 5
Jung et al (2011)19 Korea 72 nr nr 1:200 36.8 (2.7–48.8) $25 6
hwang et al (2010)20 Taiwan 189 Mouse Monoclonal 1:100 60 $10 7
Ohtani et al (2009)10 Japan 124 Mouse Monoclonal 1:100 22.2 (1–64.37) .50 5
lee et al (2008)21 Taiwan 88 Mouse Monoclonal 1:100 nr $10 4
Matsuda et al (2007)22 Japan 94 Mouse Monoclonal 1:100 nr .30 3
soini et al (2006)23 Finland 118 Mouse Monoclonal 1:50 nr nr 5
Kuo et al (2006)24 Taiwan 93 goat Polyclonal nr nr $10 4
cunningham et al (2006)25 Usa 133 Mouse Monoclonal 1:500 nr $10 4
resnick et al (2005)11 Usa 146 Mouse Monoclonal 1:500 34 (12–180) nr 4
lee et al (2005)26 Korea 49 Mouse Monoclonal 1:500 nr nr 5

Abbreviations: aB, antibody; nr, not reported.

Table 2 Detailed results for clinicopathological and prognostic significance of CLDN4 expression

Parameters Effect values (OR/HR) 95% CI P-value Heterogeneity (I2), %

Clinicopathological characteristics
pT category

T3–T4 versus T1–T2
1.56 1.13–2.16 ,0.01 6.00

lymph node metastasis
Positive versus negative

1.49 1.12–1.97 ,0.01 37.00

stage
iii–iV versus i–ii 

0.99 0.54–1.82 0.97 69.00

Differentiation
Differentiated versus undifferentiated 

2.90 1.32–6.37 ,0.01 85.00

lauren type
Intestinal versus diffuse

3.51 1.48–8.28 ,0.01 76.00

lymphatic invasion
Positive versus negative

1.06 0.39–2.89 0.91 82.00

Venous invasion
Positive versus negative

1.11 0.52–2.37 0.79 30.00

age
Older versus younger 

1.50 1.13–1.99 ,0.01 36.00

sex
Males versus females

1.50 1.13–2.00 ,0.01 40.00

Tumor size
large versus small

1.64 1.15–2.34 ,0.01 44.00

Prognosis
HR for OS total 0.74 0.43–1.27 0.28 81.00
HR for OS in Asian subgroup 0.58 0.33–1.05 0.07 80.00
HR for OS in white subgroup 2.07 1.22–3.51 ,0.01 not applicable

Abbreviations: CLDN4, claudin 4; HR, hazard ratio; OR, odds ratio; OS, overall survival; CI, confidence interval.
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lymph node metastasis (OR  =1.49, 95% CI  =1.12–1.97; 

P,0.01) (Table 2; Figure 2B).

Including six studies with 438 early stage (I–II) patients 

with GC and 436 advanced stage (III–IV) patients with 

GC, there was no significant association between CLDN4 

expression and GC stage (OR =0.99, 95% CI =0.54–1.82; 

P=0.97) (Table 2).

CLDN4 expression and the histologic type
The pooled OR, including 499 differentiated GC and 692 

undifferentiated GC from ten studies, is shown in Table 2, 

indicating that CLDN4 expression was strongly associated 

with histological type in GC and high CLDN4 expression 

was more inclined to appear in differentiated GC (OR =2.90, 

95% CI =1.32–6.37; P=0.01).

Furthermore, pooled OR from six studies, including 259 

intestinal type patients with GC and 274 diffuse type GC, 

suggests that aberrant CLDN4 expression was significantly 

higher in Lauren intestinal type GC than that in Lauren 

diffuse type GC (OR =3.51, 95% CI =1.48–8.28; P,0.01) 

(Table 2).

CLDN4 expression and venous and lymphatic 
invasion
The pooled OR from five studies is shown in Table 2, indi-

cating that aberrant CLDN4 expression was not significantly 

higher in positive lymphatic invasion than that in negative 

lymphatic invasion (OR =1.06, 95% CI =0.39–2.89; P=0.91). 

The pooled OR from four studies, including 170 patients 

with GC with positive venous invasion and 281 patients 

with GC with negative venous invasion, is shown in Table 2, 

indicating that CLDN4 expression was not associated with 

venous invasion in patients with GC (OR  =1.11, 95% 

CI =0.52–2.37; P=0.79).

CLDN4 expression and age, sex, and tumor size
We looked at the relationship between age and CLDN4 

expression. The pooled OR from seven studies, including 

529 older patients with GC and 450 younger patients with 

GC, is shown in Table 2. Our results show that CLDN4 

expression was significantly higher in older patients with 

GC than in younger ones (OR =1.50, 95% CI =1.13–1.99; 

P,0.01).

Figure 2 Pooled analysis for the association between CLDN4 expression and TNM stage.
Notes: (A) Pooled analysis for the association between CLDN4 expression and pT category. (B) Pooled analysis for the association between CLDN4 expression and lymph 
node metastasis.
Abbreviations: CI, confidence interval; CLDN4, claudin 4; df, degrees of freedom; LN+, positive lymph node metastasis; ln-, negative lymph node metastasis; TnM, tumor–
node–metastasis; M-h, Mantel-haenszel.
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Next, we assessed the association between CLDN4 

and sex. The pooled OR from eight studies, including 672 

males and 356 females, is shown in Table 2 and indicates 

that CLDN4 expression was higher in males than in females 

(OR =1.50, 95% CI =1.13–2.00; P,0.01).

Finally, CLDN4 expression also appears to be associated 

with tumor size. The pooled OR from three studies is shown 

in Table 2 and shows that aberrant CLDN4 expression was 

significantly higher in larger tumors than in smaller tumors 

(OR =1.64, 95% CI =1.15–2.34; P,0.01).

Correlation of CLDN4 expression with 
prognostic effect
In a pooled analysis including all studies10,11,17–20 with data 

on prognostic effect for CLDN4 expression in GC, we found 

no significant association between CLDN4 expression and 

prognosis for overall survival in patients with GC (HR =0.74, 

95% CI  =0.43–1.27; P=0.28), with huge heterogeneity 

(I2=81%, P,0.01). In subgroup analysis by ethnic group, we 

found that there was a different trend between Asian group 

and Caucasian group. Highly expressed CLDN4 tended to 

have better prognosis in Asian group without significance 

(HR =0.58, 95% CI =0.33–1.05; P=0.07), while it showed 

association with poor prognosis in Caucasian group with 

significance (HR  =2.07, 95% CI  =1.22–3.51; P=0.007) 

(Table 2; Figure 3).

Discussion
CLDN4 is an integral membrane protein that belongs to the 

claudin family. The claudin family consists of approximately 

23 proteins that are essential for the formation of tight 

junctions (TJs) in epithelial and endothelial cells. The exact 

combination of claudin proteins within a given tissue is 

thought to determine the selectivity and strength of the TJs. 

Recent gene expression profiling analyses have shown that 

claudin gene expression is frequently altered in various 

cancers. Specifically, CLDN1, 3, 4, 5, 7, 10, and 16 have 

been found altered in various cancers. The overexpression 

of these proteins in cancer (which typically lose their TJs) 

is unexpected, but may be related to roles that are unrelated 

to TJ formation. For instance, CLDN4 is overexpressed in 

several tumors and has been suggested to have roles in cell 

proliferation, motility, invasion, and survival. However, 

Li et al26 suggested a novel function for CLDN4 in cancer 

through its ability to reorganize the cellular environment to 

favor angiogenesis. By using both in vitro and in vivo assays, 

Li et al found that CLDN4 expression led to significant 

changes in gene expression. Also, these changes were accom-

panied by functional changes in angiogenesis. CLDN4 is the 

core protein to form the TJ, which plays an important role in 

cell adhesion. Its aberrant expression was detected in various 

cancers, while its expression and functions in GC still remain 

unclear and the clinical significance of CLDN4 expression 

in GC has not been thoroughly investigated. Therefore, we 

performed this meta-analysis to systematically evaluate the 

association among CLDN4 expression and clinicopathologi-

cal features and prognostic factors in GC.

The overall analysis showed that CLDN4 expression was 

significantly higher in large tumor group, pT3–4 categories, 

and positive lymph node metastasis group, while CLDN4 

Figure 3 Correlation of CLDN4 expression with prognostic effect.
Notes: There was a different trend between Asian group and Caucasian group. High CLDN4 expression tended to have better prognosis in Asian group without significance, 
while it showed association with poor prognosis in Caucasian group with significance.
Abbreviations: CI, confidence interval; CLDN4, claudin 4; df, degrees of freedom; SE, standard error; IV, inverse variance.
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expression was also significantly higher in patients with 

GC of differentiated histological type and intestinal type of 

Lauren. Moreover, CLDN4 expression was strongly associ-

ated with sex and age in patients with GC. However, CLDN4 

expression had no significant association with venous or 

lymphatic invasion. In the aspect of relationship between 

CLDN4 expression and prognosis of GC, we found that there 

was no significant association between CLDN4 expression 

and overall survival of patients with GC.

This meta-analysis revealed that CLDN4 played a dual 

role in the relationship between its increased expression and 

the clinicopathological features of GC. Elevated CLDN4 

expression was found in well-differentiated or moderately 

differentiated GC and intestinal type GC. This phenomenon 

was in according with the intercellular cell-cell junctions 

function of CLDN4. However, we also found that high 

expression of CLDN4 significantly contributed to the inva-

sive and metastatic phenotype of GC, such as advanced pT 

category, lymph node metastasis, and larger tumor size. The 

results of the meta-analysis suggest that the role CLDN4 

plays in GC progression is apparently in contradiction to its 

physiological role as a cell–cell adhesion molecule. These 

results have been corroborated in ovarian cancer.28

For every plus, there is a minus. In the aspect of asso-

ciation between CLDN4 expression and GC prognosis, the 

results were controversial. Of the previous studies, Tsutsumi 

et al29 reported that increased expression of CLDN4 predicts 

better prognosis in pancreatic ductal adenocarcinoma. Hsueh 

et al30 indicated that decreased CLDN4 expression indepen-

dently predicted shorter distant metastasis-free survival of 

nasopharyngeal cancer. These results were all presented in 

Asian group and are in line with our meta-analysis subgroup 

results. While in the Caucasian group, the results showed that 

high CLDN4 expression predicted poor prognosis in patients 

with GC. The controversial finding might not only be due to 

the difference between ethnic groups, but also caused by the 

dual role of CLDN4 expression in the invasion process of GC. 

During the invasion process, loss of intercellular adhesion is 

one of the early critical steps toward metastasis, and reduced 

expression of CLDN4 correlates with the loss of differen-

tiation, which predicts worse prognosis of GC. Meanwhile, 

during the metastatic process, increased cell-to-cell adhesions 

formed by TJs lead to the planting of cancer cells into the 

metastatic organ, and high CLDN4 expression is related to 

facilitating the metastatic potential, which indicates poor 

prognosis of patients with GC. Therefore, we suppose the 

dual role of CLDN4 expression has led to the controversial 

results in the prognosis and survival analysis among studies. 

Thus, it is of more significance to focus on the role of CLDN4 

in individual processes during cancer development.

Several studies have tried to elucidate the molecular 

mechanisms by which CLDN4 impacts tumor progression 

and survival. The potential explanation may be that aberrant 

CLDN4 expression influences the expression of matrix met-

alloproteinases (MMPs), which play crucial roles in tumor 

invasion and tumor spread. Hwang et al20 suggested that 

CLDN4 affects the expression and activity of MMP-2 and 

MMP-9 either directly or by modulating signal transduction, 

and that these two proteins stimulate tumor cell invasion 

in GC. Prior to that study, Lee et al21 found that CLDN4 

expression was significantly associated with MMP-9 expres-

sion, but not with MMP-2 expression. Moreover, Agarwal 

et al28 confirmed that CLDN4 overexpression enhanced 

invasion and increased migration, and was associated with 

increased MMP-2 activity, through their experiments in 

ovarian cancer cell lines. In addition, Miyamori et al31 showed 

that claudin promotes activation of pro-MMP-2 mediated 

by membrane-type MMP, which indicates the modulatory 

effects of claudins on MMP-2 activation. They suggested that 

claudin recruits all membrane-type MMPs and pro-MMP-2 

on the cell surface to achieve elevated focal concentrations 

and, consequently, enhances activation of pro-MMP-2.

Regardless of their exact functions in cancer cells, claudin 

protein expression may have significant clinical relevance. 

Of particular interest is the possible use of Clostridium 

perfringens enterotoxin (CPE) as a novel chemotherapeutic 

compound. CPE is a natural ligand for CLDN4 proteins, and 

binding of the toxin to CLDN4 leads to a rapid cytolysis of the 

cells.32–34 Thus, high expression of CLDN4 in cancer might 

represent a unique opportunity for innovative therapy using 

CPE.35 Indeed, CLDN4 has been shown to be sensitive to 

CPE-mediated cytolysis in pancreatic,36 breast,37 and ovarian 

cancer.38 Importantly, these studies showed that no significant 

toxicity was encountered in mice upon intratumoral CPE 

treatment. These findings are important because the unusual 

expression patterns of CLDN4 suggest utility for detection, 

diagnosis, and treatment of GC.

Previously, there was a meta-analysis regarding on the 

correlation of CLDN4 expression with clinic pathological 

characteristic and prognosis of GC.39 In that meta-analysis 

they showed over expression of CLDN4 was only associ-

ated with poor survival, advanced stage and lymphoid node 

metastasis. In our meta-analysis, we found a significant 

association between expression of CLDN4 and lymph node 

metastasis, pT category, tumor size, histological differentia-

tion, sex, and age, but did not find a significant relationship 
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of CLDN4 expression with either advanced stage or survival 

in patients with GC. The differences of these two studies 

might result in different studies included and different data 

extracted. Comparing with the previous meta-analysis, we 

have analyzed six studies published before18,21–23,25,26 and 

added two studies published recently.15,16 All studies we 

included were published in English. In addition, we had to 

write to some authors for individual data to make pooled 

analysis more confirmed and convincible. For instance, Zhu 

et al16 presented the results of GC prognosis in subgroup, but  

the results were not calculated for all patients. Therefore, we 

consulted the author, and received the data and also obtained 

permission of using the unpublished results. Moreover, 

regarding the relationship between CLDN4 expression 

and GC clinicopathological characteristics, we found more 

significant association than the previous meta-analysis, 

which has made our meta-analysis more constructive and 

advisable.

There are several limitations in this meta-analysis. 

First, this meta-analysis was based on published data from 

retrospective studies and we could not obtain individual 

data. Second, heterogeneity could not be ignored and we 

used the random-effects model if there was considerable 

heterogeneity. Moreover, limited number of available studies 

impacted the statistical power of subgroup analysis.

Conclusion
The present study indicates that aberrant CLDN4 expres-

sion plays an important role in the clinicopathological 

characteristics of GC. Further large-scale studies, especially 

multicenter and well-matched cohort research, will provide 

more insight into the role of CLDN4 in the prognosis and 

clinical implementation of patients with GC.
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