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Abstract 
Background: Cell adhesion molecule abnormalities are given as one reason for the occurrence of 
invasion and metastasis in various cancers. In this study, we conducted an immunohistochemical 
examination of cell adhesion molecule claudin-1 in mucosa and invasive front of gastric cancer, 
and investigated the correlation of claudin-1 expression and clinicopathological factors. Methods: 
Immunohistochemical examination was performed for 35 patients who underwent surgery be-
tween January 2010 and October 2011, to assess the correlation of claudin-1 with primary gastric 
cancer. Results: The expression rate of claudin-1 was 48.6% (17/35) in 35 gastric carcinoma pa-
tients. The positive rates of claudin-1 were 42.9% (15/35) in mucosa and 28.6% (10/35) in inva-
sive front of gastric cancer. The expression rate of claudin-1 in invasive front was lower than in 
mucosa. From comparing claudin-1 expression in mucosa, it was found that well-to moderate-
ly-differentiated adenocarcinoma had significantly more claudin-1 expression than poorly-differ- 
rentiated adenocarcinoma. Claudin-1 expression of well-to moderately-differentiated adenocar-
cinoma decreased in the invasive front of gastric cancer. Expression of claudin-1 in mucosa was 
negative in many cases with advanced tumor invasion (T2, T3, T4) and positive in many cases with 
early tumor invasion (T1), with a significant difference between the two (p < 0.05). In mucosa, 
many cases at an advanced stage (Stage II, III, IV) were negative for claudin-1 expression and many 
cases at an early stage (Stage I) were positive for claudin-1 expression. A significant difference was 
seen between the two (p < 0.05). However, claudin-1 expression in the invasive front was not cor-

 

 

*Corresponding author. 

http://www.scirp.org/journal/ojpathology
http://dx.doi.org/10.4236/ojpathology.2014.44026
http://dx.doi.org/10.4236/ojpathology.2014.44026
mailto:hirakawa@chs.pref.kagawa.jp
http://creativecommons.org/licenses/by/4.0/


E. Hirakawa et al. 
 

 
207 

related with histological type, depth of tumor invasion and stage. Conclusion: From the above re-
sults, it is considered that decreased claudin-1expression in mucosa is related to histological type, 
gastric cancer invasion and stage, and this information may be useful when making a pathological 
diagnosis of advanced gastric cancer and estimating outcomes. 
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1. Introduction 
Gastric carcinoma is one of the most frequent malignant tumors and the second most common cause of death 
from carcinoma in the world, in spite of improvements and development in endoscopy and surgical technology 
[1]-[3]. The extent of cancer invasion and metastasis are critical events for deciding on a cancer treatment, and 
for predicting a prognosis.   

Tight junctions are the most apical of cellular junctions, providing a selective barrier and maintaining cellular 
polarity in epithelial cells [4]-[6]. Abnormality of tight junction proteins or adherence junction proteins, such as 
claudins, β-catenin and E-cadherin, is considered to be an important pathway and trigger for tumor progression 
and metastasis [7]-[10]. Among the many tight junction proteins, the four-time transmembrane protein family, 
claudins, are studied in several malignancies, such as those of the breast, ovary, uterus, urinary bladder, thyroid, 
pancreas, colon and stomach [11] [12]. The expression of different claudins has been shown in several tumors 
including gastric cancer. 

The expression of claudins-1 is reportedly lower in cases of diffuse typegastric carcinoma than in intestinal 
type gastric carcinoma [11]. On the other hand, the expression of claudin-1 is significantly lower in cases of in-
testinal type rather than diffuse type gastric carcinoma [13]. Previous studies have demonstrated the heterogene-
ities of claudin immunoreactivities in gastric carcinoma. In addition, there have been a few reports regarding 
claudin-1 expression in mucosa and the invasive front, comparing the clinicopathological factors in the early and 
advanced stage of gastric cancer [14]. In the study, the claudin-1 over-expression rate in the invasive front was 
positively related with the differentiation, invasiveness and metastasis of gastric carcinoma. However, the exact 
role of claudin-1 protein in gastric cancer remains controversial and unclear. In particular, the biological func-
tion of claudins in mucosa and the invasive front has not been clarified. In this study, we aimed to evaluate the 
expression of claudin-1 in mucosa and invasive front of gastric cancer, and investigate the correlation of clau-
din-1expression and clinicopathological factors. We found that the expression of claudin-1 in mucosa showed a 
significant correlation with the histological type. The expression of claudin-1 in mucosa was also significantly 
correlated with advanced T-stage and advanced staging, as opposed to early T-stage and early stage. 

2. Materials and Methods 
2.1. Patients and Material 
Tissues were obtained from surgically resected specimens of 35 patients, diagnosed as gastric carcinoma be-
tween January 2010 and October 2011 in Kagawa University Hospital, for claudin-1 immunohistochemistry. 
The histological findings, lymph node metastases, venous invasion and TNM stage were evaluated based on the 
Fourteenth Japanese Classification of Gastric Adenocarcinoma and the Seventh Union for International Cancer 
Control (UICC) TNM Staging System [15]-[17]. As for the histological type of adenocarcinoma, the major type 
that occupied the most extensive area was defined as the histological type for a case. In this study, the term “in-
vasive front” was defined as the transitional area between the primary cancer and normal interstitium. All sub-
jects signed a written informed consent form approved by the hospital. The study was conducted with the ap-
proval of the Institute Research Ethics Committee of Kagawa Prefectural University of Health Sciences. 

2.2. Immunohistochemistry 
Specimens were fixed in formalin, embedded in paraffin wax, cut into 4 µm thick sections and stained with he-
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matoxylin and eosin. The sections were immunostained with antibodies for monoclonal mouse anti-claudin 1 
(1:200, Abcam, Cambridge, UK). The sections were deparaffinized and heated in an autoclave for 15 min in 
0.01 M citrate buffer (pH 6.0) to retrieve the antigens. Endogenous peroxidase activity was blocked with the use 
of 3% hydrogen peroxide for 10 min. The sections were incubated with primary antibodies for 2 hours at room 
temperature with secondary antibodies of Histofine Simple Stain MAX PO (MULTI) (universal immuno-pe- 
roxidase polymer, anti-mouse and anti-rabbit) according to the manufacturer’s instructions (Nichirei Biosciences, 
Tokyo, Japan), and then immersed into diaminobenzidine tetrahydrochloride (DAB) solution (Nichirei Bios-
ciences, Tokyo, Japan). The sections were counterstained with hematoxylin, dehydrated and mounted. As posi-
tive controls, normal gastric mucosa samples were used. 

The classification category of claudin expression was based on the criteria of Jung et al. [13]. Briefly, the 
immunostaining for claudin-1 was assessed as follows at the mucosa and invasive front, respectively. The scores 
were 0, no staining; 1+, <25% cells positive and incomplete membranous staining; 2+, 25% - 50% cells positive 
and incomplete membranous staining; 3+, 50% - 75% cells positive and complete or incomplete membranous 
staining; 4+, >75% cells positive and complete membranous staining. In the evaluation, the expression of clau-
din-1 was grouped into negative (0, 1+) and positive (2+, 3+, 4+) levels. 

2.3. Statistics 
Univariate analysis was performed using the chi-square test or Fisher’s exact test for categorical data. All statis-
tical analyses were performed with SPSS Ver. 22.0. The statistical comparative analysis was performed by 
chi-square test, and P values were considered significant if <0.05. 

3. Results 
3.1. Clinicopathological Parameters 
Table 1 summarizes the clinicopathological parameters of 35 patients with gastric adenocarcinoma having un-
dergone immunohistochemistry for claudin-1. Twenty-four patients (68.6%) were men and 11 (31.4%) patients 
were women, with a median age of 71.7 years old (age range, 59 - 91 y). Fifteen (42.9%) patients had stage I, 6 
(17.1%) patients had stage II, 7 (20.0%) patients had stage III, and 7 (20.0%) patients had stage IV adenocarci-
noma. 

3.2. Expression of Claudin-1 in Mucosa and Invasive Front 
Claudin-1 was mainly expressed in the cell membrane of gastric adenocarcinoma cells and some samples dis-
played a low level of cytoplasmic staining. The expression rate of claudin-1 was 48.6% (17/35) in 35 gastric 
carcinoma patients. Claudin-1 expression in mucosa and invasive front was compared in 35 gastric adenocarci-
noma patients. The expression of claudin-1 was 42.9% (15/35) in mucosa and 28.6% (10/35) in invasive front 
(Figure 1). The expression of claudin-1 in mucosa was significantly higher in well- to moderately-differentiated 
adenocarcinomas than in poorly-differentiated adenocarcinomas (p < 0.05). The expression of claudin-1 in mu-
cosa was significantly lower in cases of advanced depth tumor invasion (T2, T3, T4) and advanced stage (Stage 
II, III, IV), than in cases of mucosal invasion (T1) and early stage (Stage I). The expression of claudin-1 in mu-
cosa was significantly related with the extent of tumor invasion depth and TNM staging. The expression of 
claudin-1 in mucosa was not related with lymphatic invasion, venous invasion and lymph node metastasis. The 
expression of claudin-1 in invasive front was not related with histological differentiation, lymphatic invasion, 
venous invasion, lymph node metastasis, depth of tumor invasion and staging (Table 2). 

4. Discussion 
In this study, we conducted immunohistochemical examinations of cell adhesion protein molecules, expression 
of claudin-1 in mucosa and invasive front of gastric carcinoma patients, although the sample size was small 
compared with other claudin studies. Our results revealed that the expression of claudin-1 in mucosa was signif-
icantly higher in well- to moderately-differentiated adenocarcinoma than in poorly-differentiated adenocarcino-
ma. The expression of claudin-1 in well- to moderately-differentiated adenocarcinoma and poorly-differentiated 
adenocarcinoma was decreased in the invasive frontrather than in mucosa. The expression of claudin-1 in inva-  
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Table 1. Clinicopathological characteristics for Claudin-1study (n = 35).                                                   

Basic characteristics Number of patients (%) 

Age (mean ± SD) (yr) 71.7 ± 8.2 

Gender  
Male 24 (68.6) 

Female 11 (31.4) 

Histological type  
Well/moderately differentiated 15 (42.9) 

Poorly-differentiated 20 (57.1) 

Lymphatic invasion  
Negative 16 (45.7) 

Positive 19 (54.3) 

Venous invasion  
Negative 9 (25.7) 

Positive 26 (74.3) 

Lymph node metastasis  
N0 16 (45.7) 

N1 8 (22.9) 

N2 1 (2.9) 

N3 10 (28.6) 

Depth of tumor invasion  
T1 11 (31.4) 

T2 4 (11.4) 

T3 8 (22.9) 

T4 12 (34.3) 

Stage  
I 15 (42.9) 

II 6 (17.1) 

III 7 (20.0) 

IV 7 (20.0) 

 
sive front was also unrelated with histological differentiation, lymphatic invasion, venous invasion, lymph node 
metastasis, depth of tumor invasion and staging. However, the expression of claudin-1 in mucosa was signifi-
cantly lower for an advanced T-stage (T2, T3, T4) and advanced staging (Stage II, III, IV) compared with an 
early T-stage (T1) and early stage (Stage I) (Table 2). These results showed that the expression of claudin-1 was 
different in each area of the mucosa and invasive front in gastric carcinoma. Our results showed that down-reg- 
ulation of claudin-1 expression had an important role in gastric cancer invasion. 

Claudins are important proteins in cellular tight junctions that maintained barrier formation, cell polarity, sig-
nal transduction and cell proliferation. Dysregulation of claudins has been reported in many different cancers, 
such as those originating from the breast, liver, esophagus, pancreas, colon, and stomach [11] [12]. Previous 
studies have reported about the loss or down-regulation of tight junction proteins in cancer cells [18] [19].  
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Table 2. Correlation between Claudin-1 expression and clinicopathologic characteristics (n = 35).                                  

 
Mucosa Invasive front 

(−) (+) p-value (−) (+) p-value 

Histological type       
Well/moderately differentiated 5 10 0.034 8 7 0.062 

Poorly-differentiated 15 5  17 3  
Lymphatic invasion       

Negative 9 7 0.807 9 7 0.132 

Positive 11 8  16 3  
Venous invasion       

Negative 3 6 0.129 4 5 0.099 

Positive 17 9  21 5  
Lymph node metastasis       

N0 9 7 0.807 9 7 0.132 

N1, N2, N3 11 8  16 3  
Depth of tumor invasion       

T1 3 8 0.027 5 6 0.057 

T2 ,T3, T4 17 7  20 4  
Stage       
Ⅰ 5 10 0.034 8 7 0.062 

II, III, IV 15 5  17 3  
 

  
Figure 1. Immunohistochemical staining showing positive level (4+) of claudin-1 in mucosa (A) and negative level (1+) in 
invasive front (B) of gastric cancer (×200).                                                                           
 
Claudin-1 has been found to be reduced in breast cancer as well as colon cancer [20]-[22]. The expression of 
claudin-1 and its clinicopathological correlation has been frequently reported for gastric cancer. Soini et al. [11] 
have reported that claudin-1 expression is 53.6%, that the expression of claudin-1 is lower in diffuse type than 
intestinal type, and that the expression of claudin-1, 3, 4 and 5 had an important role in determining the pheno-
type and loose cohesion of cells in the diffuse type of gastric cancer. Resnick et al. [23] demonstrated decreased 
claudin-1 expression in the diffuse type compared to the intestinal type of gastric cancer. Histologically, gastric 
adenocarcinomas can be divided into differentiated and undifferentiated adenocarcinomas, including poor-
ly-differentiated adenocarcinoma. They were also classified as intestinal type and diffuse type, or expanding and 
infiltrative type [24] [25]. Generally, intestinal type is better differentiated with cohesive, glandular-like tumor 
cells, whereas diffuse type is poorly differentiated with infiltration and non-cohesive tumor cells. Thus, our re-
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sults were consistent with theirs. Jung et al. [13] reported that the expression of claudin-3 was significantly low-
er in cases with an advanced T-stage (T3 and T4) of gastric adenocarcinoma. In that study, the expression rate of 
claudin-1 was 56.9% in gastric adenocarcinoma, and the claudin-1 expression was significantly lower in the M1 
stage (distant metastasis) compared with the M0 stage (no distant metastasis) (27.3% vs. 62.3%). The reduction 
of claudins in cancer is consistent with the concept of tumorigenesis, accompanied by a disruption of tight junc-
tions. The loss or low expression of claudins in cancer cells leads to loss of cell adhesion, histological differen-
tiation, and the progression of cancer to metastasis. Our results showed that the expression of claudin-1 in mu-
cosa was significantly lower for advanced T-stage and advanced staging. This may show that disruption of clau-
din-1 is associated with carcinogenesis and progression of gastric cancer. These results indicate that claudin-1 
may play a role in determining the diffuse phenotype and loose cohesion of cells in diffuse-type gastric carci-
noma in a manner similar to that of E-cadherin [11]. 

Our results showed the expression of claudin-1 in mucosa was significantly higher in well- to moderately- 
differentiated adenocarcinoma than in poorly-differentiated adenocarcinoma. In contrast, Wu et al. [14] reported 
that claudin-1 expression in invasive front was different from that in the mucosa of gastric cancer, and that the 
claudin-1 up-regulation in invasive front was positively related with the differentiated degree, and with the inva-
siveness and metastasis of gastric adenocarcinoma. Huang et al. [26] showed that claudin-1 expression was in-
creased in tumor tissues that were of intestinal type, differentiated type, at an advanced TNM stage and with 
lymph node metastasis. Their results are consistent with our findings which showed loss of claudin-1 in diffuse 
type gastric cancer. However, the prognostic significance of claudin-1 in their study was different from that of 
our study and previous reports [11] [23]. They suggested that the difference in prognostic significance from the 
previous reports may have been caused by the difference in patient nationality. In addition, Eftung et al. [27] 
demonstrated that the claudin-1 gene was significantly up-regulated in gastric cancer compared to matched 
normal mucosa, and that claudin-1 expression was correlated with reduced survival. These results were different 
from those of our study, however, based on biology, the down-regulation of claudin-1 would result in destruc-
tion of tight junctions and loss of cell-to-cell adhesion causing tumor progression [28] [29]. Thus, the expression 
pattern of claudin-1 in gastric cancer was diverse and controversial. This may have been caused by the different 
immunohistochemistry scoring systems of the reported studies. But the mechanisms for the up-regulation or 
down-regulation of claudin-1 remains incompletely understood, and the role of claudin-1 in cancer progression 
and progress is far from clear. These paradoxical issues require further investigation. 

In conclusion, there have been few reports comparing expression of claudin-1 in mucosa and the invasive 
front of gastric cancer. Down-regulation of claudin-1 expression in mucosa correlates with poor prognostic fac-
tors, according to pathological findings. These findings indicate that the perturbation of claudin-1 has an impor-
tant role in the progression of gastric cancer. However, the subjects are few in this study, and further investiga-
tions with a larger sample are required to better identify the claudin-1 action mechanism in gastric cancer. 
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