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Introduction

Tight junctions (TJs) organise paracellular permeability 
and they have an important role in epithelial and 
endothelial cell polarity and permanence of barrier 
function. As a result of many studies on the molecular 
ecture of TJs, it has been demonstrated that the Claudin 
family constitutes an important component of them. There 
are 24 known members of the Claudin family, each with a 
specific distribution pattern (Rahner et al., 2001; Tsukita 
et al., 2001).

Claudin 1,4,5,7,8,11,14 and 19 are impermeability 
Claudins and increase in expression of these Claudins 
is known to strengthen the junction of epithelial cells 
(Oliveira et al., 2007; Krause et al., 2008; Will et al., 
2008; Ouban et al., 2010). Increased expression of the 
pore-forming Claudins 2,10 and 16 reduces the junction 
of epithelial cells (Bornholdt et al., 2011). Other Claudins 
have the ability of forming paracellular anion/cation pores 
and water channels (Tsukita et al., 2001; Will et al., 2008).

Loss of cell-to-cell adhesion is known as an important 
factor in cellular transformation and tumours’ gaining 
metastatic potential (Fritzsche et al., 2008). It has been 
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Abstract

 Background: Tight junctions (TJs) organise paracellular permeability and they have an important role in 
epithelial and endothelial cell polarity and permanence of barrier function. It has been demonstrated that the 
Claudin family constitutes an important component of them. In this study, we assessed expression patterns of 
of Claudin1, 4 and 7 and whether they have any relation with prognosis in patients with pancreatic cancer. 
Materials and Methods: Expression patterns of Claudin 1,4 and 7 were examined by immunohistochemistry 
in 25 patients with a histopathological diagnosis of pancreatic cancer using a semiquantitative scoring of the 
extent and intensity of staining. After grouping the staining scores as low (final score 0-2) and high (final score 
3-9) the relation between expression of Claudin 1,4 and 7 and survival was evaluated. Results: There was no 
significant relation between expression of Claudin 1,4 and 7 and gender and stage. No statistically significant 
relation was found between Claudin 1 and 4 expression and survival whereas a statistically significant relation 
was found between decrease in Claudin 7 expression and decrease in survival. Conclusions: Claudins have 
important functions other than their popular function known as adhesion. Supporting this hypothesis, we found 
a statistically significant relationship between increased Claudin 7 expression and increased survival time, and 
this suggests that Claudin 7 may exert different tumorigenic effects in pancreatic cancer other than its well-
known adhesion effect. 
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recently demonstrated that the Claudin protein family 
plays an important role in a series of pathophysiological 
events including development of cancer (Singh et al., 
2010). 

Claudin 1,4 and 7 are important members of this 
Claudin protein family and their expressions show 
alterations in many different malignancies such as 
oesophageal, gastric, biliary (Usami et al., 2006; Agarwal 
et al., 2009; Kwon et al., 2011), ovarian (Kwon et al., 
2010), endometrial (Pan et al., 2007; Knoecny et al., 
2008), bladder (Boireau et al., 2007; Szekely et al., 2011) 
renal (Lechpammer et al., 2008), prostate (Landers et al., 
2008), breast (Kominsky et al., 2003), cholangiocarcinoma 
(Bunthot et al., 2012) and pancreatic cancer. 

Pancreatic cancer is one of the most aggressive 
cancers with a strong capacity of invasion, metastasis and 
recurrence and known to be the fourth leading cause of 
cancer-related death in the industrialised world (Eskelinen 
et al.,1999; Yeo et al., 2002; Jemal et al., 2010). Despite 
multimodal therapeutic approaches including surgery, 
chemotherapy, radiotherapy, and immunotherapy, 
pancreatic cancer still presents a fatal prognosis (Tsutsumi 
et al., 2012). Development of new strategies for diagnosis 
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and therapy is neccessary to obtain a decrease in mortality 
(Kojima et al., 2012; Neesse et al., 2013; Wang et al., 
2014). Recently, it was found that in several human 
cancers, including pancreatic cancer, some members of 
the claudin family are regulated abnormally and therefore 
are promising molecular targets for diagnosis and therapy 
(Michl et al., 2003; Kojima et al., 2012).

In this study, we searched the expression patterns of 
of Claudin1,4 and 7 and if they have any relation with 
prognosis in patients with pancreatic cancer. 

Materials and Methods

Patient selection 
Patients who were histopathologically diagnosed 

pancreatic ductal adenocarcinoma and in follow-up 
in Antalya Education and Research Hospital between 
January 2013 and October 2013 were enrolled in this 
study. Patients who were staged according to radiologic 
and clinical findings were re-staged according to the 7th 
edition of the American Joint Committee on Cancer. 
Finally a total of 25 patients with appropriate tissue 
samples were included in the study. Claudin 1, 4 and 7 
expressions were examined by immunohistochemical 
method in biopsy specimens of these 25 patients. 
Demographic data such as age, gender and stage of the 
disease and information about the treatment applied were 
obtained by searching the patient files.

Tissue preparation and immunohistochemical staining
Biopsy materials obtained for histopathological 

diagnosis were placed in 10% formaldehyde immediately 
after the process and fixed for 24 h. After fixation, materials 
were grossly examined and appropriately sampled. Tissue 
samples were embedded in paraffin after routine tissue 
procedure. Immunohistochemical staining was applied 
on cross-sections obtained from the tissue samples with 
tumour chosen after evaluating the hematoxylin and eosin 
stained slides. Cross-sections of 4-μm thickness prepared 
for immunohistochemical staining were deparaffinised 
in an oven at 60°C for 2 h. Subsequently, they were 
kept in xylene for 30 min and 100% alcohol for 30 
min, and then washed with water. Slides were kept in a 
solution buffered with 10% citrate in the microwave at 
maximum power (800 watts) for 15 min. Afterwards, the 
power was decreased by half for an additional 20 min 
in the microwave. Slides brought out of the microwave 
were kept at room temperature for 20 min. Endogenous 
peroxidase activity was removed by being kept in 3% 
hydrogen peroxide for 10 min. After being kept in primary 
antibodies Claudin 1 (rabbit polyclonal, clone ab15098, 
dilution 1:200, Abcam, Cambridge, MA, USA), Claudin 4 
(rabbit polyclonal, clone ab15104, dilution 1:200, Abcam, 
Cambridge, MA, USA), and Claudin 7 (rabbit polyclonal, 
clone ab27487, dilution 1:200, Abcam, Cambridge, MA, 
USA) for 60 min, they were washed in PBS for 5 min. 
Afterwards, they were treated with biotinylated secondary 
antibody (Vector Laboratories, Burlingham, CA) for 20 
min and washed with PBS for 5 min. They were kept 
with peroxidase conjugated antibody for 20 min. Then 
they were washed in PBS for 5 min. They were kept in 

chromogenic DAB for 5 min. Slides were washed under 
tap water and then counterstained with hematoxylin. They 
were dehydrated, dried, and mounted with Entellan. For 
negative controls, the primary antibodies were omitted.

Evaluation of immunohistochemically stained sections 
Expression rates of Claudin 1,4 and 7 in the tumor 

cells were evaluated by 2 pathologists (ASA, DS) who 
were unaware of the clinicopathological information 
of the patients. Only membranous staining was 
classified as positive, and in intensely stained cells, an 
accompanying cytoplasmic staining was also observed. 
Immunohistochemical evaluation and scoring was 
performed by the method that Hsueh et al. used (Hsueh 
et al., 2010). The expression of Claudins 1, 4, and 7 
was assessed by semiquantitative scoring of the extent 
and intensity of the staining. The staining extent was 
represented by the percentage of positively stained tumor 
cells and graded as less than 10% (1+), in between 10% 
and 50% (2+), or more than 50% (3+), respectively. The 
staining intensity was recorded as absent (0), weak (1+), 
moderate (2+), or strong (3+), respectively. The 2 scores 
were multiplied to give a final score of 0 to 9. The staining 
scores were grouped as low (final score 0-2) and high 
(final score 3-9). Figures 1,2 and 3 demonstrate examples 
of Claudin 1,4 and 7 staining representing different scores 
(Figure 1, 2, 3).

Statistical analysis 
Statistical analyses were carried out by SPSS 

software for Windows 15.0. Suitability of variables 
to normal dispersion was observed by using visual 
(histograms and probability graphics) and analytical 
(Kolmogorov-Smirnov, and Shapiro- Wilk tests) methods. 
In Kolmogorov-Smirnov testing, p values above 0.05 are 
considered as normal dispersion. Differences between 
groups were observed by using chi-square and Mann- 
Whitney U test. Kaplan-Meier survival analysis was 
performed for the relation of each immunohistochemical 
positive and negative result with survival. Statistical 
differences were confirmed by log-ranking test. P values 
under 0.05 were considered to be significant.

Results 

Clinicopathologic characteristics
The study included 10 (40%) female and 15 (60%) 

male patients. The mean age of the patients was 68.9±8.8 
(range 51-89). Curative and palliative surgery was applied 
in 8(32%) and 3 (12%) of the patients, respectively whereas 
diagnosis was made by histopathological evaluation of the 
biopsy material in 14 (56%) of the patients.

The histologic type of the tumour was ductal 
adenocarcinoma in all of the patients. Differentiation 
degree of adenocarcinoma was identified as well, moderate 
and poor in 2 (8%), 14 (56%), and 9 (36%) patients, 
respectively. When evaluated according to stage of the 
disease, 3 (12%) patients were in stage 2, 7 (28%) patients 
were in stage 3 and 15 (60%) patients were in stage 4. 

Immunohistochemical findings
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Claudin 1 expression was found as negative in 6 
(24%), 1(+) in 8 (32%), 2(+) in 7(28%) and 3 (+) in 4 
(16%) patients. Final score of Claudin 1 expression was 
found as low in 13 (52%) and high in 12 (48%) patients. 

Claudin 4 expression was found as negative in 3 (12%)  
1(+) in 5 (20%), 2(+) in 15 (60%) and 3 (+) in 2 (8%) 
patients. Final score of Claudin 4 expression was found 
as low in 7 (28%) and high in 18 (72%) patients. 

Claudin 7 expression was found as negative in 1 (4%), 
1(+) in 1 (4%), 2(+) in 3 (12%) and 3 (+) in 20 (80%) 
patients. Final score of Claudin 7 expression was found 
as low in 2 (8%) and high in 23 (92%) patients. 

Correlation between clinical parameters and expression 
of claudins

There was no significant relation between Claudin 
1 expression and gender and stage (p:0.87, p:0.063,). 
There was no relation between Claudin 4 expression and 
gender and stage (p:0.275, p:0.269). No relation was 
found between Claudin 7 expression and gender and stage 
(p:0.229, p:0.485).

The mean follow-up time was 9,8 months and 

median follow-up time was 5.7 months. The 12-month 
and 24-month survival rates of the patients were found 
as 24% and 15%, respectively. Median survival period 
was 5.7±2.1 months (%95 Confidence İnterval 1.6-9.9). 
No statistically significant relation was found between 
Claudin 1 and 4 expression and survival (p:0.865, 
p:0.947). Whereas a statistically significant relation was 
found between decrease in Claudin 7 expression and 
decrease in survival (p:0.001) (Figure 4).

Discussion

In our study, we showed that expression of Claudin 7 is 
a good prognostic factor in patients with pancreatic cancer 
whereas no association was found between prognosis and 
expression of Claudin 1 and 4 .

Loss of expression of Claudin is suggested to play 
a role in carcinogenesis by causing supression of TJs 
functions and subsequent cell proliferation, motility and 
invasiveness of the cancer cells (Rangel et al., 2003; 
Sheehan et al., 2007). On the other hand, although 
association between increase in Claudin expression 
and carcinogenesis is not clearly understood, it is 
suggested that matrix metalloproteinase activation due 
to overexpression of Claudin increases invasiveness of 
cancer (Singh et al., 2010). The role of Claudin expression 
in epithelial cell polarity, invasion and metastasis of cancer 
has been reported (Kojima et al., 2008; Yoon et al., 2010).

Subcellular distrubition and abundance of spesific 
claudin proteins are known to be different between 
normal and transformed pancreatic epithelia. Therefore it 
is possible that changes in paracellular permeability are 
associated with the formation of pancreatic intraepithelial 
neoplasms (PanIN) (Westmoreland et al., 2012).

In a study of Dehghan Esmatabadi, et al (2015), the 
effects of dendrosomal curcumin (DNC) on cellular 
migration and adhesion of human SW480 colon cancer 
cells were searched and DNC was found to inhibit 
metastasis by causing a decrease in mRNA levels of some 
proteins including Claudin 1, Hef 1 and Zeb 1 (Dehghan 
Esmatabadi et al., 2015).

Tan et al. (2004) showed that expression and dispersion 
of Claudin 1 is related with dissociation of the pancreatic 
cancer cells (Tan et al., 2004). In another study supporting 
this, Kyuno et.al reported that expression of Claudin 
1 increases in epithelial-mesenchymal transition in 

Figure 2A,2B. Moderate, Extensive and Strong 
Staining with Claudin 4 (IHC, Claudin 4 X100, X400) 

A	   B	  

Figure 1A,1B. Weak Staining with Claudin 1 (IHC, 
X200, X400)

A B	  

Figure 3A,3B: Extensive and Strong Staining with 
Claudin 7 (IHC, Claudin 7 X40, X100)

A B

Figure 4. Relation between Decrease in Expression of 
Claudin 7 and Survival (p:0.001)
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pancreatic cancer and this increase can be reduced by 
protein kinase inhibitors (Kyuno et al., 2013). It is also 
shown that Claudin 1 expression induces cell growth by 
increasing expression of TNF-α in pancreatic cancer cell 
(Kondo et al., 2008).

Pancreatic ductal adenocarcinomas as well as 
intraductal papillary mucinous tumours of the pancreas 
express claudins 1 and 4, and claudin 18 is present 
mainly in pancreatic carcinoma (Tsukahara et al., 2005; 
Karanjawala et al., 2008). 

Claudin-4 expression is widely dysregulated in 
epithelial malignancies and in a number of premalignant 
precursor lesions. It also seems to play an important role 
in tumour cell invasion and metastasis and its dual role as 
receptor of Clostridium perfringens enterotoxin (CPE) is 
very important in means of molecular targeted approaches. 
Upregulation of Claudin 4 in pancreatic cancer has 
been shown by using various methods for identifying 
expression profiles (Neesse et al., 2012).

Nichols et. al (2004) performed immunohistochemical 
evaluation of Claudin 4 in tissue samples of patients 
with primary and metastatic pancreatic cancer and foci 
of pancreatic intraepithelial neoplasia (PanIN) present 
in cases with pancreatic cancer in their study. Claudin 
4 was found intensely positive in virtually all primary 
(71/72 [99%]) and metastatic (49/49 [100%]) pancreatic 
cancer tissue samples analyzed and in 10 of 11 samples 
of PanIN. These findings support the use of claudin 4 
as a target for novel therapeutics of pancreatic cancer. 
Furthermore, the Claudin 4 overexpression within the 
precursor lesion of pancreatic cancer ; PanIN, suggests 
a potential benefit of demonstrating Claudin 4 expresion 
before the development of an invasive carcinoma (Nichols 
et al., 2004).

In a review of Kojima et al. (2012), studies concerning 
Claudin 4 in both normal epithelial cells of human 
pancreatic duct and cancer cells were discussed. 
Claudin-4, overexpressed in pancreatic cancer and its 
precursor lesions, is a receptor for Clostridium perfringens 
enterotoxin (CPE). It is suggested that PKCα inhibitors 
may represent potential therapeutic agents against human 
pancreatic cancer cells by the use of CPE cytotoxicity via 
claudin-4 (Kojima et al., 2012) 

In our study 18 (72%) of the patients presented a high 
final score of Claudin 4 expression. In a study of Tsutsumi, 
et al. (2012), Claudin4 mRNA expression was searched by 
quantitative real-time reverse transcription- polymerase 
chain reaction (qRT-PCR) in a panel of 9 pancreatic cancer 
cell lines and immunohistochemical analysis. Increased 
expression of Claudin 4 was confirmed in all the pancreatic 
cancer cell lines tested compared with normal ductal 
epithelial cells and fibroblasts. A significant association 
was found between low expression of Claudin 4 and 
shorter survival in patients with pancreatic cancer. It was 
also reported that patients with high Claudin 4 expression 
survived longer than patients with low Claudin4. In 
immunohistochemical analysis, the level of Claudin 4 
mRNA expression was significantly correlated with the 
expression of Claudin 4 protein (Tsutsumi et al., 2012).

In our study, no statistically significant relation 
was found between Claudin 4 expression and survival. 

Although claudin-4 is considered to be highly expressed 
in many pancreatic carcinomas and several other solid 
tumors, Michl et. al reported in vitro and in vivo findings 
demonstrating claudin-4 as an anti-invasive factor. On the 
basis of the immunohistochemical findings in their series 
of pancreatic carcinoma tissues, Claudin-4 expression was 
found higher in well-differentiated carcinomas than in 
undifferentiated tumors. This effect was morphologically 
associated with increased formation of tight junctions 
between tumor cells. Claudin-4 is negatively regulated 
by TGF-α and down-regulated by inhibition of the Ras 
signaling pathway. In order to unequivocally prove a 
correlation among tumor grading, invasiveness, and 
claudin-4 expression, a study with a larger series of tumor 
specimens is warranted (Michl et al., 2003).

Claudins are found to be abnormally regulated in 
several human cancers including pancreatic cancer (Michl 
et al., 2003; Karanjawala et al., 2008).

 On the other hand, in the development and progression 
of cancer, tumor suppressor genes may be silenced 
by mechanisms such as methylation. Silencing of the 
expression of some claudins in several human cancers is 
correlated with promoter hypermethylation.These include 
claudin-7 in breast, claudin-4 in bladder and claudin-11 
in gastric cancer (Kominsky et al., 2003; Boireau et al., 
2007; Agarwal et al., 2009).

In a study of a series of the rare pancreatic SPT (solid 
pseudopapillary tumour) Comper et al. (2009) showed 
that claudin expression profile of this tumor is interesting 
when compared with claudin expression of the normal 
pancreas, PET (pancreatic endocrine tumour), ACC 
(pancreatic acinar cell carcinoma (ACC) and and PB 
(pancreatoblastoma ) and that the pattern of claudins 5 
and 7 expression is highly specific in differentiating SPT 
from PET, ACC, and PB (Comper et al., 2009).

In our study Claudin 7 expression was found as 
negative in 1 (4%) , 1(+) in 1 (4%), 2(+) in 3 (12%) 
and 3 (+) in 20 (80%) patients. Final score of Claudin 
7 expression was found as low in 2 (8%) and high in 23 
(92%) patients. 

Soini, et al (2012) searched the expression of claudins 
7 and 18 in pancreatic ductal adenocarcinoma in a total 
of 111 cases in their study and found that there was no 
association between expression of Claudin 7 and survival 
(Soini et al., 2012). In our study we found that decrease 
in expression of Claudin 7 has a statistically significant 
relation with decrease in survival (p:0.001). These 
discrepant results may be due to the difference between 
number and characteristics of the cases of the studies. 

Borka et al. (2007) showed expression of Claudin 
1, 4 and 7 in pancreatic adenocarcinoma (Borka et 
al., 2007). Tsukahara et al. (2005) investigated the 
expression of claudin-4 in human pancreas, pancreatic 
ductal adenocarcinomas, and intraductal papillary-
mucinous tumors of the pancreas (IPMT), and compared 
with that of claudin-1. Of 12 cases of pancreatic ductal 
adenocarcinoma, 11 (92%) had positive immunostaining 
for claudin- 4, and seven (58%) for claudin-1 (Tsukahara 
et al., 2005). We found a similiar expression rate for 
Claudin 1 whereas Claudin 4 expression rate was found 
higher in our study. This may be due to the higher number 
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of patients in our study.
In conclusion, the main role of members of Claudin 

family is cell-to-cell adhesion. Therefore it is suggested 
that decrease in cellular expression of Claudins causes 
increased motility in the tumour cells and invasion. 
However , an increase in expression of Claudin family is 
observed in some types of cancer, surprisingly. 

Various studies reported that some of the members of 
the Claudin family cause decrease in ability of invasion 
of tumour cells, in some types of cancer overexpression 
of Claudins cause a decrease in apoptosis and an increase 
in survival of the cell. And all of these findings indicate 
that Claudins have important functions other than their 
popular function known as adhesion. Supporting this 
hypothesis, we found a statistically significant relationship 
between increased Claudin 7 expression and increased 
survival time, and this suggests that Claudin 7 has different 
tumourogenic effects in pancreatic cancer other than its 
well-known adhesion effect. 

Thus, we think that this specific member of Claudin 
family is a promising molecular marker for prognosis, 
diagnosis and therapy in pancreatic cancer. 
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