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Loss of tight junction proteins (Claudin 1, 4, 
and 7) correlates with aggressive behavior in 
colorectal carcinoma

	 ABCDEFG  1	 Dinç Süren
	 ABCDEFG  2	 Mustafa Yıldırım
	 DEFG  3	 Vildan Kaya
	 BDG  1	 Arsenal Sezgin Alikanoğlu
	 DG  4	 Nurullah Bülbüller
	 DG  5	 Mustafa Yıldız
	 DG  1	 Cem Sezer

	 Corresponding Author:	 Vildan Kaya, e-mail: vildansimsir@yahoo.com
	 Source of support:	 Departmental sources

	 Background:	 Tight junction proteins in the cell organize paracellular permeability and they play a critical role in apical cell-
to-cell adhesion and epithelial polarity. Claudins are major integral membrane proteins of tight junctions, es-
pecially Claudin 1, 4, and 7, which are known as the impermeability Claudins. In this study, we investigated the 
importance of loss of Claudin 1, 4, and 7 expression, and their relation to tumor progression in colorectal can-
cer patients.

	 Material/Methods:	 Loss of Claudin 1, 4, and 7 expression was examined by immunohistochemical method in 70 patients diag-
nosed with colorectal cancer. Cases with loss of Claudin expression in <1/3 of tumor cells were classified as 
mild loss, whereas cases with loss of Claudin expression ³1/3 of tumor cells were classified as moderate-to-
marked loss in order to evaluate the relation between loss of Claudin 1, 4, and 7 expression and clinicopatho-
logic data.

	 Results:	 The severe suppression of Claudin 1, 4, and 7 expression was found to be significantly related to the depth of 
tumor invasion, positive regional lymph nodes, histological grade, lymphovascular invasion, perineural inva-
sion, and lymphocytic response. Additionally, severity of loss in Claudin 4 expression was found to have a re-
lation with distant metastasis.

	 Conclusions:	 Claudin 1, 4, and 7 are important building blocks of paracellular adhesion molecules. Their decreased expres-
sion in colorectal cancer seems to have critical effects on cell proliferation, motility, invasion, and immune re-
sponse against the tumor.
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Background

Due to its high frequency, colorectal carcinoma (CRC) is the 
third most common cause of death in cancer-related deaths 
[1]. Studies to estimate the prognosis in CRC are still in prog-
ress. In the 7th edition of the AJCC (American Joint Committee 
on Cancer), the following have been added to the previously 
known high level of preoperative CEA: satellite tumor deposits 
without residue lymph node (LN) characteristics and durability 
with the infiltrative limit of the carcinoma, tumor regression 
against neoadjuvant chemotherapy, circumferential surgical 
margin, microsatellite instability, perineural invasion (PNI), 
lymphovascular invasion (LVI), and KRAS mutation status [2].

Paracellular tight junctions (TJs) organize paracellular permea-
bility, and they have a critical role in apical cell-to-cell adhesion 
and epithelium cell polarity. As a result of the intense studies 
on the molecular architecture of TJs, it has been demonstrat-
ed that the Claudin family is an important component of this 
structure. There are 24 known members of the Claudin fam-
ily, each with distinct a dispersion pattern [3,4]. Claudin 1, 4, 
5, 7, 8, 11, 14, and 19 are impermeability Claudins and the in-
crement in their expressions strengthens the density between 
epithelial cells [5–8]. Claudin 2, 10, and 16 are pore-forming 
Claudins and their increased expression reduces the density 
of epithelial cells [9]. Other Claudins have the ability to form 
paracellular anion/cation pores and water channels [3,7].

The invasive carcinoma development process from normal co-
lon epithelium lasts 7–12 years. During this time, many genetic 
and epigenetic factors are active [10,11]. Loss of cell-to-cell ad-
hesion is important in cellular transformation and acquisition 
of metastatic potential [12]. It has been recently shown that 
the Claudin protein family has significant roles in a series of 
pathophysiological events such as carcinoma development [13].

Claudin 1, 4, and 7 are important members of the Claudin pro-
tein family. It has been demonstrated that their expressions 
are altered in many malignancies. In the present study, we in-
vestigated the significance of the loss of Claudin 1, 4, and 7 
expression and its relation with tumor progression.

Material and Methods

Patient selection

Our study included 110 cases histopathologically diagnosed 
with CRC from tissue samples acquired by surgical resection 
in Antalya Education and Research Hospital between 2008 
and 2012. We excluded 20 patients whose follow-ups and 
treatments were not carried out in our hospital. Samples of 
the remaining 90 patients were histopathologically re-staged 

according to the 7th edition of the American Joint Committee 
on Cancer (AJCC). Claudin 1, 4, and 7 expressions were exam-
ined by immunohistochemical method. For technical reasons, 
we excluded 20 cases in which the immunohistochemical ex-
pression was not eligible for evaluation. As a result, samples 
of 70 patients were examined. Consent was obtained from the 
local ethics committee. Demographic data such as age, sex, 
stage of disease, and treatments were obtained by retrospec-
tively searching patient files.

Tissue preparation and immunohistochemical staining

Resection materials obtained after colorectal surgery were 
placed in 10% formaldehyde immediately after the process and 
fixed for 24 h. After fixation, pathologically sampled tumor sam-
ples were embedded in paraffin after routine tissue follow-up. 
Immunohistochemical staining was applied on cross-sections 
containing nominal tumor samples that were evaluated with 
hematoxylin and eosin staining. Cross-sections of 4-µm thick-
ness prepared for immunohistochemical staining were deparaf-
finized 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. Laminas 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. Laminas 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, di-
lution 1:200, Abcam, Cambridge, MA, USA) for 60 min, they 
were washed in PBS for 5 min. Afterwards, they were treat-
ed 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. Laminas were washed under tap 
water and then counterstained with hematoxylin. They were 
dehydrated, dried, and covered with Entellan. In each case, nor-
mal colorectal mucosa adjacent to the carcinoma was used as 
an internal positive control for each Claudin. For negative con-
trols, the primary antibodies were omitted.

Evaluation of immunohistochemically stained sections

Expression rates for the tumor cells in the samples were eval-
uated by 2 pathologists (DS, ASA) blinded to patient clinical 
features. In each case, normal colorectal mucosa adjacent to 
the carcinoma showed complete membranous staining with 
each Claudin. This membranous staining observed in the 
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non-neoplastic surface and gland epithelium was used as the 
positive internal control for each Claudin in the evaluation 
of cases. Vascular endothelial and smooth-muscle cells, fi-
broblasts, inflammatory cells, smooth-muscle cells of muscu-
lar layers, neural structures, and adipocytes within the cross-
section showed no staining. Absence of expression in these 
structures was used as the negative internal control for each 
Claudin in immunohistochemical evaluation. We were careful 
to ensure that the staining pattern for tumor cells was mem-
branous with each Claudin. Immunohistochemical evaluation 
was performed by the method that Matsuoka et al. used [14]. 
Tumors with all tumor cells showing complete membranous 
staining were classified as score 0. Cases with loss of Claudin 
expression were divided into 3 grades: cases with loss of ex-
pression in <1/3 of tumor cells were classified as score 1, cas-
es with 1/3–2/3 losses were classified as score 2, and cases 
with ≥2/3 loss were classified as score 3. To evaluate the rela-
tion between loss of Claudin expressions and clinicopatholog-
ic data, score 0 and 1 patients were further grouped as mild 
loss, and score 2 and 3 patients were categorized as moder-
ate-to-marked loss. Figure 1 shows various staining patterns 
for each Claudin in non-neoplastic mucosa and tumor.

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 con-
firmed by log-ranking test. P values under 0.05 were consid-
ered to be significant.

Results

A total of 70 CRC patients – 30 (42.9%) females and 40 (57.1%) 
males – were included in the study. Mean age of patients was 
62.1±13.8 years (range 32–83 years). Conventional adenocar-
cinoma was determined in 57 (81.4%) patients, mucinous ad-
enocarcinoma was determined in 10 (14.3%), and signet ring 
cell carcinoma was determined in 3 (4.3%) patients. T2 dis-
ease was detected in 2 patients (2.9%), and T3 and T4 dis-
ease were determined in 49 (70%) and 19 (27.1%) patients, 
respectively. Regional lymph node (LN) metastasis was posi-
tive in 42 (60%) patients, and negative in 28 (40%) patients. 
Distant metastasis was found in 16 (22.9%) patients, and there 
were no distant metastasis in 54 (77.1%) patients. The most 
frequent metastasis site was the liver, with a determination 
rate of 14.3% (10 patients).

When patients were evaluated according to their disease stage, 
we found that 1 patient (1.4%) was in stage 1, 25 patients 
(35.7%) were in stage 2, 29 patients (41.4%) were in stage 3, 
and 15 patients (21.5%) were in stage 4. When patient sam-
ples were evaluated in terms of histological grades, 46 pa-
tients (65.7%) had grade 1 tumor and 24 patients (34.3%) had 
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Figure 1. �(A) Claudin 1 positivity in non-neoplas-
tic surface epithelium, in situ carcino-
ma, and adenocarcinoma (Claudin 1 
×100). (B) Claudin 1 score 0: Same 
expression in non-neoplastic muco-
sa and adenocarcinoma (Claudin 1 
×40). (C) Claudin 1 score 3: Positive 
staining in non-neoplastic mucosa 
and complete loss of expression in 
adenocarcinoma (Claudin 1 ×40). (D) 
Claudin 1 score 0: Complete mem-
branous Claudin 4 positivity in ad-
enocarcinoma (Claudin 4 ×200). (E) 
Claudin 4 score 0: Same membra-
nous expression in adenocarcinoma 
and non-neoplastic mucosa (Claudin 4 
×40). (F) Claudin 4 score 3: Complete 
loss of expression in adenocarcino-
ma (Claudin 4 ×200). (G) Claudin 7 
score 0: Same membranous expres-
sion in adenocarcinoma and non-neo-
plastic mucosa (Claudin 7 ×40). (H) 
Claudin 7 score 2: Loss of expression 
of more than 2/3 in adenocarcinoma 
(Claudin 7 ×40). (I) Claudin 7 score 3: 
Membranous staining in non-neoplas-
tic mucosal glands and complete ex-
pression loss in poorly differentiat-
ed adenocarcinoma (Claudin 7 ×100).
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grade 2 tumor. Lymphocytic response (LR) was determined in 
23 (32.9%), and PNI and LVI was determined in 54 (77.1%) and 
55 (78.6%) patients, respectively.

Loss of Claudin 1 expression was evaluated as score 1 in 17 
(24.3%) patients, score 2 in 26 (37.1%) patients, and score 3 
in 27 (38.6%) patients. There was no relation between the se-
verity of loss of Claudin 1 expression and sex, metastasis sta-
tus, or histological type. There was a significant relation be-
tween loss of Claudin 1 expression with tumor invasion depth, 
LN status, stage of disease, tumor grade, PNI, LVI, and LR. In 
patients with moderate-to-marked loss of Claudin 1, T stage 

was advanced and there were relatively more patients with 
LN metastasis. Also, there was more LVI and PNI in these pa-
tients, because the tumor grade was higher and LR against 
tumor was lower (Table 1).

Loss of Claudin 4 expression was evaluated as score 1 in 28 
(40%) patients, score 2 in 33 (47.1%) patients, and score 3 in 9 
(12.9%) patients. There were no significant relations between 
the severity of loss of Claudin 4 expression and sex, metas-
tasis status, and histological type. There was a significant re-
lation between loss of Claudin 4 expression, and tumor inva-
sion depth, LN status, stage of the disease, tumor grade, PNI, 

Claudin 1 mild loss
N (%)

Claudin 1 modarate to marked loss
N (%)

P value

Sex
	 Female
	 Male

	 9	 (52.9)
	 8	 (47.1)

	 21	 (39.6)
	 32	 (60.4)

0.334

Age 62.5±13.5 61.9±14 0.8

T stage
	 T2
	 T3
	 T4

	 1	 (5.9)
	 16	 (94.1)
	 0

	 1	 (1.9)
	 33	 (62.3)
	 19	 (27.1)

0.004

N status
	 Node negative
	 Node positive

	 15	 (88.2)
	 2	 (11.8)

	 13	 (25.4)
	 40	 (75.5)

<0.001

M status
	 Metastasis negative
	 Metastasis positive

	 15	 (88.2)
	 2	 (11.8)

	 39	 (73.6)
	 14	 (26.4)

0.214

Stage
	 Stage 1
	 Stage 2
	 Stage 3
	 Stage 4

	 1	 (5.9)
	 14	 (82.4)
	 0
	 2	 (11.8)

	 0
	 11	 (20.8)
	 29	 (54.7)
	 13	 (24.5)

<0.001

Histological sub-type
	 Conventional adenocarcinoma
	 Mucinous adenocarcinoma
	 Signet ring cell adenocarcinoma

	 15	 (88.2)
	 2	 (11.8)
	 0

	 42	 (79.2)
	 8	 (15.1)
	 3	 (5.7)

0.552

Grade
	 Grade 1
	 Grade 2

	 15	 (88.2)
	 2	 (11.8)

	 31	 (58.5)
	 22	 (41.5)

0.026

Perineural invasion
	 Negative
	 Positive

	 7	 (41.1)
	 10	 (58.8)

	 9	 (17)
	 44	 (83)

0.04

Lymphovascular invasion
	 Negative
	 Positive

	 7	 (41.1)
	 10	 (58.8)

	 8	 (15.1)
	 45	 (84.9)

0.024

Lymphocytic response
	 Negative
	 Positive

	 7	 (41.1)
	 10	 (58.8)

	 40	 (%75.5)
	 13	 (24.5)

0.009

Table 1. Relation between demographic and tumor characteristics of patients based on Claudin 1 expression.
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LVI, and LR. Patients with moderate-to-marked loss of Claudin 
4 expression had characteristics similar to those in the mod-
erate-to-marked loss of Claudin 1 expression group, but there 
was a high ratio of distant metastasis in this group (Table 2).

Loss of Claudin 7 expression was evaluated as score 0 in 16 
(22.9%) patients, score 1 in 30 (42.9%) patients, and score 3 in 
24 (34.2%) patients. There was no significant relation between 
the severity of loss of Claudin 7 expression and sex, metastasis 
status, and histological type. There was a significant relation be-
tween loss of Claudin 7 expression and tumor invasion depth, 
LN status, stage of the disease, tumor grade, PNI, LVI, and LR. 

Patients with moderate-to-marked loss of Claudin 7 expression 
had characteristics similar to those of the patients in the mod-
erate-to-marked loss of Claudin 1 expression group (Table 3).

The average follow-up time was 38.1 months, and median fol-
low-up time was 37.6 months. Due to inadequate follow-up 
time, we were unable to gain information about the median 
survival period in survival analysis. Average survival of the pa-
tients was 66.3±4.5 months (95% confidence interval 57.3–
75.2 months). No statistically significant relation was detected 
between Claudin 1, 4, and 7 and survival (p=0.589, =: 0.749, 
and p=0.755, respectively).

Claudin 4 mild loss
N (%)

Claudin 4 modarate to marked loss
N (%)

P value

Sex
	 Female
	 Male

	 13	 (46.4)
	 15	 (53.6)

	 17	 (40.5)
	 25	 (59.5)

0.334

Age 65.4±13.5 60.4±13.8 0.8

T stage
	 T2
	 T3
	 T4

	 2	 (7.2)
	 21	 (75)
	 5	 (17.9)

	 0
	 28	 (66.7)
	 14	 (33.3)

0.004

N status
	 Node negative
	 Node positive

	 19	 (67.9)
	 9	 (32.1)

	 9	 (21.4)
	 33	 (78.6)

<0.001

M status
	 Metastasis negative
	 Metastasis positive

	 25	 (89.3)
	 3	 (10.7)

	 29	 (69)
	 13	 (31)

0.214

Stage
	 Stage 1
	 Stage 2
	 Stage 3
	 Stage 4

	 1	 (3.6)
	 18	 (64.3)
	 6	 (21.4)
	 3	 (10.7)

	 0
	 7	 (16.7)
	 23	 (54.8)
	 12	 (28.6)

<0.001

Histological sub-type
	 Conventional adenocarcinoma
	 Mucinous adenocarcinoma
	 Signet ring cell adenocarcinoma

	 23	 (82.1)
	 5	 (17.9)
	 0

	 34	 (81)
	 5	 (11.9)
	 3	 (7.1)

0.552

Grade
	 Grade 1
	 Grade 2

	 25	 (89.3)
	 3	 (10.7)

	 21	 (50)
	 21	 (50)

0.026

Perineural invasion
	 Negative
	 Positive

	 11	 (39.3)
	 17	 (60.7)

	 5	 (11.9)
	 37	 (88.1)

0.04

Lymphovascular invasion
	 Negative
	 Positive

	 7	 (41.1)
	 10	 (58.8)

	 8	 (15.1)
	 45	 (84.9)

0.024

Lymphocytic response
	 Negative
	 Positive

	 14	 (50)
	 14	 (50)

	 33	 (78.6)
	 9	 (21.9)

0.009

Table 2. Relation between demographic and tumor characteristics of patients based on Claudin 4 expression.
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Discussion

We have demonstrated that Claudin 1, 4, and 7, which are im-
portant TJs proteins, are related with tumor invasion depth, 
LN status, stage of the disease, tumor grade, PNI, LVI, and LR. 
The losses of expressions of these proteins caused more ag-
gressive cancer behavior.

TJs are the most important intracellular joints in the epitheli-
um and endothelial cells. There are 2 important functions de-
termined for TJs: the paracellular permeability regulation and 
the maintenance of cell polarization with window function. 

The functions of TJs closely related to cancer cell biology are 
epithelial paracellular permeability and loss of cell polariza-
tion [15,16].

Tan et al. demonstrated that Claudin 1 release and dispersion 
were related to the dissociation of pancreatic cancer cells [17]. 
Although it is not clear in which way the increased Claudin ex-
pression contributes to carcinogenesis, it is suggested that can-
cer aggression is increased by the matrix metalloproteinase ac-
tivation due to over-expression [18]. Studies have demonstrated 
that loss of expression plays a role in carcinogenesis beyond 
Claudin over-expression. Dysregulation of Claudin 7 expression 

Claudin 7 mild loss
N (%)

Claudin 7 modarate to marked loss
N (%)

P value

Sex
	 Female
	 Male

	 8	 (50)
	 8	 (50)

	 22	 (40.7)
	 32	 (59.3)

0.511

Age 65.4±13.5 60.4±13.8 0.177

T stage
	 T2
	 T3
	 T4

	 1	 (6.3)
	 15	 (93.8)
	 0

	 1	 (1.9)
	 34	 (63)
	 19	 (35.2)

0.005

N status
	 Node negative
	 Node positive

	 14	 (87.5)
	 2	 (12.5)

	 14	 (25.9)
	 40	 (74.1)

<0.001

M status
	 Metastasis negative
	 Metastasis positive

	 14	 (87.5)
	 2	 (12.5)

	 40	 (74.1)
	 14	 (25.9)

0.265

Stage
	 Stage 1
	 Stage 2
	 Stage 3
	 Stage 4

	 1	 (6.3)
	 13	 (81.3)
	 0
	 2	 (12.5)

	 0
	 12	 (22.2)
	 29	 (53.7)
	 13	 (24.1)

<0.001

Histological sub-type
	 Conventional adenocarcinoma
	 Mucinous adenocarcinoma
	 Signet ring cell adenocarcinoma

	 14	 (87.5)
	 2	 (12.5)
	 0

	 43	 (79.6)
	 8	 (14.8)
	 3	 (5.6)

0.444

Grade
	 Grade 1
	 Grade 2

	 14	 (87.5)
	 2	 (12.5)

	 32	 (59.3)
	 22	 (34.3)

0.038

Perineural invasion
	 Negative
	 Positive

	 7	 (43.8)
	 9	 (56.3)

	 9	 (16.7)
	 45	 (83.3)

0.024

Lymphovascular invasion
	 Negative
	 Positive

	 7	 (43.8)
	 9	 (56.3)

	 8	 (14.8)
	 46	 (85.2)

0.014

Lymphocytic response
	 Negative
	 Positive

	 6	 (37.5)
	 10	 (62.5)

	 41	 (75.9)
	 13	 (24.1)

0.004

Table 3. Relation between demographic and tumor characteristics of patients based on Claudin 7 expression.
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was determined in breast-invasive ductal carcinoma, head-neck 
carcinoma, and metastatic breast carcinoma [6,18–20].

Claudin over-expression or loss of expression varies in different 
cancer types. In hepatocellular carcinoma and renal cell carci-
noma, Claudin 4 and 5 expressions are lost; whereas Claudin 
3 and 4 over-expressions are detected in various cancer types, 
including pancreatic ductal adenocarcinoma, and prostate, 
uterus, ovary, and breast cancers [21,22]. The weak release of 
Claudin 2 is observed in breast and prostate carcinomas, and 
it has been demonstrated that Claudin 1 and 7 expressions, 
which cannot be detected in normal cervical squamous epi-
thelium, increases in cervical neoplasia [23,24]. Research has 
suggested that loss of Claudin expression leads to repression 
of TJs and that this repression culminates in cell proliferation, 
motility and invasion; consequently, loss of Claudin expres-
sion has a role in carcinogenesis [13].

Claudin 1 expression in CRC has been researched: Shibutani 
et al. demonstrated that loss of Claudin 1 expression was re-
lated to LVI, histological grade, decreased disease-free surviv-
al (DFS), and overall survival (OAS) in stage 2 and 3 CRC, and 
reported that it was an independent predictor for recurrence 
in multivariate analysis [25].

In a study by Abdelzaher et al., 62% less Claudin 1 was found 
in CRC cases, and this decrement was found to be related to 
grade, depth of tumor invasion, LN involvement and stage, sug-
gesting that it has a predictive value in demonstrating stage 
and LN involvement [26]. Yoshida et al. determined that loss 
of Claudin 1 in stage 2 and 3 was related with recurrence and 
decreased survival [27].

Nakagawa et al. showed that high Claudin 1 expression was 
related with a better prognosis, and decreased expression was 
related with poor OAS and DFS. In univariate analyses, loss of 
Claudin 1 expression was found to be significantly related to 
increased histological grade, morphologically aggressive sub-
type, increased tumor size, tumor invasion depth, LVI, LN, and 
distant metastasis [28]. Moreover, Resnick et al. found that 
weak Claudin 1 expression was related to grade and poor sur-
vival, and it was an independent predictor of recurrence [29]. 
Ersöz et al. reported that Claudin 1 found expression was sig-
nificantly decreased in LN-positive cases [30].

In our study, similar to the results of previous studies, loss of 
Claudin 1 expression was found to be related to depth of tu-
mor invasion, LN involvement, stage of the disease, histological 
grade, LVI, and PNI. In addition, we determined that LR against 
tumor was increased in parallel with the loss of Claudin 1 ex-
pression. This finding suggests that loss of Claudin 1 expres-
sion might play a role in the distortion of immune response 
against the tumor.

In contrast with our findings, there are some studies demon-
strating that Claudin 1 expression unfavorably affected prognosis 
in CRC. In their series on Claudin 1 mRNA and protein analyses, 
Huo et al. reported that increased Claudin 1 levels, compared to 
normal tissue, were related with tumor depth [31]. Tang et al. 
demonstrated that Claudin 1 was increased in CRC cases [32]. 
Some studies report that Claudin 1 mRNA levels are upregu-
lated in CRC [31,33–35]. An in vitro study reported that Claudin 
1 over-expression increased the cancer aggressiveness by ma-
trix metalloproteinase activation [36]. In these studies, Claudin 
1 upregulation was demonstrated by increased mRNA levels. 
In our study, loss of Claudin 1 expression was demonstrated 
with immunohistochemistry. The results of our study were sim-
ilar with the those of Matsuoka et al., possibly because our im-
munohistochemical evaluation methods were the same [14].

In studies in which Claudin 4 expression in CRC was researched, 
findings similar to data showing loss of Claudin 1 expression 
were obtained. In agreement with our results, Matsuoka et al. 
found the decreased Claudin 4 expression was related with 
advanced stage, poor tumor differentiation, LVI, distant me-
tastasis, and poor prognosis [14]. Ersöz et al. demonstrated 
that Claudin 4 was significantly lower in LN-positive cases 
[14]. Additionally, Ueda et al. reported 57% less Claudin 4 in 
CRC cases, and suggested that Claudin could be a biomarker 
for use in determining distant metastasis [15]. We have also 
demonstrated that Claudin 4 expression was related with dis-
tant metastasis.

We found loss of Claudin 7 expression resulted in similar tumor 
behaviors as in Claudin 1 and 4. Bornholdt et al. determined a 
2.7-fold reduction in Claudin 7 levels in CRC cases compared 
to healthy individuals. Also, they found significantly less in 
colorectal dysplasia cases and suggested that in dysplasia cas-
es the decrement in Claudin 7 is an early phase of colorectal 
carcinogenesis [9]. Similarly, Tang et al. found that a Claudin 
7 decrement was related to LN metastasis [32].

Nakayama et al. determined a significant relation between 
LVI and clinical stage with degree of loss of Claudin 7 [38]. 
Oshima et al. reported that loss of Claudin 7 expression was 
related to venous invasion and liver metastasis in CRC cases 
[39]. In our study, we did not find a relation between Claudin 
7 expression and distant metastasis.

Conclusions

Carcinogenesis and its final phase – metastasis – create a com-
plex process requiring certain steps such as decreased adhesion, 
increased motility and invasion, proteolysis, and resistance to 
apoptosis. Claudin 1, 4, and 7 are important building blocks of 
cell-to-cell adhesion molecules. Therefore, the suppression of 
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expression in cancer cells seems to have effects on cell pro-
liferation, motility, invasion, and immune response to tumor.

In light of all these findings, we suggest that the determi-
nation of a significant relation between loss of Claudin 1, 
4, and 7 expressions, and depth of tumor invasion, positive 
LN metastasis, and histological grade, LVI, PNI, and LR sup-
ports our hypothesis. Introduction of these specific members 

of the Claudin family in CRC cases into molecular reagent 
profiles may significantly affect future clinical approaches 
to this issue.
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