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Clinical significance of serum claudin-1 and claudin-7
levels in patients with colorectal cancer
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Abstract. The present study aimed to investigate the serum
levels and clinical relevance of claudin (CLDN) 1 and
CLDN7 in patients with colorectal cancer (CRC). A total of
140 patients with a pathologically confirmed diagnosis of
CRC were enrolled in this study. The serum levels of CLDN1
and CLDN7 were determined using the solid-phase sandwich
ELISA method. A total of 40 healthy age- and gender-matched
controls were included in the analysis. The median age of the
patients was 60 years (range, 24-84 years). The localization of
the tumor in the majority of the patients was the colon (n=_81,
58%). Of the 55 metastatic patients who received palliative
chemotheraphy, 31% were chemotherapy-responsive. The
baseline median serum CLDNI and CLDN7 levels were
significantly lower in non-metastatic and metastatic patients
compared with those in healthy controls (CLNDI1, P=0.008
and 0.002; and CLND7, P=0.002 and 0.002, respectively).
Moreover, known clinical variables, including poor perfor-
mance status and high carcinoembryonic antigen (CEA) levels
were found to be associated with lower serum CLDNI1 concen-
trations for all patients (P=0.03 and P=0.03, respectively). High
T stage and high CEA levels were found to be correlated with
lower serum CLDN7 concentrations for all patients (P=0.04
and 0.03, respectively). A correlation was identified between
CLDNI and CLDN7 levels in non-metastatic and metastatic
CRC patients (both P-values <0.001). Our study results did
not reveal any statistical significance for serum CLDNI1 or
CLND7 concentrations regarding progression-free and overall
survival rate. Therefore, reduced serum levels of CLDNI1 and
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CLND7 may be useful markers in the differential diagnosis
of CRC.

Introduction

Colorectal cancer (CRC) is one of the leading causes of
cancer-related mortality worldwide (1). According to the
National Cancer Institute (Surveillance, Epidemiology and
End Results Program), the Centers for Disease Control and
Prevention (National Program of Cancer Registries), the North
American Association of Central Cancer Registries and the
National Center for Health Statistics, ~132,700 new cases of
large bowel cancer are diagnosed annually in the USA, of
which 93,090 are colon and the remainder rectal cancers.
A total of ~49,700 Americans succumb to CRC annually,
accounting for ~8% of all cancer deaths (2). The mortality
rates from CRC have declined since the 1980s in the USA
and in certain western countries. However, the mortality rates
continue to increase in less developed countries with limited
resources for healthcare, particularly in Central and South
America and Eastern Europe (3-5). Even with the current diag-
nostic tools and screening programs, due to the high incidence
rates of CRC, particularly in underdeveloped countries, there
remains the need to develop cost-effective and convenient
early diagnostic strategies, such as molecular biomarkers, to
reduce the mortality rates of this disease.

Paracellular tight junctions regulate paracellular perme-
ability and play a critical role in apical cell-to-cell adhesion
and epithelial cell polarity (6). Claudins (CLDNSs) are impor-
tant proteins in this structure. There are currently =24 known
members of the CLDN family (7,8). CLDNs were first named
by Japanese researchers Tsukita and Furuse in 1998. The name
‘claudin’ is derived from the Latin word claudere, which means
‘to close’, suggesting the barrier role of these proteins (9).

As regards the molecular biology of cancer, it has been
demonstrated that CLDNs are abnormally regulated and,
therefore, are promising molecular targets for cancer diagnosis,
prognosis and therapy. CLDNI1 and CLDN7 are major building
blocks of paracellular adhesion molecules. The significance of
these tight junction proteins for local invasion by neoplastic
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cells and development of metastasis has been confirmed by
numerous studies over the last decade and their decreased
expression in CRC appears to significantly affect cell prolifera-
tion, motility, invasion and antitumor immune response (10).

In this study, we aimed to investigate the association
between clinicopathological findings and the serum levels of
CLDNI1 and CLDN7 in CRC. To the best of our knowledge,
this is the first study using ELISA, which is a more practical
and cost-effective technique compared with immunohisto-
chemistry (IHC) or polymerase chain reaction (PCR) analysis
for measuring these CLDNs in CRC.

Materials and methods

Study design and eligibility criteria. Serum samples were
obtained from 140 consecutive patients with CRC who were
referred to the Institute of Oncology of the Istanbul University
and the Istanbul Bakirkdy Dr Sadi Konuk Training and
Research Hospital (Istanbul, Turkey) between 2011 and 2014.
All the patients were staged using the seventh edition of the
American Joint Committee on Cancer tumor-node-metastasis
system by radiological and pathological criteria (11).

All the patients were treated using a multidisciplinary
approach. Patients with colon cancer who had undergone surgery
including segmental colon resection were treated with adjuvant
chemotherapy (CTx) according to their stage. Patients with rectal
cancer who received neoadjuvant radiochemotherapy (RCTx)
or radiotherapy (RT) had undergone low anterior resection or
abdominoperineal resection. Certain patients had undergone
palliative surgery and stage I'V patients received palliative CTx,
with or without targeted therapy (bevacizumab or cetuximab).
The pretreatment evaluation included detailed clinical history
and physical examination with a series of biochemistry tests and
complete blood cell counts. Selection for treatment required an
Eastern Cooperative Oncology Group performance status (PS)
score of 0-2, and adequate bone marrow (absolute neutrophil
count >1,500/u] and platelet count >100,000/x1), cardiac, renal
and hepatic functions. The patients were treated with various
CTx regimens, including single-agent or combination therapy.
Regimens of single-agent or combination CTx were selected
according to the PS of the patients and extent of the disease.
The patients received one of the following treatment regimens:
Simplified LV5FU2 (leucovorin 400 mg/m?, followed by 5-fluo-
rouracil as a 400 mg/m? bolus and a 2,400 mg/m? infusion over
46 h every 2 weeks), capecitabine (1,000 mg/m?*/b.i.d., p.o. for
14 days of each 21-day cycle), modified FOLFOX regimen
(simplified LV5FU2 regimen plus oxaliplatin 85 mg/m?
every 2 weeks), FOLFIRI (simplified LV5FU2 regimen plus
irinotecan 180 mg/m?* every 2 weeks), XELOX (capecitabine
1,000 mg/m?*/b.i.d., p.o. for 14 days plus oxaliplatin 130 mg/m?
every 3 weeks), and XELIRI (capecitabine 1,000 mg/m?/b.i.d.,
p.o. for 14 days plus irinotecan 240 mg/m? every 3 weeks).
Bevacizumab was administered at a dose schedule of
either 5 mg/kg every 2 weeks, or 7.5 mg/kg every 3 weeks.
Cetuximab 500 mg/m?* was administered intravenously every
2 weeks.

All the patients had undergone pretreatment imaging of
primary tumors with magnetic resonance imaging (MRI)
or computed tomography (CT). For patients with evaluable
imaging studies prior to and following treatment, radiological
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response was recorded according to the Response Evaluation
Criteria in Solid Tumors, version 1.1, and classified as complete
response (CR), partial response (PR), stable disease (SD),
or progressive disease (PD) (12). The tumor response after
2 months of CTx was used for statistical analysis. Follow-up
for metastatic disease included clinical and laboratory tests,
and CT or MRI, depending on which imaging method was
used at baseline, and performed at §-week intervals during
CTx or every 12 weeks for patients receiving no anticancer
treatment. Patients with either CR or PR were classified as
responders, whereas patients with SD or PD were considered
as non-responders.

This study was approved by the Institutional Review Board
of the Institute of Oncology, Istanbul University. Baseline
demographic, clinical and laboratory data including age,
gender, PS, tumor marker levels, KRAS mutation status and
treatment details, were retrospectively collected for all patients
using uniform database templates to ensure consistent data
collection. The comorbidities of the patients mainly included
cardiac and metabolic diseases.

The control group consisted of 40 age- and gender-matched
healthy controls were age and gender matched to the patients.
with no previous history of malignancy or autoimmune disor-
ders. Blood samples were obtained from CRC patients at first
admission, 1 month after surgery and 2 weeks prior to adjuvant
or palliative CTx. Blood samples from healthy controls were
collected into dry tubes and serum was separated from cellular
elements by centrifugation (at 1,788 x g) within 30 min after
the blood samples were stored at -80°C until analysis. All the
samples were collected following approval by the Institutional
Review Board and provision of written informed consent by all
the participants.

Measurement of serum CLDNI and CLDN7 levels. A
double-antibody sandwich ELISA was used to determine
the levels of CLDNI1 and CLDN7 (cat. nos. YHB0737Hu
and YHBO720Hu, respectively; YH Biosearch Laboratory,
Shanghai, China) in the samples. in the samples. The undiluted
serum samples and standards were added to the wells, which
were pre-coated with human CLDNI1 and CLDN7 monoclonal
antibody against human CLDN1 and CLDN7. Then, the anti-
CLDNI and anti-CLDN7 antibodies labeled with biotin and
the streptavidin-horseradish peroxidase conjugate were added
to the wells to form an immune complex. After incubation at
37°C for 1 h, the unbound material was washed away with the
diluted washing concentrate provided by the kit. Chromogen
TMB (3,3, 5,5;-tetramethylbenzidine) solution was added
as the substrate for HRP and incubated at 37°C for 10 min
(protected from light) for the conversion of the colorless solu-
tion to a blue solution, the intensity of which was proportional
to the amount of CLDN1 and CLDN7 in the sample. Under the
effect of the acidic stop solution, the color turned to yellow and
the colored reaction product was measured using an automated
ELISA microplate reader (ChroMate® 4300; Awareness Tech-
nology, Inc., Palm City, FL, USA) at 450 nm. The results were
expressed as ng/ml.

Statistical analysis. IBM SPSS software for Windows,
version 21.0 (IBM Corp., Armonk, NY, USA) was used for
data analysis. Continuous variables were categorized using
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Table I. Patient and disease characteristics. Table I. Continued.
Variables n Variables n
No. of patients 140 Albumin® (cut-off, 4 gr/dl)
Age, years Normal/low 54/58
Median (range) 60 (24-84) Carcinoembryonic antigen® (cut-off, 5 ng/ml)
Gender Normal/high 78/17
Male/female 96/44 Carbohydrate antigen 19-9* (cut-off, 38 U/ml)
Performance status® Normal/high 81/28
0/1/2/3 68/61/7/1 “Patients with unknown data regarding the variables were not included
Smoking® in the analysis. "In 81 non-metastatic patients (patients with unknown
Yes/no 61/66 data concerning the variables are not included in the analysis). “In
. 59 patients with metastatic CRC. “Stage II or III. °In 37 patients with
Alcohol intake* rectal cancer who received neoadjuvant treatment. CR, complete
Yes/no 26/99 response; PR, partial response; SD, stable disease; PD, progressive
Comorbidity* disease; CRC, colorectal cancer; Ca, carcinoma.
Yes/no 56/79
Obstruction
Yes/no 17/123 ) . )
median values as the cut-off point. The Chi-square test or
Type of surgery one-way analysis of variance were used for group comparison
Colectomy 56 of categorical variables, and the Mann-Whitney U test or
Low anterior resection 36 Kruskall-Wallis test were used for comparison of continuous
Abdominoperineal resection 13 variables. The Spearman's rank order correlation was used
Palliative 11 for correlation analysis. Overall survival (OS) was calculated
Pathological T stage from the date of first .admission.to disease-relat.ed death or
0/1/2/3/4 9/2/12/45/10 date of I%St contact w1t.h the patient or any family member.
) . Progression-free survival (PFS) was calculated from the
Pathological N stage date of admission to the date of first radiographic evidence
07172 42/18/14 of disease progression, with/without elevated serum tumor
Pathological stage marker levels. The Kaplan-Meier method was used for the
2/3/4 17/64/59 estimation of survival distribution and differences in PFS and
Tumor location OS were assesse.d by the log-rank statistic.& All the .stat.istical
Colon/rectum 81/59 tests were two-sided and P<0.05 was considered to indicate a
statistically significant difference.
Response to CTx¢
CR/PR/SD/PD/unknown 2/15/10/24/4  Results
Metastasis*

Yes/no 59/81 Patient characteristics. A total of 140 patients who were
i pathologically diagnosed with CRC between May, 2011 and
istology . . .

. . August, 2014, were included in the present study. The baseline
Adenocarcinoma/mucinous Ca 129/11 . . . .
demographic and histopathological/laboratory characteristics
Grade of differentiation” of the patients are summarized in Table I. The median age of the
1/2/3 8/56/6 patients was 60 years (range, 24-84 years), with a male predom-
Lymphatic invasion® inance (n=96, 69%). A total of 43 patients had family history
Yes/no 30/18 of cancer, including 12 lung cancers and 14 CRCs. The tumor
Vascular invasion® localization was in the rectum in 59 (42%) and in the colon in
81 (58%) patients (right colon, n=17; hepatic flexure, n=5; trans-
Yes/no 16/30 verse colon, n=5; descending colon, n=13; splenic flexure, n=1;
Perineural invasion® sigmoid colon, n=37; multiple synchronous colon tumors, n=3;
Yes/no 18/28 and rectosigmoid junction tumors, n=6). The most frequent
Regression score® metastatic sites were the liver (n=40, 67.8%) and the peritoneum
1/2/3/4 1/12/4/8 (n=17, 28.8%). The rate of synchronous (n=34) and metachro-
. i nous metastasis (n=25) was 57.6 and 42.4%, respectively. Of
KRAS mut.atlon status® the 37 patients with rectal cancer who received neoadjuvant
Mutant/wild-type 24/28 treatment, 28 received fluoropyrimidine-based RCTx, whereas
Lactate dehydrogenase® (cut-off, 450 TU/1) 9 received short-course RT. A total of 71 patients who were
Normal/high 97/16 treated with adjuvant CTx received one of the following
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Table II. Comparison of serum marker levels in CRC patients and healthy controls.

Subjects n

CLDNI level (ng/ml),

CLDNT7 level (ng/ml),

median (range) median (range)

All patients 140
Controls 40
P-value
Non-metastatic patients® 81
Controls 40
P-value
Metastatic patients 59
Controls 40
P-value

8.4 (1.8-48.8)
9.5 (6.2-48.9)
0.005

8.5 (3.3-43.1)
9.5 (6.2-48.9)
0.008

8.1 (1.8-48.8)
9.5 (6.2-48.9)
0.02°

11.57 (0.13-87.35)
26.64 (8.92-87.17)
<0.001°

12.05 (2.14-87.35)
26.64 (8.92-87.17)
0.002°

11.45 (0.13-87.15)
26.64 (8.92-87.17)
0.002°

Stage II or III. "Statistically significant (P<0.05). CRC, colorectal cancer; CLDN, claudin.
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Figure 1. Values of serum CLDNI assays in all, non-metastatic (stage 11/I1I)
and metastatic CRC patients and controls (P=0.005, 0.008 and 0.02, respec-
tively). CLDN, claudin; CRC, colorectal cancer.

treatment regimens: Simplified LV5FU2/capecitabine (n=14),
mFOLFOX regimen (n=26), and XELOX (n=31). Palliative
CTx included oxaliplatin-based or irinotecan-based combina-
tion CTx regimens and single-agent fluoropyrimidine in 24,22,
and 9 patients, respectively. Bevacizumab was administered
to 36 patients, whereas 15 patients received cetuximab as the
targeted agent. Response to CTx was observed in 31% of the
55 metastatic patients who received palliative CTx.

Comparison of CLDNI and CLDN7 levels between CRC
patients and controls. The levels of serum CLDNI1 and
CLDNT7 of all CRC patients and healthy controls are presented
in Table II. The baseline serum CLDNI levels were signifi-
cantly lower in all the patients compared with those in the
control group (8.4 vs. 9.5 ng/ml, respectively; P=0.005). The
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Figure 2. Values of serum CLDN?7 assays in all, non-metastatic (stage I1/I1T)
and metastatic CRC patients and controls (P<0.001, P=0.002 and P=0.002,
respectively). CLDN, claudin; CRC, colorectal cancer.

baseline serum CLDNT7 levels of all the patients were also
significantly lower compared with those in the control group
(11.57 vs. 26.64 ng/ml, respectively; P<0.001). The baseline
serum CLDNI levels in non-metastatic (stage II/1I1; 8.5 ng/ml)
and metastatic patients (8.1 ng/ml) were significantly lower
compared with those in the control group (P=0.008 and 0.02,
respectively; Fig. 1). The baseline serum CLDN7 levels in
non-metastatic (12.05 ng/ml) as well as those in metastatic
patients (11.45 ng/ml) were also significantly lower compared
with those in the control group (both P-values = 0.002; Fig. 2).

Correlation between serum levels of CLDNI and CLDN7
and clinicopathological factors. The correlation between the
serum levels of CLDN1 and CLDN7 and clinicopathological
factors is shown in Tables III and IV. Poor PS and high
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Figure 3. Correlation between serum CLDN1 and CLDN?7 levels in non-metastatic (stage II and III) CRC patients (rs=0.632, n=81, P<0.001), (Spearman's

correlation). CLDN, claudin; CRC, colorectal cancer.
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Figure 4. Correlation between serum CLDN1 and CLDN7 levels in metastatic CRC patients (rs=0.706,n=59, P<0.001), (Spearman's correlation). CLDN, claudin;

CRC, colorectal cancer.

carcinoembryonic antigen (CEA) levels were found to be
associated with lower serum CLDNI concentrations for all
patients (both P-values = 0.03). High tumor stage and high CEA
levels were found to be correlated with lower serum CLDN7
concentrations for all patients (P=0.04 and 0.02, respectively).

A significant correlation was observed between serum
CLDNI and CLDNT7 levels in all CRC patients (rs=0.672,n=140,
P<0.001). Such a correlation was not observed between serum
CLDNI1 and CLDN?7 levels in non-metastatic CRC patients
(rs=0.632, n=81, P<0.001), but it was observed between serum
CLDNI and CLDNT7 levels in metastatic CRC patients (rs=0.706,
n=59, P<0.001) (Spearman's correlation) (Figs. 3 and 4).

Folllow-up. The median follow-up time was 14 months
(range, 1-34 months). A total of 43 patients (31%) experienced

disease progression, whereas 31 of the remaining patients (22%)
succumbed to the disease. The median PFS and OS of the
entire group were 7.3£1.0 months (95% CI: 5-9 months)
and 26.9+1.1 months (95% CI: 25-29 months), respectively.
The 1-year PFS rate was 26.2% (95% CI: 12.9-39.5) and the
1- and 2-year OS rates were 82.7% (95% CI: 76.2-89.2) and
70.1% (95% CI: 58.8-81.2), respectively. There was a signifi-
cant association between certain clinicopathological variables,
including presence of metastasis (P=0.05), no surgical resec-
tion (P=0.01), CTx-unresponsiveness (P=0.001), high serum
CEA (P=0.04) and carbohydrate antigen (CA) 19-9 levels (P=0.03)
and poorer PFS (Tables V and VI). Among the clinicopatholog-
ical variables evaluated, rectal localization (P=0.03), presence
of metastasis (P<0.001), vascular invasion (P=0.02), perineural
invasion (P=0.03), poor differentiation (P=0.02), low PS
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Table III. Results of comparisons between the serum assays and various demographic and disease characteristics.

CLDNI1 level (ng/ml),
Variables n median (range)

CLDNT7 level (ng/ml),
P-value median (range) P-value

Age (years)

<50 22 8.3(4.5-42.2)

>50 118 8.4 (1.8-48.8)
Gender

Male 96 8.5 (1.8-48.8)

Female 44 8.1 (4.7-43.1)
PS

0 68 8.9 (3.3-44.2)

1-3 69 7.8 (1.8-48.8)
Smoking

Yes 61 8.4 (1.8-48.8)

No 66 8.6 (3.3-42.3)
Alcohol intake

Yes 26 8.4 (3.3-37.0)

No 99 8.5 (1.8-48.8)
Comorbidity

Yes 56 8.5 (4.6-48.8)

No 79 8.3(1.8-42.3)
Obstruction

Yes 17 6.9 (5.0-33.5)

No 123 8.4 (1.8-48.8)
Surgery

Yes 116 8.4 (3.3-442)

No 24 8.2 (1.8-48.8)
T stage

0-2 23 8.6 (3.3-20.4)

3-4 55 8.5(4.6-43.1)
N stage

0 42 8.4 (3.3-39.8)

1-2 32 8.8 (4.6-43.1)
Metastasis

Yes 59 8.1 (1.8-48.8)

No* 81 8.5(3.3-43.1)
Response to CTx

Yes (CR + PR) 17 7.7 (1.8-42.3)

No (SD + PD) 34 8.3(4.7-442)
Tumor location

Colon 81 8.4 (3.3-48.8)

Rectum 59 8.3 (1.8-39.8)

0.75 0.85
11.02 (1.36-87.15)
11.67 (0.13-87.35)

0.62 0.26
11.99 (0.13-87.35)
10.99 (1.36-60.70)

0.03° 0.57
12.18 (1.92-55.07)
11.45 (0.13-87.35)

0.79 0.39
12.24 (0.13-87.35)
11.10 (1.39-55.25)

0.63 0.49
11.44 (0.13-47.32)
11.81 (1.39-87.35)

0.56 0.62
11.39 (0.13-65.93)
11.81 (1.36-87.35)

0.25 0.12
9.68 (2.49-87.35)
12.05 (0.13-87.15)

0.72 091
11.48 (1.36-87.35)
11.84 (0.13-65.93)

0.59 0.04°
12.27 (2.14-87.35)
10.99 (2.80-28.27)

0.32 0.55
11.54 (2.80-55.69)
12.20 (2.14-87.35)

0.84 0.44
11.45 (0.13-87.15)
12.05 (2.14-87.35)

0.88 0.72
9.68 (2.80-55.25)
11.41 (0.13-60.70)

0.32 0.33
12.05 (0.13-87.35)
11.48 (1.92-60.70)

Stage II or III. "Statistically significant (P<0.05). CLDN, claudin; PS, performance status; CR, complete response; PR, partial response; SD,

stable disease; PD, progressive disease; CTx, chemotherapy.

(P=0.02), no surgical resection (P<0.001), CTx-unresponsiveness
(P=0.002), high serum levels of lactate dehydrogenase (LDH)
(P=0.02), CEA (P<0.001) and CA 19-9 (P<0.001), and low
serum levels of albumin (P=0.02), were found to be correlated
with poorer OS (Tables VII and VIII). However, serum CLDN1

and CLDN7 levels exerted no significantly adverse effect on
PFS or OS (CLDN1, P=0.93 and 0.48, respectively; and CLND?7,
P=0.43 and 0.18, respectively) (Tables VI and VIII and Figs. 5-8).
Moreover, the serum CLDNI1 or CLDN7 levels of metastatic
and non-metastatic patients exerted no significant adverse effect
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Table I'V. Results of comparisons between the serum assays and various histopathological characteristics and laboratory parameters.

CLDNI level (ng/ml),

CLDN?7 level (ng/ml),

Variables n median (range) P-value median (range) P-value

Histology 0.12 0.70
Adenocarcinoma 129 8.3 (1.8-48.8) 11.62 (0.13-87.35)
Mucinous carcinoma 11 9.2(5.6-42.2) 11.48 (8.95-52.80)

Grade of differentiation 0.27 0.51
High 8 8.9 (8.3-19.7) 12.15 (9.06-28.83)
Intermediate 56 8.1 (1.8-43.1) 11.09 (1.36-87.35)
Poor 6 9.2 (5.7-17.7) 14.38 (9.90-25.56)

Lymphatic invasion 0.54 0.82
Yes 30 8.1 (4.6-43.1) 12.20 (6.62-87.35)
No 18 8.8 (3.3-41.6) 12.18 (6.72-55.69)

Vascular invasion 0.71 0.85
Yes 16 8.2 (4.7-23.7 12.58 (6.62-87.35)
No 30 8.8 (3.3-43.1) 12.26 (6.72-59 .48)

Perineural invasion 0.64 0.85
Yes 18 8.7(4.6-43.1) 13.86 (6.62-59.48)
No 28 8.4 (3.3-41.6) 12.12 (6.72-87.35)

Regression score 0.27 0.35
1-2 13 8.9 (5.5-39.8) 11.34 (2.14-53.31)
3-4 12 8.6 (4.7-12.2) 10.65 (2.80-18.01)

KRAS mutation status 0.99 0.70
Mutant 24 8.3(5.1-442) 11.18 (0.13-59.48)
Wild-type 28 8.3 (1.8-48.8) 11.84 (1.36-65.93)

LDH level 0.11 0.40
Normal 97 8.6 (1.8-44.2) 11.72 (0.13-87.35)
High 16 9.3 (6.7-48.8) 16.26 (2.49-65.93)

Albumin level 0.54 0.83
Normal 54 8.4 (1.8-44.2) 11.39 (2.80-60.70)
Low 58 8.9 (3.3-48.8) 12.12 (0.13-87.35)

CEA level 0.03* 0.02*
Normal 78 8.7(3.3-43.1) 12.11 (1.36-87.35)
High 17 6.8 (1.8-44.2) 10.36 (1.39-51.03)

CA 19-9 level 0.52 0.21
Normal 81 8.5(1.8-42.2) 11.48 (1.36-87.35)
High 28 7.9 (5.0-44.2) 11.24 (0.13-60.70)

“Statistically significant (P<0.05). CEA, carcinoembryonic antigen; CA, carbohydrate antigen; LDL, lactate dehydrogenase; CLDN, claudin.

on PFS or OS (CLNDI: P=0.75 and 0.09, and P=0.77 and 0.07,
respectively; and CLND7: P=0.56 and 0.08, and P=0.07 and
0.82, respectively) (Tables VI and VIII).

Discussion

It is commonly accepted that the risk of developing CRC
is affected by environmental as well as genetic factors (13).
Although certain risk factors and etiological agents have been
indicated in different studies over several years (14-16), there
is a need to fully elucidate the molecular background of CRC,
in order to develop effective biomolecular tools to decrease

the mortality rate of this disease through early diagnosis. Thus
far, different molecular substances and detection techniques
have been investigated for this purpose, such as tight juction
proteins.

Tight junction proteins regulate cellular permeability
and play a crucial role in cell-to-cell adhesion and epithelial
polarity. CLDNs are major integral membrane proteins of tight
junctions. CLDN loss of expression or overexpression varies in
different cancer types. In hepatocellular carcinoma and renal
cell carcinoma, the expression of CLDN4 and CLDNS is lost,
whereas CLDN3 and CLDN4 overexpression has been detected
in pancreatic ductal adenocarcinoma and cancers of the
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Table V. Univariate analyses of progression-free survival according to patient and disease characteristics.

Median survival, 1-year survival rate,

Variables No. of events/total no. months (+ SE) % (= SE) P-value

All patients 43/140 7.3 (1.0) 26.2 (6.8)

Age, years 045
<50 6/22 8.3(2.2) NR
=50 37/118 72 (1.1) 25.0(7.2)

Gender 0.46
Male 29/96 7.5(1.1) 28.6 (8.5)
Female 14/44 7.1(2.1) NR

PS 0.30
0 11/68 8.7 (2.1) NR
1-3 32/69 6.9 (1.2) 24.1(7.9)

Obstruction 043
Yes 6/17 6.3 (1.9) NR
No 33/123 74 (1.1) 24.2(7.5)

Surgery 001°
Yes 32/116 8.3(1.2) 313 (8.2)
No 11/24 42(1.3) NR

T stage 0.85
0-2 2/23 11.0(3.2) NR
3-4 8/55 10.0 (6.0) NR

N stage 0.20
0 4/42 6.53.2) NR
1-2 6/32 13.7 (3.7) NR

Metastasis 0.05°
Yes 33/59 6.3(0.9) 21.9(7.3)
No* 10/81 10.8 (2.7) NR

Response to CTx 0.001°
Yes (CR + PR) 4/17 14.8 (2.3) NR
No (SD + PD) 27134 4.1(0.6) NR

Tumor location 0.18
Colon 19/81 8.3(1.4) 333 (11.1)
Rectum 24/59 6.6 (1.3) 20.8 (8.3)

Histology 0.79
Adenocarcinoma 37/129 8.2(2.6) 24.3 (7.1)
Mucinous carcinoma 5/11 72(1.1) NR

Grade of differentiation 0.79
High 1/8 NR 9.0 (0.0)
Intermediate 13/56 NR 7.5(2.2)
Poor 2/6 NR 5.5(2.5)

Regression score 0.90
1-2 2/12 9.5 (6.5) NR
3-4 0/13 4.0 (0.0) NR

KRAS mutation status 0.14
Mutant 14/24 49(1.2) NR
Wild-type 14/28 7.6 (1.7) NR

aStage 1I or III. °Statistically significant (P<0.05). SE, standard error; PS, performance status; NR, not reached; CR, complete response;
PR, partial response; SD, stable disease; PD, progressive disease; CTx, chemotherapy.
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Table VI. Univariate analyses of progression-free survival according to laboratory parameters.
Median survival, 1-year survival rate,
Variables No. of events/total no. months (+ SE) % (= SE) P-value
LDH level 0.14
Normal 27/97 7.1(1.1) 259 (8.4)
High 5/16 12.6 (5.0) NR
Albumin level 0.57
Normal 12/54 7.6 (1.6) 26.3 (10.7)
Low 19/58 89(2.1) 41.7 (14.2)
CEA level 0.04°
Normal 16/78 89 (1.5) 43.8 (12.4)
High 917 522.0) NR
CA 19-9 level 0.03°
Normal 18/81 9.1 (1.3) 389 (11.5)
High 19/28 6.5(1.7) 21.1 (94)
CLDNI1 of all patients 0.93
<median 23/43 7.5(1.4) 26.1 (9.2)
>median 20/43 7.1(1.4) 26.3 (10.1)
CLDNI1 of non-metastatic patients® 0.77
<median 5/41 11.8 (4.8) NR
>median 5/40 9.8 (3.1) NR
CLDNI1 of metastatic patients 0.75
<median 16/30 6.3(1.2) 25.0 (10.8)
>median 17/29 6.2 (1.4) 18.8 (9.8)
CLDNT7 of all patients 043
<median 22/43 6.6 (1.2) 22.7(8.9)
>median 21/43 8.2 (1.6) 30.0 (10.2)
CLDNT7 of non-metastatic patients® 0.07
<median 4/40 14.0 (3.5) NR
>median 6/41 6.0 (3.3) NR
CLDNT7 of metastatic patients 0.56
<median 16/30 55(01.2) NR
>median 17/29 6.9 (1.4) NR

Stage II or I1I. "Statistically significant (P<0.05). SE, standard error; NR not reached. LDH, lactate dehydrogenase; CEA, carcinoembryonic

antigen; CA, carbohydrate antigen; CLDN, claudin.

prostate, uterus, ovary and breast. Particularly CLDN1, CLDN4
and CLDN7, which are referred to as the ‘impermeability
CLDNs’ are important building blocks of paracellular adhesion
molecules; it was demonstrated that their decreased expression
in CRC appears to exert major effects on cell proliferation,
motility, invasion and antitumor immune response (17-19).

Previous studies have investigated the role of CLDNs on
different cancer types using IHC or PCR (20,21). To the best of
our knowledge, this is the first study to compare CLDN1 and
CLDNY7 serum levels between healthy individuals and CRC
patients using ELISA.

It was previously suggested that loss of CLDN expression
plays a role in carcinogenesis through repression of tight
junctions and cell proliferation, motility and invasion (22).
Resnick er al (23) demonstrated that weak CLDNI1 expression

was associated with high grade and poor survival, and it was an
independent predictor of recurrence. Ersoz et al (24) reported
that CLDNI1 expression was significantly decreased in lymph
node-positive cases.

For different types of cancer, a number of studies have
compared CLDN7 expression between malignant and normal
tissues. It was previously reported that CLDN7 expression is
lower in squamous cell carcinoma of the oesophagus (25), head
and neck (26), breast (27,28) and nasopharyngeal cancer (29);
however, it appears to be upregulated in ovarian (30) and
gastric cancer (31). Nakayama et al (32) also reported lower
expression of CLDN7 in ~80% of invasive CRCs compared
with non-neoplastic tissues.

Stiren et al (17) recently demonstrated a significant asso-
ciation between loss of CLDN1 and CLDN7 expression, as
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Table VII. Univariate analyses of overall survival according to patient and disease characteristics.

Median survival, 1-year survival rate,

Variables No. of events/total no. months (+ SE) % (= SE) P-value

All patients 31/140 269 (1.1) 82.7(3.3)

Age, years 0.30
<50 4/22 22.1(14) 90.9 (6.1)
>50 27/118 26.8 (1.2) 81.1(3.8)

Gender 0.76
Male 20/96 26.3 (1.3) 83.3(4.0)
Female 11/44 26.7 (1.9) 81.5(5.9)

PS 0.02°
0 9/68 254 (1.7) 87.54.2)
1-3 22/69 23.1(0.9) 773 (5.2)

Obstruction 0.50
Yes 5/17 20.7 (2.0) 81.1(9.9)
No 23/123 27.5(1.3) 83.1 (3.6)

Surgery <0.001°
Yes 20/116 28.6 (1.1) 88.0 (3.1)
No 11/24 13.3(2.0) 569 (10.4)

T stage 0.28
0-2 0/23 NR 100.0 (0.0)
3-4 3/55 NR 98.2 (1.8)

N stage 043
0 1/42 32.3(0.7) 97.6 (2.4)
1-2 2/32 323(1.2) 100.0 (0.0)

Metastasis <0.001°
Yes 27/59 159 (14) 61.1 (6.8)
No* 4/81 32.5(0.7) 97.5(1.7)

Response to CTx 0.002°
Yes (CR+PR) 2/17 23.6 (1.6) 933 (64)
No (SD+PD) 19/34 119 (1.4) 47.6 (9.4)

Tumor location 0.03°
Colon 8/81 292 (1.2) 91.0 (3.8)
Rectum 23/59 24.7 (1.6) 76.6 (4.9)

Histology 048
Adenocarcinoma 28/129 27.7 (1.1) 84.4 (3.3)
Mucinous carcinoma 3/11 18.5(2.7) 70.7 (14.3)

Grade of differentiation 0.02°
High 0/8 NR 100.0 (0.0)
Intermediate 6/56 NR 90.7 (4.0)
Poor 3/6 NR 66.7 (19.2)

Lymphatic invasion 0.25
Yes 3/30 NR 96.6 (3.4)
No 0/18 NR 100.0 (0.0)

Vascular invasion 0.02°
Yes 3/16 NR 93.3(64)
No 0/30 NR 100.0 (0.0)

Perineural invasion 0.03°
Yes 3/18 NR 94.1 (5.7)
No 0/28 NR 100.0 (0.0)

Regression score 0.30
1-2 1/12 NR 91.7 (8.0)
3-4 0/13 NR 100.0 (0.0)

KRAS mutation status 0.25
Mutant 13/24 15.1 (2.0) 52.6 (10.3)
Wild-type 8/28 182 (2.1) 75.8 (9.7)

sStage II or III. ®Statistically significant (P<0.05). SE, standard error; PS, performance status; NR, not reached; CR, complete response;
PR, partial response; SD, stable disease; PD, progressive disease.
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Table VIII. Univariate analyses of overall survival according to laboratory parameters.
Median survival, 1-year survival rate,
Variables No. of events/total no. months (+ SE) % (= SE) P-value
LDH level 0.02°
Normal 21/97 21.5(0.9) 84.6 (3.8)
High 7/16 20.5 (3.8) 62.5(12.1)
Albumin level 0.02°
Normal 7/54 23.2(1.0) 89.8 (4.3)
Low 20/58 234(1.9) 73.7(5.8)
CEA level <0.001°
Normal 778 24.4(0.6) 95.7(2.5)
High 6/17 179 (2.6) 68.0 (12.2)
CA 19-9 level <0.001°
Normal 10/81 23.8 (0.7) 934(29)
High 13/28 20.0 (2.8) 61.509.7)
CLDNI1 of all patients 048
<median 15/71 27.3(1.5) 85.1 (4.4)
>median 16/69 209 (1.1) 80.2 (5.0
CLDNI1 of non-metastatic patients® 0.07
<median 0740 NR 100.0 (0.0)
>median 4/41 NR 95.134)
CLDNI1 of metastatic patients 0.09
<median 11/30 17.6 (1.7) 70.3 (9.0)
>median 16/29 13.8 (2.0) 51.7(9.9)
CLDNT7 of all patients 0.18
<median 13/70 22.2(1.0) 86.1 (4.3)
>median 18/70 25.6 (1.7) 793 (4.9)
CLDN7 of non-metastatic patients® 0.82
<median 2/40 24.2 (0.6) 97.6(24)
>median 2/41 32.5(1.1) 97.5(2.5)
CLDN?7 of metastatic patients 0.08
<median 11/30 124 (1.8) 73.7(8.7)
>median 16/29 168 (1.4) 69.4 (9.6)

sStage II or III; ®Statistically significant (P<0.05). SE, standard error; NR, not reached; CLDN, claudin; CEA, carcinoembryonic antigen;

CA, carbohydrate antigen; LDH, lactate dehydrogenase.

determined by IHC, and invasion depth, lymph node status,
disease stage, grade, perineural invasion and lymphovascular
invasion in 70 CRC patients; they observed mild loss (score 1)
of CLDNI expression in 43 (61.4%) and moderate-to-marked
loss (score 2 and 3) in 27 patients (38.6%). For CLDN7, there
was no loss of expression (score 0) in 16 (22.9%), mild loss
(score 1) in 30 (42.9%) and moderate-to-marked loss (score 3)
in 24 patients (34.2%) of the same group. Similarly, in the
present study, we observed a negative correlation between CRC
and the serum levels of CLDN1 and CLDN7 as determined by
ELISA. The baseline serum CLDNI levels were significantly
lower in all CRC patients compared with those in the control
group. Similar to CLDNI, the baseline serum CLDNT7 levels
of all patients were significantly lower compared with those in
the control group. Our results also suggest that the decrease

in the levels of CLDNI1 and CLDNT7 reflect the stage of the
disease. The baseline serum CLDNI levels of non-metastatic
(stage II/IIT) and metastatic patients were significantly lower
compared with those in the control group. The baseline serum
CLDNT7 levels of non-metastatic and metastatic patients were
also significantly lower compared with those in the control
group.

In another study using THC, Nakagawa et al (33) demon-
strated that, among 119 CRC patients, the postoperative
OS rate was significantly higher in patients exhibiting high
expression of CLDNI1 compared with the low-expression
group for a median follow-up of 3.9 years. The disease-free
survival rate following curative surgery was also higher in
the high-expression compared with that in the low-expres-
sion group. Their univariate analysis revealed that grade
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Figure 5. Progression-free survival curves in CRC patients according to
serum CLDNI levels (P=0.93). CLDN, claudin; CRC, colorectal cancer.
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Figure 6. Overall survival curves in CRC patients according to serum CLDNI1
levels (P=0.48). CLDN, claudin; CRC, colorectal cancer.

of differentiation, morphological type, tumor size, tumor
invasion, lymph node metastasis, lymphatic invasion,
venous invasion, metastasis and CLDNI1 expression were
significantly correlated with OS. In addition, the multi-
variate regression analysis indicated that high expression of
CLDNI and metastasis were independent predictors of OS.
They also observed that CRC patients with high expression
of CLDNI had a better prognosis in terms of disease-free
survival compared with the low-expression group, which
is consistent with our findings. In our analysis, we investi-
gated the correlation between the serum levels of CLDNI1
and CLDN7 and clinicopathological factors. Poor PS and
high CEA levels were found to be associated with lower
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Figure 7. Progression-free survival curves in CRC patients according to
serum CLDN7 levels (P=0.43). CLDN, claudin; CRC, colorectal cancer.
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Figure 8. Overall survival curves in CRC patients according to serum CLDN7
levels (P=0.18). CLDN, claudin; CRC, colorectal cancer.

serum CLDNI concentrations for all patients. High T stage
and high CEA levels were also found to be correlated with
lower serum CLDN7 concentrations for all patients. Such a
correlation was not observed between serum CLDNI and
CLDNT7 levels in non-metastatic CRC patients, but it was
observed between serum CLDNI and CLDN7 levels in
metastatic CRC patients. Our median follow-up time was
14 months (range, 1-34 months). The median PFS and OS
of the entire group were 7.3 and 26.9 months, respectively.
We observed a significant association between other clinico-
pathological variables, including presence of metastasis, no
surgical resection, CTx-unresponsiveness, and high serum
levels of CEA and CA19-9, and poorer PFS. Among the
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clinicopathological variables evaluated, localization in the
rectum, presence of metastasis, vascular invasion, perineural
invasion, poor differentiation, low PS, no surgical resection
and CTx-unresponsiveness were found to be correlated with
poorer OS, as expected. However, the serum CLDNI and
CLDNY7 levels exerted no significantly adverse effect on PFS
or OS over this limited follow-up time.

In conclusion, CLDN1 and CLDN7 are important barrier

proteins of the human cell structure and their decreased
expression in CRC appears to play a central role in tumor
cell motility and invasion. Therefore, reduced serum levels
of CLDNI and CLND7, as determined by ELISA, may be a
useful tool in the differential diagnosis of CRC.
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