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Abstract

Background and Objective: Claudin-7 is a component of tight junctions and plays important roles in maintaining cell polarity
and tightly connecting the barriers between cells. Abnormal claudin-7 protein expression is closely related to tumor occurrence,
development, and metastasis. This study aimed to investigate the correlation between claudin-7 expression and carcinogenesis or
metastasis in colorectal cancer and the clinical significance of these relationships. Materials and Methods: In this study, enzyme
linked immunosorbent assays (ELISA) were used to measure the claudin-7 levels in serum from patients with colorectal cancer.
Immunohistochemical staining and Western blotting were used to measure claudin-7 expression in colorectal cancer tissues,
paracancerous tissues, and metastatic tissues. Results: Serum claudin-7 levels were significantly lower in patients with colorectal
cancer than in healthy controls. Imnmunohistochemistry indicated that claudin-7 expression was lower in colorectal cancer tissues
than in normal colorectal tissues, and its expression level was positively correlated with the degree of colorectal cancer tissue
differentiation. Claudin-7 expression levels were significantly reduced or undetectable in metastatic tissues compared to primary
tumor tissues, but there were no significant differences in claudin-7 expression among different metastatic tissues. Conclusion:
We confirmed that claudin-7 downregulation was associated with colorectal cancer and metastasis. Claudin-7 could be a tumor
suppressor gene for colorectal cancer and may thus serve an early diagnostic marker and a novel therapeutic target.
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The abnormality and destruction of tight junction structure
and function between cells are important contributors to the
distant invasion and metastasis of malignant tumor cells. Tight
junctions comprise membrane proteins, such as occludin,
claudin, and junctional adhesion molecules, and cytoplasmic
proteins, such as zona occluden (ZO)-1, ZO-2, and 70-3.%
Claudin-7 (Cldn7) is one of the main members of the claudin
family. In recent years, abnormal Cldn7 expression has been

Introduction

Colorectal cancer (CRC) is one of the most common malignant
tumors of the digestive system and is a serious threat to human
health. Colorectal cancer incidence is the third highest in the
world, second to only lung cancer and breast cancer incidence.'
With improvements in living standards and changes in diet
structure, the incidence of CRC continues to increase.? In
developed regions such as Europe and United States, the inci-
dence and mortality of malignant CRC tumors rank fourth and

second, respectively.® Colorectal cancer invasion and metasta-
sis are important causes of postoperative recurrence and poor
prognosis, and one of the most common CRC metastasis sites is
liver.* More than 50% of patients with CRC have liver metas-
tases during the disease, and approximately 20% to 25% of
patients have CRC and liver metastases simultaneously; finally
two-thirds of patients with CRC die of liver metastasis.’
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closely related to the development of various malignant
tumors.”'° The downregulation or deletion of Cldn7 and other
tight junction proteins is considered to be the mechanism of
intercellular adhesion loss and an important step in tumorigen-
esis and metastasis.''

To investigate the relationship between Cldn7 and CRC
carcinogenesis and metastasis, we used double-antibody
sandwich enzyme linked immunosorbent assays (ELISA) and
immunohistochemical (IHC) staining to determine Cldn7 lev-
els in patient serum and CRC tissues. We also measured
Cldn7 expression in tissues with different degrees of CRC
differentiation and liver metastases by Western blotting.

Materials and Methods

Patients and Samples

Blood samples were obtained from 31 patients with a definitive
diagnosis of CRC. All of these patients were diagnosed at the
Cancer Center of Beijing Shijitan Hospital (Beijing, China)
between 2016 and 2017. Blood samples from 9 healthy people
were collected for a control group. Serum samples were
separated from the cellular elements by centrifugation
(3000 r/min x 15 minutes) within 2 hours of collection.
A double-antibody sandwich ELISA was used to determine the
levels of Cldn7 in the samples. The patient data were collected
from the electronic database at Beijing Shijitan Hospital. The
data included age, sex, tumor location, differentiation grade
(low, median, high), perineural invasion status (yes or no),
pS53 gene (p53) mutation status (mutant or wild type), carci-
noembryonic antigen (CEA) level, carbohydrate antigen
(CA)19-9 level, and a-fetoprotein (AFP) level.’

Tissue microarrays were collected from 75 patients with
CRC who did not have preoperative radiotherapy or che-
motherapy. Postoperative specimens were proven to be color-
ectal adenocarcinoma by pathology. For each patient, adjacent
tissues more than >5 cm away from the tumor were also col-
lected. All of these samples were confirmed to be normal color-
ectal tissues by pathology. Tissue microarrays were conducted
with 75 CRC tissue samples and corresponding paracancerous
and metastatic tissue samples. The IHC staining was used to
determine Cldn7 expression. The patient data included age,
sex, tumor diameter, grade of differentiation, lymphatic metas-
tasis, other organ metastasis, tumor invasion depth, tumor,
lymph node, metastasis (TNM) stage, and survival time.

A total of 30 fresh CRC tissue specimens were collected at
our hospital from 2013 to 2015. None of the patients were
treated with radiotherapy or chemotherapy before the opera-
tion. The postoperative specimens were confirmed as colorec-
tal adenocarcinoma by pathology. Among them, there were 10
cases of well-differentiated adenocarcinoma, 10 cases of mod-
erately poorly differentiated adenocarcinoma, and 10 cases of
CRC liver metastasis. Normal intestine tissues were used for
the control group. The Cldn7 expression for different CRC
differentiation levels and liver metastases was detected by
Western blotting. All assay protocols for patients were

reviewed and approved by the Medical Ethics Committee of
the Beijing Shijitan Hospital Affiliated Capital Medical
University Institutional Review Board.

ELISA

A double-antibody sandwich ELISA kit (cat. HG38912; Bio
TSZ, USA) was used to determine Cldn7 levels in patients and
healthy controls. Fifty microliters of standards or samples was
added to the appropriate well of an antibody-precoated micro-
titer plate and then mixed gently. After incubation at 37°C for
45 minutes, the liquid was removed. Diluted biotinylated anti-
Immunoglobullin G (IgG) and streptavidin-horseradish perox-
idase (HRP) were added to all wells and incubated for 30
minutes at 37°C. Then, chromogen solution was added to each
well. After incubation for 15 minutes at 37°C, a stop solution
was added to each well, and the blue to yellow color change
indicated that the reaction stopped. The blank well was set to
zero, and the colored reaction product was measured using an
automated ELISA microplate reader at 450 nm. The results are
expressed as picograms per milliliter.

Immunohistochemical Staining Assay

For hematoxylin and eosin (HE) staining, tumor, paracancerous,
and metastatic tissues were labeled. All tissues were embedded
into wax blocks and cut into paraffin sections. Xylene was used
to dewax the paraffin slices. Different concentration gradients of
alcohol were then used for hydration. Tissue sections were incu-
bated for 10 minutes in 3% H,0, and washed with 0.01 mol/L
phosphate buffered saline (PBS). Then, the sections were incu-
bated with a diluted rabbit polyclonal anti-Cldn7 antibody
(ab27487, 1:200; Abcam, USA), followed by incubation with
the corresponding secondary antibody (ab175780, 1:1000;
Abcam). After that, the proteins were developed in diaminoben-
zidine (DAB) for coloration. Hematoxylin was used to stain the
nuclei, and different concentration gradients of alcohol were
used for dehydration. Neutral gum was used to seal the slides.

Western Blotting

Appropriate amounts of CRC, normal colorectal, and liver
metastasis tissues were added to eppendorf (EP) tubes. Then,
equal amounts of grinding beads and 1 mL of total protein
extraction reagent containing various protease inhibitors were
mixed with the tissues. Next, the total protein was extracted by
grinding with a tissue homogenizer. The proteins were sepa-
rated by sodium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis and transferred onto a nitrocellulose (NC)
membrane. The membrane was blocked with Tris Buffered
saline Tween (TBST) solution containing 5% skim milk for
1 hour. Next, the membrane was incubated with a diluted rabbit
polyclonal anti-Cldn7 antibody (ab27487, 1:1000; Abcam) at
4°C overnight, followed by incubation with a donkey anti-
rabbit IgG antibody (1:10 000, ab175780; Abcam). Finally, a
Western blot scanner was used to visualize the blots.
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Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used as the internal reference.

Immunohistochemical Staining Classification

Brown granules on the cell membrane indicated positive results.
A semiquantitative method was used to score the samples. Color-
less, light yellow, light brown, and deep brown staining intensities
were recorded as 0, 1, 2, and 3, respectively. The number of
positively stained cells was determined as follows: 5 visual fields
were observed for each section, and the percentage of positive
cells was recorded. The total score was the product of the staining
intensity score and the percentage of positive cells; <10% was
scored as 1, 11% to 50% as 2, 50% to 75% as 3, and >75% as 4.
A total score >3 was positive, and a total score <3 was negative.

Follow-Up

In total, 63 of 75 patients whose tissues were IHC stained were
followed up. The median survival time was 45 months, and the
patients were divided into 2 groups according to different sur-
vival periods. The relationship between IHC staining results
and survival times was then analyzed.

Statistical Analyses

Statistical analyses were performed using IBM SPSS version
17.0 for Windows and GraphPad Prism version 6.0 for
Windows. The measurement data are expressed as the mean
(standard deviation). The Mann-Whitney U test was used to
compare differences in Cldn7 serum levels. The correlation
between Cldn7 expression and clinical pathological parameters
was analyzed using the % test. Claudin-7 expression deter-
mined by Western blot was analyzed using Student ¢ test. Dif-
ferences were considered significant when P < .05.

Results

Clinical Characteristics of Patients Included in the ELISA
Experiment

In this study, blood samples from 31 patients with CRC who
were diagnosed at our hospital from 2016 to 2017 were col-
lected. The personal information and disease characteristics of
these patients are shown in Table 1.

The overall median age was 65 years (range, 49-89 years),
with a male predominance (n = 17, 54.8%). The tumors were
located in the colon (n = 16, 51.6%) and the rectum (n = 15,
48.4%). According to the World Health Organization (WHO)
histological grade, there were 2 cases of high-moderate adeno-
carcinoma differentiation (6.4%), 22 cases of moderate adeno-
carcinoma differentiation (71%), and 7 cases of moderate-low
or low adenocarcinoma differentiation (22.6%). Laboratory
examination showed that there were 4 patients with the wild-
type p53 and 27 patients with the mutant type. There were
14 patients with normal serum CEA levels (<5 ng/mL) and
16 patients with elevated CEA levels (46.7% vs 53.3%). The

Table 1. Clinical Characteristics of Patients Included in the ELISA
Experiment.

Variables n
No. of patients 31
Age, years

Median (range) 65 (49-89)
Gender

Male/female 17/14
Tumor location

Colon/rectum 16/15
Grade of differentiation

Low/median/high 7/22/2
Perineural invasion

Yes/no 8/23
P53 mutation status

Mutant/wild type 27/4
CEA level (cutoff, 5 ng/mL)*

Normal/high 14/16
CA19-9 level (cut-off, 37 U/L)

Normal/high 24/7
AFP level (cutoff, 8.78 pg/L)*

Normal/high 25/3

Abbreviations: AFP, a-fetoprotein; CA, carbohydrate antigen; CEA, carci-
noembryonic antigen; p53, p53 gene.
*Patients without relevant information were not included in this statistic.

Table 2. Comparison of Serum Cldn7 Levels Between Patients With
CRC and Healthy Controls.

Participants n  Cldn7 Level (pg/mL), Median (Range)

Patients with CRC* 27 15.25 (0.01-303.06)

Controls 9 72.10 (0.1-287.45)
P value .04¢
Patients with CRC® 31 8.92 (0.01-303.06)
Controls 9 72.1 (0.1-287.45)
P value .02°¢

Abbreviations: Cldn7, claudin-7; CRC, colorectal cancer.

#Patients whose serum levels of Cldn7 were too low to be detected were not
included.

bPatients whose serum levels of Cldn7 were too low to be detected were
included.

“Statistically significant (P < .05).

CA19-9 levels were normal (<37 U/L) in 24 patients and
increased in 7 patients (77.4% vs 22.6%). Serum AFP levels
were normal (<8.78 pg/L) in 25 patients and increased in 3
patients (89.2% vs 10.7%). Patients without relevant informa-
tion were not included in this analysis.

Comparison of Serum Cldn7 Levels Between Patients
With CRC and Healthy Controls

The serum Cldn7 levels of patients with CRC and healthy
controls are shown in Table 2. Serum Cldn7 levels were sig-
nificantly lower in patients with CRC than in healthy controls
(15.25 vs 72.1 pg/mL; P = .04; Figure 1A). Repeated tests
indicated that the average serum Cldn7 level in some patients
with CRC (n = 4) was below 0.01 pg/mL or too low to be
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Figure 1. Serum claudin-7 (Cldn7) levels in patients with colorectal
cancer (CRC) and healthy controls. A, Patients whose serum Cldn7
levels were too low to be detected were not included (P = .04). B,
Patients whose serum Cldn7 levels were too low to be detected were
included (P = .02). C, The receiver operating characteristic (ROC)
curve of serum Cldn7 levels of patients with CRC was detected by
enzyme linked immunosorbent assay (ELISA) method.

detected. When the serum Cldn7 levels of these 4 patients were
all counted as 0.01 pg/mL and incorporated into the statistical
analysis, the difference in serum Cldn7 levels between patients
with CRC and healthy controls was more significant (8.92 vs

Table 3. Comparison Between Serum Cldn7 Levels and the Disease
Characteristics.

Cldn7 Level (pg/mL),

Variables n Median (Range) P Value

Age (years) .93
=65 17 7.34 (0.01-303.06)
>65 14 14.44 (0.1-100.35)

Gender 48
Male 17 8.92 (0.01-303.06)
Female 14 12.42 (0.1-121.79)

Tumor location 4
Colon 16 12.09 (0.1-121.79)
Rectum 15 7.34 (0.01-303.06)

Grade of differentiation 26
High 2 0.33 (0.1-0.56)
Median 22 11.28 (0.01-303.06)
Low 7 40.34 (0.22-40.34)

Nerve invasion 95
Yes 8 11.3 (0.1-100.35)
No 23 8.92 (0.01-303.06)

pS3 mutation status .89
Mutant 27 8.92 (0.01-303.06)
Wild-type 4 21.61 (0.1-51.6)

CEA level® .57
Normal 14 8.13 (0.1-303.06)
High 16 14.44 (0.01-121.79)

CA19-9 level .36
Normal 24 3.73 (0.01-303.006)
High 7 31.75 (0.1-111.76)

AFP level® .09
Normal 25 4.58 (0.01-303.06)
High 3 64.75 (40.34-92.47)

Abbreviations: AFP, a-fetoprotein; CA, carbohydrate antigen; CEA, carci-
noembryonic antigen; p53, p53 gene.
#Patients without relevant information were not included in this statistic.

72.1 pg/mL; P = .02; Figure 1B). We also depicted a receiver
operating characteristic (ROC) curve of serum Cldn7 levels of
patients with CRC which was detected by the ELISA method
(Figure 1C). When the experimental group included 27 patients
with CRC, the area under the curve (AUC) was 0.731, and the
P value was .04. When 31 patients with CRC were included,
the AUC was 0.763, and the P value was .017. The ROC curve
indicated that the use of ELISA to detect serum Cldn7 levels in
patients with CRC had a good accuracy for the diagnosis of
patients with CRC. And when patients whose serum levels of
Cldn7 were too low to be detected were included, this method
had a better diagnostic effect. Because low Cldn7 levels in the
serum indicated a positive result, these data were used in the
later analyses of the relationship between serum Cldn7 levels
and the disease characteristics.

Correlations Between Serum Cldn7 Levels
and the Disease Characteristics

Correlations between serum Cldn7 levels and the disease char-
acteristics are shown in Table 3. Age, sex, tumor location,
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Table 4. Clinical Characteristics of the Patients Included in the Immu-
nohistochemistry Experiment.

Table 5. Comparison of Cldn7 Expression Between CRC Tissues and
Paracancerous Tissues.

Variables n
No. of patients 75
Age (years)

Median 63

>63 37

<63 38
Gender

Male/female 38/37
Tumor diameter(cm)

>5 39

=5 36
Grade of differentiation

Low/median/high 18/47/10
Lymphatic metastasis

Yes/no 37/38
Other organs metastasis®

Liver 18

Lung 9
Depth of infiltration

Serous layer or below 51

Beyond serous layer 24
Clinical stages of TNM

>Stage 111 40

<Stage III 35
Survival time (months)?®

Median 45

>45 33
<45 30

Abbreviation: TNM, tumor, node, metastasis.
#Patients without relevant information were not included in this statistic.

grade of differentiation, and other disease characteristics were
not correlated with serum Cldn7 concentrations.

Clinical Characteristics of the Patients Included
in the Immunohistochemistry Experiment

Clinical characteristics of the 75 patients with CRC are shown
in Table 4. The median age of the patients with CRC was
63 years. There were 37 patients older than 63 years and 38
patients aged 63 years or younger. The number of males and
females was similar (38 vs 37). Tumor diameters were larger
than 5 cm in 39 cases and <5 c¢m in 36 cases. According to the
WHO histological grade, there were 10 cases of highly differ-
entiated adenocarcinoma (13.3%), 47 cases of moderately dif-
ferentiated adenocarcinoma (62.7%), and 18 cases of poorly
differentiated adenocarcinoma (24%). The number of patients
with lymph node metastases was 37, and the number of patients
without lymph node metastases was 38. The most frequent
metastatic sites were the liver (n = 18) and lung (n = 9). The
infiltration depth was also included in this study. Tumor infil-
tration reached the serous layer or below in 51 patients and
reached the serous layer or higher in 24 patients. According
to the clinical stages of TNM, there were 40 cases of stage III
and higher (53.3%) and 35 cases below stage III (46.7%). The

Number of
Number Positive  Positive
Histological Type of Cases Expression Rate ¥>  P-value
Paracancerous 75 72 096 37.734 .000%
tissues
CRC tissues 75 39 0.52

Abbreviations: Cldn7, claudin-7; CRC, colorectal cancer.
Statistically significant (P < .05).

median survival time was 45 months, with times >45 months in
33 cases and <45 months in 30 cases.

Comparison of Cldn7 Expression Between CRC Tissues
and Paracancerous Tissues

The rate of positive Cldn7 expression in paracancerous tissues
was 0.96, and the expression was located primarily in the cell
membrane. The rate of positive Cldn7 expression was signifi-
cantly lower in CRC tissues than in paracancerous tissues (0.52
vs 0.96, P =.000; Table 5).

Correlations Between the Rate of Positive Cldn7
Expression in CRC Tissues and the Disease
Characteristics

Correlations between the rate of positive Cldn7 expression
in CRC tissues and the disease characteristics are presented
in Table 6. The grade of differentiation was related to the
rate of positive Cldn7 expression. The rates of positive
Cldn7 expression in high, moderate, and low adenocarci-
noma differentiation were 0.85, 0.55, and 0.28, respectively;
these rates decreased with decreasing tissue differentiation
(P = .019; Figure 2). However, Cldn7 expression was not
correlated with gender, age, tumor invasion depth, lymph
node metastasis, tumor size, TNM stage, or survival time
(P > .05).

Comparison of the Rate of Positive Cldn7 Expression
Between CRC Tissues and Metastatic Tissues

Claudin-7 was located on the cell membrane of lymph node,
liver, and lung metastases, and its expression was weakly pos-
itive (Figure 3A-I). The rates of positive Cldn7 expression in
CRC tissues and metastatic tissues are presented in Table 7.
The rates of positive Cldn7 expression were significantly lower
in lymph node metastases, liver metastases, and lung metas-
tases than in primary tumors (P = .000, .034, and .031, respec-
tively; Figure 3J). However, Cldn7 expression levels were not
significantly different among metastatic tissues (P = .625).
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Table 6. Comparison Between the Rate of Positive Cldn7 Expression
in CRC Tissues and the Disease Characteristics.

Number of
Number Positive Positive P-
Variables of Cases Expression Rate x> value
Age (years)
>63 37 17 046 1.072 .359
<63 38 22 0.58
Gender
Male 38 23 0.61 2243 .168
Female 37 16 0.43
Tumor diameter (cm)
>5 39 18 0.46 1.113 .357
<5 36 21 0.58
Grade of differentiation
High 10 8 0.85 7.58 .019*
Median 47 26 0.55
Low 18 5 0.28
Lymphatic metastasis
Yes 37 23 0.62 3.021 .107
No 38 16 0.42
Depth of infiltration
Serous layer or below 51 25 049 0.567 471
Beyond serous layer 24 14 0.58
Clinical stages of TNM
>Stage III 40 22 0.55 0.309 .647
<Stage 111 35 17 0.49
Survival time (months)®
>45 33 18 0.55 0.13 .803
<45 30 15 0.5

Abbreviations: Cldn7, claudin-7; CRC, colorectal cancer.
“Statistically significant (P < .05).
®Patients without relevant information were not included in this statistic.

Claudin-7 Protein Expression in Fresh and Metastatic
CRC Tissues

Western blot analyses showed that Cldn7 was highly
expressed in adjacent tissues of CRC, and the relative
expression was decreased in high-medium differentiated,
medium-low differentiated, and liver metastatic CRC tissues
(P <.0001). The relative expression levels decreased with the
degree of differentiation and were barely detectable in liver
metastasis of CRC (Figure 4).

Discussion

The occurrence, invasion, and metastasis of CRC is a complex
process involving multiple genes and processes, including
oncogene activation, tumor suppressor gene inactivation, mis-
match repair gene mutation, and other genetic mutations.'?
Among these, the tumor suppressor genes have received
increasing attention because they can be used as therapeutic
targets for CRC.

Claudin is the main skeletal protein composing the tight
junctions between epithelial cells. In addition to the classic
barrier and fence functions of tight junctions, claudin also plays
an important role in regulating cell proliferation and

differentiation.’®'* Abnormal claudin protein expression
changes the normal structure and function of tight junctions
to cause the loss of cell polarity and the diffusion of nutrients
and other factors necessary for the survival and growth of
tumor cells; these effects play an important role in the metas-
tasis and nutrition supply of tumor cells.'”> Claudin protein
expression is different in several types of cancer tissues, and
some claudin proteins are downregulated or not expressed in
cancer tissues.

Claudin7 is an important member of the claudin family and
plays an important role in maintaining tight junction integrity,
epithelial cell polarity, and ion permeability between cells.'® In
recent years, increasing attention has been paid to the role of
Cldn7 in tumorigenesis, development, invasion, and metasta-
sis. Lioni et al'” used RNAi to knock out Cldn7 in esophageal
squamous cell carcinoma cells. The results showed that
E-cadherin expression levels decreased and that cell growth
and infiltration increased. These findings suggest that Cldn7
expression is closely related to tumor progression. Lu ef al''
transfected Cldn7 into the NCI-H1299 lung cancer cell line,
which does not express Cldn7 protein. Proliferation and inva-
sion were significantly lower in these transfected cancer cells
than in the control cells, suggesting that Cldn7 plays an antic-
ancer role in lung cancer cell lines. In addition, Kominsky
et al'® found that Cldn7 expression was significantly lower in
breast invasive ductal carcinoma than in normal breast tissue.

Some studies have suggested that Cldn7 expression may be
related to the degree of tumor differentiation. Decreases in
Cldn7 levels in breast cancer are related to the histological
malignancy of carcinoma in situ and invasive ductal carci-
noma; the higher the degree of malignancy, the lower the
expression of Cldn7.'"® Usami et al'® reported that Cldn7
expression was negatively correlated with the differentiation
degree, invasion depth, and lymph node metastasis in esopha-
geal carcinoma. However, there are also reports of increased
Cldn7 expression. Johnson ez al'° found that Cldn7 expression
was higher in gastric cancer tissues than in paracancerous tis-
sues. It has been suggested that Cldn7 overexpression may be
an early event in gastric carcinogenesis. Claudin-7 expression
is apparently different in different types of tumor tissues.

Bornholdt er al*® found that the Cldn7 messenger RNA
(mRNA) level in CRC tissue decreased by 270% compared
with that in normal colorectal tissue, and the decreased Cldn7
mRNA levels were also found in early-stage CRC. These data
suggest that decreased Cldn7 expression occurs in the early
stage of CRC. Nakayama et al*' found that promoter methyla-
tion may lead to Cldn7 silencing in the CRC cell line Col0320;
this action may affect the progression of CRC. In addition, the
expression of Cldn7 protein in patients with CRC seems to be
more important for the recognition and diagnosis of CRC. In a
study by Siiren et al,*? Cldnl, Cldn4, and Cldn7 expression
levels were detected by immunohistochemistry in 70 patients
with CRC.?? The results demonstrated that Cldnl, Cldn4, and
Cldn7 expression levels were related to tumor invasion depth,
lymph node status, disease stage, and tumor grade. Oshima et
al® found that the absence of Cldn7 expression is associated
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Figure 2. Immunohistochemical staining shows claudin-7 (Cldn7) expression at different stages of colorectal cancer (CRC) and in adjacent
normal tissues. The arrowheads show that Cldn7 expression was strongly positive in paracancerous tissues (A-C), downregulated in well-
differentiated tissues (D-F), further downregulated in moderately differentiated tissues (G-I), and significantly downregulated in poorly
differentiated adenocarcinoma tissues (J-L). The rates of positive Cldn7 expression in well, moderately, and poorly differentiated carcinomas are
presented (P = .019) (M). Magnification: (A, D, G, J) x20, (B, E, H, K) x100, (C, F, I, L) x200.
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Figure 3. Immunohistochemical staining for claudin-7 (Cldn7) in lymphatic metastases (A-C), liver metastases (D-F), and lung metastases
(G-I). Claudin-7, as indicated by the arrowheads, was located on the cell membrane, and its expression was weakly positive or negative. Rates of
positive Cldn7 expression were significantly lower in lymphatic metastases, liver metastases, and lung metastases than in primary colorectal
cancer (CRC) tissues (P = .000, .034, and .031, respectively) (J). Magnifications: (A, D, G) x20, (B, E, H) x100, (C, F, I) x200.
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Table 7. Comparison of the Rate of Positive Cldn7 Expression Between CRC Tissues and Metastatic Tissues.
Tissue Type Number of Cases Number of Positive Expression Positive Rate x> P Value
CRC tissues 75 39 0.52
Lymphatic metastases 37 5 0.14 15.386 .000*
Liver metastases 18 4 0.22 5.178 .034*
Lung metastases 9 1 0.11 5.386 .031%
Abbreviations: Cldn7, claudin-7; CRC, colorectal cancer.
“Statistically significant (P < .05).
A B Hhk
2.0- .
.
dn? =
=
— £
£ 1.0
GAPDH E —I_
Y e
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; ; , ; ; & -
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Adjacent  High-medium Medium-low Liver metastases

Figure 4. Claudin-7 (Cldn7) expression levels were lower in CRC tissues than in normal tissues; the relative Cldn7 expression levels decreased
with decreasing differentiation degrees, and Cldn7 expression was barely detectable in liver metastases (P < .001).

with venous infiltration and liver metastasis in CRC. Previous
studies have investigated the role of Cldn proteins on different
cancer types using IHC or Western blotting, while Karabulut et
al** used the ELISA method to detect patient serum for the first
time. A series of important findings such as the significant
reduction of Cldnl and Cldn7 expression in patients with CRC
and the correlation between high T stage and CEA level and
low Cldn1/Cldn7 expression were found.>* Because ELISA is
easy to operate and blood is easy to collect, the expression of
Cldn proteins in the serum of patients can be used to determine
if the CRC has occurred and to predict the stage of disease and
prognosis. Therefore, the application and effect evaluation of
the ELISA method will facilitate the transformation of Cldn7
research into clinical applications.

In this study, we integrated traditional IHC and Western
blotting methods, as well as rare ELISA methods. Similar to
the results of previous studies, our IHC staining results showed
that the rate of positive Cldn7 expression was significantly
lower in CRC tissues than in paracancerous tissues and Cldn7
expression was positively correlated with CRC differentiation.
In addition, we found the rates of positive Cldn7 expression
were decreased in lymphatic metastases, liver metastasis, and
lung metastasis, but there were no significant differences in
Cldn7 expression among metastatic tissues. We also used
Western blotting to measure Cldn7 protein levels in CRC tis-
sues with different differentiation degrees and liver metastases.
The results were consistent with those obtained by immunohis-
tochemistry. Our ELISA results confirmed that serum Cldn7
levels were significantly lower in patients with CRC than in the
control group. We also found that serum Cldn7 levels in some

patients with CRC (n = 4) were too low to be detected, but the
low expression of Cldn7 in these patients also had research and
clinical significance. However, we did not find a significant
correlation between serum Cldn7 levels in patients with CRC
and disease characteristics such as tissue differentiation and
prognosis. This result may occur because the expression of
Cldn7 in serum is different from that in tissues, and the ELISA
technique is relatively limited compared with the IHC tech-
nique. Therefore, Cldn7 may be more suitable for the prelim-
inary determination of disease stage and distant metastasis by
IHC method, that is, Cldn7 may be a factor to determine the
severity of the disease and a potential therapeutic target and to
rely on ELISA to detect serum Cldn7 for disease prevention
and the forecast is still to be verified.

Conclusion

In this study, serum and tissue samples were collected from
many clinical patients with CRC; Cldn7 expression levels were
significantly lower in the CRC samples according to ELISA,
immunohistochemistry, and Western blot results. Decreased
Cldn7 expression levels were correlated with CRC differentia-
tion; hence, we speculated that Cldn7 could inhibit the occur-
rence of CRC. Claudin-7 expression was significantly
decreased or not detectable in distant metastatic tissues, such
as lymphatic metastases, liver metastasis, and lung metastasis,
suggesting that Cldn7 downregulation may be related to the
invasion and metastasis of CRC. Because the ELISA method
is convenient and patient blood samples can be routinely
obtained, the ELISA detection of Cldn7 could be developed
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into a clinical diagnostic method for CRC. Blood Cldn7 levels
may be a new marker for diagnosing CRC.

In conclusion, Cldn7 is a tumor suppressor gene for CRC.
Therefore, it is expected to be an early diagnostic marker and a
new therapeutic target for CRC.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported by the National Natural Science Foundation of China
(grant nos. 81372585 and 81772557) and Beijing Health System High
Level Training Plan of Health Technical Personnel (2014-3-048).

References

1. Brenner H, Kloor M, Pox CP. Colorectal cancer. Lancet. 2014;
383(9927):1490-1502.

2. Jemal A, Siegal R, Ward E, et al. Cancer statistics. CA Cancer J
Clin. 2008;58(2):71-96.

3. US Cancer Statistics Working Group. United States Cancer Sta-
tistics: 1999-2008 Incidence and Mortality Web-Based Report.
Atlanta, GA: US Department of Health and Human Services,
Center for Disease Control and Prevention and National Cancer
Institute; 2012.

4. Stein A, Riissel J, Peinert S, Arnold D. The role of peri-operative
treatment in resectable liver metastases of colorectal cancer. Ther
Adv Med Oncol. 2010;2(6):389-398.

5. Kopetz S, Chang GJ, Overman MJ, et al. Improved survival in
metastatic colorectal cancer is associated with adoption of hepatic
resection and improved chemotherapy. J Clin Oncol. 2009;
27(22):3677-3683.

6. Schneeberger EE, Lynch RD. The tight junction: a multifunc-
tional complex. Am J Physiol Cell Physiol. 2004;286(6):
1213-1228.

7. Ding L, Lu Z, Foreman O, et al. Inflammation and disruption of
the mucosal architecture in claudin-7-deficient mice. Gastroen-
terology. 2012;142(2):305-315.

8. Kapral M, Strzalka-Mrozik B, Kowalczyk M, et al. Transcrip-
tional activities of histone H3, cyclinD1 and claudin-7 encoding
genes in laryngeal cancer. Eur Arch Otorhinolaryngol. 2011;
268(5):709-714.

9. Dahiya N, Becker KG, Wood WH, Zhang Y, Morin PJ. Claudin-7
is frequently overexpressed in ovarian cancer and promotes inva-
sion. PLoS One. 2011;6(7):€22119.

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

Johnson AH, Frierson HF, Zaika A, et al. Expression of tight-
junction protein claudin-7 is an early event in gastric tumorigen-
esis. Am J Pathol. 2005;167(2):577-584.

Lu Z, Ding L, Hong H, Hoggard J, Lu Q, Chen YH. Claudin-7
inhibits human lung cancer cell migration and invasion through
ERK/MAPK signaling pathway. Exp Cell Res. 2011;317(13):
1935-1946.

Sipos F, Firneisz G, MiiZes G. Therapeutic aspects of c-MYC
signaling in inflammatory and cancerous colonic diseases. World
J Gastroenterol. 2016;22(35):7938-7950.

Gonzalez-Mariscal L, Betanzos A, Nava P, Jaramillo BE. Tight
junction proteins. Prog Biophys Mol Biol. 2003;81(1):1-44.
Turksen K, Troy TC. Barriers built on claudins. J Cell Sci. 2004;
117(Pt 12):2435-2447.

Martin TA, Jiang WG. Tight junctions and their role in cancer
metastasis. Histol Histopathol. 2001;16(4):1183-1195.

. Gilinzel D, Yu AS. Claudins and the modulation of tight junction

permeability. Physiol Rev. 2013;93(2):525-569.

Lioni M, Brafford P, Andl C, et al. Dysregulation of claudin-7
leads to loss of E-cadherin expression and the increased invasion
of esophageal squamous cell carcinoma cells. Am JPathol. 2007;
170(2):709-721.

Kominsky SL, Argani P, Korz D, et al. Loss of the tight junction
protein claudin-7 correlates with histological grade in both ductal
carcinoma in situ and invasive ductal carcinoma of the breast.
Oncogene. 2003;22(13):2021-2033.

Usami Y, Chiba H, Nakayama F, et al. Reduced expression of
claudin-7 correlates with invasion and metastasis in squamous
cell carcinoma of the esophagus. Hum Pathol. 2007;38(4):
564-569.

Bornholdt J, Friis S, Godiksen S, et al. The level of claudin-7 is
reduced as an early event in colorectal carcinogenesis. BMC Can-
cer. 2011;11(1):1-9.

Nakayama F, Semba S, Usami Y, Chiba H, Sawada N, Yokozaki
H. Hypermethylation-modulated downregulation of claudin-7
expression promotes the progression of colorectal carcinoma.
Pathobiology. 2008;75(3):177-185.

Stiren D, Yildirim M, Kaya V, et al. Loss of tight junction proteins
(claudin 1, 4, and 7) correlates with aggressive behavior in color-
ectal carcinoma. Med Sci Monit. 2014;20(34):1255.

Oshima T, Kunisaki C, Yoshihara K, et al. Reduced expression of
the claudin-7 gene correlates with venous invasion and liver
metastasis in colorectal cancer. Oncol Rep. 2008;19(4):953-959.
Karabulut M, Alis H, Bas K, et al. Clinical significance of serum
claudin-1 and claudin-7 levels in patients with colorectal cancer.
Mol Clin Oncol. 2015;3(6):1255-1267.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


