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Abstract

AIM: To investigate the relation of expression transfor-
mation of claudin-1 with invasiveness and metastasis
of gastric carcinoma.

METHODS: By using immunohistochemistry, expres-
sion of claudin-1 in mucosa and invasive front of 136
gastric adenocarcinoma cases and proliferative index
(Ki-67) were detected and analyzed.

RESULTS: In mucosa, the claudin-1 over-expression
rate of mucinous adenocarcinomas (including signet-
ring cell carcinomas) was the highest. It was nega-
tively related with the differentiation but positively
related with the invasiveness and metastasis of gastric
cancer. In invasive front, the claudin-1 over-expression
rate was positively related with the differentiation, in-
vasiveness and metastasis of gastric carcinoma. The
expression transformation of claudin-1 was found in
gastric carcinoma. The expression of claudin-1 in inva-
sive front was transformed in 28/136 gastric carcinoma
cases. The transformation rate in highly differentiated
tubular adenocarcinomas was the highest (51.5%,
17/33). The deeper was the invasiveness, the higher
was the transformation rate. The claudin-1 expression
transformation rate in serosa and omenta was signifi-
cantly higher (92.9%) than in tunica muscularis of in-
vasive gastric cancer cases, as well as in patients with

lymph node metastasis than in those without lymph
node metastasis.

CONCLUSION: Up-regulation of claudin-1 expres-
sion and its transformation in invasive and metastatic
gastric carcinoma suggest that claudin-1 participates
in the transformation of biological behaviors in neo-
plasms. Further study is needed to elucidate the pre-
cise mechanism and the relation of claudin-1 expres-
sion with the neoplasm progress.
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INTRODUCTION

Gastric carcinoma is one of the most frequent malignant
tumors in the world. Gastric carcinoma cells with a
fibroblastic pattern in which intracellular adhesion
is decreased show active mobility and invasiveness,
indicating that epithelial mesenchymal transition (EMT)
has occurred". Tight junction (TJ) proteins participate in
EMT of tumors®. The four-time transmembrane proteins
of claudin family are essential components of TJ", but
the role of T] proteins in the development of malignant
tumor is not clear. By using immunohistochemistry,
claudin-1 expression in gastric carcinoma was investigated
and its relation with biological behaviors of gastric
carcinoma was discussed in this study.
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MATERIALS AND METHODS

Patients

A total of 136 patients (106 males and 30 females) with
primary gastric carcinoma, who underwent surgery
between January and December 2007 in the First
Affiliated Hospital of Fujian Medical University, were
enrolled in this study. Their median age was 64 years,
ranging 28-80 years. All patients did not receive radiation
therapy or chemotherapy prior to operation. The
histological findings, lymph node metastasis and TNM
stage were evaluated based on World Health Organization

Classification of Tumors'.

Immunohistochemistry

Specimens were fixed in formalin, embedded in paraffin
wax, cut into 4 um thick sections and stained with hema-
toxylin and eosin.

The sections were immunostained with anti-rabbit
polyclonal antibodies for claudin-1 (1:100, ZYMED) and
Ki-67 (MB67, Ready, NeoMarkers) with the EnVision
method. The sections were deparaffinized and heated in a
microwave oven for 10 min to retrieve the antigens. After
immersed in 3% hydrogen peroxide of 100% methanol
for 10 min to block the endogenous peroxidase activity,
the sections were incubated with primary antibodies for
60 min at room temperature, with EnVision™ for 20 min,
and then immersed into a DAB solution. The sections
were counterstained with haematoxylin, dehydrated and
mounted. Between steps, the sections wete washed three
times with phosphate-buffered saline (PBS). As a negative
control, PBS was used instead of primary antibody.
Two independent observers without knowledge of the
clinical outcomes evaluated the immunohistochemical
staining of sections till a complete agreement on the
classification.

Immunohistochemical analysis of claudin-1 and Ki-67
labeling index

Claudin-1 was expressed in the cell membrane and/
or cytoplasm (Figure 1). The intensity of staining in
cell membrane and cytoplasm and the percentage of
immunoreactive cells over the total tumor cells were
evaluated as previously described”. The intensity of
staining was graded as 0 when staining was not greater
than negative control, 1 as light staining, and 2 as heavy
staining. Immunoreactivity was scored according to
the percentage of immunoreactive cells over the total
tumor cells counted as 0 if < 5% cells were stained, 1
if 5%-25% cells were immunoteactive, 2 if 26%-50%
cells were immunoreactive, and 3 if > 50% cells were
immunoreactive. The expression of claudin-1 was
finally defined according to the score obtained from
the grade of intensity multiplied by the score of cell
immunoreactivity, i.e. negative (-, scored 0-1), positive
(+, scored 2-3), and strongly positive (++, scored 4 or
above). Positive expression of Ki-67 staining was found
in nuclei of carcinoma cells. Ki-67 labeling index was
defined as the ratio of immunoreactive cells over 1000
tumor cells.
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Statistical analysis

Chi square test was used for univariable categorical
analysis. All statistical analyses were performed with SPSS
10.0. P < 0.05 was considered statistically significant.

RESULTS

Relation between claudin-1 expression and
clinicopathological parameters of gastric carcinoma
Claudin-1 was mainly expressed in the cell membrane
and/or cytoplasm of gastric carcinoma cells. The
expression of claudin-1 was related with the histological
type, degree of invasiveness and lymph node metastasis
of gastric cancer (P < 0.05). However, the expression of
claudin-1 was not significantly related with the sex and
age of gastric cancer patients (Table 1).

The claudin-1 over-expression rate was the highest
in mucinous adenocarcinomas, and lower in poorly
differentiated carcinomas than in well-moderately
differentiated carcinomas. It was significantly higher in
mucosa of patients with their tumors invaded muscularis
propria and visceral peritoneum, or with lymph node
metastasis than in mucosa of patients with their tumors
only invaded lamina propria or submucosa, or without
lymph node metastasis.

The claudin-1 expression in invasive front was
different from that in the mucosa. The claudin-1
over-expression was the highest in well-moderately
differentiated carcinomas and the lowest in poorly
differentiated carcinomas. The deeper was the invasive
depth, the higher was the claudin-1 over-expression rate.
The incidence of claudin-1 over-expression rate was 50%
in invasive front with tumors invaded visceral peritoneum
and significantly higher in patients with lymph node
metastasis. The expression of claudin-1 was not related
with the proliferation index of gastric carcinoma cells.

Relation between expression transformation of claudin-1
and biological behaviors of gastric carcinoma
The expression of claudin-1 was transformed in mucosa
and invasive front of gastric carcinoma patients, which
was 20.2% (28/107) in mucosa and 49.1% (28/57) in
invasive front (Table 2). The expression transformation
rate of claudin-1 was 51.5% (17/33) in well-moderately
differentiated carcinoma patients, 16.0% (9/57) in pootly
differentiated carcinoma patients, and 11.8% (2/17) in
mucinous carcinoma patients, respectively (Table 3).
The deeper was the invasiveness, the higher was
the transformation rate of claudin-1 expression. The
claudin-1 expression transformation was significantly
higher in patients (26/28) with their tumors invaded
visceral peritoneum than in those with their tumors only
invaded muscularis propria (P < 0.05), and in patients
(20/61) with lymph node metastasis than in those (8/46)
with no lymph node metastasis (P < 0.05).

DISCUSSION

TJs, adherent junctions and desmosomes form the apical
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junctional complex in epithelial cellular sheets. Adherent
junctions and desmosomes are responsible for the
mechanical adhesion between adjacent cells, while T]s
play a mainly role in the tight sealing of cellular sheets,
thus controlling the paracellular ion flux and maintaining
tissue homeostasis”. By forming a fence that prevents
lateral diffusion of membrane proteins and lipids, TJs
also play a crucial role in the maintenance of cell polarity.
TJs also participate in the regulation of cell proliferation
and differentiation, or other cellular functions”’.

T]Js are consisted of three major integral membrane
proteins: claudins, occludin and junctional adhesion
molecules. The role of these proteins has not been
completely elucidated. However, it is presumed that
claudins form the principal chain of TJ strands. The
claudin protein family is consisted of 24 members of
closely correlated transmembrane proteins. A number
of tissues express multiple claudin proteins and form
T] strands by interacting through homotypic and/or
heterotypic fashion, though the expression pattern of
claudins is tissue specific.

The histological grade of carcinomas is a significant

S L

Figure 1 Immunohisto-
chemical staining (x 200)
showing over-expression of
claudin-1 in mucosa (A) and
invasive front (B) of gastric
carcinoma, low-expression
in mucosa (C) and invasive
front (D), and transformation
of claudin-1 low-expression
in mucosa (E) and over-
expression in invasive front of
gastric carcinoma (F).
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prognostic parameter and depends on the differentiated
degree of glandular epithelium and cellular polarity. The
invasiveness in high-grade and poorly-differentiated
carcinoma is stronger than that in low-grade and well-
differentiated carcinoma. One of the key determiners
controlling cellular adhesion and polarity is the T7s'".
Carcinoma cells frequently show deficiencies in
structure and function of the TJs'™. It was supposed
that the TJs play a critical role in the progress of
neoplasm through acting as a connector of extracellular
environment affecting the intercellular signal pathway
and cellular skeleton”. The changes of permeability in
TJs may also permit the diffusion increase in nutrient
substances and other factors for growth and survival
of tumors. Otherwise, the loss of integration of TJs
in the development of metastatic phenotype is also an
important step.

The expression of claudin proteins may change
in carcinoma cells. The expression of claudin-1 and
claudin-4 in ovarian and prostatic carcinomas is
increased"”™, claudin-4 is over-expressed in pancreatic

. 13.14 . . . .
carcinomas!'" while claudin-1 expression is down-
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Table 1 Claudin-1 expression and clinicopathologic characteristics of gastric carcinoma 7 (%)

n Expression in mucosa Expression in invasive front
Low Over P Low Over P
Sex
Male 106 80 (75.5) 26 (24.5) 0.144 58 (54.7) 48 (45.3)  0.198
Female 30 27 (90) 3 (10) 21 (70) 9 (30)
Age
<50 20 17 (85) 3 (15) 0.491 13 (65) 7 (35) 0.665
>51 116 90 (77.6) 26 (22.4) 66 (56.9) 50 (43.1)
Histological type
Well-moderately differentiated 46 33 (71.7) 13 (28.3) 0.046 16 (34.8) 30(65.2)  0.000
Poorly differentiated 65 57 (87.7) 8 (12.3) 48 (73.8) 17 (26.2)
Mucinous 25 17 (68) 8 (32) 15 (60) 10 (40)
Depth of invasion
Lamina propria or submucosa 18 17 (94.4) 1(5.6) 0.099 16 (88.9) 2 (11.1) 0.007
Muscularis propria 28 19 (67.9) 9(32.1) 18 (64.3) 10 (35.7)
Visceral peritoneum 90 71 (78.9) 19 (21.1) 45 (50) 45 (50)
Lymph node metastasis
Negative 52 46 (88.5) 6 (11.5) 0.048 38 (82.6) 14 (17.4)  0.009
Positive 84 61(72.6) 23 (27.4) 41 (48.8) 43 (51.2)
Ki-67 index
I 20 17 (85) 3 (15) 0.529 14 (70) 6 (30) 0.389
I 57 43 (75.4) 14 (24.6) 33 (57.9) 24 (42.1)
il 54 42 (77.8)  12(22.2) 28 (51.9) 26 (48.1)
I\% 5 5 (100) 0 4 (80) 1 (20)

Table 2 Expression transformation of claudin-1 in gastric

carcinomas

Table 3 Relation between the expression transformation of
claudin-1 and biological behaviors of gastric carcinomas

Expression in mucosa Expression in invasive front n
Low-expression Low-expression (expression invariably) 79
Low-expression Over-expression (expression variably) 28
Over-expression Low-expression (expression variably) 0

Over-expression Over-expression (expression invariably) 29

. . 15-17
regulated in breast and colon carcinomas”"",

The three dimensional cultures of breast cancer cells
showed that the reexpression of claudin-1 may increase
apoptosis of cancer cells"™™. Tt was reported that the
expression of claudin-1 in stage II colon carcinomas is
related with a poor prognosis' . Another study showed
that the expression of claudin-1 is up-regulated in colon
carcinomas”, and the expression level of claudin-1 is
negative related with the histological grade of tumors !

However, investigations on the role of claudin-1
expression in the progression of gastric carcinomas are
relatively few and only two studies on the expression of
claudin-1 in gastric carcinomas can be found in PubMed
so far. Through tissue microarray, Resnick ez a/*" found
that claudin-1, -3, -4 and ZO-1 are expressed in non-
tumor mucosa, tumor mucosa and invasive front of
gastric carcinomas, the expression of caldudin-1 is
higher in intestinal subtype than in diffuse subtype of
adenocarcinomas. Soini ¢z a/" found that the expression
of claudin-1 is significantly higher in intestinal-type
gastric than in diffuse-type gastric carcinomas, indicating
that claudin-1 expression is the determiner of diffuse
phenotype of gastric carcinoma. Our results show
that claudin-1 over-expression occurred in mucinous
gastric adenocarcinomas, and was negatively related

www.wjgnet.com

n Low- Over-
expression In  expression In
mucosa invasive front
Histological type
Well-moderately differentiated 17 68 30
Poorly differentiated 9 57 17
Mucinous 2 17 10
Depth of invasion
Lamina propria or submucosa 1 17 2
Muscularis propria 1 19 10
Visceral peritoneum 26 71 45
Lymph node metastasis
Negative 8 46 14
Positive 20 61 43

with the differentiation degree of adenocarcinomas, but
positively related with the invasiveness and metastasis of
adenocarcinomas in mucosa. However, the expression
of claudin-1 in invasive front was different from that
in mucosa of gastric carcinoma. The claudin-1 over-
expression in invasive front was positively related with the
differentiated degree and the invasiveness and metastasis
of gastric adenocarcinomas.

The transformation of claudin-1 expression
companied the progression of gastric carcinomas. The
expression of claudin-1 in invasive front of gastric
carcinomas was transformed. The claudin-1 expression
transformation percentage of well-differentiated
adenocarcinomas was the highest (51.5%, 17/33). The
deeper the invasiveness of gastric carcinomas was, the
higher the transformation rate was. The transformation
was significantly higher in patients with tumors invaded
visceral peritoneum than in those with tumors only
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invaded muscularis propria and in patients with lymph
node metastasis than in those with no lymph node
metastasis. These results suggest that transformation of
claudin-1 expression participates in the progression of
gastric carcinomas.

The role of T] proteins in the development of cancer
is not clear. Carcinoma cells, especially those exhibiting a
higher potentiality of metastasis, frequently show loss of
functional TJs, such as ZO-1,-2 and occludin is decreased
in tumor and its metastasis”*). The exact action of
claudin on cancers is not clear. It was reported that the
expression of claudin-1 is decreased in invasive duct
carcinoma of breast™ while the expression of claudin-3
and -4 is increased in some other carcinomas™". The
expression of claudin-1 may promote the activation
of pro—MMP-9lZG’28J, suggesting that the expression of
claudin-1 may involve the invasiveness and metastasis
of adenocarcinoma. Caludin-1 is regarded as a target
site of B-catenin/Tcf signals, which supports that
claudin-1 down-regulates the formation of colorectal
carcinomas”. The expression of claudin-1 mRNA is
decreased in breast carcinomas” while the expression
of claudin-23 is down-regulated in intestinal subtype
of gastric carcinomas®™. It was reported that the
claudin-1 expression is frequently up-regulated in tumor
tissues and its expression level is equal to or higher
than in consecutive normal colon mucous membrane,
suggesting that the expression of claudin-1 is related
with poortly-differentiated adenocarcinoma. The loss of
claudin-1 expression is a strongly predictive parameter
for tumor recurrence and survival of patients. It was
reported that expression of claudin-1 and -4 is increased
in ovarian carcinomas and prostatic carcinomas”" and
over-expression of claudin-4 in pancreatic carcinomas
and precancerous lesion™ are the causative action of
claudin on cellular transformation and progression of
invasiveness™”.

Usually, a low expression level of claudin may result
in functional damage to TJs. However, how the over-
expression of claudin promotes tumor progression
remains unclear®*?, One possible mechanism is that
up-regulation or abnormal expression of some claudins
may facilitate tumor formation by directly altering the
function of TJ. Furuse ez @/ reported that up-regulation
of claudin-2 expression in renal cells of Madin-Darby
dogs decreases the function of TJ, and Tan ez a/””
showed that the expression and distribution of claudin-1
are related with cell dissociation in pancreatic carcinoma
by activating the mitogen-activated protein kinase-2.
Up-regulation of claudins may also affect cell signaling
pathways by binding domains to ZO-1". ZO-1 interacts
with several signaling proteins related with the neoplastic
process, such as ras substrate AF-6P", G-protein and
connexin 43",

In conclusion, up-regulation and transformation
of claudin expression in the invasive process of gastric
carcinomas are involved in the biological behavior
transformation of tumors. The exact role of claudin
protein in the development of malighant tumors and their
prognosis remains unclear and should be further studied.
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Tight junction (TJ) protein participates in the processes of epithelial
mesenchymal transformation (EMT) of carcinomas. Claudin proteins are
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