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Abstract

Background Claudins are tight junction (TJ) proteins, and
the relationship between the level of expression and
localization of TJ protein, and tumor aggressiveness in
early gastric cancer (GC) is still far from clear.

Aims To investigate the expression of claudins and Ki-67
in early GC cells and surrounding normal gastric mucosa.
Methods A total of 53 early GC lesions removed via
endoscopic mucosal resection or endoscopic submucosal
resection were evaluated. All of the GCs were character-
ized as well to moderately differentiated adenocarcinoma.
The labeling index (LI) of Ki-67 was calculated for each
sample. To assess the prevalence of epithelial TJs, immu-
nofluorescent staining for claudin-3, claudin-4, and clau-
din-7 was performed. The immunoreactivity was graded
according to the percentage of stained cells.

Results  Claudin-3, claudin-4, and claudin-7 expression at
TJs in GC and intestinal metaplasia were significantly
higher than that in gastric mucosa with no intestinal
metaplasia. The Ki-67 LI of GC specimens was inversely
correlated with claudin-3 expression, but not with claudin-
4 or claudin-7 expression. Claudin-3 expression was sig-
nificantly lower at the submucosal invasive front of GCs.
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Conclusions The down-regulation of claudin-3 was
associated with the proliferative potential of GC cells,
indicating that claudins may have a pivotal role in the
progression of GC.
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Introduction

Gastric cancer (GC) is one of the most common malignant
tumors worldwide [1]. Most intramucosal GCs and some
submucosal GCs can be treated and controlled by endo-
scopic mucosal resection (EMR) or endoscopic submucosal
resection (ESD). After ESD was introduced, en bloc
resection of early GC improved the rate of curative
resection and lead to more accurate diagnoses of inva-
siveness [2].

Tight junctions (TJs) are expressed on the apical end of
the lateral membrane surface and form the epithelial barrier
against paracellular transport; moreover, they maintain
epithelial cell polarity via their fence function [3]. Changes
in the expression of TJ proteins are characteristic of many
human diseases, including cancer. Among the TJ proteins,
claudins are the most important structural and functional
components of TJ strands [3]. At present, at least 27 sub-
types of claudins have been identified, and these subtypes
are expressed in an organ-specific manner and regulate the
tissue-specific physiological functions of TJs [3, 4]. Fur-
thermore, claudins are involved in various pathological
conditions, including abnormal inflammation [5] and tumor
progression [6]. However, many claudins have not been
examined in detail, and, therefore, functional differences in
this family of proteins may await discovery.
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Recent studies indicate that claudin expression is altered
in various cancers, including GC. Claudin-3, claudin-4, and
claudin-7 are up-regulated in GC [7-9], and the up-regu-
lation of claudin-4 in GC cells is reportedly significantly
related to poor prognosis [8]. However, loss of claudin-3
and claudin-4 is also reportedly associated with poor sur-
vival in GC [10]. These claudins are detected not only in
GC cells, but also in gastric epithelial cells. Therefore, the
expression of these proteins does not directly affect the
development of GC, or claudins may have roles that are
unrelated to TJ formation [9].

The claudin expression at TJs in GC has not been fully
assessed, and its significance remains controversial. Differ-
ences in the methods used to assess claudin expression may be
related to the contrasting results and conclusions of the pub-
lished studies. Claudins are often found on the lateral side of
epithelial cells and this aberrant localization is unlikely to be
related to normal TJ function. Claudins are normally detected
on the most apical side of epithelial cells when they function
as TJ proteins. However, previous studies related to GCs did
not consider the subcellular localization of claudins. Fur-
thermore, the relationship between tumor proliferation, and
claudin expression and localization has not been fully
assessed. Here, we evaluated the expression level of claudins
at TJs in GC and surrounding gastric mucosa, and we assessed
the correlation between claudin expression and the Ki-67
labeling index (LI, an index of cell proliferation) in GC.

Methods
Patients

A consecutive series of 52 patients with early GC was
studied (male/female: 38/14, mean age 71.5 years). GC
lesions (n = 53) that had undergone curative EMR or ESD
were evaluated. GCs with submucosal invasion (n = 18)
were included in this study. Double cancers were detected
only in one male patient. All of the GC were classified as
well to moderately differentiated adenocarcinoma using the
Japanese Classification of Gastric Carcinoma [11]. Patient
anonymity was preserved. This study was performed in
accordance with the Declaration of Helsinki and was
approved by the Ethics Committee of the institute.

Immunohistochemistry

Samples were fixed with 10% formalin solution and
embedded in paraffin. Sections were cut to 3-um thickness
and were stained with hematoxylin and eosin (HE). To assess
epithelial proliferation, samples were incubated with Ki-67
monoclonal antibody (Invitrogen, Carlsbad, CA, USA),
followed by incubation with biotinylated horse anti-mouse

secondary antibody (Vector Laboratories, Burlingame, CA,
USA). The streptavidin-biotin complex method (Vector
Laboratories) was used to visualize the immunoreactivity.
Nuclei were counterstained with hematoxylin.

Immunofluorescent Staining of Junctional Proteins

Rabbit anti-claudin-3 and anti-claudin-7 polyclonal anti-
bodies and mouse anti-claudin-4 monoclonal antibody
(Invitrogen) were used. Cy3-conjugated goat anti-rabbit
IgG (Jackson ImmunoResearch Laboratories, West Grove,
PA, USA) and Alexa 488-conjugated goat anti-mouse IgG
(Invitrogen) secondary antibodies were used to visualize
immunoreactivity. The specificity of the reaction was tes-
ted by incubation with non-immune rabbit serum or mouse
IgG (Dako, Glostrup, Denmark).

Scoring of Immunostaining of TJ Proteins and Ki-67

Immunoreactivity was evaluated by two independent
observers (T.Ok., X.C.), and both were blinded to the clini-
copathological features and clinical outcomes associated
with each sample. Non-neoplastic gastric mucosa without
intestinal metaplasia (Non-IM) and with intestinal metapla-
sia (IM) and cancer regions were assessed. Only apical, not
lateral, membrane staining of claudins was recorded and
analyzed. The immunoreactivity of each claudin was graded
using the following criteria: 0, marginal or no staining in less
than 5% of the cells; 1+, between 0 and 2+; 2+, moderate to
intense staining in more than 50% of the cells. Five high-
power fields were analyzed in each region of the cases and the
mean score was calculated. All of the sections were scored
twice to confirm the reproducibility of the results. The Ki-67
LI was calculated after counting 1,000 cancer cells.

Statistical Analysis

Statistical evaluation was performed using SPSS13.0 (SPSS,
Chicago, IL, USA). Correlation analysis was performed by
Spearman’s rank correlation coefficient (7). Multiple com-
parisons were performed using the Kruskal-Wallis test fol-
lowed by Scheffe’s test. Single comparisons were performed
by the Mann—Whitney test. A P-value < 0.05 was consid-
ered to be statistically significant.

Results

Expression of Claudins in Gastric Mucosa
and Carcinoma

A representative GC case showed that dense claudin-3,
claudin-4, and claudin-7 staining was evident at the border
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Fig. 1 Immunofluorescent staining of claudin-3, claudin-4, and
claudin-7 in gastric cancer (GC) lesions and surrounding gastric
mucosa. Hematoxylin and eosin (HE) staining showed gastric mucosa
in specimens of non-neoplastic gastric mucosa without intestinal
metaplasia (Non-IM), with intestinal metaplasia (IM), and cancer

of the apical side of gastric epithelial cells in IM and dif-
ferentiated adenocarcinoma cells, but not in Non-IM
(Fig. 1). Claudins were also detected on the lateral side of
the epithelial cells in GC, IM, and Non-IM, but this lateral
staining was not taken in account for this analysis. The
claudin-3, claudin-4, and claudin-7 expression was signif-
icantly higher in IM and cancer cells than in Non-IM
(Fig. 2). The claudin expression was not related to the sex
of the patients.

Correlation of Claudin Expression and Ki-67 LI

A representative case of GC showed that nuclear Ki-67
staining was frequent and intense, and that claudin-3
staining was largely absent (Fig. 3). There was a significant
inverse correlation between claudin-3 expression and the
Ki-67 LI (r, = —0.328, P = 0.014). However, claudin-4
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(a, b, ¢). Claudin-3, claudin-4, and claudin-7 were detected in the
gastric mucosa of IM (e, h, k) and cancer (f, i, 1) specimens at the
border of the apical surface of epithelial cells, but not in the gastric
mucosa of Non-IM specimens (d, g, j). White bar = 100 um, black
bar = 50 pm
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Fig. 2 The expression of claudins in GC and surrounding gastric
mucosa. The claudin-3, claudin-4, and claudin-7 expression was
significantly higher in GC and IM specimens than in Non-IM
specimens. ##P < 0.01 versus Non-IM
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Fig. 3 Ki-67 labeling index (LI) and claudin-3 expression. a HE,
b Ki-67, and c¢ claudin-3 staining in a representative case of gastric
mucosal cancer. b Nuclei of cancer cells were frequently Ki-67-
positive. ¢ Claudin-3 staining absent from cells in the lesion.
Bar = 100 pm

or claudin-7 expression was not correlated with the Ki-67
LI r,=—-0.002, P =0.627; r,=—0.019, P = 0.779,
respectively).

Detection of Claudins in GCs with Submucosal
Invasion

The level of claudin expression was compared in mucosal
regions and submucosal invasive fronts of GC specimens.
In a representative submucosal GC specimen, claudin-3
expression was lower in the submucosal invasive front than
in the mucosal regions of GC lesions (Fig. 4a, b). Claudin-
3 and claudin-7 expression was significantly lower in the
submucosal invasive front than in the mucosal regions of
GC specimens (P = 0.003 and P = 0.021, respectively)
(Fig. 4c). Claudin-4 appeared to be down-regulated in the
submucosal part of GC, but the difference between staining
in the submucosal and mucosal regions was not statistically
significant (P = 0.072) (Fig. 4c). The claudin-3 expression
and claudin-4 expression were significantly associated
with one another (r, = 0.418, P = 0.034), but claudin-3
expression and claudin-7 expression were not associated
(rs = 0.144, P = 0.773).

Discussion

Claudin proteins are thought to play an important role not
only at TJs under normal physiological conditions, but
also during tumorigenesis [12]. Here, we demonstrate
that claudin-3, claudin-4, and claudin-7 expression was
up-regulated not only in cancer cells, but also in IM. These
findings were consistent with a previous report [13], and
the investigators indicated that the expression of these
claudins themselves was not the primary cause of GC
development. We demonstrated that there is an inverse
correlation between the proliferative activity of GC cells
assessed by Ki-67 LI and claudin-3, but not claudin-4 or
claudin-7, expression. Many studies have demonstrated
that Ki-67 staining is positively correlated with more
undifferentiated and metastatic cells in many malignancies
[14]. Our data indicated that claudin-3 was a more reliable
indicator of GC tumor proliferation in GC than claudin-4 or
claudin-7. However, further studies on claudin-3 are nec-
essary in order to fully elucidate the role of claudin-3 in GC
progression.

We used GC samples resected by EMR and ESD to
examine the early events associated with GC proliferation
and invasion. Therefore, we focused on the differentiated
type of GC that is the most frequent indication for endo-
scopic treatment. The type of claudins expressed in this
type of GC is reportedly different from the types expressed
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Fig. 4 The expression of claudins in the mucosal and submucosal
regions of GC lesions. a HE and b claudin-3 staining in a case of
submucosal invasive gastric cancer. b The level of claudin-3 in the
submucosal region (SM) was weaker than that in mucosal regions

in undifferentiated GC. Loss of claudin expression was
found to be more frequently associated with diffuse GC
than intestinal GC [6]. However, here, we propose that,
even in the differentiated type of GC, claudins expression
changes as lesions progress. Claudin-3 and claudin-7
expression at TJs at the invasive front of the regions of GC
lesions were significantly lower than those in the mucosal
regions. Claudin-4 expression was also lower at the inva-
sive front than in the mucosal regions, but the decrease was
not statistically significant. These data indicated that
claudin-3, claudin-4, and claudin-7 might be decreased
when cancer cells invade the submucosal layers and may
be particularly important when considered along with the
data showing that the down-regulation of claudin-3 and
claudin-4 expression in the invasive front of advanced GC
was correlated with more severe malignancy grades [15].
Alteration of the TJ protein expression at TJs may play an
important role in the process of dedifferentiation [16] and
cell dissociation, which are among the first steps in tumor
invasion and metastasis [17]. Claudin-3 and claudin-4 are
reportedly not expressed in cancer cells that invade the
stroma individually or in clusters of cancer cells [18].
These observations indicate that a decrease in the expres-
sion of these proteins is involved in the initial step of
cancer invasion of the stroma and vessels. Our data may
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(M). Bar = 100 pm. ¢ The levels of claudin-3 and claudin-7 was
significantly lower in the SM region of GC than that in the M regions
##P = 0.003, #P = 0.021 vs. M, respectively). The level of claudin-
4 was not significantly different in the SM and M regions

also be consistent with previous reports which show that
the presence of claudin-3 expression in GC is associated
with better prognosis and lower incidence of lymphatic
invasion [6, 19].

The overexpression of exogenous claudins was recently
assessed in order to determine the functions of claudin pro-
teins in cancer progression. Claudin-4 overexpression
inhibited cell migration in AGS and Caco-2 cells [20].
Claudin-7 overexpression induced migration, invasion, and
enhanced BrdU incorporation. However, the overexpressed
claudin-7 did not localize on the cell surface in these
experiments [21, 22]. These data indicate that the cytosolic
expression of claudin-7 influences cells without affecting the
TJ. To date, no study of claudin-3 overexpression has been
published. Reduced expression of claudin-3 at TJs may affect
the lymph node metastasis, but a limitation of this study is
that we have not studied the relationship between lymph node
metastasis or prognosis and claudin expression. Therefore,
the exact regulation of claudin-3 at TJs in the submucosal
invasive front of GC and the exact role of claudin-3 in the
development and progression of GC must be elucidated in
future studies examining submucosal invasive GC with or
without lymph node metastasis or more advanced GC.

In conclusion, the down-regulation of claudin-3 was
associated with the proliferative potential of GC, and this
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finding indicated that claudins may have a pivotal role in
the progression of GC.
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