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Background : Claudins are important components of the tight junctions in the intercellular bar-
riers and cell polarity. Among them, claudin-7 is down-regulated in breast cancers compared
with the normal breast epithelium. The aim of this study was to determine the expression pat-
tern and prognostic value of claudin-7 in breast carcinomas. Methods : Claudin-7 expression
was evaluated immunohistochemically in 42 cases of ductal carcinoma in situ (DCIS) and in
142 cases of invasive breast carcinoma (IBC) using a tissue microarray (TMA). Results : Clau-
din-7 was strongly expressed in the normal luminal epithelial cells in the breast lobule. The
level of claudin-7 expression was significantly lower or absent in 45.2% (19/42) of DCIS and
72.5% (103/142) of IBC. A loss or reduced expression of claudin-7 correlated with the inva-
siveness (p=0.001) of breast carcinomas and a high nuclear grade (p=0.013) in IBC. Con-
clusion : Claudin-7 is an important tight junction protein in the breast and a loss of expres-
sion may assist in the dissociation and invasion of tumor cells. 
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Adherens junctions and tight junctions are the two main types
of junctions that maintain the cell-to-cell adhesion in epithelial
cell sheets. It is widely accepted that a loss of cell-to-cell adhe-
sion in neoplastic cells is essential for an invasion of the surround-
ing stromal elements and subsequent metastatic events. E-cad-
herin is a major functional component of the adherens junctions
and has also been examined extensively in various types of can-
cer. A correlation between the loss of E-cadherin expression and
the metastatic potential and poor prognosis of invasive breast
carcinomas has been reported.1-3 Tight junctions consist of two
main molecular components, occludin and claudins, which have
important roles in controlling paracellular transport and in main-
taining the cell polarity. While occludin does not have any sub-
types, the claudin family consists of approximately 23 proteins
and appears to be more important for the selective and site spe-
cific functions of the tight junctions.4,5 

Normal cells typically express multiple claudin proteins. How-
ever, some family members exhibit a tissue specific distribution.
For example, in mice, claudin-2 is not found in the lung tissue
but is found in the liver and kidney, while claudin-4 is found in
the lung and kidney but not in the liver.6 Claudin-5 is the main

form of the claudin protein in endothelial cells.7 While there have
been relatively few histopathological studies on the expression
of the tight junction protein in the tumor tissues, changes in the
claudin proteins have been observed in several types of cancer.
Claudin-3 and -4 are overexpressed in breast, ovary and prostate
cancers.8-10 Claudin-4 is overexpressed in pancreatic cancer.11 On
the other hand, claudin-7 is underexpressed in breast and head
and neck cancer but overexpressed in stomach cancer.12-14 Since
claudin-7 is down-regulated in breast cancer compared with the
normal breast epithelium12 and its decreased expression in cancer
cells is consistent with the generally accepted hypothesis that
tumorigenesis is accompanied by a disruption of the tight junc-
tions, it was hypothesized that a loss of expression might play a
role in the process of invasion and metastasis of breast cancer cells
by allowing the liberation of individual cancer cells from the
primary tumor. Therefore, we examined the expression of the
tight junction protein, claudin-7, in ductal carcinoma in situ
(DCIS) and invasive breast carcinoma (IBC) immunohistochem-
ically, and correlated the results with the clinicopathological
parameters i.e. the invasiveness, tumor size, histological grade,
lymph node status, stage, and patients’ survival, to determine
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the expression pattern and prognostic value of claudin-7 in breast
carcinomas.

MATERIALS AND METHODS

Case selection and clinicopathological parameters 

A total of 179 IBC and 42 DCIS samples were obtained from
patients who had undergone surgery between 1995 and 1997
at Yeungnam University Hospital. Among the archives, con-
secutive cases with well-preserved representative tumor blocks
and clinical follow-up data were selected. The samples were fixed
in 10% buffered formalin and embedded in paraffin. Informa-
tion on the clinicopathological parameters of IBC: age at initial
diagnosis, tumor size, histological subtype, histological grade,
nuclear grade, number of positive lymph nodes, tumor stage,
tumor recurrence and distant metastasis, patients’ overall and
the disease-free survival, were obtained from the pathology reports
and patients’ medical records. The histological grade of IBC was
assessed according to a modified Bloom-Richardson-Scarff grad-
ing system,15 and the nuclear grade of DCIS was evaluated accord-
ing to the criteria presented at a consensus conference on the clas-
sification of ductal carcinoma in situ.16

Construction of tissue microarrays (TMAs)

All the hematoxylin-eosin-stained slides for each case were
reviewed and representative tumor regions were selected for the
TMA construction. The TMAs were constructed in our labora-
tory using a 2.0 mm diameter dermal punch biopsy needle . To
account for the cancer tissue heterogeneity, 2 cylindrical core
biopsies were carefully taken from different sites of each tumor
block and arrayed in two different recipient TMA blocks. For
DCIS, a whole tissue section was used for the immunohisto-
chemical staining of claudin-7 in order to overcome the tumor
heterogeneity. Samples of the normal colonic mucosa, gastric
mucosa, liver, kidney and prostate were contained in the TMAs
as internal controls. Sixty-four tumor tissues and 8 control tis-
sues were arrayed in a single recipient TMA block. 

Immunohistochemistry

Immunohistochemical staining for claudin-7, estrogen recep-
tor (ER), progesterone receptor (PR), HER2, and p53 was per-
formed on the TMA sections in IBC. Claudin-7 staining was

performed on the whole tissue sections in DCIS. Four-microme-
ter tissue sections were cut from the recipient TMA blocks and
mounted on poly-L-lysine-coated slides. The sections were de-
paraffinized in xylene and hydrated in a graded series of alcohol.
Heat-induced epitope retrieval was performed at 120℃ for 10
min in an ethylene diamine tetraacetic acid buffer, pH 8.0. The
endogenous peroxidase activity was inactivated by incubation
in 4% H2O2 for 5 min. After rinsing the sections in phosphate-
buffered saline, the nonspecific binding sites were blocked by
incubating them in normal goat serum for 6 min. Tissue sec-
tions were then incubated with the primary antibodies for clau-
din-7 (1:70; Zymed, San Francisco, CA, USA), ER (1:50; Zymed,
San Francisco, CA, USA), PR (1:60; Zymed, San Francisco, CA,
USA), and p53 (1:200; Novocastra, Nottinghill, UK) for 60 min
at room temperature, and then treated with a DAKO EnVision
Plus-HRP detection kit (DAKO, Glostrup, Denmark) accord-
ing to the manufacturer’s instructions. The level of HER2 expres-
sion was evaluated using a HercepTest kit (DAKO, Carpinteria,
CA, USA).

Membranous staining for claudin-7 was considered in the eval-
uation, and the result was scored on a semiquantitative scale from
0 to 3+ as follows: 0, no staining; 1+, <50% cells positive and
incomplete membranous staining; 2+, 50-75% cells positive
and complete or incomplete membranous staining; 3+, >75%
cells positive and complete membranous staining. Zero and 1+
were considered reduced expression (negative).

Tumors were considered to be positive for ER, PR, and p53
when nuclear reactivity was observed in more than 10% of the
tumor cells at any intensity. For HER2, only those cases with a
membranous staining score of 3+ were considered positive.17

Statistical analysis

Statistical analysis was performed using SPSS for Windows
version 11.0. The correlation between claudin-7 expression and
the clinicopathology parameters was evaluated using a 2 test.
The survival curves were drawn using the Kaplan-Meier method
and the differences were assessed using a log-rank test. A p value
<0.05 was considered significant.

RESULTS

Characteristics of tissue samples

For IBC, only 142 cases had interpretable cores for the immu-
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nohistochemical stains. The analysis was performed on 142 infor-
mative cases. The patients’ age ranged from 24 to 77 years (mean,
46.4 years). The tumor sizes varied from 0.2 to 10 cm, with a
mean size of 2.6 cm. Fifty-five (38.7%) tumors were pT1, 78
(54.9%) were pT2, and 9 (6.3%) were pT3. The histological
types of the 142 IBC were 133 (93.7%) invasive ductal carci-
nomas, NOS, 3 (2.1%) mucinous carcinomas, 3 (2.1%) invasive
lobular carcinomas, 2 (1.4%) medullary carcinomas, and 1 (0.7
%) invasive micropapillary carcinoma. Information on the his-
tological grade was obtained for 124 tumors: 23 (18.5%) were

grade 1, 42 (33.9%) were grade 2, and 59 (47.6%) were grade
3. The nuclear grade was obtained for 140 tumors: seven (5%)
were grade 1, 37 (26.4%) were grade 2 and 96 (68.6%) were
grade 3. All the IBC were treated surgically, which consisted of
a lumpectomy with an axillary node dissection or modified radi-
cal mastectomy. At the time of surgery, 84 (59.1%) patients
showed positive axillary lymph node(s). Regarding adjuvant
therapy, 108 (76.1%) patients were treated with tamoxifen and
122 (85.9%) patients received chemotherapy. Radiotherapy was
administered to 46 (32.4%) patients. The mean follow-up period
was 79.4 months (range, 9-165 months). During the follow-up
period, 10 patients suffered from local recurrences, 30 experi-
enced distant metastasis and 24 died from breast cancer. 

The patients’ age of DCIS ranged from 33 to 74 years (mean,
47.3 years). There were 11 (26.2%) nuclear grade 1, 10 (23.8%)
nuclear grade 2, and 21 (50%) nuclear grade 3 cases. Twenty-
eight (66.7%) cases showed punctate or comedo necrosis. The
tumors were classified by their architectural pattern as follows;
15 (35.7%) comedo, 7 (16.7%) cribriform, 10 (23.8%) micro-
papillary, 7 (16.7%) papillary, and 3 (7.1%) solid pattern. 

Results of immunohistochemical stains in breast carcino-
mas

The normal breast epithelium showed diffuse staining (2+
or 3+) for claudin-7 (Fig. 1). Breast carcinomas, both DCIS and

Fig. 1. Luminal epithelial cells in the normal breast lobule show
strong expression for claudin-7 immunostain. 

Fig. 2. Invasive breast carcinomas show various expression for
claudin-7. We scored immunostains semiquantitatively as 0 (A),
1+ (B), 2+ (C), and 3+ (D).

Fig. 3. Frequencies of claudin-7 expression according to staining
pattern are statistically different between ductal carcinoma in situ
(DCIS) and invasive breast carcinoma (IBC) (p=0.001 by 2 test).
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IBC, showed aberrant claudin-7 expression (Fig. 2). Decreased
claudin-7 expression (0 or 1+) was observed in 45.2% (19/42)
and 72.5% (103/142) of DCIS and IBC, respectively. When the
staining results were correlated with the invasiveness (DCIS vs
IBC), the frequency of reduced claudin-7 expression was signif-
icantly higher in the IBC than DCIS (p=0.001) (Fig. 3). Con-
sidering only those cases with a high nuclear grade, there were
significant differences in the frequency between IBC and DCIS
(79.2% vs 52.4%, p=0.01). 

Correlation of claudin-7 expression with clinicopathologi-
cal parameters of breast carcinoma 

Table 1 gives a summary of the clinicopathological and immu-
nohistochemical features of IBC according to the level of claudin-
7 expression. A decrease in claudin-7 was correlated with the
nuclear grade (p=0.046), and PR negativity (p=0.019). When
IBC was divided into two nuclear groups, low to intermediate
(NG 1 and 2) and high (NG 3) nuclear groups, claudin-7 expres-
sion was significantly lower in the high-grade tumors (p=0.013).
There was no correlation between claudin-7 expression and the
tumor size, lymph node metastasis, histological grade, stage,
immunohistochemical results for ER, HER2 and p53, recur-
rence/metastasis or death. In DCIS, reduced expression of clau-
din-7 was observed more frequently in tumors with high-grade
nuclei and necrosis. However, the differences were not signifi-
cant. The architectural pattern of growth was not correlated with
claudin-7 expression in DCIS even though the comedo type,
which was frequently combined with tumor necrosis, showed a
higher frequency of reduced claudin-7 expression (Table 2). 

Claudin-7 expression and prognosis in IBC

Claudin-7 expression was not associated with the overall sur-
vival and disease-free survival (Fig. 4). Considering only those
patients who had received adjuvant chemotherapy, claudin-7
expression was not associated with the patients’ survival.

DISCUSSION

Cell-to-cell adhesion molecules are known to play an impor-
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Cases with reduced expression
of claudin-7 (%)

p

Tumor size (cm) 0.076
≤2 42/55 (76.4)
2 < and ≤5 52/78 (66.7)
> 5 9/9 (100)

Lymph node metastasis 0.159
0 45/58 (77.6)
1-3 39/52 (75.0)
≥4 19/32 (59.4)

Histological grade 0.093
1 13/23 (56.5)
2 32/42 (76.2)
3 47/59 (79.7)

Nuclear grade 0.046
1 4/7 (57.1)
2 22/37 (59.5)
3 76/96 (79.2)

Stage 0.431
I 21/27 (77.8)
II 68/98 (69.4)
III 14/17 (82.4)

Vascular invasion 0.783
Present 28/40 (70.0)
Absent 68/94 (72.3)

ER 0.938
Positive 60/83 (72.3)
Negative 43/59 (72.9)

PR 0.019
Positive 46/72 (63.9)
Negative 57/70 (81.4)

HER2 0.744
Positive 21/28 (75.0)
Negative 82/114 (71.9)

P53 0.366
Positive 51/67 (76.1)
Negative 52/75 (69.3)

Recurrence/Metastasis 0.407
Yes 31/40 (77.5)
No 72/102 (70.6)

Death 0.425
Yes 19/24 (79.2)
No 84/118 (71.2)

Table 1. Relationship between reduced expression of claudin-7
and clinicopathological parameters in invasive breast carcinoma

Cases with reduced expression
of claudin-7 (%)

p

Nuclear grade 0.639
1 4/7 (36.4)
2 4/10 (40)
3 11/21 (52.4)

Necrosis 0.293
Present 14/28 (50)
Absent 5/14 (35.7)

Architectural pattern 0.136
Comedo 10/15 (66.7)
Cribriform 3/7 (42.9)
Papillary 1/7 (14.3)
Micropapillary 3/10 (30)
Solid 2/3 (66.7)

Table 2. Relationship between reduced expression of claudin-7
and pathological parameters in ductal carcinoma in situ



tant role in tumor invasion and metastasis because cancer cells
need to be detached from the primary tumor in order to estab-
lish a metastasis.1-3,18 Although the precise role of claudin-7 has
not yet been established in breast cancer, its function in cell-to-
cell adhesion as a tight junction molecule, suggests that a loss
of expression might play a role in tumor progression and metas-
tasis. In this study, the decrease in claudin-7 expression was ob-
served in a high percentage of primary breast carcinomas, when
compared with the normal mammary epithelial cells, which
showed strong claudin-7 expression. It was concluded that a
decrease in claudin-7 is a common event in breast carcinogene-
sis and is related to tumor progression. This assumption is sup-
ported by the fact that the frequency of reduced claudin-7 exp-
ression was significantly higher in IBC than in DCIS. 

Previous studies reported that the claudin proteins are expressed
in a site-specific pattern.7,8,19 In this study, claudin-7 expression
was observed in the normal mammary and colon epithelia, but
not in the gastric epithelium (data not shown). In tumor tissues,
a decrease in claudin-7 expression was observed in a considerable
number of breast carcinomas, while most colorectal carcinomas
showed strong claudin-7 expression (data not shown). This sug-
gests that claudin-7 functions differentially in breast and colon
carcinogenesis, and would not be involved in colon cancer pro-
gression.

It was observed that the reduced expression of claudin-7 cor-
related with the nuclear grade, occurring more frequently in
grade 3 tumors than in grades 1 or 2 tumors. This is consistent
with a previous study reported by Kominsky et al.12 but contrasts
with the findings reported by Park et al.20 Park et al.20 suggest-
ed that their failure to demonstrate a correlation between claudin-

7 expression and the histological grade was due to the inclusion
of not enough grade 1 tumors and all lymph node-positive cases.
This study also included many more grade 3 tumors than grades
1 and 2 tumors. As Park et al.20 postulated, case selection bias
might contribute to the correlation between claudin-7 expres-
sion and the PR status. It was found that the frequency of reduced
claudin-7 expression increased as the breast lesions progress from
a low-grade to a high-grade, and from DCIS to IBC (38.1% in
low-grade DCIS, 52.4% in high-grade DCIS, 59.1% in low-
grade IBC, and 79.7% in high-grade IBC). Considering the pro-
cess of breast cancer progression, this finding suggests that a loss
of claudin-7 expression may potentiate tumor cell dissociation
from each other and allow the successful invasion of the surround-
ing stroma in primary breast carcinomas. Claudin-7 expression
was not evaluated in the metastatic lesions of the same patients.
Park et al.20 reported that invasive ductal carcinomas showed
significantly higher expression levels of adhesion molecules (E-
cadherin, -catenin, -catenin, -catenin, and claudin-7) in
the metastases than in the primary tumors. Although the mecha-
nism for the re-expression of the adhesion proteins in metastat-
ic sites is unknown, they suggested that re-expression of the pro-
teins enables the circulating tumor cells to resettle at the meta-
static sites by facilitating the intercellular adhesion process for
metastatic tumor progression. Kominsky et al.12 reported a cor-
relation between a loss of claudin-7 expression and the hyper-
methylation of the promoter in breast cancer cell lines, but not
in primary breast carcinomas. These two studies suggest that
claudin-7 expression is reversibly regulated so that breast carci-
nomas with reduced claudin-7 expression in the primary tumors
can re-express claudin-7 in metastatic tumors. If irreversible genet-
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Fig. 4. Kaplan-Meier curves show overall (A) and disease-free survival (B) according to the expression of claudin-7 in invasive breast car-
cinomas. 
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ic or epigenetic events caused the reduced expression of claudin-
7 in the primary tumor, its re-expression in the metastatic tumor
of the same patient cannot be easily explained. Therefore, fur-
ther studies on the mechanism of the reduced expression will
be needed to reveal the precise role of claudin-7 in breast cancer
progression. 

Sauer et al.21 reported reduced claudin-7 expression in 87%
(13/15) of invasive breast carcinomas with an axillary lymph
node metastasis, and also reported that this loss is associated with
distant metastatic disease and locoregional recurrence. Komin-
sky et al.12 demonstrated a loss of claudin-7 expression in 77%
(10/13) of grade 3 invasive ductal carcinomas and in 70% (7/10)
of invasive ductal carcinomas with a lymph node metastasis.
Kominsky et al.12 attempted to demonstrate that claudin-7 exp-
ression in primary invasive ductal carcinomas is associated with
the ability of the tumors to metastasize. They also performed
immunostaining for claudin-7 on TMAs for a large number of
breast carcinomas and found no correlation between claudin-7
expression and the ER, PR status, tumor size, or lymph node
status. Their finding corresponds to our results, except for PR.
They suggested that the lack of a correlation with the lymph
node status was due to an error in TMA, an absence of an inter-
nal control and small sample from each tissue punch. However
it is believed that TMA analysis is a high-throughput study that
has been confirmed by previous studies,22-26 and the numbers of
cases in their study and the present study (612 and 142, respec-
tively) were large enough to validate the results. In addition, Park
et al.20 recently reported no correlation between reduced claudin-
7 expression and the lymph node status in 196 invasive breast
carcinomas. We present possible explanations for the absence of
a correlation between claudin-7 expression and the lymph node
status. First, the loss of one tight junction protein, claudin-7
only, might not have a significant impact in increasing the meta-
stasis. Numerous claudins exist in the epithelial tissues, and some
of them, claudin-1, -3, and -4, are found to be unchanged in
breast carcinomas.12 Therefore, another claudin family might
compensate for the loss of claudin-7. Second, claudins may have
more complicated functions in cancer cells. Claudin-7 has been
found to be overexpressed in stomach cancer but down-regulat-
ed in breast and head and neck cancer.12-14 The overexpression
of claudin-7 in stomach cancer can not be explained by its role
in cell-to-cell adhesion and may pertain to roles that are unre-
lated to the tight junction formation. 

The prognostic significance of claudin-7 expression in terms
of the survival of breast cancer patients is unclear. We and Park
et al.20 found no association between claudin-7 expression in

primary breast tumors and the clinical outcome, even though
there was a trend towards a shorter overall and disease-free sur-
vival of patients with reduced expression compared to those with
strong expression. Further studies with a larger number of cases
will be needed to validate the clinical significance of the reduced
expression of claudin-7 in breast carcinomas. 

In conclusion, the expression of the tight junction protein,
claudin-7, was markedly lower in a majority of DCIS and IBC,
occurring more frequently in IBC than DCIS and in high-grade
than in low-grade tumors. Claudin-7 is an important tight junc-
tion protein in the breast and its loss of expression might assist
tumor cells in the invasion of the stroma well. However, its rela-
tionship with the metastatic potential and prognosis requires
further study.
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