
Abstract. Squamous cell carcinoma antigen (SCCA) has
been used for the management of squamous cell carcinoma,
especially in order to evaluate therapeutic effects and monitor
recurrence. Recent studies have shown that SCCA performs
several biological functions and can influence the behavior
of cancer cells. It is well known that altered expression of
E-cadherin is involved in the process of cancer invasion and
metastasis. The present study was therefore undertaken to
investigate the relationship between the expression of SCCA,
E-cadherin and lymph node metastasis in advanced cervical
squamous cell carcinoma patients. We studied 70 patients who
had undergone radical hysterectomy and pelvic lymphaden-
ectomy for stage IB, IIA and IIB of the disease, without
pretreatments. Immunohistochemistry, using monoclonal
antibodies against SCCA2 and E-cadherin, was performed to
examine the relationship between SCCA2 and E-cadherin
expression patterns in primary cancer lesions and lymph node
metastasis. There was a significant positive relationship
between the two expression patterns in primary cancer lesions
(p<0.01). Both exhibited a heterogeneous expression pattern
in the primary tumor which indicated a significant
relationship with lymph node metastasis (p<0.01). Our data
clearly show that SCCA2 expression is significantly related
to E-cadherin expression and that the heterogeneous pattern
of SCCA and E-cadherin in primary lesions is strongly
associated with the high incidence of lymph node metastasis
in cervical squamous cell carcinoma. These findings suggest
that SCCA2 may be involved in cancer behavior such as
metastasis, and as such can be a useful marker in predicting
lymph node metastasis.

Introduction

Squamous cell carcinoma antigen (SCCA) was first discovered
as a tumor-related protein in squamous cell carcinoma of the
uterine cervix (1). SCCA has been used for the management
of squamous cell carcinoma, especially for the evaluation of
therapeutic effects and for monitoring disease recurrence (2).
Recent molecular studies have shown that SCCA is encoded by
two high homogeneous genes, SCCA1 and SCCA2, which are
tandemly arrayed at the 18q21.3 locus (3). Both SCCA1 and
SCCA2 belong to the serine proteinase inhibitor (serpin)
superfamily (3,4). SCCA1 inhibits both serine proteinases
(e.g. chymotripsin) and cysteine proteinases (e.g. papain and
cathepsin L, K and S), while SCCA2 inhibits only serine
proteinases (e.g. chymase and cathepsin G) (5-8). Our previous
studies have shown that SCCA2 suppresses apoptosis in
human cancer cells, suggesting that it serves as a survival
factor (9). It has also been reported that SCCA2 expression is
increased in squamous cell carcinoma tissues and that SCCA2
transfectant induces rapid tumor growth in vivo (10,11).
These facts led us to speculate that SCCA2 may perform
important biological functions, and may be involved in the
regulation of cancer behaviors in squamous cell carcinoma.

A number of studies have shown that altered expression
of cell adhesion molecules is involved in cancer behavior,
especially in the process of invasion and of metastasis, which
comprises multiple steps. The loss of expression of E-cadherin,
a main cell adhesion molecule of the epithelium that mediates
cell-to-cell contact, causes cancer cells in the primary tumor
to detach (12-15), which is the first stage of cancer metastasis.
In fact, some reports have shown that E-cadherin is related to
lymph node metastasis in squamous cell carcinoma of the
esophagus (14,15), head and neck (13,16) and skin (17).
However, for the uterine cervix little information is available
regarding the relationship between E-cadherin expression and
lymph node metastasis in vivo. Interestingly, we have recently
found that the suppression of SCCA2 expression promotes
cancer cell invasion and migration by decreasing E-cadherin
expression in squamous cell carcinoma cells in vitro (18). It is
therefore plausible that SCCA may be involved in metastasis
through the alteration of E-cadherin expression. In order to
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study the possibility that SCCA2 and E-cadherin are involved
in lymph node metastasis, we examined the relationship
between the expression of SCCA2 and E-cadherin in primary
cervical cancer lesions and lymph node metastasis.

Materials and methods

Patients and specimens. Included in the study were 70 patients
with squamous cell carcinoma of the uterine cervix who
underwent surgery at the Department of Obstetrics and
Gynecology at Yamaguchi University Hospital and its two
related hospitals. Metastatic lymph nodes were also obtained
from 20 patients at the time of surgery. None of the patients
had received anticancer chemotherapy or irradiation therapy
before the operation. All tumor tissues were obtained from
surgically resected specimens. Normal squamous epithelial
tissues were obtained from non-cancerous mucosa adjacent
to the primary tumor in all patients. 

Immunohistological staining procedures. The streptavidin-
biotin-peroxidase complex technique was used for immuno-
histochemical staining as follows: specimens were fixed in
10% buffered formalin and embedded in paraffin. All paraffin
blocks were cut into 3 μm-thick sections for immunohisto-
chemistry. Series of tissue sections were deparaffinized in
xylenes and rehydrated in ethanol. Samples were washed with
cold phosphate-buffered saline (PBS). Endogeneous peroxidase

was blocked by incubating the sections with 0.5% hydrogen
peroxide in methanol for 30 min at room temperature. The
sections were then washed three times in cold PBS. After
incubation with 10% normal rabbit serum to block non-specific
binding, the specimens were sequentially incubated with
primary monoclonal antibody against SCCA2 (kindly
provided by Dr Gary A. Silverman) and E-cadherin (Santa
Cruz Biotechnology Inc., Santa Cruz, CA) at 4˚C overnight.
After incubation, they were rinsed in cold PBS and incubated
for 30 min at room temperature with biotinylated anti-mouse
IgG+IgA+IgM using the Histofine SAB PO kit (Nichirei,
Tokyo, Japan) followed by streptavidin-biotin-peroxidase
complex. The reaction was revealed by adding diaminoben-
zindinetetrahydrocholoride chromogen mixture (Sigma, St.
Louis, MO). After hematoxylin couterstaining, slides were
permanently mounted and analyzed for the presence and
distribution of immunostaining. Results were assessed in a
blinded fashion by two independent observers.

Evaluation of SCCA2 and E-cadherin expression. Evaluation
was performed according to the Shiozaki et al method, with
some modifications (14). Briefly, the intensity of SCCA2/
E-cadherin staining in cancer cells from cancerous tissue was
compared to that in the uterine normal squamous epithelium.
When SCCA2/E-cadherin staining in the cancer cells was as
strong as it was in the normal epithelial cells, the intensity of
the cells was defined as (+). When SCCA2/E-cadherin
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Figure 1. Immunohistochemistry for SCCA2 and E-cadherin expression in normal cervical squamous epithelium. (a) SCCA2 expressed in all epithelial layers
except the basal layer. (b) Strong expression of SCCA2 observed in the cytoplasm of epithelial cells. (c) E-cadherin expressed in all epithelial layers. (d)
E-cadherin expression in normal epithelial cells localized in the cytosol as well as on cell-cell boundaries. Original magnification (a and c), x100; (b and d),
x400.
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staining in the cancer cells was recognizable but weaker than
that in the normal cells, the intensity was defined as (±). Loss
of SCCA2/E-cadherin expression in the cancer cells was
defined as (-). All cases were further classified according to
the pattern of staining on representative sections of each
tumor as follows: a) Strong pattern, all cancer cells in the
cancerous tissues were evaluated as (+); b) Weak and
homogeneous (W&H) pattern, all cancer cells were (±),
uniformly stained but more weakly expressed than in the
normal squamous epithelium; c) Heterogeneous pattern, the
intensity of SCCA2/E-cadherin staining differed from cell to
cell and negative cells without immunostaining were included.
Some cancer cells were therefore evaluated as (+), (±) and (-).

Statistical analysis. The significance of the differences in
proportion was estimated for the group as a whole using the χ2

test, and between the two groups using Fisher’s exact test with
Bonferroni correction. The Spearman rank correlation test was
used to assess the correlation between SCCA2 and E-cadherin
expression, and their expression in relation to lymph node
metastasis. The level of significance was p<0.01. All statistical
analyses were carried out using the StatView 5.0J for Windows
(SAS Institute Inc.) software package.

Results

SCCA2 and E-cadherin expression in the normal squamous
epithelium. Strong SCCA2 expression was observed in the
suprabasal layer of the squamous epithelium, and weak
immunoreactivity in the basal layer (Fig. 1a). SCCA2 was
localized in the cytoplasm of normal squamous epithelial cells
(Fig. 1b). E-cadherin immunostaining was characteristically
distributed at the basal and parabasal cell layer levels of the
squamous epithelium. Keratinocytes in the superficial layers
also showed intense immunoreactivity (Fig. 1c). E-cadherin
expression in normal epithelial cells was localized in the
cytoplasm as well as on the cell-cell boundary (Fig. 1d).

Relationship between SCCA2 and E-cadherin expression in
primary cervical cancer lesions. We investigated the intensity
and classification of SCCA2 and E-cadherin staining patterns
in tissue sections from 70 primary cervical squamous cell
carcinoma cases. Representative expression patterns of SCCA2
are shown in Fig. 2 (Strong pattern, Fig. 2a and b; W&H
pattern, Fig. 2c and d; Heterogeneous pattern, Fig. 2e and f)
and of E-cadherin in Fig. 3 (Strong pattern, Fig. 3a and b;
W&H pattern, Fig. 3c and d; Heterogeneous pattern, Fig. 3e
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Figure 2. Expression patterns of SCCA2 in primary cervical squamous cell carcinoma by immunohistochemistry. (a, b) Strong pattern: the intensity of SCCA2
staining in cancer cells is similar to that in the normal squamous epithelial cells seen in Fig. 1. All cancer cells evaluated as (+). (c, d) W&H pattern: SCCA2
staining in cancer cells is weaker than that in the normal epithelial cells. All cancer cells evaluated as (±). (e, f) Heterogeneous pattern: the intensity of SCCA2
staining differs from cell to cell. Some cancer cells evaluated as (+), (±), or (-). Original magnification (a, c and e), x100; (b, d and f), x400.
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and f). The results show a significant relationship in
expression patterns between SCCA2 and E-cadherin (Table I,
p<0.001).

Expression patterns of SCCA2 in primary cancer lesions and
its relationship to lymph node metastasis. To examine the

relationship between SCCA2 expression and lymph node
metastasis, each immunohistochemical sample was analyzed as
shown in Table II. Of the 70 cases, 33 exhibited Strong pattern,
13 W&H pattern and 24 Heterogeneous pattern. In 20 cases
positive for lymph node metastasis, 14 exhibited Hetero-
geneous pattern and 4 Strong pattern whereas, in 50 cases
without lymph node metastasis, 10 exhibited Heterogeneous
pattern and 29 Strong pattern (Table II, p<0.01). There was,
however, no significant relationship between W&H pattern
and lymph node metastasis (Table II).

Expression patterns of E-cadherin in primary cancer lesions
and its relationship to lymph node metastasis. To examine the
relationship between E-cadherin expression patterns and lymph
node metastasis, we investigated the E-cadherin expression
patterns of the same cases as above (Table III). Of the 70
cases, 35 exhibited Strong pattern, 15 W&H pattern and 20
Heterogeneous pattern. In the 20 cases positive for lymph
node metastasis, 13 exhibited Heterogeneous pattern and 3
strong pattern whereas, in the 50 cases without lymph node
metastasis, 7 exhibited Heterogeneous pattern and 32 strong
pattern (Table III, p<0.001).
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Table I. Relationship in expression patterns between SCCA2
and E-cadherin.
–––––––––––––––––––––––––––––––––––––––––––––––––

E-cadherin expression patterns
–––––––––––––––––––––––––––––––––
Strong W&H     Heterogeneous

––––––––––––––––––––––––––––––––––––––––––––––––– 
SCCA2 expression patterns

Strong 29 2 2
W&H 2 9 2
Heterogeneous 4 4 19

––––––––––––––––––––––––––––––––––––––––––––––––– 
Spearman rank correlation test, p<0.001.
––––––––––––––––––––––––––––––––––––––––––––––––– 

Figure 3. Expression pattern of E-cadherin in primary cervical squamous cell carcinoma by immunohistochemistry. (a, b) Strong pattern: the intensity of E-
cadherin staining in cancer cells is similar to that in the normal squamous epithelial cells seen in Fig. 1. All cancer cells evaluated as (+). (c, d) W&H pattern:
E-cadherin staining in cancer cells is weaker than that in the normal epithelial cells. All cancer cells evaluated as (±). (e, f) Heterogenous pattern: the intensity
of E-cadherin staining differs from cell to cell. Some cancer cells evaluated as (+), (±), or (-). Original magnification (a, c and e), x100; (b, d and f), x400.
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Discussion

The present study shows that there is a significant relationship
between SCCA2 and E-cadherin expression patterns in
squamous cell carcinoma tissues, and that the Heterogeneous
pattern they exhibit in primary lesions is strongly related to a
high incidence of lymph node metastasis. The present data
suggest that cancer cells lacking SCCA and E-cadherin
expression have a potential for lymph node metastasis because
the presence of the Heterogeneous pattern, including cancer
cells exhibiting the loss of SCCA and E-cadherin, is related to
lymph node metastasis, but Strong and W&H patterns with
SCCA2 and E-cadherin expression are not. We recently
found that the suppression of SCCA2 expression in squamous
cell carcinoma cells in vitro promotes cancer cell invasion and
migration accompanied by decreased E-cadherin expression
(18), suggesting that SCCA may be involved in metastasis
through the alteration of E-cadherin expression. We therefore
can hypothesize that cancer cells which have lost SCCA2
expression metastasize to lymph nodes through the decrease in
E-cadherin expression.

E-cadherin is one of the most important adhesion molecules
in the epithelium, mediating cell-to-cell contact. Altered
expression of E-cadherin is involved in cancer behavior,
particularly in the process of cancer invasion and metastasis.

A number of studies have reported that the loss of E-cadherin
plays an important role in the progression of cancer cells and
is associated with their metastasis (13-17,19). In fact, we
have shown that the blockage of E-cadherin functions by
anti-E-cadherin antibody treatment promotes cell invasion
and migration in squamous cell carcinoma cell lines (18).
Some reports have also referred to the relationship between
E-cadherin expression and lymph node metastasis in esoph-
ageal (14,15), gastric (20,21), endometrial (22), breast (23,24),
head and neck (13,16) and skin cancer (17). This is, however,
the first report on the relationship between E-cadherin and
lymph node metastasis in uterine cervical squamous cell
carcinoma and, moreover, on the relationship between SCCA
expression and lymph node metastasis.

It has been reported that SCCA is immunohistochem-
ically strongly positive in well-differentiated squamous cell
carcinoma cells (25). The same is true of E-cadherin, which is,
however, negative in poorly-differentiated cells (13,19). The
present study has shown that, when the SCCA2 expression
pattern in primary cancer lesions is heterogeneous, sensitivity
and specificity for predicting lymph node metastasis are 70 and
80%, respectively. In case of E-cadherin expression of Hetero-
genous pattern, sensitivity and specificity for predicting lymph
node metastasis are 65 and 86%, respectively. Analyses of
SCCA2 and E-cadherin expression patterns in primary cervical
cancer lesions may be useful new markers for the prediction
of lymph node metastasis.

In summary, the present study has resulted in a new
finding on the relationship between SCCA2 and E-cadherin
expression in vivo, namely that the presence of Hetero-
geneous pattern in the two is closely related to lymph node
metastasis. Cancer cells with loss of SCCA2 and E-cadherin
expression may actually cause lymph node metastasis. This
possibility is supported by our previous findings, that the
suppression of SCCA2 promotes cancer cell invasion and
migration through a decrease in E-cadherin expression (18).
This study gives insight into the mechanism between cell
adhesion and the malignant behavior of cancer cells.
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