
Abstract. Squamous cell carcinoma antigen (SCCA) is a useful
tumor marker for diagnosis and management of squamous
cell carcinoma. Recent studies have shown that SCCA can
influence the behavior of cancer cells. It is well known that
cell-cell adhesion is an important factor for the progression
of cancer. The present study, therefore, was undertaken to
investigate the effect of SCCA2 on the cell adhesion related
molecule, E-cadherin, and cancer cell behavior. For this
purpose, antisense SCCA2 cDNA was transfected into human
uterine cancer cell lines, SKG IIIa and SiHa, which express
SCCA2. Suppression of SCCA2 expression by antisense
SCCA2 cDNA transfection decreased E-cadherin expression
and promoted cell migration and invasion as well as the
blockage of E-cadherin function by anti-E-cadherin antibody
administration. In conclusion, SCCA2 regulates cell migration
and invasion via E-cadherin expression, suggesting that
SCCA2 may be involved in cancer behavior such as invasion
or metastasis. 

Introduction

Squamous cell carcinoma antigen (SCCA) was first discovered
in uterine cervical squamous cell carcinoma by Kato and
Torigoe (1), and was widely used as a serological tumor marker
for diagnosis and management of squamous cell carcinoma
(2-4). Recent molecular studies have revealed that SCCA
is encoded by two highly homologous genes, SCCA1 and
SCCA2, at 18q21.3 locus (5,6). Interestingly, both SCCA1 and
SCCA2 belong to the serine proteinase inhibitor (serpin) family
(5,7). SCCA1 inhibits both serine proteinase and cysteine
proteinase, while SCCA2 inhibits serine proteinase, chymase
and cathepsin G (8-11). These facts make us speculate that

SCCA may have important biological functions in squamous
cell carcinoma. In fact, our previous studies have shown that
SCCA serves as a survival factor against apoptosis in human
cancer cells, suggesting a possibility that SCCA may be
involved in the regulation of cancer behaviors (12,13). 

A number of studies have shown that altered expression
of cell adhesion molecules is involved in cancer behaviors,
especially in the process of invasion and metastasis. Loss of
E-cadherin expression, a main cell adhesion molecule of
epithelium that mediates cell to cell contacts, causes the
detachment of cancer cells in the primary tumor, which is the
first step of cancer metastasis (14). SCCA is expressed not
only in squamous cell carcinoma but also in normal squamous
epithelium (15), and SCCA mRNA expression is mainly
observed in the basal and parabasal layers of normal squamous
epithelium by in situ hybridization (16). It is of interest to note
that E-cadherin is also expressed in the basal and parabasal
layers (17). These findings strongly suggest a possibility that
SCCA may be closely related with E-cadherin expression.
Therefore, it is interesting to study a possibility that SCCA
may be involved in cancer behavior such as invasion or
metastasis through alteration in E-cadherin expression. 

Materials and methods

Cell culture. Human uterine cervical cancer cell line, SKG IIIa,
which expresses SCCA, was kindly provided by Dr S. Nozawa
(Keio University, Tokyo, Japan) (18). This cell line was grown
in Ham's F 12 (Sigma, Saint Louis, USA) supplemented with
5% fetal calf serum (FCS), 100 U/ml penicillin, and 100 mg/ml
streptomycin at 37˚C in a humidified 5% CO2 incubator. SiHa,
which also expresses SCCA, was obtained from Cell Resource
Center for Biomedical Research (Tohoku University, Sendai,
Japan). This cell line was cultured in Eagle's minimal essential
medium (Sigma) with the same condition of SKG IIIa cells. 

Construction of the antisense expression vector and gene trans-
fection. To analyze the function of SCCA2, we established
stable clones whose SCCA2 expression was decreased. To
suppress the expression of SCCA2, transfection of the
antisense construct or the empty vector to uterine squamous
cell carcinoma cells was performed as reported previously
(12). Suppression of SCCA2 was confirmed by Western blot
analysis as described below.
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Western blot analysis. To determine the inhibition of SCCA2
expression and the change of expression level of E-cadherin,
Western blot analyses were performed. Equal amounts of total
protein were electrophoresed to SDS-PAGE. After SDS-PAGE
was completed, proteins were transferred to the polyvinylidene
difluoride membrane (ATTO, Tokyo, Japan) with semi-dry
type blotting system. The transferred membranes were stained
by immunochemical technique consisting of the following
procedure: after blocking the membrane with blocking solution
(5% skimmed milk with 0.1% Tween-20 dissolved in Tris-
buffered saline, pH 7.5), the blotted membranes were incubated
with the first antibody [the monoclonal antibody against
SCCA2 kindly presented by Dr Gary A. Silverman and
monoclonal antibodies against E-cadherin (Santa Cruz Bio-
technology, USA) or Á-tubulin (Sigma)], which were diluted in
blocking solution. Then, these membranes were incubated
with the peroxidase conjugated second antibody diluted in
blocking solution. Finally, an ECL-Western blotting detection
system (Amersham, Aylesburg, UK) was applied according
to the manufacturer's protocol and then the membranes were
exposed to hyperfilm-ECL (Amersham).

Assay for cell invasion and cell migration. To analyze the
change of cell functions caused by SCCA2 suppression,
cell migration and cell invasion were examined as reported
previously (19). Briefly, the cell culture was performed using
24-well culture plates. An insert was placed into each well of
the plate, effectively creating a lower and upper chamber. The
bottom of the insert was made of 8-μm pore size polycarbonate
membranes which were either coated with or without Matrigel
(Becton Dickinson BioCoat, NJ, USA). The cells were then
cultured in the culture medium without FCS at a density of
5x104 cells/well in the upper chamber and the lower chamber
was filled with culture medium supplemented with 5% FCS.
After incubation for 21 h, the cells on the upper surface of
the membranes were completely removed by wiping with
cotton swabs. The filters were fixed and stained with Diff-
Quick (Sysmex, Kobe, Japan). The cells on the lower surface
were counted at magnification x200 in 5 randomized field
views. Next, numbers of migrating cells were counted on the

lower surface of the non-Matrigel coated chamber. Percentages
of invading cells were calculated by dividing the number of
cells in Matrigel by the number of invading cells in the non-
Matrigel. Each experiment was performed in triplicate wells.
Mean percentages were obtained from results from the
triplicate and three different experiments were performed. 

Blockage of E-cadherin function. To analyze the effect of the
blockage of E-cadherin on cell invasion and migration, anti-
E-cadherin antibody was added as reported previously (20).
Cancer cells were cultured at a density of 5x104 cells/well in
the upper chamber with or without 1.0 μg/ml of anti-E-cadherin
antibody under the same condition described above (Alexis
Biochemicals, Lausen, Switzerland). Assays for cell invasion
and cell migration were performed as described above.

Statistical analysis. Statistical analysis was performed by
Duncan's new multiple range test. A probability value of
p<0.05 was considered to be significant.

Results

Establishment of clones with decreased SCCA2 expression.
To examine the effect of SCCA2 on E-cadherin and cancer
cell invasion and migration, antisense SCCA2 cDNA was
transfected into SKG IIIa and SiHa cells. We obtained two
independent clones less-expressing SCCA2 (SKG IIIa-AS1,
-AS2 and SiHa-AS1, -AS2, respectively). It was confirmed by
Western blotting that the expression of SCCA2 was suppressed
in both SKG IIIa-AS1 and -AS2 clones and SiHa-AS1 and
-AS2 clones compared to those of the control (SKG IIIa-
pCEP4 and SiHa-pCEP4) (Fig. 1). 

Effects of SCCA2 suppression on E-cadherin expression.
To study the effect of SCCA2 suppression on E-cadherin
expression, we examined E-cadherin expression in the anti-
sense SCCA2 transfectants and the control cells. In the clones
of SKG IIIa-AS1, -AS2 or SiHa-AS1, -AS2, expression of
E-cadherin was lower compared with the control cells (SKG
IIIa-pCEP4 and SiHa-pCEP4) (Fig. 2).

Effects of SCCA2 suppression on cell invasion activity. To
examine the effect of SCCA2 suppression on the cell invasion
activity, we observed % cell invasion in the antisense SCCA2
transfectants and the control cells. There was a significant
difference in % cell invasion between the antisense transfectants
(SKG IIIa-AS1, -AS2) and the control cells (SKG IIIa-pCEP4),
but there was no difference between SKG IIIa-AS1 and SKG
IIIa-AS2 (Fig. 3A). Although invasion activity in SiHa cells
was lower than that in SKG IIIa cells, a significant difference
in % cell invasion was also found between the antisense trans-
fectants (SiHa-AS1, -AS2) and the control cells (SiHa-pCEP4)
(Fig. 3B). There was also no difference between SiHa-AS1
and SiHa-AS2 (Fig. 3B). 

Effects of blockage of E-cadherin function on cell invasion
activity. To examine the effect of blockage of E-cadherin
function on the cell invasion activity, we observed % cell
invasion in the parent cell (SKG IIIa and SiHa) with or without
anti-E-cadherin antibody. The cell invasion activity was
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Figure 1. Establishment of clones with decreased SCCA2 expression.
Antisense cDNA to SCCA2 was transfected into a human uterine cervical
cancer cell line, SKG IIIa and SiHa. Two independent clones in which SCCA2
expression was suppressed and a control clone were obtained. Expression
levels of SCCA2 in the transfected cells were examined by Western blotting.
(A) SKG IIIa cells transfected with antisense SCCA2 cDNA (SKG IIIa-AS1,
SKG IIIa-AS2) or the empty vector (control; SKG IIIa-pCEP4). (B) SiHa
cells transfected with antisense SCCA2 cDNA (SiHa-AS1, SiHa-AS2) or the
empty vector (control; SiHa-pCEP4). Data are representatives of three
independent experiments. Á-tubulin is used as an internal control. 
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significantly increased by anti-E-cadherin antibody treatment
in both SKG IIIa cells (Fig. 4A) and SiHa cells (Fig. 4B).

Effects of suppression of SCCA2 on cell migration activity.
To study the effect of SCCA2 suppression on the cell
migration activity, we examined the ratio of antisense SCCA2
transfectants to control cells in the non-coated chambers. Cell
migration activity in the antisense SCCA2 transfectants (SKG
IIIa-AS1, -AS2) was significantly higher than that of the
control cells (SKG IIIa-pCEP4) (Fig. 5A). In SiHa cells, the
migration activity in the antisense SCCA2 transfectants (SiHa-
AS1, -AS2) was also significantly higher than that of the
control cells (SiHa-pCEP4) (Fig. 5B). 

Effects of blockage of E-cadherin function on cell migration
activity. To examine the effect of blockage of E-cadherin
function on the cell migration activity, we observed the ratio

of the parent cells (SKG IIIa and SiHa) with the antibody
against E-cadherin to the cells without the antibody in the
non-coated chambers. The cell migration activity was also
significantly increased by anti-E-cadherin antibody treatment
in both SKG IIIa cells (Fig. 6A) and SiHa cells (Fig. 6B).

Discussion

The present study showed that suppression of SCCA2
expression promoted cell invasion and cell migration with
the decreased expression of E-cadherin, and that blockage of
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Figure 2. Effect of SCCA2 suppression on E-cadherin expression. Expression
levels of E-cadherin were examined by Western blotting in the cells shown
in the legend to Fig. 1. (A) SKG IIIa cells transfected with antisense SCCA2
cDNA or the empty vector. (B) SiHa cells transfected with antisense SCCA2
cDNA or the empty vector. Data are representatives of three independent
experiments. Á-tubulin is used as an internal control.

Figure 3. Effects of SCCA2 suppression on cell invasion activity. Invasion
activity of SKG IIIa and SiHa transfected with antisense SCCA2 or an
empty vector was expressed as % cell invasion, as described in Materials
and methods. The invaded and migrated cells were counted under a phase
contrast microscope. Percentage cell invasion is shown as mean ± SD of
three independent experiments. (A) SKG IIIa cells transfected with anti-
sense SCCA2 cDNA (SKG IIIa-AS1, SKG IIIa-AS2) or the empty vector
(control; SKG IIIa-pCEP4). (B) SiHa cells transfected with antisense
SCCA2 cDNA (SiHa-AS1, SiHa-AS2) or the empty vector (control; SiHa-
pCEP4). ap<0.05 vs. control.

Figure 4. Effects of blockage of E-cadherin function on cell invasion activity.
Invasion activity of SKG IIIa and SiHa with or without anti-E-cadherin
antibody was expressed as % cell invasion, as described in Materials and
methods. The invaded and migrated cells were counted under a phase contrast
microscope. Percentage cell invasion is shown as mean ± SD of three
independent experiments. (A) SKG IIIa (B) SiHa ap<0.01; and bp<0.05 vs.
anti-E-cadherin Ab (-).

Figure 5. Effects of SCCA2 suppression on cell migration activity. Migration
activity of SKG IIIa and SiHa transfected with antisense SCCA2 or an
empty vector (control) was measured, as described in Materials and methods.
The transfected cells and the control cells ratio is shown as mean ± SD of
three independent experiments. (A) SKG IIIa cells transfected with antisense
SCCA2 cDNA (SKG IIIa-AS1, SKG IIIa-AS2) or the empty vector (control;
SKG IIIa-pCEP4). (B) SiHa cells transfected with antisense SCCA2 cDNA
(SiHa-AS1, SiHa-AS2) or the empty vector (control; SiHa-pCEP4). ap<0.05
vs. anti-E-cadherin Ab (-).

1231-1235  3/10/06  16:57  Page 1233



E-cadherin function by anti-E-cadherin antibody treatment
inhibited cell invasion and cell migration. These findings
strongly suggest that SCCA regulates cancer cell behavior
through alternation in E-cadherin expression. E-cadherin is
one of the most important adhesion molecules in the epithelium
that mediate cell to cell contact and maintain the epithelial
layer. A number of reports have demonstrated that the loss
of E-cadherin plays an important role in the progression of
squamous cell carcinoma and down-regulation of this protein
is associated with metastasis of squamous cell carcinoma
(14,21-24). Detachment of cancer cells from the primary tumor
is the first step of invasion and metastasis. The E-cadherin
function is suppressed, resulting in the detachment of cancer
cells. After detachment from the primary tumor, cancer cells
migrate, attach to vessels, and then move to other organs
through blood and lymph fluid flow. In the case of the cancer
cells with suppressed SCCA2, i.e. malignant transformation,
loss of E-cadherin caused by the decrease in SCCA induces
the detachment of cancer cells, which in turn promotes cell
invasion and migration. Our unpublished data may support
these results; briefly, decreased SCCA2 expression, as well
as decreased E-cadherin expression, which are evaluated by
immunohistochemistry, was closely associated with high
incidence of lymph node metastasis, suggesting that SCCA is
an important factor for lymph node metastasis. Moreover,
SCCA is immunohistochemically strongly positive in well-
differentiated squamous cell carcinoma cells (25). E-cadherin
also strongly expresses in well-differentiated squamous cell
carcinoma cells, whereas it is negative in poorly differentiated
squamous cell carcinoma cells (14). 

Since matrix metalloproteinases (MMP) are also well
known factors in cancer cell invasion and metastasis, we
examined a possibility that SCCA regulates cell invasion and
cell migration via MMP. We therefore, investigated the
expression levels of MMP-2 and MMP-9 in the clones used
in this study. However, there was no significant difference
in MMP-2 and MMP-9 levels between any of the clones (data
not shown). Iwasaki et al also reported that suppression of

E1AF, a transcriptional factor, stimulated cancer cell invasion
without affecting MMP expression (26). 

It is of interest to note that SCCA is expressed not only in
squamous cell carcinoma tissues but also in normal squamous
epithelium (15). SCCA mRNA expression is mainly observed
in the basal and parabasal layers of normal squamous epi-
thelium by in situ hybridization (16). E-cadherin is also
expressed in the basal and parabasal layers (17). Therefore,
there seems to be a close relationship in the formation of
squamous epithelium via cell-cell adhesion between SCCA
and E-cadherin. 

In conclusion, the present study suggests that SCCA2
regulates cancer cell invasion and migration via E-cadherin
expression. The present study provides a new insight into
understanding the mechanism for malignant behavior of cancer
cells. It may be also possible to control cancer cell invasion
and metastasis by molecular targeting therapy with suppression
of SCCA2 in the near future. 
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