
Abstract. Squamous cell carcinoma antigen (SCCA), a 45-kDa
tumor-associated serpin, mainly consists of two highly homolo-
gous molecules, SCCA1 and SCCA2, which possess unique
proteinase inhibitory properties. Importantly, our previous
study demonstrated that an intact structure of SCCAs, and
not a cleaved form yielded by interacting with target proteinase,
is essential for their function as a serpin. The aim of this study
is therefore, to develop a simple method of analyzing expr-
ession patterns of intact forms of SCCAs (functional SCCAs)
in cervical squamous epithelial tissues and to investigate
whether there are any differences in the expression of intact
forms of SCCAs between normal and malignant cervical
squamous epithelial tissues. We used nondenaturing poly-
acrylamide gel electrophoresis (PAGE) with immunoblotting.
The newly generated antibody, Pab Y2, recognizes only intact
form of SCCAs, while the conventional antibody, Mab 27,
reacts with the cleaved form of SCCA1 as well as intact forms
of SCCAs. Nondenaturing PAGE using Pab Y2 showed that
an intact form of SCCAs in the heat-treated tissue extract at
60˚C for 2 h was separated into at least five bands, termed as
bands A-E from cathode to anode. By comparison with two-
dimensional electrophoresis patterns of SCCAs, it was found

that the first three bands, i.e. bands A-C, are derived from the
intact form of SCCA1, while the other two bands, i.e. band D
and E are from the intact form of SCCA2. Specifically, band
E, but not band D, of SCCA2 is apparently increased in
squamous cell carcinomas compared with normal squamous
epithelium. In conclusion, this novel analytical approach will
be useful for investigating the different expression patterns of
functional SCCAs between normal and malignant cervical
squamous epithelial tissues.

Introduction

Squamous cell carcinoma antigen (SCCA) was originally
purified from squamous cell carcinoma of the uterine cervix
by Kato and Torigoe in our laboratory (1). At present, SCCA
is clinically used as a serological tumor marker for the
management of squamous cell carcinoma arising at various
sites (2). However, it is well-known that SCCA is also expr-
essed in normal squamous epithelium of the uterine cervix,
besides cervical squamous cell carcinoma (3-5). Interestingly,
some previous studies have suggested that specific molecular
fractions of SCCA are increased in squamous cell carcinoma
tissue compared with normal squamous epithelium (6,7).

As for the cause of its molecular heterogeneity, recent
biochemical research has demonstrated that SCCA mainly
consists of two highly homologous molecules, SCCA1 and
SCCA2, which belong to the serine proteinase inhibitor (serpin)
family (8,9). Until now, there are few reports on the character-
istic expression of SCCA1 and SCCA2 in cervical squamous
cell carcinoma tissue. For example, Murakami et al reported
that the SCCA2 mRNA level, but not SCCA1, is significantly
increased in squamous cell carcinoma tissue compared with
normal squamous epithelial tissue (10). Hamada et al also
reported that the SCCA1/SCCA2 mRNA ratio differs distinctly
between squamous cell carcinoma and keratinocyte cell lines
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(11). On the contrary, it was reported that SCCA1 and SCCA2
are co-localized equally in normal and malignant squamous
epithelial tissues by immunohistochemical study using their
specific antibodies (12). To resolve this disagreement, further
investigation is required into the protein expression of both
SCCAs in normal and malignant cervical squamous epithelial
tissues.

In recent years, much attention has been focused on the
biological function of serpin in tumor progression of cervical
squamous cell carcinomas. In fact, we have reported that
SCCA has various biological functions in cancer behavioural
patterns (13-15). We found that SCCA stimulates matrix
metalloproteinase-9 (MMP-9) production and promotes cell
invasion in cervical squamous cell carcinoma cells, and that
an intact structure of SCCA, and not a cleaved form yielded
by interacting with target proteinase, is required for this
function of SCCA (15). Thus, this finding suggests that an
intact form of SCCA plays roles in cancer behavioural patterns
such as invasion or metastasis. This data, therefore, led us to
focus on analyzing the expression of the intact form of SCCA1
and SCCA2 (functional SCCAs) between normal and malig-
nant cervical squamous epithelial tissues.

Using two-dimensional electrophoresis (2-DE), we
previously showed that there are at least four variants of
SCCA1 and three variants of SCCA2 in cervical squamous
cell carcinoma tissues (16,17). Although 2-DE is a powerful
tool for analyzing the molecular heterogeneity of proteins,
this technique containing isoelectric focusing gel electro-
phoresis (IEF) is regarded as a complicated method. In this
study, we therefore developed a simple electrophoretic method

of detecting intact forms of SCCA1 and SCCA2, but not
cleaved forms, in cervical squamous epithelial tissue extracts.
The present study shows for the first time that there are
different expression patterns of functional SCCAs between
normal and malignant squamous epithelial tissues using
nondenaturing polyacrylamide gel electrophoresis (PAGE)
with a novel antibody specific for intact forms of SCCAs.

Materials and methods

Materials. The molecular mass marker proteins were obtained
from Sigma (St. Louis, MO, USA). The isoelectric focusing
point (pI) markers and the ECL Western blotting system were
purchased from Amersham Biosciences (Buckinghamshire,
UK). Silver staining 2D-Silver Stain II ‘Daiichi’ was from
Daiichi Pure Chemicals (Tokyo, Japan). The peroxidase-
conjugated rabbit anti-mouse IgG antibody and swine anti-
rabbit IgG were from Dako (Tokyo, Japan). The polyvinylidene
difluoride (PVDF) membrane was from ATTO (Tokyo, Japan).

Preparation of tissue samples. The project was reviewed and
approved by the committee on investigations involving human
subjects from Yamaguchi University School of Medicine.
Informed consent from patients was obtained before collection
of any tissue samples for this study. Normal or malignant
cervical squamous epithelial tissues were obtained at surgery
from patients bearing myoma uteri or bulky squamous cell
carcinoma of the uterine cervix. The tissues were dissected into
small pieces, and suspended in distilled water. The suspension
was homogenized in a glass homogenizer, and then the homo-
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Figure 1. Effects on electrophoretic patterns of SCCAs by heat treatment. (A) Nondenaturing PAGE analysis. The cervical squamous cell carcinoma tissue
extract containing 50 ng of SCCAs (lane 1) and the same tissue extract treated by heating at 60˚C for 2 h (lane 2) were subjected to nondenaturing PAGE.
After electrophoresis, the proteins were transferred to the PVDF membrane, and then detected by immunostaining using Mab 27. (B) 2-DE analysis. 2-DE of
normal squamous epithelial tissue extract showed 7 spots of SCCAs; spots 1-4 of SCCA1 and spots 5-7 of SCCA2 as reported previously (17,22). Heat
treatment did not affect the 7 spots of SCCAs. The left triangle indicates bovine carbonic anhydrase B with pI 5.8 and the right triangle indicates human
carbonic anhydrase B with pI 6.5 as the pI marker.
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genate was centrifuged at 10,000 x g and 4˚C for 10 min. The
supernatant was stocked at -80˚C as the cervical squamous
epithelial tissue extract. The concentration of SCCA was
determined by the sandwich enzyme immunoassay system
(IMx, Abbott Japan, Japan) (18).

Heat treatment of cervical squamous epithelial tissue
extracts. As shown in Fig. 1A, nondenaturing PAGE
combined with immunoblotting using Mab 27 showed that
SCCAs migrated as smear bands, probably due to protein
aggregations (lane 1). To improve this poor electrophoretic
pattern of SCCA on nondenaturing PAGE, we first tested the
heat treatment of cervical squamous epithelial tissue extract,
as reported previously, with a modification (19). Briefly, the
50-μl solution of cervical squamous epithelial tissue extract
in 20 mM Tris-HCl, pH 7.4, and 0.05% Tween-80 was heated
at 60˚C for 2 h in a water bath. By heating, a marked increase
of turbidity was observed in the sample solution due to the
heat-induced protein degeneration. The solution was centri-
fuged at 10,000 x g at 4˚C for 10 min, and the super-natant
was used as the heat-treated cervical squamous epithelial
tissue extract. By heating the tissue extract at 60˚C for 2 h,
the five bands of SCCAs were apparently recognized on non-
denaturing PAGE (Fig. 1A, lane 2). To confirm that SCCA2,
besides SCCA1, has a unique heat-stable property at 60˚C, we
analyzed the 2-DE pattern of SCCAs in the heat-treated
tissue extract. As reported previously (17), 2-DE of normal
cervical squamous epithelial tissue extract showed four spots
with pI 6.4, 6.3, 6.0 and 5.9, numbered from 1 to 4 of SCCA1
and three spots with pI 5.7, 5.6 and 5.5, numbered from 5 to 7
of SCCA2 (Fig. 1B; control, lower panel). Expectedly, the heat
treatment at 60˚C for 2 h did not change the 2-DE patterns of
SCCAs spots (Fig. 1B; heat treatment, upper panel). These
data indicated that heat treatment of the tissue extract at 60˚C
is essential for detection of SCCAs on nondenaturing PAGE.

Nondenaturing polyacrylamide gel electrophoresis (PAGE).
Nondenaturing PAGE was run in 10% polyacrylamide gels
without denaturants at a 10 mA/slab constant current as
described previously (20), with a modification. Namely, non-
denaturing PAGE in this study utilized a Tris/glycine buffer
system with the same pH values i.e. pH 6.8, both for stacking
and separating gels, instead of their different pH values.

Two-dimensional electrophoresis (2-DE). 2-DE was carried
out as described previously (21), by using capillary-type

polyacrylamide gels for isoelectric focusing in the first
dimension under nondenaturing conditions, followed by slab-
type polyacrylamide gels for SDS electrophoresis. As non-
denaturing 2-DE, after IEF in the same conditions as 2-DE,
the second dimensional electrophoresis was run in 10% poly-
acrylamide gels without denaturants at a 10 mA/slab constant
current.

Specific antibodies for SCCA. We used specific monoclonal
antibodies, Mab 27 and Mab 426. We previously reported
that Mab 27 reacted with both intact and cleaved forms of
SCCAs, while Mab 426 reacted with cleaved forms of SCCAs,
but not with intact SCCAs (17). To yield the novel antibody
specific for intact forms of SCCAs, Pab Y2 was newly
generated by immunizing with keyhole limpet hemocyanine-
conjugated to the synthetic peptide corresponding to a region
from the C-terminal fragment of SCCA2 to rabbit and purified
using the peptide affinity column.

Immunoblotting. After electrophoresis was completed, the
proteins were transferred to a PVDF membrane with semidry
type blotting apparatus (Horizblot, Atto, Japan). The PVDF
membrane was stained by an immunochemical technique
consisting of the following procedures. After blocking the
membrane with skimmed milk dissolved in Tris-buffer saline
(TBS), pH 7.5, the membrane was incubated with specific
antibodies for SCCA, which were 500-fold diluted. Then,
peroxidase-conjugated rabbit anti-mouse IgG antibody or
swine anti-rabbit IgG was incubated with the membrane.
Finally, the ECL Western blotting detection system was applied
according to the protocol of Amersham, and the membrane
was exposed to hyperfilm-ECL for 1 min.

Results

Identification of functional SCCA1 and SCCA2 on non-
denaturing PAGE. We examined the specificity of the novel
antibody, Pab Y2, with native SCCAs by 2-DE combined with
immunoblotting. Fig. 2 demonstrated that Pab Y2 recognizes
intact forms of both SCCA1 and SCCA2 equally, but not
cleaved forms. Since we tried to focus on functional SCCAs
in this study, we also checked the possibility that Pab Y2
could detect intact forms of SCCAs on nondenaturing PAGE.
As shown in Fig. 3, Pab Y2 recognized at least five bands of
SCCAs, termed as bands A-E from cathode to anode, like
Mab 27. However, the second band recognized by Mab 27
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Figure 2. Characterization of a novel specific antibody, Pab Y2, by 2-DE combined with immunoblotting. Pab Y2 recognized intact forms of both SCCA1 and
SCCA2 in normal cervical squamous epithelial tissue, but not the cleaved form of SCCA1 (arrow), which was detected by Mab 27, as reported previously (17).
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contained the cleaved form of SCCA1, besides intact forms
of SCCA (band B), from the results of immunoblotting with
Mab 426. Namely, it was suggested that Mab 27 could not
discriminate between intact forms of SCCAs and cleaved forms
on nondenaturing PAGE. Then, by comparison with the non-
denaturing 2-DE pattern of SCCAs as shown in Fig. 4, it was
found that the three bands, A, B and C, are derived from the

intact form of SCCA1, while the two bands, D and E, are from
the intact form of SCCA2.

Comparison of nondenaturing PAGE patterns of functional
SCCAs between normal and malignant squamous epithelial
tissues. We analyzed nondenaturing PAGE patterns of the
functional SCCAs in normal and malignant cervical squamous
epithelial tissues. Although band A is a major band among
the five bands in all tissue extracts, there are some distinct
patterns of intact forms of SCCAs between normal and malig-
nant cervical squamous epithelial tissues. Most remarkably,
band E, but not band D, of SCCA2 is apparently increased in
squamous cell carcinoma compared with normal squamous
epithelium (Fig. 5). In addition, the minor band, which
migrated faster than band E, as indicated by the arrow in Fig. 5,
was detected in squamous cell carcinoma. Concerning SCCA1
bands, band C was apparently decreased compared with band
B in all cases of squamous cell carcinoma, while band C was
detected as densely as band B in normal squamous epithelium,
except in case N3.

Discussion

In this study, we reported for the first time a simple analytical
method with which to characterize the tissue expression pattern
of two highly homologous functional serpins, SCCA1 and
SCCA2. Namely, nondenaturing PAGE of heat-treated
cervical squamous epithelial tissue extracts showed at least
five bands of SCCAs. Bands A, B and C derived from an
intact form of SCCA1 while bands D and E derived from an
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Figure 3. Identification of intact forms of SCCAs on nondenaturing PAGE.
We tested the immunoreactivity of Pab Y2 using a heat-treated cervical
squamous cell carcinoma tissue extract which contained an abundant amount
of the cleaved form of SCCAs. Pab Y2 recognized at least five bands of
intact forms of SCCAs, termed as bands A-E from cathode to anode.

Figure 4. Comparison of SCCA bands on nondenaturing PAGE with SCCA spots on nondenaturing 2-DE. Nondenaturing 2-DE of a heat-treated normal
squamous epithelial tissue extract showed 7 spots of SCCAs, i.e. spots 1-4 of SCCA1 and spots 5-7 of SCCA2. As indicated by the data of immunoblotting
using Pab Y2, the cathodal three bands, i.e. bands A, B and C correspond to spot 1, spots 2-3 and spot 4 of SCCA1, respectively, while the anodal two bands,
i.e. bands D and E correspond to spot 5 and spots 6-7 of SCCA2, respectively.
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intact form of SCCA2. It was also found that SCCA2, besides
SCCA1, is a heat stable protein up to 60˚C. Importantly, it is
speculated that these thermal properties could lead to an
improvement in the separation of SCCA bands on non-
denaturing PAGE.

In recent years, much attention has been focused on the
biological functions of SCCAs in tumor progression and
invasion of cervical squamous cell carcinoma (13-15).
Remarkably, it was noted that an intact structure of SCCAs is
essential for their function as a unique serpin, which posseses
the property of stimulating MMP-9 production (15). For further
elucidation of the biological significance of SCCAs, it is
necessary to identify an intact form of SCCAs in cervical
squamous cell carcinoma tissue. However, the conventional
antibody for SCCA, Mab 27, recognizes not only intact forms
of SCCAs but also the cleaved forms of SCCA1, which lost
this function. Although several monoclonal antibodies for
SCCAs have been characterized (22), Pab Y2 is a unique
antibody which could react with intact forms of both SCCA1
and SCCA2 equally. Interestingly, it was suggested that
multiple forms of serpin might contribute to the different
functions of serpin under pathological conditions (23).
Therefore, most likely, it is worthwhile to study tissue expr-
ession of SCCAs by distinguishing intact forms from cleaved
forms using Pab Y2.

As shown in Fig. 5, we found the possibility that there are a
few differences in nondenaturing PAGE patterns of intact
forms of SCCAs between normal and malignant cervical
squamous epithelial tissues. Specifically, band E, but not band
D, of SCCA2 is apparently increased in squamous cell carcin-
omas compared with normal squamous epithelium. These data
suggest that the increased SCCA2 variants, i.e. spots 6 and 7
on 2-DE, might be related to the malignant behavior of cervical
squamous cell carcinoma. Furthermore, we detected the
additional minor band of SCCA2 in squamous cell carcinoma
tissue on nondenaturing PAGE. It is possible that this band,
specific for squamous cell carcinoma, might be derived from
the splicing variants of SCCAs, since it has been reported that
splicing variants were detected in squamous cell carcinoma
rather than normal squamous epithelium using RT-PCR
analyses (24). However, the cause of molecular hetero-
geneity, including the additional band of SCCA2 remains
unknown. Concerning the nondenaturing pattern of SCCA1,

band C is decreased compared with band B in squamous cell
carcinoma. This data is in agreement with a previous 2-DE
report by Abe et al which states that, in cervical squamous
cell carcinoma, spots 2 and 3 of SCCA1 are increased, but spot
4 is decreased (21). More recently, Bae et al demonstrated that
SCCA1 and SCCA2 are up-regulated in cervical squamous cell
carcinoma tissue (25). Our results also suggest that the analysis
of tissue expression patterns of intact forms of SCCAs might
be of great significance to the study of malignant behavioural
patterns in cervical squamous cell carcinoma.

In conclusion, nondenaturing PAGE of heat-treated
cervical squamous epithelial tissue is a simple method to
identify intact forms of both SCCA1 and SCCA2. This unique
analytical approach is useful to investigate the differences in
expression of functional SCCAs between normal and malignant
cervical squamous epithelial tissues. Gariboldi et al recently
reported a significant association between SCCA2 protein
expression and patient age at tumor presentation in skin
squamous cell carcinomas (26), suggesting that SCCAs might
play important roles in tumorigenesis, besides tumor progr-
ession. Therefore, further studies into the aberrant expression
patterns of functional SCCAs might provide a novel insight
into elucidating the molecular mechanism of cancer develop-
ment of squamous cell carcinoma arising from various sites.
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