
Abstract. Expression of RCAS1 (receptor-binding cancer
antigen expressed on SiSo cells) is associated with advanced
disease of various malignancies including ovarian cancer.
Proteolytic cleavage of RCAS1 at extracellular domains
(ectodomain shedding) yields soluble RCAS1. Although
RCAS1 can induce apoptosis in normal peripheral lympho-
cytes, its clinical significance and biologic function in ovarian
cancer patients are unclear. Here, we evaluated serum RCAS1
concentrations to clarify its clinical significance and biologic
activity in ovarian cancer. Via ELISA, we measured serum
RCAS1 concentrations in samples from 75 healthy blood
donors and 97 patients, 36 with ovarian benign tumor and 61
with ovarian cancer. We correlated via statistical means the
RCAS1 values with patients' clinicopathologic variables. We
assessed inhibition of growth of K562 cells, which express the
putative RCAS1 receptor, via WST-1 assay of serum samples
to clarify RCAS1's biologic activity. Ovarian cancer patients
had significantly higher serum RCAS1 concentrations than
did healthy blood donors and ovarian tumor patiens (P<0.05).
RCAS1 level was significantly different according to histologic
subtype for both ovarian tumor and cancer patients (P=0.0266
and 0.0074, respectively). RCAS1 values were also signific-
antly associated with response to treatment (P<0.001). The
WST-1 assay showed that patients' serum induced K562 cell
growth inhibition, but this effect partially recovered after
immunodepletion of RCAS1 (P=0.0074). RCAS1 may be a
biomarker of ovarian cancer by virtue of its ability to predict
results of treatment and inhibit immune cell growth.

Introduction

Among gynecologic malignancies in Western countries,
ovarian cancer is the most frequent cause of death (1,2).
Because of the anatomic location of ovaries deep in the pelvis,
ovarian cancers typically cause few symptoms until they are
large or have disseminated. Three quarters of patients thus
present with International Federation of Gynecology and
Obstetrics (FIGO) criteria stage III or IV disease, i.e. with
metastases in the abdomen or at distant sites. For these
patients, the 5-year survival rates are <30%. In contrast, the
small proportion of patients diagnosed with stage I disease
have a 5-year survival rate >90%.

To help improve the clinical outcome of ovarian cancer
patients, several serum markers have been manufactured and
characterized. Cancer antigen 125 (CA125) has a well-defined
and validated role for monitoring ovarian cancer (3). However,
the sensitivity of CA125 is too low for the antigen to be used
as a population-based screening marker for early detection
and diagnosis. Therefore, novel biomarkers that can deliver
the required sensitivity for both early detection and monitoring
of treatment warrant development.

A number of investigations have utilized both genomic
and proteomic technologies to discover genes, gene products
and proteins that may identify ovarian cancer biomarkers
(4,5). Chatterjee et al used a combination of high-throughput
selection and a protein array-based serologic profiling system
to search for diagnostic biomarkers of ovarian cancer (6).
Receptor-binding cancer antigen expressed on SiSo cells
(RCAS1) was identified as one of the antigens that may be a
useful diagnostic marker for early detection of this disease,
especially in high-risk populations.

RCAS1, a membrane protein that is detected by 22-1-1
antibody (7), is released by means of ectodomain shedding. It
acts as a ligand for a putative receptor in different human cell
lines and on normal peripheral lymphocytes. RCAS1 inhibits
the growth of receptor-expressing cells in vitro and induces
apoptotic cell death of lymphocytes near cancer cells in patients
with uterine cervical cancer (8). Reports have documented
strong expression of RCAS1 in uterine and ovarian malig-
nancies (9,10), with expression being significantly related to
progression, invasion, and overall survival of uterine cervical
and endometrial cancers (11-15). Akahira et al reported
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significantly higher RCAS1 expression in tumors with serous
histology and in advanced disease in epithelial ovarian cancer
(16). Although RCAS1 is thought to play an important role in
ovarian cancer, the serum RCAS1 level has not yet been
investigated.

To clarify whether RCAS1 is in fact a biomarker of ovarian
cancer, we studied i) serum RCAS1 concentrations in patients
with benign or cancerous ovarian tumors and compared these
values with those for healthy blood donors, ii) the correlation
between serum RCAS1 values and clinicopathologic variables,
iii) the relation between serum RCAS1 values and results of

medical treatment, and iv) the inhibition of in vitro growth of
RCAS1 receptor-expressing cells.

Materials and methods

Patients and serum samples. Serum samples from patients
with benign or cancerous ovarian tumors were collected at
the Department of Obstetrics and Gynecology, Kyushu
University Hospital, between April 2003 and December 2005.
The mean ages of patients with benign tumors and those with
cancerous tumors were 43 years (range of 16-78 years) and
51 years (range of 17-80 years), respectively. Tables I and II
provide clinicopathologic data for these patients. The FIGO
staging system was used to assign stages to the cancerous
tumors. Histologic subtype and grade of resected tumor speci-
mens were evaluated by using slides of the specimens.

The 36 patients with benign tumors underwent salpingo-
oophorectomy. Of the 61 patients with ovarian cancer, 54 were
treated by surgery with platinum-containing chemotherapy.
Four patients had only surgery, and three received only
platinum-based chemotherapy.

Controls consisted of serum samples from 75 healthy
female blood donors whose mean age was 42 years (range of
21-70 years).

Informed consent was obtained from all subjects, and the
study protocol was approved by the ethics committee of
Kyushu University.

Enzyme-linked immunosorbent assay (ELISA). Serum samples
were stored at -20˚C until analysis. We measured serum
concentrations of RCAS1, in triplicate, by means of an ELISA
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Table I. Relation between serum RCAS1 values and histologic
subtype for patients with benign ovarian tumors.
–––––––––––––––––––––––––––––––––––––––––––––––––
Histologic No. of RCAS1 concentration P-value
subtype patients (U/ml, mean ± SEM)
–––––––––––––––––––––––––––––––––––––––––––––––––

0.0266
Dermoid cyst 10 4.57±1.06

Endometriotic 10 5.50±1.38
cyst

Serous 7 7.34±1.90
cystadenoma

Mucinous 6 6.85±2.02
cystadenoma

Fibroma 3 3.11±0.20
–––––––––––––––––––––––––––––––––––––––––––––––––

Table II. Relation between serum RCAS1 values and clinicopathologic variables for patients with ovarian cancer.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Clinicopathologic No. of patients RCAS1 concentration P-value
variable (U/ml, mean ± SEM)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Stage 0.8156

I 24 9.22±1.97
II 7 16.13±6.38
III 17 11.52±3.46
IV 13 13.80±4.87

Histologic subtype 0.0074
Serous adenocarcinoma 32 9.38±2.18
Endometrioid adenocarcinoma 9 16.40±3.45
Clear cell adenocarcinoma 7 6.22±1.12
Mucinous adenocarcinoma 6 21.88±8.44
Germ cell tumor 4 3.89±0.42
Carcinosarcoma 3 22.02±14.65

Gradea 0.9846
G1 30 12.70±2.73
G2 13 9.70±3.31
G3 11 10.93±3.79

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aGrade was determined for patients with epithelial ovarian cancer.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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kit (MBL Co., Nagoya, Japan), according to the manufacturer's
instructions. The RCAS1 ELISA kit had been applied in earlier
investigations of the clinical significance of RCAS1 in uterine
cancer (17). The sensitivity of the RCAS1 assay is 0.008 U/ml.
We obtained serial measurements of serum RCAS1 concen-
trations for 32 patients whose tumor sizes clearly decreased
(n=16) or increased (n=16) after treatment, the sizes being
determined by computed tomography.

Tetrazolium salt (WST-1) assay. We performed this assay to
analyze the biologic function of secreted RCAS1. WST-1 is
cleaved to soluble formazan dye by succinate-tetrazolium
reductase, which is part of the mitochondrial respiratory chain
and is active in viable cells. The amount of formazan dye
depends directly on the number of metabolically active cells;
the greater the enzyme activity, the more formazan dye is
produced. K562 cells express a putative receptor for RCAS1
(7), so inhibition of cell growth by cancer patients' serum can
be measured in K562 cells.

In this assay, 1x104 K562 cells were seeded in a 96-well
plate (Becton-Dickinson, San Diego, CA). Samples of serum
with an RCAS1 level higher than 5 U/ml that were obtained
from 48 patients, and samples of serum from 75 blood donors
were added to wells to a final concentration of 75%. WST-1
was added after 72 h of culture, according to the manufacturer's
instructions (Dojindo, Kumamoto, Japan). Incubation continued
for 3 h, and then absorbency at 450 nm was measured via a
microtiter plate reader (Bio-Rad Laboratories, Hercules, CA).
Each assay was performed in triplicate. The control was
absorbency determined after K562 cell culture with 10% fetal
bovine serum.

Immunodepletion of RCAS1. Immunodepletion of RCAS1
from serum was achieved by the following method. Concen-
trated 22-1-1 hybridoma cell supernatant (9) was used to
prepare anti-RCAS1 antibody by salting out with ammonium
sulfate. A sample of 200 μl of serum was then incubated for
1 h with 20 μl of 22-1-1 supernatant, after which 10 μg of
goat anti-mouse IgM antibody (Pierce, Rockford, IL) was
added, followed by 1 h of incubation, addition of 30 μl of
protein G (Pierce), and another 1 h of incubation. The temp-
erature for each incubation step was 4˚C. Final centrifugation
of the serum sample was at 15,000 rpm for 10 min; protein G
was removed. After this immunodepletion process, the serum
was used for the WST-1 assay.

We also used the same immunodepletion process in a
preliminary study with concentrated SiSo cell culture super-
natant. We added 5-30 μl of 22-1-1 supernatant to 200 μl of
SiSo cell culture supernatant that contained RCAS1 at a
concentration of 120 U/ml. We obtained efficient removal of
RCAS1 from 200 μl of SiSo cell culture supernatant via
immunoprecipitation with 20 μl of the 22-1-1 supernatant
(Fig. 1).

Statistical analysis. For each clinicopathologic variable, we
performed the Fisher exact test to determine significant
factors that affected serum RCAS1 values as univariate
variables. We assessed the statistical significance of dif-
ferences in RCAS1 concentration by using the Mann-Whitney
test for two groups or the Kruskall-Wallis test for three or

more groups. We evaluated the relationship between serum
RCAS1 values and the progress of disease via Wilcoxon's
test. P-values of <0.05 were taken as statistically significant.

Results

Serum RCAS1 concentrations. ELISA produced a mean
(±SEM) serum RCAS1 concentration in healthy blood
donors of 4.37±0.25 U/ml (Fig. 2) (all values are given as
means ± SEM unless otherwise noted). Patients with benign
ovarian tumors had RCAS1 values of 5.66±0.70 U/ml, and
patients with cancerous ovarian tumors had RCAS1 values of
11.63±1.74 U/ml. The RCAS1 value was significantly higher
for the cancer patients than for the healthy blood donors or the
benign tumor patients (P<0.0001 and P=0.0234, respectively).
The stage I ovarian cancer patients had a significantly higher
RCAS1 level than healthy blood donors or benign tumor
patients (P=0.0028 and 0.0386, respectively). Serum RCAS1
values according to histologic subtype were significantly
different for benign tumor patients (P=0.0266) (Table I). For
ovarian cancer, values of secreted RCAS1 differed significantly
according to histologic subtype (P=0.0074) (Table II). Patients
with the mucinous histologic subtype of both benign and
malignant tumors had high serum RCAS1 levels. Moreover,
RCAS1 level was significantly higher in cancer patients than
in benign tumor patients with mucinous or endometrioid histo-
logic subtype (P=0.0250 and 0.0092, respectively). However,
there was no significant difference in RCAS1 value between
cancer and benign tumor patients concerning serous and
germ cell tumor subtype (P=0.5339 and 0.2294, respectively).
The RCAS1 values also showed no significant correlation
with clinical stage and grade in patients with ovarian cancer.
The cancer patients had significantly higher serum RCAS1
concentrations than did healthy blood donors, although the
mean age of the healthy women was lower than that of the
cancer patients. However, we here revealed no significant
correlation between serum RCAS1 level and age in healthy
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Figure 1. Immunodepletion of RCAS1 in concentrated SiSo cell culture
supernatant was achieved by adding 22-1-1 supernatant (5-30 μl) to 200 μl
of the cell culture supernatant. The RCAS1 concentration in the supernatant
was 120 U/ml. Adding 20 μl of anti-RCAS1 antibody effectively removed
RCAS1 by causing immunoprecipitation. The dotted line indicates the mean
RCAS1 value in serum from the healthy blood donors.
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blood donors, benign tumor patients, and cancer patients
(P=0.8829, 0.3322 and 0.6027, respectively).

Serial measurements of serum RCAS1 levels determined
before and after treatment for 32 patients showed that the
RCAS1 level was markedly reduced in patients with a positive
response to treatment but increased in patients whose tumors
clearly grew (P=0.0004 and 0.0006, respectively) (Fig. 3).

Relation of RCAS1 secretion in peripheral blood to inhibition
of growth of K562 cells. In the WST-1 assay, samples of cancer
patients' serum in which the RCAS1 level was higher than
5 U/ml, and serum samples from healthy blood donors were
analyzed. Cancer patients, healthy blood donors, and benign
tumor patients had serum absorbency (OD) values (mean ± SD)
at 450 nm of 1.07±0.04, 1.41±0.04 and 1.40±0.06, respectively
(Fig. 4). K562 cell growth was significantly inhibited by the
cancer patients' serum compared with serum of healthy blood
donors or benign tumor patients (P=0.0003).

Fig. 1 indicates that 120 U/ml RCAS1 was efficiently
removed by adding 20 μl of the 22-1-1 supernatant. No RCAS1
concentrations in any serum sample was higher than 100 U/ml,
so we could assume that RCAS1 in all serum samples was
completely removed by adding 20 μl of 22-1-1 supernatant.
After immunoprecipitation with anti-RCAS1 antibody to
remove RCAS1, the absorbency value of serum from cancer
patients significantly increased to 1.31±0.03 (P=0.0074)
(Fig. 4). Serum from both blood donors and benign tumor
patients, however, had an effect on K562 cell growth similar
to that of controls (absorbency of 1.41±0.05).

Discussion

The relationship between clinical stage and survival in ovarian
cancer has long provided a rationale for efforts to improve
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Figure 2. Serum RCAS1 values in patients with benign or cancerous ovarian tumors. The concentrations (means ± SEM) of secreted RCAS1 were 4.37±0.25,
5.66±0.70 and 11.63±1.74 U/ml for healthy blood donors, benign tumor patients and cancer patients, respectively. The RCAS1 value was significantly higher
for the cancer patients than for healthy blood donors or benign tumor patients (P<0.0001 and P=0.0234, respectively). For each group, the horizontal line
indicates the mean RCAS1 value.

Figure 3. Serial serum RCAS1 measurements were obtained for 32 patients
whose tumor sizes obviously decreased (A) (n=16) or increased (B) (n=16).
These values correlated significantly with the change in tumor size from
before to after treatment (P=0.0004 and 0.0006, respectively). The mean
serum RCAS1 values in healthy blood donors are shown by horizontal
dotted lines.

Figure 4. Inhibition of K562 cell growth by patients' serum. In the WST-1
test, cancer patients' serum in which the RCAS1 concentration was higher
than 5 U/ ml, and serum from healthy blood donors were analyzed. Cancer
patients' serum significantly inhibited the growth of K562 cells compared
with the other groups (P=0.0003). After immunoprecipitation with anti-
RCAS1 antibody to remove RCAS1, the absorbency value of the cancer
patients' serum significantly increased to 1.31±0.03 (P=0.0074).
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outcome in patients by detection of early-stage disease. The
last two decades have seen a major effort to evaluate the
value of the tumor marker CA125 and ultrasound scanning to
screen for ovarian cancer (4). Data from large prospective
studies of ovarian cancer screening in the general population
suggest that sequential multimodal screening has superior
specificity and positive predictive value compared with ultra-
sound alone (18,19). However, CA125 reportedly lacks
specificity and provides an accurate assessment in only
approximately 50% of ovarian cancer patients (20). Most
patients with a normal CA125 value and no clinical evidence
of disease at the completion of primary chemotherapy still have
microscopic residual cancer (21). Therefore, another clinically
useful biomarker would greatly enhance the ability to make
management decisions during surveillance and treatment.

The development of new technologies continues to
provide powerful methods for screening for ovarian cancer
(4,5). Chatterjee et al used a combination of high-throughput
selection and protein array-based serologic detection of many
antigens indicating the presence of cancer (6). One result was
identification of RCAS1 as a useful diagnostic biomarker for
early detection of ovarian cancer. RCAS1 was highly expressed
in 22 of 30 stage I tumors, 26 of 29 late-stage tumors, but only
1 of 20 normal ovaries. We previously reported that RCAS1
was highly expressed in ovarian cancers but was not detected,
by immunohistochemistry, in normal ovaries (9,10,22). Akahira
et al investigated RCAS1 expression in epithelial ovarian
cancer and found significantly higher expression for cancers
with serous histology and for advanced disease (16).

Our assessment here of serum RCAS1 concentrations in
ovarian cancer found significantly higher levels in cancer
patients than in healthy blood donors or patients with benign
tumors. Though RCAS1 values showed no significant correl-
ation with clinical stage in patients with ovarian cancer, even
stage I ovarian cancer patients had significantly higher RCAS1
concentration than healthy blood donors or benign tumor
patients. The mean age of these healthy blood donors was
lower than that of the cancer patients, however, there was no
significant correlation between serum RCAS1 level and age
in healthy blood donors, benign tumor patients, and cancer
patients. The RCAS1 level also correlated with histologic
subtype and with the response to treatment. Here, patients with
the mucinous histologic subtype of both benign and malignant
tumors had high RCAS1 concentrations. This result agrees with
published findings of immunohistochemical studies showing
high expression of RCAS1 in mucinous ovarian tumors (9,10).

We previously investigated serum RCAS1 values in patients
with uterine cervical or endometrial cancer (17). We found
that patients with uterine cancer had serum levels of RCAS1
that were significantly different compared with those of healthy
female blood donors. A high concentration of RCAS1 in blood
samples from patients with pancreatic or cholangiocellular
carcinoma had also previously been reported (23-25). Measure-
ments of serum RCAS1 levels were shown to aid diagnostic
accuracy and estimation of tumor progression or therapeutic
effect.

Mechanisms regulating RCAS1 production have not yet
been clarified but may relate to proteolytic processing and
certain characteristics of cancer. RCAS1 undergoes proteo-
lytic cleavage by 12-O-tetradecanoylphorbol 13-acetate as

FasL and TNF-· are processed (11). Cancer cells often
manufacture and secrete such molecules. The extracellular
domain of various membrane proteins can be cleaved proteo-
lytically, which causes the proteins to be released (26,27).
This proteolytic processing, or ectodomain shedding, can be
demonstrated for growth factors, growth factor receptors,
cell-adhesion molecules, extracellular matrix proteins, and
other membrane proteins such as RCAS1. Ectodomain
shedding of these proteins affects their biologic activities and
is therefore an important regulatory process for the functioning
of membrane proteins involved in cell-cell communication in
development, cell differentiation, and tissue maintenance
(28). Studies of shed tumor-derived FasL, as one example of
such molecules, reported paracrine pro-apoptotic effects of
FasL in the pancreatic tumor microenvironment. In addition,
soluble FasL has systemic effects in cancer patients, because
high levels are released into the bloodstream (29).

Although mechanisms of the regulation of RCAS1 expr-
ession and secretion remain unclear, one explanation may
involve the aggressive characteristics of cancer. Induction of
ectodomain shedding occurs after addition of peptide growth
factors and activation of mitogen-activated protein kinase
(30). Also, activated mitogenic signaling pathways may be
associated with the aggressive behavior of ovarian cancer
(31,32). In cancer cells with aggressive potential, excess
RCAS1 may therefore have a role in accelerated turnover of
RCAS1 by means of ectodomain shedding. A few reports have
found RCAS1 expression in normal uterine endometrium and
gastric mucosa (22,33), but the mechanisms of the control
and function of RCAS1 expression in these tissues are still
unclear. However, we showed here that the serum RCAS1
concentration was significantly higher in cancer patients than
in healthy women, so the mechanisms of RCAS1 expression
and shedding may differ in cancerous and normal tissues.

In this study, it was shown that cancer patients' serum
induced K562 cell growth inhibition, with partial recovery
after immunodepletion of RCAS1. So far RCAS1 has been
reported to induce apoptosis in its putative receptor expressing
cells including peripheral lymphocytes in vitro and in vivo
(7,8). Moreover, RCAS1 expression is associated with poor
clinical outcome in gynecologic malignancies (11,14,15).
Collectively, this evidence suggests that RCAS1 may contribute
to tumor progression in ovarian cancer patients. Actually, the
absence of intratumoral T lymphocytes was reportedly assoc-
iated with significantly worse survival in ovarian cancer (34).

Our current findings are the first to indicate that the serum
RCAS1 concentration may predict the treatment results of
ovarian cancer patients. We also correlated the serum RCAS1
concentration with inhibition of growth of receptor-expressing
K562 cells. By clarifying the molecular mechanisms related
to RCAS1 functioning in future studies, we may not only
improve the possibility of early detection of ovarian cancer
but also develop new treatments by targeting RCAS1.
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