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Abstract. We have previously demonstrated the inverse
correlation of Jabl and p27 proteins, as well as prognostic
significance in epithelial ovarian carcinomas. In order to
investigate Skp2 protein and its correlation with Jabl, p27,
and clinical outcome, we evaluated Skp2 expression in a
group of epithelial ovarian tumors. Immunohistochemical
analysis was performed on 80 cases of ovarian tumors (33
benign and 47 malignant), and 26 of the 80 cases were
evaluated by Western blot analysis. Imnmunofluorescence was
carried out in the human ovarian adenocarcinoma cell line
OVCAR-3. Skp2 expression was detected in 53.2% of
malignant tumors and 18.2% of benign tumors. The positive
ratio of Skp2 expression was increased from benign to
malignant ovarian tumors (p=0.002). A negative correlation
between Skp2 and p27 was found in benign and malignant
ovarian tumors (p=0.006 and p<0.0001, respectively).
Skp2 expression was significantly associated with high
tumor grade (p=0.001), lymph node metastasis (p=0.01),
and residual disease (p=0.012). Kaplan-Meier survival analysis
showed that Skp2 expression was significantly associated
with poor prognosis (p=0.013), and patients with Skp2(+)/
Jab1(+)p27(-) expression had the worst prognosis among all
phenotypes of Skp2/Jab1/p27 expression (p=0.0007). Our
results suggest that Skp2 expression was significantly
associated with malignancy, and the Skp2 protein level
may be a valuable prognostic factor for epithelial ovarian
carcinomas. Furthermore, the combined evaluation of
Skp2/Jab1/p27 proteins provides important prognostic
information on patients with epithelial ovarian carcinoma.

Introduction
Skp2, S-phase kinase-associated protein 2, is a member

of the specific substrate-recognition subunit of the SCF
(Skp1/Cullin/F-box) complexes from the F-box family (1).
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SCF complexes comprise a large family of ubiquitin ligases
that contain the constant subunits, Skp1, Cullin-1 and ROC1,
and a variable subunit called F-box protein (2). Each F-box
protein binds a specific subset of protein substrates, and
thus promotes their ligation to ubiquitin and subsequent
degradation (2-4). Skp2 was originally identified as a protein
that interacts with the cyclin A-cdk2 complex (1), which is
necessary for DNA replication. It has been reported that
Skp2 is required for the ubiquitination and subsequent
proteasomal degradation of p27 protein (5-7). In cultured
cells, Skp2 protein levels are cell-cycle regulated, and show
an inverse pattern to that of the p27 protein (8,9). Skp2 has
also been implicated in the ubiquitination of other cell-cycle
regulatory proteins, including cyclin E and the transcription
factor E2F-1 (10,11). Thus, deregulation of Skp2 may
contribute to neoplastic transformation through accelerated
p27 proteolysis. Studies have indicated a possible relationship
between Skp2 and its oncogenic potential. Our group has
previously reported that the overexpression of Skp2 was
significantly correlated with poor prognosis in laryngeal
squamous cell carcinomas (12). Furthermore, the relationship
between a high Skp2 expression level and unfavorable
clinical outcome was also demonstrated in other malignant
tumors (13-21).

The p27 level was inversely related to the Skp2 level in
various human cancers (16-22). p27, a negative regulator of
the cell cycle, is a new class of tumor suppressor (23).
Reduced expression of p27 is frequently detected in human
cancers (24-30), as in our previous studies (31,32), and is
shown to correlate with carcinogenesis and poor survival.
Because p27 inhibits cyclin-CDKs in a dose-dependent manner
to control cell cycle progression (33,34), it is conceivable
that decreased expression of p27 may result in abnormal
cell proliferation in these tumors. p27 is regulated post-
transcriptionally through the ubiquitin-mediated proteasome
degradation pathway (35). Therefore, it is important to
investigate the expression and prognostic implication of the
proteins associated with the p27 degradation pathway. Jabl
(Jun activation domain-binding protein 1), another regulator
of the p27 ubiquitin degradation pathway, was originally
described as a transcriptional coactivator of AP1 proteins
(especially c-Jun and Jun D), its coexpression with p27
accelerated the degradation of p27 by translocating p27
from the nucleus to the cytosol where degradation could
occur (36). We have previously demonstrated the expression
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Table I. Expression of Skp2, Jabl and p27 in benign and malignant ovarian tumors.

Skp2 Jabl? p27:
Total + - % + - % + - %
Benign 33 6 27 18.2 11 32 333 25 8 75.8
Malignant 47 25 22 532 32 15 68.1 17 30 362

4Jab1 and p27 data are from ref. 37.

of Jabl and its correlation with p27 in epithelial ovarian
carcinoma (37), and indicated the inverse correlation of
Jabl and p27, as well as prognostic significance in human
tumor.

Although we have demonstrated the importance of Jabl
in ovarian tumors, Skp2 and Jabl, two key regulators involved
in the post-translational p27 degradation pathway, have not
been assessed synchronously in ovarian tumors to the best of
our knowledge. The aim of the present study is to investigate
the expression and clinical relevance of Skp2, alone and
combined with Jabl and p27 expression in the same group of
epithelial ovarian tumors.

Materials and methods

Cell culture. The human ovarian adenocarcinoma cell line
OVCAR-3 (ATCC, Manassas, VA, USA) was maintained at
37°C in a humidified atmosphere of 5% CO, in RPMI-1640
medium (Sigma-Aldrich, St. Louis, MO, USA), supplemented
with 10% heat-inactivated fetal calf serum, 10 yg/ml insulin,
and antibiotics (100 IU/ml penicillin and 100 pxg/ml
streptomycin) as recommended by the supplier.

Immunofluorescence histochemistry in OVCAR-3 cell line.
In brief, the OVCAR-3 cells were spread on a CC2-treated
8-well glass slide (Lab-Tek II Chamber Slide System; Nalge
Nunc International, USA), rinsed with PBS, fixed with 4%
formaldehyde in PBS for 30 min, washed twice in PBS, then
permeabilized with 0.5% Triton X-100 in PBS for 5 min.
After washing in PBS, the cells were incubated with 5%
normal goat serum (Cappel/ICN Biomedicals, Irvine, CA) for
20 min at room temperature. Anti-Skp2 polyclonal antibody
(1:100 in PBS; Santa Cruz Biotechnology, Santa Cruz, CA,
USA), anti-p27 monoclonal antibody (1:100 in PBS;
NeoMarkers, Fremont, CA, USA) were used as primary
antibodies. The samples were incubated with primary
antibodies for 1 h at room temperature. For each case, a
corresponding section was incubated with PBS as a negative
control. After 3 washes in PBS, the sections were incubated
with a mixture of Alexa Fluor 594-conjugated anti-rabbit
goat immunoglobulin G (1:500; Molecular Probes, Inc.,
Eugene, OR, USA) and FITC-conjugated anti-mouse goat
IgG1 (1:500; Santa Cruz Biotechnology) in 1% bovine serum
albumin-PBS for 1 h at room temperature. The 4,6-diamino-
2-phenylindole (DAPI; Molecular Probes) was used as a
nuclear marker, then examined with a fluorescence
microscope (Nikon, Tokyo, Japan). Microscopic data were
analyzed by the Meta Imaging Series 4.6 System (Universal
Imaging Co., West Chester, PA, USA).

Tumor specimens. Formalin-fixed, paraffin-embedded blocks
of ovarian tumor tissues from 54 patients (32 malignant and
22 benign ovarian tumors) were obtained from the Department
of Perinatology and Gynecology of Faculty of Medicine,
Kagawa University during 1985-1996. A total of 26 fresh
ovarian tumor samples (15 malignant and 11 benign ovarian
tumors) were obtained from the Department of Perinatology
and Gynecology of Faculty of Medicine, Kagawa University
and Department of Obstetrics and Gynecology of Takamatsu
Red Cross Hospital during 1997-1998. After surgical
resection, each fresh tumor specimen was immediately
washed and cut out around necrotic tissue, then divided into
two portions: one portion was instantly frozen for protein
extraction; the other portion was formalin-fixed and paraffin-
embedded for routine and immunohistochemical investigation.
Specimens consisted of 33 benign cystadenomas and 47
ovarian adenocarcinomas. The median age of the 47 ovarian
carcinoma patients was 49 years (range, 16-77years). There
were 16 patients in stage I, 3 in stage II, 16 in stage III, and
12 in stage IV, according to the International Federation of
Gynecology and Obstetrics (FIGO) classification. Histological
classification of tumors was carried out according to the
WHO system, with 21 well-differentiated (G1), 13 moderately
differentiated (G2) and 13 poorly differentiated (G3, including
2 undifferentiated) cases. Among the 47 patients with ovarian
carcinomas, none received preoperative chemotherapy or
radiotherapy. All received postoperative, platinum-based
chemotherapy, but no radiotherapy. Follow-up data were
available for all patients.

Immunohistochemistry. Paraffin sections (4 ym thickness)
were deparaffinized and rehydrated. Endogenous peroxidase
activity was blocked using 0.3% hydrogen peroxide (30 min).
To reduce non-specific binding, the sections were incubated
with 10% goat serum for 60 min at room temperature. The
antigen retrieval procedure was performed by microwave
oven heating (3 times, for 5 min in 10 mM citric acid at
pH 6.0). The sections were incubated overnight at 4°C
with rabbit anti-Skp2 polyclonal antibody (1:50; Santa Cruz
Biotechnology). For each case, a corresponding section was
incubated with non-immunized rabbit serum as a negative
control. Immunostaining was performed by the ABC method
(avidin-biotin peroxidase complex) using a Vectastain ABC
kit (Vector Laboratories, Burlingame, CA, USA). The
peroxidase activity was detected using DAB (3,3-diamino-
benzidine) as the chromogen and Mayer's hematoxylin as the
counterstain. All of the samples (formalin-fixed and fresh)
were handled using the same method, and the antibodies
were used for both.
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Figure 1. Immunohistochemical staining of Skp2 in ovarian tumors.
(a) Negative nuclear staining was shown in benign ovarian tumor cells.
(b) Positive nuclear staining was shown in a lot of well-differentiated ovarian
carcinoma cells. (c) Positive nuclear staining was shown in a large part of
moderately differentiated ovarian carcinoma cells. (d) Positive nuclear
staining was shown in all poorly differentiated ovarian carcinoma cells.
Scale bars, 30 gm.

The immunoreactive cells were independently evaluated
by two of our members (L.S. and Y.D.), who were unaware
of the clinicopathological factors and the clinical outcome of
patients. At least 20 high-power fields were chosen randomly,
and 2,000 cells were counted for each case. Only cells with
brown-colored nuclear staining were considered positive.
A large part of benign ovarian tumors showed nuclear staining
in <10% of the tumor cells. Hence, we defined positive
expression of Skp2 when >10% of the tumor cells were stained
in each section.

Western blot analysis. Approximately 0.5 g of tissue from
each fresh tumor sample was homogenized and lysed in
2.5 ml of lysis buffer [1% NP-40, 150 mM NacCl, 50 mM
NaF, 20 mM Tris-HCI (pH 7.5), 5 mM EDTA, 1 mM Na,VO,,
10 uM Na,MnO,, 1 mM PMSF, 10 pg/ml leupeptin, and 1%
aprotinin]. The lysates were centrifuged at 100,000 rpm for
1 h at 4°C, and the supernatant was stored at -80°C until
further analysis. The extract equivalent to 200 ug of the
total protein was separated by 12% SDS-polyacrylamide gel,
then transferred to polyvinylidene fluoride membranes
(Immobilon-P; Millipore, Bedford, MA, USA). The membranes
were blocked in TBS containing 5% nonfat dried milk, 10%
donkey serum and 0.1% Tween-20, then probed by polyclonal
antibody against Skp2 (1:200) and B-actin (1:500; Sigma)
in PBS containing 5% bovine serum. After several washes
with TBS, membranes were probed with a horseradish
peroxidase-conjugated anti-rabbit or anti-mouse IgG (Dako,
Kyoto, Japan), and proteins were detected by an enhanced
chemiluminescence (ECL) system (Amersham, Tokyo, Japan).

Statistical analysis. The correlation between Skp2 and
clinicopathological parameters was assessed using Pearson's
%2 test. Spearman's rank correlation was used to determine
whether there was a correlation between Skp2 and p27 or
Skp2 and Jabl expression (p27 and Jabl data are from ref.
37). The overall survival effect of Skp2 expression, alone and
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Figure 2. Double immunofluorescence staining of Skp2 and p27 in
OVCAR-3 cells. (a) Nuclear staining of Skp2. (b) Nuclear staining of p27.
(c) Colocalization of Skp2 with p27 by merging (yellow). (d) All nuclei
were stained with DAPI. Scale bars, 10 ym.

in combination with p27 and Jabl, was calculated using the
Kaplan-Meier method, and comparison between groups was
performed with the log-rank test. The Cox proportional
hazards regression model was used to estimate the relative
risk ratio (RR) of death in the 95% confidence interval (CI)
and identify the variables associated with overall survival.
Statistical significance was set at p<0.05. Statistical analyses
were run using the JMP software version 3.2.5 (SAS Institute
Inc., Cary, NC).

Results

Expression of Skp2 and its correlation with Jabl and p27.
Immunohistochemical analysis revealed that Skp2 expression
was observed in the nuclei of tumor cells, and the positive
ratio of Skp2 expression was enhanced from benign to
malignant tumors. Examples of negative expression in
benign tumors and positive expression in malignant tumors
are shown in Fig. la-d. The expression level of Skp2 was
gradually increased, accompanying poor cell differentiation
in ovarian carcinoma (Fig. 1b-d). The positive ratio of Skp2
expression was 18.2% in benign and 53.2% in malignant
ovarian tumors, showing a statistical significance (Table I,
p=0.002). The expression of Jabl and p27 in our previous
study was found in 33.3% and 75.8% of benign tumors, and
68.1% and 36.2% of ovarian carcinomas, respectively (Table I).
The correlation between Skp2 and p27 or Skp2 and Jabl
expression was investigated by Spearman's rank correlation.
A negative correlation between Skp2 and p27 was identified
both in benign (correlation coefficient, -0.47; p=0.006) and
malignant tumors (correlation coefficient, -0.71; p<0.0001).
In addition, positive correlation between Skp2 and Jabl was
not demonstrated in benign (correlation coefficient, 0.33;
p=0.058) or malignant tumors (correlation coefficient, 0.27;
p=0.064).

Double immunofluorescence staining has been performed
in OVCAR-3 cells using anti-Skp2 and anti-p27 antibodies.
The result showed that Skp2 protein is localized in the nuclei



. 45kDa

_ 43kDa

A 9203 4 86 T 879010

Figure 3. Western blot analysis of Skp2 in benign and malignant ovarian
tumors. Malignant tumors (lanes 1-5) show high levels of expression of
Skp2, and benign tumors (lanes 6-10) show low levels or no expression of
Skp2. The amount of B-actin as a control was demonstrated at a constant
level among the samples.

Table II. Correlation between Skp2 expression and clinico-
pathological parameters.

Skp2

Parameters Total expression (%)  p-value
Age

<60 37 20 (54.1)

>60 10 5(50.0) 0.819
Stage

I-11 19 8(42.1)

II-1v 28 17 (60.7) 0.209
Grade

Gl 21 5(23.8)

G2 13 9 (69.2)

G3 13 11 (84.6) 0.001
Histology

Serous 20 9 (45.0)

Mucinous 14 6(42.9)

Endometrioid 6 5(83.3)

Clear cell 5 3(60.0)

Undifferentiated 2 2 (100.0) 0.269
Lymph node

Negative 19 6 (31.6)

Positive 24 17 (70.8) 0.010
Ascites

Negative 15 5(33.3)

Positive 32 20 (62.5) 0.062
Residual disease

<2cm 25 9 (36.0)

>2 cm 22 16 (72.7) 0.012

of OVCAR-3 cells. The cells with Skp2 expression are usually
negative for p27 expression, while those with p27 expression
are usually negative for Skp2 expression (Fig. 2a-d).

To confirm the specificity of the immunohistochemical
results, Western blot analysis was carried out in 11 benign
and 15 malignant ovarian tumors, in which freshly frozen
materials were available. An example of Western blot
analysis is shown in Fig. 3. Immunoreactive bands of Skp2 at
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Figure 4. Kaplan-Meier survival curves of patients with ovarian carcinoma.
(a) Overall survival according to Skp2 expression (p=0.013). (b) Overall
survival according to Skp2/p27 phenotypes (p=0.009). (c) Overall survival
according to Skp2/Jab1/p27 phenotypes (p=0.0007).

45 kDa were seen in all 5 cases of ovarian carcinomas (lanes
1-5), while low or no Skp2 expression was observed in 5
cases of benign tumors (lanes 6-10).

Correlation between Skp2 expression and clinicopathological
parameters. In addition, the correlation between Skp2
expression and clinicopathological parameters such as tumor
grades, clinical stages, histology and lymph node status is
summarized in Table II. Increased Skp2 expression was
significantly associated with high tumor grade (p=0.001),
lymph node metastasis (p=0.01), and residual disease
(p=0.012).
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Survival analysis. The median follow-up time for all patients
was 24 months (range, 2-156 months). At the end of the
follow-up, 32 patients survived with a median follow-up time
of 27.5 months (range, 4-156 months), and 15 had died of
ovarian cancer after a median follow-up time of 17 months
(range, 2-46 months). The Kaplan-Meier survival analysis
showed that Skp2 expression has a significant adverse effect
on overall survival (p=0.013; Fig. 4a). In our previous study,
increased Jabl expression or decreased p27 expression
was significantly associated with worse overall survival
(p=0.019 or p=0.049; data from ref. 37), and patients with
Jab1(+)/p27(-) expression had a significantly worse overall
survival than others with single protein expression (p=0.008).
In the present study, we also analyzed the combined
phenotypes of Skp2 and p27 proteins, and patients with
Skp2(+)/p27(-) expression had the worst overall survival
among all phenotypes of Skp2/p27 expression (p=0.009;
Fig. 4b). When the combined phenotypes of three proteins
were analyzed, patients with the Skp2(+)/Jab1(+)/p27(-)
expression had the worst prognosis in all phenotypes of
Skp2/Jab1/p27 expression (p=0.0007; Fig. 4c).

The Cox proportional hazard regression analysis showed
that combined phenotypes of Skp2(+)/p27(-) (p=0.01; RR,
2.01; CI, 1.17-3.83), Jab1(+)/p27(-) (p=0.009; RR, 2.04; CI,
1.19-3.89), and Skp2(+)/Jabl(+)/p27(-) (p=0.001; RR, 2.41;
CI, 1.40-4.59) were significantly associated with the overall
survival of patients, and the risk ratio of the Skp2(+)/Jabl(+)/
p27(-) phenotype was the highest.

Discussion

Skp2, a specific ubiquitin subunit that targets p27 for
degradation (5-7), has shown an inverse relationship with
p27 in many malignant tumors (13-22). Jabl coexpression
with p27 accelerated the degradation of p27 by translocating
p27 from the nucleus to the cytosol where degradation could
occur (36). These findings suggested that Skp2 and Jabl are
two pivotal regulators for p27 degradation. In our series, we
have reported the expression of Jabl and p27 as well as
their clinical significance in the same samples of benign
and malignant epithelial ovarian tumors (37). The result
showed that Jabl expression is inversely correlated with p27
expression levels, suggesting that Jabl as a negative regulator
of p27 was associated with the development, progression,
and prognosis of epithelial ovarian tumors.

In the present study, Skp2 expression was immunohisto-
chemically examined in ovarian tumors, and immuno-
fluorescence was performed on the OVCAR-3 cell line. We
observed that Skp2 expression was mainly located in the
nuclei of tumor cells, and usually showed an inverse
topographical distribution with p27. Skp2 overexpression
occurred in 53.2% of ovarian carcinomas, and 18.2% of
benign tumors. The positive ratio of Skp2 expression was
increased with the malignancy of ovarian tumors, showing
important statistical significance. Western blot analysis also
confirmed the different Skp2 expression levels in the samples
of benign and malignant ovarian tumors. Inhibition of the
conversion from a benign to malignant tumor might be a
useful strategy in the treatment of ovarian carcinoma. Our
study suggested that increased Skp2 levels might contribute
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to the malignant phenotype of ovarian tumors. Also, a
negative correlation between Skp2 and p27 expression was
found in benign and malignant ovarian tumors. A positive
correlation between Skp2 and Jabl was not observed in
benign or malignant ovarian tumors. It has been reported that
the expression of Skp?2 is up-regulated in various types of
cancer, and the Skp2 gene is considered an oncogene (15,16).

The malignant conversion of a tumor is a complex process,
which is regulated in part by increased expression of Skp2
and decreased expression of p27. Overexpression of Skp2
may represent an important mechanism of malignant trans-
formation of ovarian epithelial cells by enhancing p27
degradation. The inverse correlation between Jabl and p27
has been demonstrated by our previous studies (37,38) and
others (39-42). To date, no study has been performed for
Skp2, Jabl and p27 expression using the same group of ovarian
tumor specimens, and the present study is the first to provide
a valuable comparison of these three important proteins. In
Skp2 and Jabl, two negative regulators of p27, a positive
correlation was not observed in our present study, which is
consistent with the study by Fukayama et al on lung
adenocarcinoma (39). This may be explained by Skp2 and
Jabl regulating p27 degradation through different pathways.
A report by Kamura et al indicated that the degradation of p27
is regulated by two distinct mechanisms: translocation-coupled
cytoplasmic ubiquitination by KPC (Kipl ubiquitination-
promoting complex) at G1 phase and nuclear ubiquitination
by Skp2 at S and G2 phases (43), and the nuclear export of
p27 by CRMI (a carrier protein for nuclear export) (44.45)
appears to be necessary for KPC-mediated proteolysis (43).
Furthermore, the CRM 1-induced nuclear export of p27 needs
Jabl as an adaptor (46). Taken together, we can conclude
that Jabl may degrade p27 by CRM1 and KPC at G1 phase,
while Skp2 may degrade p27 at S and G2 phases.

In addition, we evaluated the correlation between Skp2
and clinicopathological parameters, as well as the prognosis
of patients. We found that Skp2 expression was significantly
associated with high tumor grade, lymph node metastasis,
and residual disease. It has been reported that Skp2 expression
significantly correlates with the grade of malignancy in
lymphomas (14,22), prostate cancer (20), and lymph node
metastasis in laryngeal (12) and oral squamous cell carcinomas
(40). Shigemasa et al reported that Skp2 expression correlated
with advanced clinical stage and serous adenocarcinoma in
ovarian tumors (47). The discrepancy with our data may
be explained by different interpretation criteria (stage I vs.
stage II/III/ IV; grade 1 vs. grade 2/3; cut-off value of 5%),
as well as patient selection.

Results of the survival analysis showed that Skp2
expression was significantly associated with poor prognosis.
We have performed the survival analysis of p27 and Jabl
expression in epithelia ovarian tumors (37), and found that
patients with Jabl(+)p27(-) expression had a significantly
decreased overall survival than other phenotypes of Jab1/p27
expression (p=0.008). When Skp2 was analyzed using
combined phenotypes with p27, we found that patients with
Skp2(+)/p27(-) expression had the worst overall survival
among all phenotypes of Skp2/p27 expression. In order to
verify whether combined analysis of these proteins can
provide a more important significance in the prognostic



770

evaluation of ovarian carcinoma patients, the combined
phenotype of Skp2, Jabl, and p27 expression were examined.
More interestingly, these three proteins together revealed the
greatest prognostic potential compared to other phenotypes.
Patients with Skp2(+)/Jab1(+)/p27(-) expression had the
worst overall survival among all phenotypes of Skp2/Jab1/p27
expression. Our findings suggest that the combined evaluation
of Skp2/Jabl/p27 proteins might obtain the most reliable
indication of prognosis. Also, such information could provide
better planning of appropriate treatment strategies for
individual patient subgroups.

In conclusion, Skp2 expression was increased in
malignant ovarian tumors, and inversely correlated with p27
expression. Skp2 and Jabl, as two negative regulators of p27
degradation pathways, may play an important role in the
malignancy transformation of ovarian tumors by enhancing
p27 degradation. Furthermore, the combined evaluation of
Skp2/Jab1/p27 proteins provides important prognostic
information on epithelial ovarian carcinomas.
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