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pression were detected in all ovarian adenocarcinomas examined by semiquantitative PCR.
Conclusions: Skp2 expression might play an important
role in the development and progression of ovarian adenocarcinomas, and Skp2 overexpression is an independent
prognostic marker of ovarian adenocarcinoma patients.

INTRODUCTION
ABSTRACT
Purpose: The purpose of this study was to examine
Skp2 expression in epithelial ovarian tumors and to identify
the association of Skp2 expression levels with patient survival.
Experimental Design: Skp2 protein expression was examined by immunohistochemistry in 134 epithelial ovarian
tumors [20 adenomas, 23 low malignant potential (LMP)
tumors, and 91 adenocarcinomas]. Results of immunostaining were correlated with clinicopathological variables
and overall survival. Skp2 mRNA expression was examined
by semiquantitative PCR in 32 ovarian adenocarcinomas
and in 3 ovarian cancer cell lines.
Results: Skp2 expression was detected in neither ovarian adenomas nor LMP tumors. In contrast, Skp2 expression was detected in 47.3% (43 of 91) of adenocarcinomas.
Positive Skp2 expression was detected significantly more
often in adenocarcinomas than in LMP tumors (P < 0.0001)
or in adenomas (P < 0.0001). A significantly higher detection rate of Skp2 expression was observed in advanced-stage
diseases compared with early-stage diseases (P ⴝ 0.010).
Log-rank testing showed that Skp2 overexpression was significantly correlated with poor patient survival (P ⴝ 0.0035).
Older age (P ⴝ 0.0026), advanced clinical stage (P < 0.0001),
and high histological grades of the tumors (P ⴝ 0.0018) were
also significantly associated with poor prognoses. In multivariate analysis, Skp2 overexpression (P ⴝ 0.0069) and clinical stage (P < 0.0001) remained significantly associated
with overall survival, whereas age and histological grade lost
their significance. Considerable levels of Skp2 mRNA ex-
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In recent years, many of the genes involved in cell cycle
control have been identified and cloned, and the products of
these genes have been described in the literature (1, 2). It is now
evident that the progression of cells through the cell cycle is
regulated by both positive signals (CDKs)3 and negative signals
(CDK inhibitors). Furthermore, tumor cells have typically acquired damage to genes that directly regulate their cell cycle.
Ovarian cancer is the most lethal of the gynecological
malignancies. Although important progress continues to be
made in the understanding and treatment of ovarian cancer, the
5-year survival rate for all ovarian cancer patients has remained
at less than 50% for the past 30 years (3). As is the case with
other common human carcinomas, a series of multiple alterations in cell cycle control-related gene products are believed to
be involved in ovarian cancer pathogenesis. It is therefore important to clarify the cell cycle control mechanisms involved in
the development and progression of ovarian cancer.
Skp1-Cullin-F-box protein (SCF) complexes comprise a
large family of ubiquitin ligases that contain several constant
subunits (Cullin-1, Skp1, and ROC1) and a variable subunit
called an F-box protein (4). Each F-box protein binds a specific
subset of protein substrates and thus promotes their ligation to
ubiquitin and subsequent degradation (4 – 6). Skp2, an F-box
protein necessary for DNA replication, was originally identified
as a protein that interacts with the cyclin A-CDK2 complex (7).
In the normal cell cycle, levels of Skp2 are low in G0-G1 and
increase in S phase (7). It is also reported that expression of
Skp2 is required for entry of cells into S phase and that the level
of Skp2 is greatly increased in many transformed cells (7). In
addition, Skp2-deficient mice grow more slowly and have
smaller organs than littermate controls, suggesting the importance of Skp2 in positively regulating cell proliferation (8).
Recently, it has been reported that p27 is specifically recognized
and targeted for ubiquitination by Skp2 (9 –11). Skp2 is required
for the ubiquitination and subsequent degradation of p27 both in
vivo and in vitro. Skp2 only binds to and allows ubiquitination
of p27 when the latter is phosphorylated on Thr187 by CDK2. In
quiescent cells, levels of p27 are high, but in response to
mitogenic stimuli, levels of cyclin E, cyclin A1, and Skp2
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The abbreviations used are: CDK, cyclin-dependent kinase; LMP, low
malignant potential; TBS, Tris-buffered saline.
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increase, resulting in the Thr187 phosphorylation of p27 and its
subsequent ubiquitin-mediated degradation.
p27, a member of the cip1/kip family of CDK inhibitors,
binds to a wide variety of cyclin-CDK complexes including
CDK2 and CDK4, inhibits kinase activity, and blocks the cell
cycle. p27 regulates the progression from G1 to S phase and
results in G1 arrest (12). Therefore, p27 is thought to be important in maintaining cellular homeostasis and stability. Decreased
expression of the p27 protein is associated with a broad range of
human malignancies, including breast (13–15), ovarian (16 –
18), gastric (19), colorectal (20), prostate (21), and endometrial
(22) cancer, suggesting that it plays an important role in human
cancer pathogenesis. These findings suggest that the enhanced
p27 degradation observed in many aggressive human tumors
might be attributable to increased levels of Skp2. However, the
possibility of abnormal Skp2 expression in ovarian tumor cells
has not been assessed.
The aim of the present study was to determine the potential
role of Skp2 in ovarian cancer development and/or progression.
Skp2 protein expression in epithelial ovarian tumors was investigated immunohistochemically. The results were analyzed in
terms of tumor type, clinical stage, histological grade, and
histological type. The prognostic significance of the Skp2 expression levels in ovarian cancer patients was also analyzed.
Immunohistochemical Skp2 expression status was compared
with p27 expression status in the selected tissue samples. Finally, Skp2 mRNA expression levels were examined by semiquantitative PCR in selected ovarian cancer samples and ovarian
cancer cell lines.

MATERIALS AND METHODS
Tissue Samples and Clinical and Pathological Data.
For immunohistochemical analysis, epithelial ovarian tumor
tissue samples were collected from 134 patients who were
treated surgically between 1988 and 1999. None of the patients
had received any chemotherapy before surgery. The patients
were diagnosed histologically and received follow-up care in the
Department of Obstetrics and Gynecology at Hiroshima University Hospital. Informed consent was obtained from each
subject according to institutional guidelines. The histological
subtype of each ovarian tumor sample was diagnosed according
to accepted criteria (23). The primary pathological diagnosis
was adenocarcinoma for 91 patients (39 serous, 19 mucinous, 18
endometrioid, and 15 clear cell adenocarcinomas), LMP tumor
for 23 patients (8 serous and 15 mucinous LMP tumors), and
adenoma for 20 patients (10 serous and 10 mucinous adenomas).
The ages of the adenocarcinoma patients ranged from 23– 80
years, with an average age of 51.2 years. All adenocarcinoma
patients underwent complete surgical staging to exclude the
presence of occult metastatic disease. Clinical staging was determined in accordance with the criteria of the International
Federation of Gynecology and Obstetrics (FIGO) staging system (24). The initially diagnosed disease was stage I for 34
patients, stage II for 12 patients, stage III for 40 patients, and
stage IV for 5 patients. Most of the patients with stage Ic, stage
II, stage III, or stage IV ovarian cancer had received cisplatincontaining chemotherapy after surgery. The mean follow-up
time was 52.0 months (range, 2.7–159.9 months). Tumor sam-

ples were fixed in 10% neutral-buffered formalin and then
embedded in paraffin.
For semiquantitative PCR analysis, fresh surgical specimens of 32 ovarian adenocarcinomas were collected. Of 32
cases, 17 cases showed positive Skp2 immunostaining on paraffin-embedded samples, and 15 cases showed negative Skp2
immunostaining on paraffin-embedded samples. Informed consent was obtained from each subject according to institutional
guidelines. The specimens were obtained immediately after the
surgical procedure and cut in half. One half of each specimen
was processed for histological examination to determine the
percentage of tumor cells, which was never lower than 80%,
whereas the other half was used for mRNA preparation. Tissues
were frozen in liquid nitrogen and stored at – 80°C before
mRNA isolation. Three ovarian cancer cell lines [OVK18
(TKG0323; Cancer Cell Repository, Research Institute for Tuberculosis and Cancer, Tohoku University), MCAS (JCRB0240;
Japanese Cancer Research Resources Bank), and TYK-nu
(JCRB0234.0; Japanese Cancer Research Resources Bank)]
were included in the semiquantitative PCR analysis.
Immunohistochemical Examination. Formalin-fixed
and paraffin-embedded sections (4-m thick) were cut and
mounted on aminopropyltriethoxysilane-treated slides. Slides
were routinely deparaffinized with xylene and rehydrated with
ethanol washes. Nonenzymatic antigen retrieval was performed
by microwave heat treatment for 3 ⫻ 7 min in a 0.01 M sodium
citrate buffer (pH 6.0). Endogenous peroxidase and nonspecific
background staining were blocked by incubating slides with
methanol containing 0.3% H2O2 for 30 min. Slides were washed
with TBS for 15 min and then incubated with anti-Skp2 rabbit
polyclonal antibody (SC-7164; Santa Cruz Biotechnology,
Santa Cruz, CA) for 1 h at 37°C. The working dilution of the
primary antibody was 1:50. Sections were rinsed with TBS for
15 min and then incubated with ENVISION⫹, rabbit/horseradish peroxidase (DAKO Corp., Carpinteria, CA) for 45 min.
After being washed with TBS for 15 min, the final products
were visualized by using the 3-amino-9-ethylcarbazole substrate
system (DAKO Corp.), and sections were counterstained with
Mayer’s hematoxylin for 20 s before mounting. Both positive
and negative controls were used for each section; a breast
carcinoma was used as a positive control according to the
manufacturer’s instructions (catalogue number 18-0307; Zymed
Laboratories Inc., San Francisco, CA). Normal rabbit serum IgG
(Vector Laboratories, Burlingame, CA) was used in place of the
primary antibody as a negative control. All experiments were
performed in duplicate. The percentage of nuclear-positive tumor cells was scored as follows. When no nuclear-positive
tumor cell stain could be identified, or when focally distributed
nuclear-positive tumor cells reached up to 5%, the staining
was considered negative. When 5–25% of the tumor cells
showed positive nuclear staining, staining was categorized as
partial positive. When more than 25% of the tumor cells showed
positive nuclear staining, staining was considered diffuse positive. All cases were scored independently by two of the authors
(K. S. and L. G.) without knowledge of patient status. A KaplanMeier survival curve of ovarian cancer patients was categorized
according to Skp2 protein expression status. In addition, immunohistochemical expression of p27 was examined in selected
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Table 1 Immunohistochemical expression of Skp2 in epithelial
ovarian tumors

Table 2 Skp2 expression in relation to age, clinical stage,
histological type, and histological grade in ovarian adenocarcinomas

Skp2 expression (%)

Adenoma
LMP tumor
Adenocarcinoma

N

Negative

Partial
positivea

Diffuse
positiveb

20
23
91

20 (100)c
23 (100)d
48 (52.7)c,d

0 (0)
0 (0)
25 (27.5)

0 (0)
0 (0)
18 (19.8)

a

Partial positive, 5–25% positive tumor cell staining.
b
Diffuse positive, more than 25% positive tumor cell staining.
c
Significant; adenoma versus adenocarcinoma: P ⬍ 0.0001 (Fisher’s exact test).
d
Significant; LMP tumor versus adenocarcinoma: P ⬍ 0.0001
(Fisher’s exact test).

ovarian tumor samples to compare the expression status between Skp2 and p27 using previously described methods (18).
Semiquantitative PCR. Extraction of mRNA from ovarian tissue specimens and cDNA synthesis were carried out
according to previously described methods (25–28). mRNA was
isolated using a RiboSep mRNA isolation kit (Becton Dickinson
Labware, Bedford, MA). The amount of mRNA recovered was
measured by UV spectrophotometer. cDNA was synthesized
with 2.0 g of mRNA by random hexamer priming using the
Advantage RT-for-PCR kit (Clontech, Palo Alto, CA). The
efficiency of cDNA synthesis was estimated using glyceraldehyde-3-phosphate dehydrogenase amplimers (Clontech) as a
positive control.
Skp2 mRNA expression levels were examined using a
semiquantitative PCR technique performed according to a previously described method, with some modifications (25–28).
The Skp2 sense primer sequence was 5⬘-CGTGTACAGCACATGGACCT-3⬘, and the antisense primer sequence was 5⬘GGGCAAATTCAGAGAATCCA-3⬘. ␤-Tubulin DNA amplification was used as an internal PCR control. The ␤-tubulin sense
primer was 5⬘-TGCATTGACAACGAGGC-3⬘, and the antisense primer was 5⬘-CTGTCTTGACATTGTTG-3⬘. The predicted sizes of the amplified genes were 199 bp for Skp2 and
454 bp for ␤-tubulin. The PCR reaction mixture consisted of
cDNA derived from 50 ng of mRNA, 5 pmol of sense and
antisense primers, 200 mol of deoxynucleotide triphosphates,
and 0.625 units of Taq DNA polymerase with reaction buffer
(Takara Shuzo Corp., Kyoto, Japan) in a final volume of 25 l.
Thirty cycles of PCR were carried out in a thermal cycler. Each
cycle included 30 s of denaturation at 94°C, 30 s of primer
annealing at 57°C, and 30 s of extension at 72°C. A tube
containing all of the ingredients except the templates was included in all runs as a negative reaction control. The PCR
products were separated on 2.0% agarose gels, and the density
of each PCR product was determined using a PrintgraphDensitograph system (ATTO Corp., Tokyo, Japan). In the present study, we used the expression ratio Skp2:␤-tubulin as measured by densitometry to evaluate gene expression. The results
were expressed as mean ⫾ SD.
Statistical Analysis. For statistical analysis, the 2 test of
significance and Fisher’s exact test were used to analyze the
distribution of Skp2 expression in the cases according to their
clinicopathological characteristics. Statistically significant dif-

Adenocarcinoma
Age (yr)
⬍50
⬎51
Clinical stage
Stage I
Stage II/III/IV
Histological type
Serous
Mucinous
Endometrioid
Clear cell
Histological grade
Grade 1
Grade 2/3

N

Skp2-positive expression (%)a

91

43 (47.3)

41
50

16 (39.0)
27 (54.0)

34
57

10 (29.4)b
33 (57.9)b

39
19
18
15

23 (59.0)c
5 (26.3)c
8 (44.4)
7 (46.7)

56
35

27 (48.2)
16 (45.7)

a
Skp2 expression positive, more than 5% positive tumor cell
staining including partial positive and diffuse positive.
b
Significant; stage I versus stage II/III/IV: P ⫽ 0.010 (Fisher’s
exact test).
c
Significant; serous versus mucinous adenocarcinoma: P ⫽ 0.019
(Fisher’s exact test).

ferences in overall survival rates were determined using the
log-rank test. Overall survival time was defined as the period
between the time of initial surgery and the time of death.
Survival times of patients who were still alive were noted along
with the date of the last follow-up appointment. For multivariate
analyses, we used the Cox proportional hazards model. The
unpaired t test was used to assess the differences of the mean
value of the expression ratio Skp2:␤-tubulin between groups.
All Ps quoted are two sided. Significance was defined as P ⬍
0.05. The Statview 5 program (Abacus Concepts, Inc., Berkeley,
CA) was used for statistical analysis.

RESULTS
Immunohistochemical Analysis of Skp2 Expression.
Immunohistochemical expression of Skp2 was examined in 134
epithelial ovarian tumors (20 adenomas, 23 LMP tumors, and 91
adenocarcinomas). The immunohistochemical expression patterns of Skp2 in epithelial ovarian tumors are summarized in
Table 1. All 20 adenoma tissues showed no Skp2 protein expression in tumor cells. In addition, Skp2 expression was detected in none of the 23 LMP tumor tissues. Skp2 protein
expression was found in 43 of 91 (47.3%) adenocarcinomas.
Positive Skp2 expression including partial positives and diffuse
positives was significantly higher in the adenocarcinoma samples than in either LMP tumors or adenomas (adenocarcinoma
versus LMP tumor, P ⬍ 0.0001; adenocarcinoma versus adenoma, P ⬍ 0.0001, Fisher’s exact test). Positive Skp2 expression in relation to age, clinical stage, histological type, and
histological grade in ovarian adenocarcinoma samples is shown
in Table 2. Skp2 expression was observed more frequently in
serous adenocarcinomas than in mucinous adenocarcinomas
(P ⫽ 0.019, Fisher’s exact test). Skp2 expression correlated with
advanced clinical stage (stage I versus stage II/III/IV, P ⫽
0.010, Fisher’s exact test). Finally, no significant correlation
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Fig. 1 Immunohistochemistry. Skp2 expression is not detected in serous adenoma cells (A, ⫻100), whereas p27 expression is observed in the same
tumor cells (B, ⫻100). Mucinous LMP tumor cells are negative for Skp2 staining (C, ⫻50). Nuclear Skp2 staining is observed in mucinous
adenocarcinoma cells (D, ⫻100). Positive staining of Skp2 is detected in serous adenocarcinoma cells (E, ⫻100), but no positive staining of p27 is
observed in the same tumor cells (F, ⫻100).

was found between positive Skp2 expression and histological
grade.
Fig. 1 shows representative results of immunohistochemistry experiments. Skp2 expression was not detected in serous
adenoma cells (Fig. 1A), whereas p27 expression was observed
in these same tumor cells (Fig. 1B). Mucinous LMP tumor cells
were negative for Skp2 staining (Fig. 1C). In contrast, nuclear

Skp2 staining was observed in mucinous adenocarcinoma cells
(Fig. 1D). Positive Skp2 staining was detected in serous adenocarcinoma cells (Fig. 1E), but no positive staining of p27 was
observed in these tumor cells (Fig. 1F).
Survival Analysis of Skp2 Expression in Patients with
Ovarian Adenocarcinoma. Univariate analysis of age (⬍50
years versus ⬎51 years), clinical stage (stage I versus stage
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Table 3 Univariate analysis of age, clinical stage, histological type,
histological grade, and Skp2 expression status for overall survival in
ovarian adenocarcinoma patients
Factors

Pa

Age (⬍50 yrs vs. ⬎51 yrs)
Clinical stage (stage I vs. stage II/III/IV)
Histological grade (grade 1 vs. grade 2/3)
Skp2 expressionb
Negative vs. partial positive vs. diffuse positive
Negative vs. partial or diffuse positive
Negative or partial positive vs. diffuse positive

0.0026
⬍0.0001
0.0018
0.0102
0.0365
0.0035

a

Log-rank test.
Skp2 expression partial positive, 5–25% positive tumor cell staining; diffuse positive, more than 25% positive tumor cell staining.
b

II/III/IV), histological grade (grade 1 versus grade 2/3), and
Skp2 expression status for overall survival in ovarian adenocarcinoma patients is summarized in Table 3. Log-rank testing
revealed that older age, advanced clinical stage, and high histological grade were significantly correlated with poor patient
survival (age, P ⫽ 0.0026; stage, P ⬍ 0.0001; grade, P ⫽
0.0018). When the ovarian adenocarcinoma patients were categorized along a Kaplan-Meier survival curve according to negative versus partial positive versus diffuse positive expression of
Skp2, a statistically significant association between Skp2 expression levels and patient survival was observed (P ⫽ 0.0102;
Table 3; Fig. 2A). When patients were categorized according to
negative versus partial or diffuse positive expression of Skp2,
positive Skp2 expression was significantly correlated with poor
patient survival (P ⫽ 0.0365; Table 3; Fig. 2B). When patients
were categorized according to negative or partial positive versus
diffuse positive expression of Skp2, the most significant association was found between diffuse positive Skp2 expression and
survival (P ⫽ 0.0035; Table 3; Fig. 2C). Associations between
diffuse positive Skp2 expression and overall survival in each
subgroup of ovarian adenocarcinomas are summarized in Table
4. A statistically significant association between diffuse positive
expression of Skp2 and patient survival was observed in patients
with advanced-stage disease (stage II/III/IV; P ⫽ 0.0038),
whereas no association was found in patients with early-stage
disease (stage I). With regard to histological types, diffuse
positive Skp2 expression was significantly correlated with patient survival in patients with serous adenocarcinomas (P ⫽
0.0189), whereas no correlation was found in patients with
nonserous subtypes, including mucinous, endometrioid, and
clear cell adenocarcinomas. Finally, a statistically significant
association was found in patients with low histological grade
disease, as well as in patients with high histological grade
disease (grade 1, P ⫽ 00094; grade 2/3, P ⫽ 0.0149).
Multivariate analysis was performed using representative
parameters from Table 3. Age (⬍50 years versus ⬎51 years),
clinical stage (stage I versus stage II/III/IV), histological grade
(grade 1 versus grade 2/3), and Skp2 expression status (negative
or partial positive versus diffuse positive) were selected as
covariables (Table 5). Clinical stage and Skp2 expression were
identified as significant and independent variables (stage, P ⬍
0.0001; Skp2 expression, P ⫽ 0.0069). Diffuse positive Skp2
expression yielded a hazard ratio of 2.736, with a 95% confi-

Fig. 2 Log-rank testing showed that Skp2 overexpression is significantly correlated with poor prognosis in ovarian adenocarcinoma patients. A, negative versus partial positive versus diffuse positive expression of Skp2, P ⫽ 0.0102. B, negative versus partial or diffuse positive
expression of Skp2, P ⫽ 0.0365. C, negative or partial positive versus
diffuse positive expression of Skp2, P ⫽ 0.0035.

dence interval ranging from 1.317 to 5.680. No other variables
including age and histological grade were significantly associated with survival according to the multivariate analysis.
Semiquantitative PCR Analysis for Skp2 mRNA Expression. Semiquantitative PCR analysis was performed to
investigate Skp2 mRNA expression in 32 ovarian adenocarcinomas and 3 ovarian cancer cell lines. In a preliminary study,
the linearity of the PCR amplification was confirmed. Fig. 3
shows an example of the semiquantitative PCR results using
Skp2 primers coamplified with the internal control ␤-tubulin
primers. Consistent levels of Skp2 mRNA expression were
observed in all three ovarian cancer cell lines (OVK18, MCAS,
and TYK-nu). In all 32 ovarian adenocarcinoma cases exam-
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Table 4 Association between diffuse positive Skp2 expression and
overall survival in each subgroup of ovarian adenocarcinomasa

Adenocarcinoma
Clinical stage
Stage I
Stage II/III/IV
Histological type
Serous
Nonserous
Histological grade
Grade 1
Grade 2/3

N

Pb

91

0.0035

34
57

0.2368
0.0038

39
52

0.0189
0.1527

56
35

0.0094
0.0149

a
A Kaplan-Meier survival curve of ovarian cancer patients was
categorized as negative, partial positive vs. diffuse positive Skp2 expression.
b
Log-rank test.

Table 5 Multivariate analysis of survival of individual parameters in
ovarian adenocarcinoma patients
Factors
Age (⬍50 yrs vs. ⬎51 yrs)
Clinical stage (stage I vs. stage
II/III/IV)
Histologic grade (grade I vs.
grade 2/3)
Skp2 expression (negative or
partial vs. diffuse)c

RRa

95% CIb

P

1.304 0.637–2.669
0.4683
10.395 3.487–30.989 ⬍0.0001
1.686 0.912–3.119

0.0957

2.736 1.317–5.680

0.0069

a

RR, risk ratio.
CI, confidence interval.
Skp2 expression was categorized as negative, partial positive vs.
diffuse positive.
b
c

ined, consistent levels of PCR products for Skp2 were also
detected, confirming expression of Skp2 at the transcriptional
level. The expression ratio (mean ⫾ SD) was determined for
samples with positive Skp2 immunostaining (1.269 ⫾ 0.236)
and samples with no Skp2 immunostaining (1.184 ⫾ 0.230).
Interestingly, there was no significant relationship between the
Skp2 mRNA and protein expression levels.

DISCUSSION
This study supports a growing body of literature demonstrating that Skp2 expression may contribute to the development
and progression of human cancers. Gstaiger et al. (29) reported
that Skp2 cooperates with H-RasG12V to malignantly transform
primary rodent fibroblasts, as scored by both colony formation
in soft agar and tumor formation in nude mice. Latres et al. (30)
also demonstrated that Skp2 cooperates with activated N-Ras in
tumorigenesis of T-cell lymphoma in a transgenic mice model.
Furthermore, Nelsen et al. (31) have reported that cotransfection
of Skp2 and cyclin E synergistically promoted cell cycle progression in cultured primary hepatocytes in the absence of
mitogen or in the presence of growth inhibitors. They further
showed that transfection of hepatocytes in vivo with cyclin E
and Skp2 promoted abundant hepatocyte replication and hyperplasia of the liver. These findings suggest that Skp2 plays an
important role in human oncogenesis. Previous studies have
already documented overexpression of Skp2 in several malig-

Fig. 3 Semiquantitative PCR. A, Skp2 mRNA expression was detected
in ovarian cancer cell lines OVK18, MCAS, and TYK-nu. B, consistent
levels of Skp2 expression coamplified with ␤-tubulin were detected in
all ovarian adenocarcinoma cases examined (Lane 1, 100-bp marker;
Lanes 2, 3, 5, 8, and 9, serous adenocarcinomas; Lane 4, endometrioid
adenocarcinoma; Lane 6, mucinous adenocarcinoma; Lane 7, clear cell
adenocarcinoma; Skp2 IHC, Skp2 immunohistochemistry results; P,
positive Skp2 staining; N, negative Skp2 staining).

nant tumors, including hepatocellular carcinoma (32), colorectal
carcinoma (33), oral squamous cell carcinoma (29, 34), and
lymphoma (30). In this study, we found that Skp2 protein was
expressed in 47.3% of ovarian adenocarcinoma cases, whereas it
was not expressed in either ovarian adenoma or LMP tumor
cells. In addition, Skp2 expression significantly correlated with
advanced clinical stage, suggesting that Skp2 expression might
play an important role in epithelial ovarian cancer development
and progression. The most striking association found in the
present study was a significant correlation between increased
Skp2 protein expression levels and poor prognosis in ovarian
adenocarcinoma patients, according to both univariate and multivariate analysis. This is the first reported evidence that Skp2 is
associated with aggressive clinical behavior of ovarian adenocarcinoma and that Skp2 is an independent prognostic marker
for ovarian adenocarcinoma patients. When we analyzed the
associations between diffuse positive Skp2 expression and overall survival in each subgroup of ovarian adenocarcinoma patients, diffuse positive Skp2 expression was significantly correlated with patient survival in patients with advanced-stage
disease and in patients with serous adenocarcinomas. Kudo et
al. (34) observed previously that high expression of Skp2 correlates with a poor prognosis in oral squamous cell carcinoma
patients. Therefore, evaluation of Skp2 overexpression could be
applicable to the clinical management of ovarian cancer patients, especially those with advanced clinical stage and serous
subtype, allowing identification of patients with poor prognoses.
It has been reported that increased Skp2 expression levels
are associated with cyclin A overexpression (32) and with
reduced p27 expression (29, 30, 33, 34). Skp2 appears to act in
tumorigenesis by ubiquitination and subsequent degradation of
p27 (9 –11). It is well known that reduced p27 expression is
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frequently found in various human cancers and is correlated
with poor survival of cancer patients (13–22). In fact, Masciullo
et al. (17) have reported a frequent loss of immunohistochemical
p27 expression and a significant correlation between the presence of p27 and a longer time to progression in epithelial
ovarian cancer. We also reported previously that the underexpression of p27 caused by posttranslational mechanisms might
contribute to the development and progression of disease and
might result in a poor prognosis in patients with serous ovarian
cancers (18). The present study demonstrates p27 expression in
Skp2-negative serous adenoma cells and loss of p27 expression
in Skp2-positive serous adenocarcinoma cells in selected ovarian tumor tissues. These findings suggest that increased Skp2
expression may have a causative role in decreasing p27 expression in epithelial ovarian tumors.
The present results showed that the Skp2 mRNA expression levels detected by semiquantitative PCR were similar,
regardless of the immunohistochemical Skp2 protein expression
data. Although the mechanism of Skp2 protein regulation in
cancer tissues is unknown, our results may support the notion
that Skp2 protein levels are regulated mainly at the posttranslational level instead of the transcriptional level and that a
posttranslational regulation of Skp2 protein could play an important role in ovarian cancer development and progression.
Although our observations will have to be confirmed in a
larger number of ovarian cancer patients, the present study
demonstrates that Skp2 expression might play an important role
in the development and progression of ovarian adenocarcinomas
and that Skp2 overexpression is an independent prognostic
factor in patients with ovarian adenocarcinoma. Although the
molecular mechanisms underlying increased Skp2 expression
levels in many cancer cells have not been elucidated, the Skp2p27 pathway may represent a novel molecular target for human
cancer prevention or treatment. Zhang et al. (7) have reported
that the abolition of Skp2 function by using antisense oligonucleotides or antibodies prevents transformed cells from entering
into S phase. The results presented here argue for the use of
Skp2 inhibitors and/or Skp2-regulatory sequences as therapeutic
agents for the treatment and prevention of ovarian cancers.
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