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Recent studies have demonstrated overexpression of osteopontin
(OPN) in ovarian clear cell carcinoma. Here, we revealed the role of
OPN in invasiveness in ovarian clear cell carcinoma. We used
immunofluorescence analysis to detect OPN in a total of 160
patient-derived specimens. Ovarian clear cell carcinoma cell lines,
RMG-1 and TOV-21G, were used to monitor changes in OPN and
integrin levels, and cell invasiveness following treatment with
OPN, simvastatin, and transfection with siRNA. Immunofluores-
cence analysis revealed statistically significant differences among
the histological groups, and ovarian clear cell carcinoma expressed
a strong OPN signal. The OPN receptors, alpha v and 5, and beta 1
and 3 integrins, were increased after treatment with OPN. Invasion
assays indicated that OPN enhanced in vitro extracellular matrix
invasion dose-dependently in ovarian clear cell carcinoma. Sim-
vastatin significantly reduced expression of OPN and the integrins,
and decreased ECM invasion. RNA interference also suppressed
ECM invasion. These results suggest that down- or up-regulation
of OPN is involved in carcinoma cell invasion. We thus conclude
that OPN regulation could have a crucial role in ovarian clear cell
carcinoma therapy. (Cancer Sci 2010; 101: 1828–1833)

pithelial ovarian cancer is the most common malignant
tumor arising from the ovary. This type of cancer has sev-

eral different histological phenotypes. It is known to show resis-
tance to platinum-based chemotherapy and to result in poor
prognosis.(1–3) Chemotherapy with various cytotoxic drugs for
ovarian clear cell carcinoma (OCCC) currently leads to limita-
tions in therapy regimens. Therefore, a new potential molecular
target for therapy needs to be developed. Hepatocyte nuclear
factor-1 beta (HNF-1 beta) is currently recognized as an excel-
lent marker for OCCC.(4) Recent studies have demonstrated
the overexpression of osteopontin (OPN) in OCCC,(4,5) and
OPN is the most direct target gene of HNF-1 beta.(6) HNF-1 beta
is closely associated with OPN up-regulation in OCCC.(4)

Osteopontin (OPN) is expressed in a variety of normal and
tumor tissues,(7,8) including bone,(9) breast,(10) prostate,(11)

lung,(12) kidney,(13) stomach,(14) ovary,(9) and uterine endome-
trium,(15) and has been assessed as a potential diagnostic marker
in malignancy.(5,16–18) A large number of hormones and cyto-
kines – such as estrogen, progesterone,(15,19) vitamin D3, Rous
sarcoma oncogene, and activator protein-1(9) – effect a change
in OPN expression. Osteopontin (OPN) is known to be involved
in a variety of physiological cellular functions such as tumori-
genesis, metastasis, and angiogenesis.(9,19–21) In particular, OPN
plays an important role in tumor growth, metastasis, and angio-
genesis through alpha v, alpha 5, beta 1, beta 3, and beta 5 inte-
grins, as well as CD44.(20,22–24)

Integrins are a family of glycosylated, heterodimeric trans-
membrane adhesion receptors that noncovalently bind alpha and
beta subunits.(25) In a recent study, 18 alpha and eight beta
subunits were identified, and they are known to form 24 differ-
ent heterodimers. The combination of alpha and beta subunits
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determines the ligand-specificity of the integrins. Osteopontin
(OPN) has been shown to bind integrins – in particular alpha v
beta 3,(26) but also alpha v beta 1, alpha v beta 5,(22,27) and alpha
5 beta 1(28) – in malignancy, including ovarian cancer. It has
been considered that OPN may contribute to tumor invasion and
metastasis through integrin-mediated signaling.(23)

In the present study, we first examined several kinds of ovar-
ian cancer cell lines and surgical specimens for OPN expression
at both the mRNA and protein level. Subsequently, we revealed
the role OPN plays in invasiveness in OCCC. From our results,
we determined the effects of OPN in OCCC cell lines in vitro
and investigated its tumor activity. Our data showed that OPN
was referred to tumor growth and invasion.

Materials and Methods

Cell lines and cultures. The following ovarian cancer cell
lines were used for the in vitro studies: clear cell carcinoma,
RMG-1 (JCRB Cell Bank, Osaka, Japan), TOV-21G (ATCC,
Manassas, VA, USA); serous adenocarcinoma, HTOA (Riken
Bioresource Center, Ibaragi, Japan), MH and KFr (kindly pro-
vided by Dr Kikuchi, National Defense Medical College, Saitam-
a, Japan); and mucinous adenocarcinoma, MCAS (JCRB Cell
Bank). The cell lines were cultured in RPMI-1640 (Invitrogen,
Carlsbad, CA, USA) containing 10% fetal bovine serum (Invitro-
gen) in a humidified atmosphere of 5% CO2 and 95% air at 37�C.

Materials. For the in vitro studies, human recombinant OPN
was obtained from Sigma-Aldrich (St Louis, MO, USA). Sim-
vastatin was obtained from Cayman (Ann Arbor, MI, USA).

Biosamples. A total of 160 patient-derived specimens (nine
healthy patients, 10 ovarian adenoma patients, 79 ovarian cancer
patients, 20 corpus cancer patients, 42 cervical cancer patients)
were obtained at Sapporo Medical University Hospital, Japan,
between 2003 and 2008. For freshly-frozen sections, fresh speci-
mens were embedded and snap-frozen in liquid nitrogen vapor,
and stored at )80�C. All patients gave oral and written informed
consent before surgical treatment.

Immunofluorescence analysis. For immunofluorescence stain-
ing of frozen sections, the OPN protein was detected by mouse
antihuman monoclonal antibody (clone 1B20; IBL, Gunma,
Japan) as the primary antibody.(21) Secondary antibodies
included Alexa Fluor 488 and goat antimouse IgG (Molecular
Probes, Eugene, OR, USA). The immunofluorescence study was
performed as described previously.(29) Each section was given a
score corresponding to the average of both staining intensity (no
staining = 0, low staining = 1, medium staining = 2, strong
staining = 3) and the percentage of positive cells (no-cells
staining = 0, few-cells staining = 1, half-of-cells staining = 2,
most-of-cells staining = 3). The score was evaluated using the
average score of three observers who had no knowledge of any
of the clinicopathological parameters.
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Table 1. Immunofluorescence analysis of osteopontin (OPN)

*

*

*
*

(a) The relative mean osteopontin (OPN) scores of ovarian serous and

clear cell carcinoma patients were significantly higher than those of

the other ovarian histological types: corpus cancer and cervical cancer

(*P < 0.05) . (b) Among the ovarian cancers, and benign and healthy

tissues, the relative mean OPN scores were significantly higher in

cancer groups than in benign and healthy tissues (*P < 0.05).

CI, confidence interval; SCC, squamous cell carcinoma.
Quantitative real-time RT-PCR analysis. Total RNA was iso-
lated from cell cultures using commercial spin columns
(RNeasy; Qiagen, Tokyo, Japan) in accordance with the manu-
facturer’s instructions, and cDNA synthesis was performed
using the ThermoScript RT-PCR System (Invitrogen). Real-time
quantitative RT-PCR was used to analyze the concentrations of
OPN mRNA in cell lines using iQ SYBR Green Supermix (Bio-
Rad, Hercules, CA, USA). The housekeeping gene was glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH). Amplification of
OPN was carried out using the following cycling profile: initial
denaturation at 95�C for 10 min, 40 cycles of 15 s at 95�C, and
1 min at 60�C in a Chromo4system (Bio-Rad). To determine the
relative level of OPN for each sample, the comparative CT

method was used as described previously.(5) Polymerase chain
reaction (PCR) products were visualized on a 1.5% agarose gel
containing 0.2 lg ⁄ lL ethidium bromide to confirm the specific-
ity of the PCR reaction. A 100-bp ladder (New England BioL-
abs, Ipswich, MA, USA) was used as a size standard.

Invasion assay. Cell invasion through the extracellular matrix
(ECM) was determined using the BD BioCoa Tumor Invasion
System (BD Biosciences, San Jose, CA, USA) in accordance
with the manufacturer’s instructions. Briefly, a 24-multiwell
insert plate that had been uniformly coated with BD Matrigel
Matrix was used. Cell suspension (500 lL; 5 · 104 cells ⁄ mL)
was added to the apical chambers, and the basal chambers were
filled with 750 lL of chemoattractant with fibronectin
(5 lg ⁄ mL). The cells were incubated for 22 h at 37�C in 5%
CO2 atmosphere. The invaded cells were stained with Giemsa
and then counted using five randomly-selected visual fields.

RNA interference. SiRNA oligonucleotides with OPN which
were pre-designed products (sense, 5¢ -GGUCAAAAUCUAAG-
AAGUUtt-3¢; antisense, 5¢-AACUUCUUAGAUUUUGACCtc-
3¢), and negative control siRNA, were obtained by Ambion
(Austin, TX, USA).

RMG-1 and TOV-21G cells were plated in 24-well plates at
30–50% confluence 24 h prior to transfection. Transfection of
cells was carried out with Lipofectamine 2000 reagent (Invitro-
gen) in accordance with the manufacturer’s instructions.

Statistical analysis. Statistical analysis was performed using
STATVIEW 5.0 (Hulinks, Tokyo, Japan). The statistical differ-
ences between the two groups were analyzed using the Mann–
Whitney U-test (nonparametric data), and the differences among
multiple groups were analyzed using the Kruskal–Wallis test.
Values of P < 0.05 were considered significant.

Results

Strong OPN signals were observed in ovarian cancer
tissues. Osteopontin (OPN) protein levels in frozen sections of
79 ovarian cancers, 20 corpus cancers, and 42 cervical cancers
were assessed via immunohistochemical analysis (Table 1a).
The relative mean immunostaining scores for OPN were 2.72 in
ovarian cancer, 2.10 in corpus cancer, and 1.79 in cervical can-
cer. The OPN signals in ovarian cancer were strong compared
with those in corpus and cervical cancer. To validate OPN
expression in ovarian cancer, we analyzed the differences in
immunostaining scores according to histological type. The
immunostaining scores in ovarian serous, clear, endometrioid,
and mucinous adenocarcinomas were 3.04 (95% CI: 2.47–3.62),
3.35 (95% CI: 2.66–4.03), 1.91 (95% CI: 1.15–2.69), and 2.67
(95% CI: 1.10–4.23), respectively. The differences among the
histological groups were statistically significant (P < 0.05), and
the clear cell carcinoma and serous adenocarcinoma types
exhibited strong signals. Among the 71 invasive ovarian carci-
nomas, eight borderline ovarian tumors, 10 adenoma, and nine
normal ovarian tissues, OPN-positive staining was observed in
80.3%, 66.7%, 30.0%, and 22.2%, respectively (Table 1b). The
positive rates were significantly higher in malignant tissues than
Matsuura et al.
in normal and benign tissues (P < 0.05). Osteopontin (OPN)
staining was observed in the cell membrane and cytoplasm. In
particular, immunopositivity in serous and clear cell types was
localized in the cytoplasmic region. There were no significant
differences in immunostaining scores among different age
groups and pathological stages (data not shown). Since OCCC
showed the strongest signal of the various types of gynecologi-
cal cancer tissues, we examined the relationship between OCCC
and the role of OPN.

Osteopontin (OPN) was strongly expressed in OCCC cell
lines. To assess the expression of OPN mRNA in ovarian can-
cer, real-time RT-PCR was applied to six ovarian cancer cell
lines. Relative OPN gene expression was calculated using the
comparative CT method (Fig. 1a). The reference was MH, which
was considered to have a value of 1. The mean values of serous,
clear, and mucinous adenocarcinoma cell lines were 107.6,
3917.9, and 2.0, respectively. High levels of OPN gene expres-
sion were therefore shown in OCCC cell lines (P < 0.05).

Immunofluorescence analysis was employed to examine OPN
protein levels in the ovarian carcinoma cell lines (Fig. 1b,c).
Osteopontin (OPN) expression was seen to have strong intensity
in the cell surface membrane and also exhibited a granular
pattern in the cytoplasm of OCCC cells. However, OPN was
weakly-expressed in KFr (serous) and MCAS (mucinous) cells,
in line with the results of real-time RT-PCR.

Osteopontin (OPN) enhanced integrin expression in ovarian
clear cell carcinoma cell lines. Osteopontin (OPN) binds to a
subset of integrin receptors, and thus we analyzed the type of
integrin receptors in the clear cell carcinoma cells. To charac-
terize the OPN ⁄ receptor interactions, two OCCC cell lines were
treated with human recombinant OPN (0.2 lM) for 0–24 h in
Cancer Sci | August 2010 | vol. 101 | no. 8 | 1829
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Fig. 1. Osteopontin (OPN) expression in ovarian cancer cell lines. (a)
To compare the mRNA levels of OPN in ovarian clear cell carcinoma
(OCCC) cell lines with those in other histological types, real-time RT-
PCR was applied to six ovarian cancer cell lines. The mean values of
clear, serous, and mucinous types were 3917.9, 107.6, and 2.0,
respectively. Osteopontin (OPN) mRNA levels of OCCC were
significantly higher than other histological types (*P < 0.05). (b,c)
Immunofluorescence analysis was used to check the OPN protein
levels of ovarian cancer cell lines. Osteopontin (OPN) was expressed
with strong intensity in the cell surface membrane, and also exhibited
a granular pattern in the cytoplasm in OCCC cell lines compared with
serous and mucinous adenocarcinoma cell lines.

Fig. 2. Correlation between osteopontin (OPN) and integrins in ovarian
clear cell carcinoma (OCCC) cell lines. To characterize OPN ⁄ receptor
interactions, two OCCC cell lines were treated with human recombinant
OPN (0.2 lM) for 0–24 h (n = 3). The levels of alpha v, 5, and beta 1, 3
integrin mRNA expression were shown to be significantly increased in
this time-dependent analysis (*P < 0.05), although alpha 2 integrin
mRNA expression was not increased significantly.
24-well plates, and the time-dependent changes in integrin gene
expression were analyzed using quantitative real-time RT-PCR.
The levels of alpha v, alpha 5, beta 1, and beta 3 integrin mRNA
expressions were shown to be significantly increased in this
time-dependent analysis, but the levels of alpha 2, which is not a
specific receptor of OPN, were not increased significantly in
both cell lines (Fig. 2). These results suggest that the combina-
tions of alpha v beta 1, alpha v beta 3, and alpha 5 beta 1 subun-
its may be correlated with OPN in OCCC cells.

Osteopontin (OPN) enhanced in vitro ECM invasion. To evalu-
ate the effect of OPN on ECM invasion, in vitro invasion assays
were performed in two OCCC cell lines. Cell suspension
(500 lL; 5 · 104 cells ⁄ mL) in serum-free medium was added to
the apical chambers, and the basal chambers were filled with
750 lL of chemoattractant with 0–0.6 lM OPN and fibronectin
(5 lg ⁄ mL). Figure 3 shows that cell invasiveness increased
dose-dependently in both cell lines, and ECM invasion was sig-
nificantly enhanced in RMG-1 (3-fold) and TOV-21G (3.1-fold),
respectively, after treatment with 0.6 lM OPN.

Simvastatin reduced mRNA levels of OPN and integrins. To
check the influence of simvastatin on OPN and integrin levels in
OCCC, two OCCC cell lines were treated with 0–4 lM simvast-
atin for 48 h in 48-well plates (Fig. 4). Total RNA was isolated,
and the changes in OPN and integrin mRNA levels were ana-
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lyzed using real-time RT-PCR. The levels at 4 lM simvastatin
were considered to be the reference values. Values shown are
mean ± SD. The levels of OPN mRNA expression were shown
to be significantly decreased (RMG-1: 1.3-fold, and TOV-21G:
1.2-fold) in this dose-dependent analysis (*P < 0.05). In addi-
tion, integrin mRNA levels were significantly decreased dose-
dependently, except for beta 1 of TOV-21G, and alpha 2 of both
cell lines (*P < 0.05). Each experiment was repeated three times
with triplicate samples.

Simvastatin inhibited in vitro ECM invasion. We next investi-
gated whether simvastatin inhibited the ECM invasion of
OCCC cells by reducing OPN and integrins. To evaluate the
effect of simvastatin on ECM invasion, in vitro invasion
assays were performed in two OCCC cell lines (Fig. 5).
Cells were pretreated with 4 lM simvastatin for 24 h in
24-well plates; 500 lL of cell suspension (5 · 104 cells ⁄ mL)
in serum-free medium was then added to the apical cham-
bers, and the basal chambers were filled with 750 lL of
chemoattractant and fibronectin for 22 h (5 lg ⁄ mL). The ref-
erence was the control groups, which were considered to
have a value of 1. Values shown are mean ± SD (n = 3).
These data show that treatment with simvastatin inhibited
ECM invasion in OCCC cell lines thus: RMG-1, 1.3-fold
decrease; TOV-21G, 1.7-fold decrease (*P < 0.05).

RNA interference inhibited in vitro ECM invasion. We investi-
gated whether pre-designed siRNA of OPN inhibited the ECM
invasion of OCCC cells. Cells were treated with siRNA for
48 h, and 500 lL of cell suspension (5 · 104 cells ⁄ mL) in
serum-free medium was added to the apical chambers, and the
basal chambers were filled with 750 lL of chemoattractant and
fibronectin for 22 h (5 lg ⁄ mL). Figure 6 shows that treatment
with siRNA inhibited ECM invasion in OCCC cell lines thus:
doi: 10.1111/j.1349-7006.2010.01615.x
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Fig. 3. Osteopontin (OPN) enhances extracellular matrix (ECM)
invasion in vitro. To evaluate the effect of OPN on ECM invasion, in
vitro invasion assays were performed in two ovarian clear cell
carcinoma (OCCC) cell lines (n = 3). These data showed that OPN
treatment caused a dose-dependent increase in ECM invasion in OCCC
cell lines (*P < 0.05).

(a)

(b)

Fig. 4. Simvastatin influences the levels of osteopontin (OPN) and
integrins. (a) To assess the influence of simvastatin on OPN levels, two
ovarian clear cell carcinoma (OCCC) cell lines were treated with 0–
4 lM simvastatin for 48 h. The levels of OPN mRNA expression were
shown to be significantly decreased in this dose-dependent analysis
(*P < 0.05). (b) Integrin mRNA levels were also analyzed in this
experiment. After treatment with simvastatin, alpha v, 5, and beta 3
integrin mRNA levels were significantly and dose-dependently
decreased (*P < 0.05), although alpha 2 integrin mRNA expression
was not decreased.

Fig. 5. Simvastatin inhibited extracellular matrix (ECM) invasion in
vitro. To evaluate the effect of simvastatin on ECM invasion, in vitro
invasion assays were performed in two ovarian clear cell carcinoma
(OCCC) cell lines (n = 3). These data showed that treatment with
simvastatin inhibited ECM invasion in OCCC cell lines thus: RMG-1,
1.3-fold decrease; TOV-21G, 1.7-fold decrease (*P < 0.05).
RMG-1, 1.7-fold decrease; TOV-21G, 1.5-fold decrease, com-
pared to negative control siRNA (*P < 0.05).

Discussion

Ovarian cancer is a major cause of morbidity and mortality
among the gynecological malignancies.(30) While platinum plus
taxan chemotherapy results in increased overall survival in
patients with epithelial ovarian cancer,(31) OCCC is usually
more resistant to chemotherapy than other types and has a
poorer prognosis.(1,32) Ovarian clear cell carcinoma (OCCC) is
increasing in East Asia compared with in Europe and the USA.
Therefore, a new potential molecular target for therapy needs to
be developed. Some studies have reported that OPN expression
is increased in ovarian cancer,(4,5,16–18) and OPN correlates with
other kinds of cancer progression and metastasis.(9,20,33–36)

To examine the clinical potential of OPN, we first used
immunofluorescence analysis to check OPN protein expression
in surgical specimens. Our study demonstrated that OPN protein
was detected in ovarian cancer, corpus cancer, and cervical can-
cer. Ovarian cancer tissues expressed OPN protein more than
did cervical and corpus cancer. Osteopontin (OPN) expression
in OCCC and serous adenocarcinoma tissues was significantly
higher than in other histological types, although OPN expression
was significantly lower in benign tissues than in cancerous tis-
sues. Our results suggest that different histological types have
Matsuura et al.
relatively different expression patterns. This might be due to the
fact that OPN staining was observed in the cell membrane and
cytoplasm. Recent studies(37–39) have revealed two OPN protein
isoforms, the secreted isoform of OPN (sOPN) and the intracel-
lular isoform of OPN (iOPN). Expression of the two isoforms
Cancer Sci | August 2010 | vol. 101 | no. 8 | 1831
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Fig. 6. RNAi showed the inhibition of extracellular matrix (ECM)
invasion. Treatment with siRNA inhibited ECM invasion in two cell
lines, compared to negative control siRNA (n = 3).
differs depending on the cell type. Most cancer cells contain
high levels of iOPN, which is considered to be involved in cell
survival. The expression levels and functional properties of
iOPN in OCCC are still unclear. Osteopontin (OPN) staining in
the cell membrane is due to sOPN, which binds to cell surface
receptors such as integrins and CD44. In contrast, OPN staining
in the cytoplasm indicates the subcellular localization of iOPN.

To further examine the differences in gene expression with
histological subtypes of ovarian cancer, quantitative real-time
RT-PCR was used to measure gene expression in the cells.
Osteopontin (OPN) mRNA expression was elevated in OCCC
cells, in line with the results of the immunofluorescence analy-
sis. In addition, OPN protein was strongly expressed in OCCC
cell lines, especially in the cell membrane and cytoplasm. This
indicates that ovarian OCCC cells contain high levels of iOPN.
The serous- and mucinous-type cancer cells expressed the OPN
gene at low levels, yet the immunofluorescence data showed rel-
atively high levels of OPN protein in the majority of the samples
of serous and mucinous cancer tissues. From this, we deduced
that OPN was actively synthesized in serous and mucinous-type
cancer tissues.

Osteopontin (OPN) is an ECM protein containing an integrin-
binding arginine-glycine-aspartate sequence (RGD)(7) and sev-
eral pathways, such as that via Src to either epidermal growth
factor receptor (EGFR) ⁄ mitogen activated protein kinase
(MAPK) or PI3-KAkt: nuclear factor-kappa B (NF-jB),(36,40) is
activated by the interaction between the RGD domain and, for
the most part, the alpha v beta 3, alpha 5 beta 1 integrins.(24) This
signal transduction results in the increased expression of a num-
ber of proteins, including matrix metalloproteinases (MMPs) and
urokinase plasminogen activator (uPA).(20) Matrix metallopro-
teinases (MMPs) and uPA are essential for the regulation of cell
migration, ECM invasion, and metastasis in cancer cells.(24,35)

We also demonstrated that the expression of alpha v, alpha 5,
beta 1, and beta 3 integrins was increased in OCCC, and human
OPN affected the expression of alpha v, alpha 5, and beta 3 inte-
grins. These results suggest that OPN correlated with alpha v
beta 1, alpha v beta 3, and alpha 5 beta 1 integrins in OCCC.

Metastasis of cancer cells is the single characteristic that
makes it more difficult to completely treat the disease. Increased
1832
invasiveness results in a higher metastatic capability of cancer
cells. Cell adhesion molecules expressed in cancer cells are
thought to play an important role in cancer cell-target organ
adhesion and invasion. Although several families of cell adhe-
sion molecules have been identified, cell–cell and cell-MMP
interactions are mediated by integrins. Our results suggest that
the combinations of alpha v beta 1 or 3 and alpha 5 beta 1
subunits correlated with OPN in OCCC cells. We then used an
in vitro invasion assay to reveal whether OPN contributes to
increased invasiveness. Our study demonstrated the dose-depen-
dent effects of OPN on ECM invasion in OCCC cell lines.

One type of drug that may reduce OPN levels are the 3-
hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitors (statins). It has been reported that statins reduce OPN
expression in cultured rat aortic smooth muscle cells,(41) but it is
unclear whether statins have an effect on OPN levels in malig-
nant cells. Recent studies also suggest that statins, such as sim-
vastatin, inhibit cancer cell growth and lead to apoptotic cell
death through inhibition of the mevalonate pathway,(42–44)

although another pathway may be involved in the induction of
apoptosis, inhibition of cell proliferation, and cell invasiveness.
Our data showed that simvastatin reduced not only the expres-
sion of OPN and integrins, but also cell invasiveness in clear cell
carcinoma cells. As for serous cell carcinoma cells, we applied
to add simvastatin, and OPN was reduced clearly (data not
shown). But generally statins can decrease many kinds of
tumors.(45) When administered as the sole agent in animal mod-
els, statins can decrease tumor load of acute myelogenous leuke-
mia (AML), melanoma, hepatoma, pancreatic, lung, and
neuroblastoma.(45,46) Although simvastatin could inhibit in vitro
invasion of ovarian cancer cells, this does not prove that inhibi-
tion of invasion by simvastatin is due to the reduction of OPN
expression. So we transfected two OCCC cells with OPN spe-
cific siRNA, and the transfected cells with OPN specific siRNA
showed the reduction of cell invasiveness significantly. From
these data, inhibition of OPN reduced cancer cell invasiveness.
Mi et al. demonstrated that RNA aptamer-targeting of OPN has
biological relevance for modifying tumor growth and metastasis
in breast cancer cells,(47) while Zhao et al.(48) demonstrated that
the RNA interference-mediated depletion of OPN may be a
strategy for the treatment of hepatocellular carcinoma. There-
fore, OPN can be considered a new molecular target for ovarian
cancer therapy. These results suggest that simvastatin might be
clinically effective against OCCC.

In summary, we have demonstrated that OPN expression
is increased in OCCC, and that OPN induced ECM invasion
in vitro by binding alpha v beta 1, alpha v beta 3, and alpha 5
beta 1 integrins in OCCC. Further, down-regulation of OPN by
treatment with simvastatin, and transfection with OPN specific
siRNA reduced cell invasiveness. Our results suggest that OPN
regulation could play a key role in OCCC therapy through the
control of integrins.
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