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Abstract: Ovarian cancer is one of the most common gynecological malignancies. Limited efficacy of cytotoxic
chemotherapy is a key obstacle in the treatment of advanced ovarian cancer. This study aimed to investigate
whether Mir-375 enhances RawqO1 (a ruthenium derived compound) induced cell death in ovarian cancer. Meth-
ods: Three human ovarian cancer cell lines were selected, and independently treated with RawgO1+mir-375 and
RawqOZ1+control. MTT assay and flow cytometry were performed to detect the growth of ovarian cancer cells. West-
ern blot was carried out to determine the expression of apoptotic associated proteins. In addition, ovarian cancer
xenografts were established to explore whether mir-375 increased the in vivo chemosensitivity of ovarian cancer
cells to RAWQO1. Results: Over-expression of mir-375 sensitized the ovarian cancer cells to RAWQO1. Mir-375 en-
hanced the in vitro sensitivity of ovarian cancer cells to RAWQO1 by inducing apoptosis. Mir-375 also increased the
in vivo chemosensitivity of ovarian cancer cells to RAWQO1. Conclusion: Mir-375 can enhance Rawq01 induced cell
death in human ovarian cancer both in vitro and in vivo.
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Introduction

Ovarian cancer is a leading cause of death in
gynecological malignancies worldwide and the
fifth most common cause of cancer death in
women [1]. Due to lack of specific symptoms
and absence of reliable screening strategies,
ovarian cancer is usually diagnosed at an
advanced stage. The current standard therapy
for ovarian cancer is surgical intervention fol-
lowed by adjuvant carboplatin and taxane-
based chemotherapy [2]. Unfortunately, these
strategies often achieve poor therapeutic effi-
cacy. Chemoresistance is an important barrier
in the treatment of recurrent ovarian cancer [3].
For these reasons, it is imperative to develop
new and more effective therapeutic strategies.

MicroRNAs, a class of small non-coding RNAs,
have been identified as a new kind of gene
expression regulators through targeting the
3’-untranslated region (UTR) of mRNAs for
translational repression, degradation or both

[4-6]. It has been confirmed that miRNA abnor-
malities play an important role in gene regula-
tion, apoptosis, maintenance of cell differentia-
tion and tumorigenesis [5, 7, 8]. Several studies
have shown that the differential expression of
miRNAs is correlated with the survival of ovari-
an cancer patients [9, 10]. Furthermore, mir-
375 is shown to be frequently down-regulated
in different cancers. The down-regulation of
mir-375, which is mainly caused by the promot-
er methylation, has been regarded as one of
the molecular mechanisms underlying the
development and progression of cancers.
Epigenetic silencing of mir-375 may induce an
up-regulation of its targets, 3-phosphoinosit-
ide-dependent protein kinase-1 (PDK1) and
insulin-like growth factor 1 receptor (IGF1R)
[11, 12], and can reduce the viability and induce
the apoptosis of cancer cells [13].

It has also been confirmed that mir-375 is
down-regulated in the ovarian cancer [14].
However, the functions and mechanisms of mir-
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375 in ovarian cancer are not fully elucidated,
and the therapeutic application of mir-375 has
not been reported.

Ruthenium complexes are now a proven effec-
tive alternative to Pt-based complexes in can-
cer chemotherapy, affording different mecha-
nisms of action, a different spectrum of activity
and the potential to overcome platinum-resis-
tance, as well as lower toxicity [15].

In the present study, the anti-tumor activity of a
novel ruthenium-derived compound RawqO1
was evaluated both in vitro and in vivo models
of human ovarian cancer. Our findings revealed
that mir-375 enhanced the inhibitory effect of
RawqgO1 on ovarian cancer cells. The combined
treatment of mir-375 and RawqOl1 may be a
promising strategy for the chemotherapy of
ovarian cancer.

Material and methods
Synthesis of Rawq01

All reagents were purchased from commercial
suppliers  without  further  purification.
1,10-phenanthroline-5,6-dione was prepared
as described in previous study [16]. The ligand
2-(3-hydroxy-4-methoxyphenyl) imidazole [4,5-
f][1,10] and phenanthrolene (m-OH-p-OMePIP)
were prepared as described in literatures with
some modifications and underwent further
purification [17]. 1,10-phenanthroline-5,6-di-
one (1.6 mmol, 347 mg) and 3-hydroxy-4-me-
thoxybenzaldehyde (1.6 mmol, 243.2 mg) in 20
ml of HAc solution containing 2.53 g of NH,Ac
was refluxed at 110°C for 4 h. Then, 20 ml of
water was added, and the pH value was adjust-
ed to 7.0 at room temperature. Filtering and
drying in vacuum were performed to obtain yel-
low precipitates which were purified in a silica
gel column by using ethanol as eluent yielding
341 mg of final product (62.3%).

Synthesis of [(C6HB)Ru(m-OH-p-OMPIP)CI]
Cl2H,0. (RAWQO1): A mixture of [(n°-CH,)
RuCl,], (0.15 mmol, 75 mg) and m-OH-p-OMPIP
(0.3 mmol, 103.2 mg) in dichloromethane (40
mL) was refluxed under argon for 6 h until the
solution color changed from brown to yellow
[18]. Ayellow precipitate was obtained by rotary
evaporator and purified by recrystallization in
methanol yielding 103 mg of products (54.5%).
ESI-MS (in MeOH, m/z): 559.09, ([M-CI]*). *H
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NMR (DMSO-d,, &/ppm) 6: 9.92 (d, J = 5.2 Hz,
2H), 9.40 (s, 2H), 9.18 (s, 2H), 8.17 (s, 2H), 7.79
(d, J=7.6 Hz, 2H), 7.15 (d, J = 8.5 Hz, 2H), 6.30
(s, BH).

Cell culture

Three human ovarian cancer cell lines OVCAR3,
HO-8910 and SK-OV-3 were used in this study.
They were cultured in RPMI medium 1640
(GIBCO® Invitrogen, No. 11875-093) supple-
mented with 5% fetal bovine serum (FBS,
GIBCO® Invitrogen, No. 12484-010) and peni-
cillin/streptomycin  (GIBCO® Invitrogen, No.
10378-016; 10,000 U of penicillin and 10,000
pg of streptomycin per mL) in a humidified envi-
ronment with 5% CO, at 37°C.

Treatments

In the RawqO1 group, cells were treated with
freshly prepared drug at a final concentration of
IC,,- In the RawqO1+mir-375 group, cells first
underwent mir-375 transfection (mir-375 was
purchased from the Shanghai GenePharma
company [UUUGUUCGUUCGGCUCGCGUGAY)).
Twenty-four hours later, cells were then treated
with RawgO1 at a final concentration of IC, .

MTT Assay

All of these cell lines (OVCAR3, HO-8910 and
SK-OV-3) were seeded into 96-well plates
(2x1083 cells/well), followed by incubation over-
night. Then, freshly prepared RAWQO1 at 100
UM, 50uM, 25 uM or 12.5uM were added to
the corresponding cells. Forty-eight hours later,
the cell viability was assessed by 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide
(MTT) assay. The absorbance was measured at
490 nm (A490) with a spectrophotometer. The
concentration at which each drug produced
50% inhibition of growth (IC, ) was estimated
by the survival curve. Three independent exper-
iments were performed in quadruplicate.

Apoptosis assay

Suspended cells were collected by centrifuga-
tion (1500 r/min for 5 min). These cells were
washed twice with cold PBS and collected by
centrifugation (1500 r/min for 5 min). These
cells were re-suspended in 400 pl of 1xbinding
buffer to prepare single cell suspension at
1x10° cells/ml. Then, 5 yl of annexin V-FITC
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Figure 1. Mir-375 enhanced the growth inhibitory effect of RAWQO1 on ovarian cancer cells. A: Over-expression of
mir-375 inhibited PDK1 and IGF1R expression in ovarian cancer cells. B: MTT assay revealed cells transfected with
mir-375 exhibited significantly decreased IC,, as compared to those transfected with control miRNA. (*P<0.05).

was added followed by mixing gently and incu-
bation at 2-8°C for 15 min in dark. After adding
of 10 yl of Pl and incubation at 2-8°C in dark for
5 min, apoptosis was detected by flow cytome-
try within 1 h.

Western blot assay

Cells were harvested, washed once in PBS and
lysed in the lysis buffer [25 mmol/L Tris-HCI (pH
7.4); 100 mmol/L NaCl; 2 mmol/L EDTA; 1%
Triton X; 10 Ag/mL aprotinin, 10 Ag/mL leu-
peptin, 1 mmol/L Na,VO,, 1 mmol/L phenyl-
methyl sulfonyl fluoride]. SDS-PAGE and
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Western blot assay were done according to the
standard procedures. (-actin on the same
membrane served as an internal control. The
protein bands were detected by secondary anti-
bodies followed by labeling with ECL Detection
System (GE Healthcare). The band density was
determined by NIH-ImageJ.

Xenograft model of ovarian cancer

Animal experiments were conducted in accor-
dance with the Guidelines for the Care and Use
of Animals for research purposes. Female athy-
mic nude mice (3-4 weeks old) were purchased
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Figure 2. Mir-375 sensitized ovarian cancer cells to RAWQO1- induced apoptosis. A: Flow cytometry showed a
marked increase in apoptosis in mir-375 transfected cells after RAWQO1 treatment. B: Expression of Bcl-2 and Bax
was measured by Western blot assay. When compared with cells without mir-375 transfection, the Bax expression
was strikingly up-regulated but the Bcl-2 expression significantly down-regulated in cells transfected with mir-375

mimic after RAWQO1 treatment.
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Figure 3. In vivo effects of mir-375 on chemosensitivity of ovarian cancer cells to RAWQO1. Tumors from each group
were weighed immediately after removal. The average tumor weight was expressed as mean + SD. The tumor weight
of mice with mir-375 xenograft was significantly reduced after RAWQO1 treatment when compared with mice in-

noculated with control cells (*P<0.05).

from the Shanghai Laboratory Animal Co., Ltd
(SLAC, Shanghai, China). The animals were
housed and fed in accordance with the guide-
lines established by the National Science
Council of China. SKOV3 cells (1x10°cells) were
injected subcutaneously into the right axillary
fossa. The mice were randomly divided into
three groups (n = 5 per group): control group,
RawqO1+control  group, RawqOl1+mir-375
group. In the control group, mice were treated
with normal saline; in the RawqO1+control
group, mice were treated with Rawq0O1 and nor-
mal saline; in the Rawgq01+mir-375 group, mice
were treated with RawgO1 and mir-375.
Treatments were done intravenously once
every other day for 21 days. The tumor size was
measured every 4 days, and the tumor volume
was calculated using the formula: V = LxW2/2;
where V is the volume (mm3), L is the long diam-
eter (mm) and W is the short diameter (mm).
These mice were killed and the tumors were
weighed at 21 days after inoculation.

Statistical analysis

Data were presented as the mean + standard
deviation (SD). Student’s t-test was performed
for comparisons using SPSS version 14.0. A
value of P < 0.05 was considered statistically
significant.
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Results

Over-expression of mir-375 sensitized ovarian
cancer cells to RAWQO1

To investigate the growth inhibitory effect of
RAWQO1 on the ovarian cancer cells, MTT
assay was performed. After treatment with
RAWQO1 at various concentrations (100 pM,
50 uM, 25 uyM and 12.5 pM) for 48 h, the
growth of ovarian cancer cells was significantly
inhibited as compared to the control group.

Studies have reported that mir-375 is frequent-
ly down-regulated in many cancers including
esophageal cancer, hepatocellular carcinoma,
breast cancer, etc [19-22]. Restoration of mir-
375 expression in these cancer cells might
inhibit the proliferation of cancer cells by tar-
geting PDK1 and IGF1R. Therefore, we hypoth-
esized that mir-375 enhances the antitumor
activity of ruthenium in the ovarian cancer
cells. The baseline expression of mir-375 in
ovarian cancer cell lines was detected by real
time PCR. Results showed that the expression
of mir-375 was at a very low level in the OVCAR3
cells, HO-8910 cells and SK-OV-3 cells. Then,
transfection of mir-375 was introduced to these
cancer cells by transfection. The expression of
mir-375 in these cells was further confirmed by
real-time PCR at 48 h after transfection.

Int J Clin Exp Pathol 2013;6(6):1095-1102
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Furthermore, our results revealed that the res-
toration of mir-375 expression in ovarian can-
cer cell lines down-regulated the expression of
both PDK1 and IGF1R (Figure 1A). Then, the
cells undergoing transfection were exposed to
Rawq01. As shown in Figure 1B, MTT assay
revealed cells transfected with mir-375 exhibit-
ed significantly decreased IC_, as compared to
those undergoing transfection of control
miRNA, suggesting that mir-375 increases the
sensitivity of ovarian cancer cells to Rawq01.

Mir-375 enhanced in vitro sensitivity of ovarian
cancer cells to RAWQO1 by inducing apoptosis

The drug resistance of various cancer cells has
been linked to a reduced susceptibility to drug-
induced apoptosis, which was shown to be a
consequence, at least in some cases, of over-
expression of anti-apoptotic proteins, such as
BCL2, IAPs, and BCL-XL [23-25]. Since mir-375
enhanced the growth inhibitory effect of
RAWQO1, we hypothesized that mir-375 might
play a role in the modulation of apoptosis. To
validate this hypothesis, flow cytometry was
performed to detect the apoptosis of ovarian
cancer cells. In all cell lines undergoing mir-375
transfection, markedly increased apoptosis
was observed after RAWQO1 treatment, when
compared with those transfected with control
miRNA (Figure 2A). In addition, the expression
of Bcl-2 and Bcl-2-associated X protein (Bax)
was also detected by Western blot assay. When
compared with the cells without mir-37 trans-
fection, the Bax expression was strikingly up-
regulated but the Bcl-2 expression significantly
down-regulated in cells transfected with mir-
375 after RAWQO1 treatment (Figure 2B).

Mir-375 increased in vivo chemosensitivity of
ovarian cancer to RAWQO1

To explore the enhanced inhibitory effect of
combined treatment on ovarian cancer cells,
mir-375 precursor was cloned and transfected
into SK-OV-3 cells. The expression of mature
mir-375 was confirmed by quantitative PCR.
Tumor xenografts developed after inoculation
of mir-375 transfected SK-OV-3 cells were used
to evaluate the antitumor effect of combined
treatment in vivo, while control vector trans-
fected cells served as controls. As shown in
Figure 3, the tumor weight of mice with mir-375
xenograft was significantly reduced after
RAWQO1 treatment when compared with mice
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inoculated with control cells, indicating that
mir-375 enhanced the in vivo antitumor effect
of RAWQO1.

Discussion

Ovarian cancer is the fifth common gynecologi-
cal malignancy and one of the leading causes
of death in women. Due to the lack of effective
strategies for early diagnosis, ovarian cancer is
often detected at an advanced stage. Cisplatin-
based chemotherapy has been a standard
therapy for women with advanced epithelial
ovarian cancer for more than two decades. The
overall clinical response rate of cisplatin-based
chemotherapy is about 67% and its failure is
often associated with severe neurotoxicity,
nephrotoxicity and gastrointestinal adverse
effects as well as myelosuppression. Other
drugs including paclitaxel, docetaxel, vinorel-
bine, irinotecan and gemcitabine are currently
being used in combination with cisplatin to
achieve better survival. However, the limited
efficacy of cytotoxic chemotherapy remains a
key obstacle in the treatment of advanced ovar-
ian cancer [3, 26, 27]. Therefore, a reasonable
strategy would be one that not only decreases
the dose of chemotherapeutics but enhances
the sensitivity of cancer cells to
chemotherapeutics.

A great attention has been paid to the rutheni-
um compounds as an alternative to platinum-
based tumor inhibitors. Due to the presence of
the aromatic m-ligand which makes them easily
penetrate the cell membrane and thus enhance
the cellular uptake, organometallic arene ruthe-
nium - based complexes have been considered
as one of the most promising substitutes for
cisplatinum as an anti-tumor drug in clinic prac-
tice with low toxicity to normal cells and high
selectivity to cancer cells [28-31].

Rawg01 is a novel ruthenium-derived com-
pound. Studies have shown that RawqO1 is
effective in treatment of esophageal cancer
[32]. Our findings clearly showed that RawqO1
was also effective to inhibit the growth of ovar-
ian cancer cells and induce cell death.

MicroRNAs are a family of endogenously syn-
thesized small non-coding RNAs (approx. 22
nucleotides in length) that regulate gene
expression by 1) influencing the protein trans-
lational machinery and/or 2) inducing the

Int J Clin Exp Pathol 2013;6(6):1095-1102
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degeneration of target mMRNAs [13]. These miR-
NAs appear to play important roles in vital cel-
lular processes such as development, differen-
tiation, cell cycle, apoptosis, metabolism, and
proliferation.

Increasing evidence suggests that miRNA may
serve as a potential adjunct in the chemothera-
py of cancer. Recently, it has been reported
that mir-375 down-regulation is a common phe-
nomenon in pancreatic cancer, hepatocellular
cancer, gastric cancer, head and neck cancer
and esophageal cancer [3, 14, 15, 25, 26]. Mir-
375 can inhibit the proliferation, invasion and
cell motility of cancer cells [14, 15, 29-31],
implicating a anti-tumor activity of mir-375. In
line with previous findings [14, 15], our findings
also revealed that mir-375 was down-regulated
in ovarian cancer cells, which suggests that
mir-375 may play a role as a potent inhibitor of
ovarian cancer. Introduction of mir-375 to ovar-
ian cancer cell lines (OVCAR3, HO-8910 and
SK-0OV-3) down-regulated the expression of
both PDK1 and IGF1R.

The present study clearly indicated that mir-
375 enhanced the RawqOZl-induced growth
inhibition and apoptosis of human ovarian can-
cer cells in vivo and in vitro.

In conclusion, our findings demonstrate that
combined treatment with mir-375 and Rawgq01
may sensitize ovarian cancer cells to chemo-
therapy. Therefore, combined therapy with mir-
375 and Rawq01 may represent a new strategy
for the clinical treatment of human ovarian
cancetr.
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