MOLECULAR MEDICINE REPORTS 11: 2173-2178, 2015

Rab25 is responsible for phosphoinositide 3-kinase/AKT-mediated
cisplatin resistance in human epithelial ovarian cancer cells
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Abstract. Rab25, a member of the Rab family of small
guanosine triphosphatase, was reported to have an essential
role in the development of human epithelial ovarian cancer.
The present study demonstrated that Rab25 mediated the
sensitivity of ovarian cancer to cisplatin, a first-line chemo-
therapeutic agent for the treatment of ovarian cancer in
the clinic. Overexpression of Rab25 and increased phos-
phoinositide 3-kinase (PI3K)/AKT signaling were detected
in cisplatin-resistant SKOV-3 cells compared with those in
cisplatin-sensitive ES-2 cells. The results of the present study
indicated that cisplatin resistance was primarily due to reduced
Gl cell cycle arrest following cisplatin treatment in SKOV-3
cells. By contrast, the corresponding phenomenon was not
observed following treatment with a Rab25-specific small
interfering RNA or treatment with the PI3K/AKT inhibitor
LY294002. Of note, inhibition of the PI3K/AKT pathway
reduced Rab25 gene expression and sensitized SKOV-3 cells
to cisplatin. Furthermore, knockdown of Rab25 showed an
effect comparable with blocking the PI3K/AKT pathway. In
conclusion, the results of the present study demonstrated that
PI3K/AKT and Rab25 significantly contributed to cisplatin
resistance in human epithelial ovarian cancer; in addition,
silencing Rab25 or inhibiting the PI3K/AKT pathway mark-
edly increased the sensitivity of these cells to cisplatin.

Introduction

Ovarian cancer is a malignant tumor derived from epithelial
and germ cells (1). In humans, ovarian cancer is the second
most prevalent gynecological malignancy and has the highest
mortality rate among them (2). According to the US Centers
for Disease Control and Prevention, there are >22,000 novel
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cases of ovarian cancer and ~14,000 mortalities each year
in the United States (3). Advanced surgical methods and
chemotherapeutic agents are available for the treatment of
ovarian cancer; however, early diagnosis only occurs in ~25%
of cases due to the lack of effective screening programs and
non-specific symptoms (4-6).

Studies from the International Collaborative Ovarian
Neoplasm group and the European Organization for Research
and Treatment of Cancer have decided that only patients with
stages IA or IB (non-clear cell histology and well-differenti-
ated (G1) tumor; according to the International Federation of
Gynecology and Obstetrics guidelines) ovarian cancer may
avoid chemotherapy (7). The majority of patients with ovarian
cancer require chemotherapy to enhance progression-free and
overall survival. Cisplatin and analogous platinum deriva-
tives are the front-line chemotherapeutic agents used for the
management and treatment of recurrent ovarian cancer (8,9).

The majority of ovarian cancers are initially responsive to
chemotherapy; however, in numerous cases patients become
cisplatin-resistant due to recurrence and metastasis (10). The
mechanism of cisplatin resistance leading to clinical resistance
remains to be elucidated. Therefore, understanding the molecular
dysregulation underlying chemoresistance in ovarian cancer is
essential for developing successful therapeutic strategies.

Rab25 (alsoknown as CATX8) isaRab11 guanosine triphos-
phatase (GTPase) family member that belongs to the Rab family.
Rab25 was found to contain an unusual amino acid sequence,
WDTAGLE, in its guanosine trisphosphate (GTP)-binding
domain causing it to be constitutively activated (11). GTPase
activity modulates the binding affinities of Rab25, which are
critical for its biological functions, including proliferation,
signal transduction, apoptosis, microtubule organization,
recruitment of H*K* adenosine triphosphatase, transferring
receptor recycling and integrin trafficking (12). Contrary
to the function of other Rabll GTPases, Rab25 overexpres-
sion correlated with the aggressiveness of cancers, including
ovarian and breast cancer (13,14). Studies have demonstrated
that knockdown of RAB25 promoted autophagy and inhibited
cell growth in ovarian cancer cells in vitro and in vivo (15,16).

The aim of the present study was to investigate the
effect of Rab25 overexpression and phosphoinositide
3-kinase (PI3K)/AKT signaling on cisplatin resistance in
ovarian cancer cell lines in order to discover a novel strategy
for sensitizing cells to chemotherapeutic agents.
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Materials and methods

Cell culture. SKOV-3 and ES-2 ovarian cancer cell lines were
purchased from the Shanghai Institute of Cell Biology, Chinese
Academy of Sciences (Shanghai, China). The cells were
grown in RPMI 1640 medium (Gibco-BRL, Grand Island,
NY, USA) and then supplemented with 100 IU/ml penicillin,
100 pg/ml streptomycin and 10% fetal bovine serum (FBS)
(all HyClone, Logan, UT, USA) in a 5% CO, atmosphere at
37°C. The cells were routinely subcultured every three days.

RNA extraction and reverse transcription quantitative poly-
merase chain reaction (RT-gPCR). Total cellular RNA was
extracted from cells using the TRIzol® reagent (Invitrogen Life
Technologies, Carlsbad, CA, USA) according to the manufac-
turer's instructions. Complementary DNA was synthesized
using a reverse transcription reagent (Promega Corp., Madison,
WI, USA). gPCR was performed using a standard SYBR green
PCR kit (Promega Corp.) and PCR-specific amplification was
conducted in an Eppendorf 5331 Real-Time PCR machine
(Eppendorf, Hamburg, Germany). Gene expression was calcu-
lated using the 2-#4°Y method. The primer sequences were
synthesized by Jie Li Biology (Shanghai, China) as follows:
RAB25 sense, 5'-GCCCTGGACTCTACCAATGTTGA-3'
and antisense, 5'-GCTGTTCTGTCTCTGCTTGGACAC-3
GAPDH sense, 5'-GCACCGTCAAGGCTGAGAAC-3' and
antisense, 5“-TGGTGAAGACGCCAGTGGA 3.

Western blot analysis. The cells were lysed on ice with RIPA
lysis buffer [150 mM NacCl, 1% NP40, 0.5% sodium deoxycho-
late,0.1% SDS, 50 mM Tris (pH 7.9), 10 mM NaF, PMSF and 1X
protease inhibitors], and protein concentrations were measured
using the Bicinchoninic Acid Protein Assay reagent (Pierce
Biotechnology, Inc., Rockford, IL, USA). Protein extracts
(40 pg) were subjected to SDS-PAGE and transferred onto poly-
vinylidene fluoride membranes (Invitrogen Life Technologies).
The mouse anti-human p-AktThr308 antibody (1:1,000; Cell
Signaling Technology, Inc., Danvers, MA, USA) was used as
the primary antibody, and the horseradish peroxidase-labeled
goat anti-mouse immunoglobulin G (1:2,000; Cell Signaling
Technology, Inc.) was used as the secondary antibody. The
B-actin antibody (1:5,000; Sigma, St. Louis, MO, USA) was
used as an internal control. The bands were detected using
an enhanced chemiluminescence kit (GE Healthcare, Little
Chalfont, UK) and visualized using the ChemiDoc XRS system
(Bio-Rad Laboratories, Hercules, CA, USA). Multi Gauge V3.2
software (Fujifilm, Kanagawa, Japan) was used to quantitatively
determinate the gray level of each band (absorbance measured
at 570 nm) and the objective band/internal band ratio.

Small interfering RNA (siRNA) transfection. The human
Rab25-specific siRNA (siRab25) and control siRNA (siCon)
were purchased from Dharmacon, Inc. (Lafayette, CO,
USA). DharmaFCET 1 reagent (Dharmacon, Inc.) was
used to transfect siRNAs, according to the manufacturer's
instructions. The Rab25 siRNA sense sequence used was
5"TCCCTCTGGCTGCAGAAGT-3".

Cell viability assay. Cells were plated into 96-well micro-
plates (10* cells/well) and incubated with siRab25, siCon,
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LY294002 (PI3K/AKT inhibitor; Sigma) or dimethyl sulfoxide
(control; Sigma) for 24 h. In order to investigate the inhibitory
effect of cisplatin in cells, a series of cisplatin concentrations (1,5,
10,50 and 100 x#M; Sigma) was added to the ovarian cancer cells.
Cell viability was monitored using an MTT assay (Sigma) as
previously described (17). Absorbance was measured at 570 nm
using a Bio-Rad MicroPlate Reader, model 450 (Bio-Rad
Laboratories). Experiments were performed in triplicate.

Cell cycle analysis. Cells were synchronized in Gl-phase
by serum starvation for 12 h. Flow cytometric (FCM; BD
FACSCalibur; Becton-Dickinson, San Jose, CA, USA) analysis
was used to determine the cell cycle phases of cells. In brief,
cells were washed with 4°C phosphate-buffered saline (PBS)
and fixed with 70% cold ethanol (HyClone, Logan, UT, USA)
at 4°C overnight. The fixed cells were then collected, washed
with PBS and stained with propidium iodide (PI; Sigma) in
the presence of RNAase (Sigma). The phase of cell cycle was
analyzed using ModFit software, version 3.2 (Verity Software
House, Topsham, ME, USA).

Apoptosis assay. To evaluate cell apoptosis,an Annexin V- fluo-
rescein isothiocyanate (FITC) Apoptosis kit (Cell Signaling
Technology, Inc.) was used. In brief, cells were harvested
and washed with 4°C PBS. Cells were then resuspended in
binding buffer and then incubated with Annexin V-FITC and
PI buffers (Invitrogen Life Technologies) for 15 min at 4°C in
the dark. Annexin V-FITC and PI signals were then detected
using flow cytometry.

Statistical analysis. Values are presented as the mean + stan-
dard error of the mean. Statistical analyses were performed
using Student's t-test. SPSS 17.0 software (SPSS, Inc., Chicago,
IL, USA) was performed for statistical analysis P<0.05 was
considered to indicate a statistically significant difference
between values.

Results

Rab25 expression and PI3K/AKT pathway activity are
increased in cisplatin-resistant cell lines. The cisplatin-resis-
tant SKOV-3 and the cisplatin-sensitive ES-2 ovarian cancer
cell lines were used to investigate the role of Rab25 in cisplatin
resistance in ovarian cancer. SKOV-3 cells were found to over-
express Rab25 messenger RNA (mRNA), whereas decreased
expression of Rab25 mRNA was observed in the ES-2
cells (Fig. 1A). In addition, western blot analysis revealed that
Rab25 protein expression levels were significantly elevated in
SKOV-3 cells compared to those of ES-2 cells (Fig. 1B and C).
Furthermore, AKT activity was markedly increased in
the SKOV-3 cell line compared to that in the ES-2 cell
line (Fig. 1B and D).

Cisplatin-resistant cell line lacks GI cell cycle arrest
following cisplatin treatment. In order to further elucidate
the mechanism of cisplatin resistance in different cells,
the cell cycle and apoptotic rate were analyzed. Following
treatment with cisplatin for 2 h, there was a significant
dose-dependent increase in the percentage of ES-2 cells in
Gl-phase (Fig. 2A; Table I). However, SKOV-3 cells did not
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Figure 1. Cisplatin-resistant ovarian cancer cells show overexpression of Rab25 and activation of the phosphoinositide 3-kinase/AKT pathway. (A) mRNA
expression levels of Rab25 in SKOV-3 (cisplatin-resistant) and ES-2 (cisplatin-sensitive) cells were measured using reverse transcription quantitative poly-
merase chain reaction. (B) SKOV-3 and ES-2 cells were plated in six-well plates with 10 cells/well and harvested to prepare cell lysates. Western blot analysis
was used to analyze Rab25, p-AKT and total AKT expression. [3-actin was used as a loading control. (C and D) Quantification of several immunoblots, similar
to the one shown in (B), using Multi Gauge V3.2 software. Values are presented as the mean + standard error of the mean (n=3). "P<0.05 compared with the
SKOV-3 cell line. nRNA, messenger RNA; p-AKT, phosphorylated AKT.
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Figure 2. Gl-phase arrest in SKVO-3 cells is lower than that in ES-2 cells. Cells (5x10°) were cultured in a 6-cm dish. (A) Flow cytometric analysis of
the cell cycle in SKVO-3 and ES-2 cells following incubation with a series of cisplatin concentrations for 2 h. (B) Flow cytometric analysis of apoptotic
cells following incubation with 10 #M cisplatin for 2 h. Experiments were performed in triplicate. FITC, fluorescein isothiocyanate; PI, propidium

iodide.
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Table I. Cisplatin-induced G1-phase arrest in SKVO 3 cells is lower than that in ES-2 cells.

SKVO-3 ES-2
Phase/Cisplatin 0ouM 10 uM 100 uM ouM 10 uM 100 uM
SubG1 (%) 1.88+0.2 1.55+0.35 1.11+0.76 1.51+1.30 16.7+1.81 1.75+0.35
GO/G1 (%) 26.7+2.03 37.3+0.9* 40.7+1.69 39.7+2.56 46.7+3 91 51.3+1.45
S (%) 41.9+1.95 28.0+3.9 30.5+2.19 38.7+0.61 29.6+1.88 31.1+2.16
G2/M (%) 31.4+2.74 31.4+4.67 30.2+£1.07 19.5+£1.49 18.4+1.87 17.5+£0.83

Mean =+ standard deviation (n=3). *P<0.05 vs. ES-2 cells.
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Figure 3. Decreased expression of Rab25 following treatment with Rab25 inhibitor LY294002 in SKOV-3 ovarian cancer cells. (A) Reverse transcription
quantitative polymerase chain reaction analysis of Rab25 gene expression in SKOV-3 cells in the presence or absence of LY294002 (10 #M) at 24 and 48 h.
(B) Western blot analysis of Rab25 protein expression following LY294002 treatment. (C) Optical densities of Rab25 protein bands were analyzed using
Multi Gauge V3.2 software and normalized relative to the f-actin loading control. Values are presented as the mean + standard error of the mean (n=3).
“P<0.05 vs. DMSO. mRNA, messenger RNA; DMSO, dimethyl sulfoxide.
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Figure 4. Inhibition of the phosphoinositide 3-kinase/AKT pathway or Rab25 silencing increases the sensitivity of SKOV-3 cells to cisplatin. (A) SKOV-3
cells were transfected with siCon or siRab25 and incubated for 48 h. Western blot analysis was then used to determine Rab25 protein expression levels.
(B) SKOV-3 cells were treated with concentrations (1, 5, 10, 50 and 100 M) of cisplatin in combination with transfection of siCon, siRab25 or treated with
the Rab inhibitor LY294002 and incubated for 48 h. MTT assay was then used to determine cell viability. Cell growth inhibition rate was calculated as fol-
lows: Inhibition rate=(1-Absorbance value experiment group/Absorbance value control group)x100. Values are presented as the mean + standard error of the
mean (n=3). (C) Flow cytometric analysis of the cell cycle of SKOV-3 cells treated with 10 #M cisplatin in combination with transfection of siCon, siRab25 or
LY294002. Experiments were performed in triplicate. siCon, control small interfering RNA (siRNA); siRab25, Rab25-specific siRNA.
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respond to cisplatin treatment and the number of cells in
Gl-phase was not significantly altered (Fig. 2A; Table I). The
apoptotic rates of the two cell lines showed no significant
difference from each other (Fig. 2B). These data indicated
that deficiency in Gl-phase cell cycle arrest was induced
by cisplatin rather than apoptosis and therefore, the lack of
SKOV-3 cells in Gl-pase may be due to cisplatin resistance.

Inhibition of the PI3K/AKT pathway downregulates Rab25
expression levels. In order to investigate whether Rab25 was
associated with the PI3K/AKT pathway, SKOV-3 cells were
treated with the PI3K/AKT inhibitor LY294002. Following
treatment with 10 xM LY294002 for 24 and 48 h, Rab25
mRNA expression in SKOV-3 cells was decreased by ~46.7
and 58.4%, respectively (Fig. 3A). Subsequently, Rab25 protein
expression levels were determined using western blot analysis.
The results demonstrated that LY294002 treatment markedly
suppressed Rab25 protein expression; this therefore indicated
that inhibition of the PI3K/AKT pathway downregulated
Rab25 protein expression (Fig. 3B and C).

Knockdown of Rab25 or inhibition of the PI3K/AKT
pathway increases the sensitivity of SKOV-3 cells to cispl-
atin. In the present study, a Rab25-specific siRNA was used
to block the expression of ubiquitously-produced Rab25 in
SKOV-3 cells. Western blot analysis revealed that protein
levels of Rab25 were significantly decreased (by 70.2%)
following siRab25 transfection as compared with those of
the control groups (Fig. 4A). In order to determine whether
Rab25 or the PI3K/AKT pathway were involved in the
decreased chemosensitivity of cisplatin-resistant cells,
the cell growth inhibiting effect of siRab25 or PI3K/AKT
signaling inhibitors in combination with cisplatin was
measured. An MTT assay demonstrated that siRab25 as
well as LY294002 decreased the ICs, values of cisplatin on
SKOV-3 cells (Fig. 4B). In addition, Rab25 gene silencing
or LY294002 treatment increased the Gl-phase cell cycle
arrest induced by cisplatin (Fig. 3C). In conclusion, these
results indicated that elevation of Rab25, via activation of
the PI3K/AKT pathway, may be the mechanism for cisplatin
resistance of ovarian cancer cells.

Discussion

Rab25, a Rabl1 subfamily protein, was previously reported to
be expressed in all eukaryotes, where it shared a conserved
mechanism of regulation (12). Rab25 has been suggested
to have a comparable function to that of Rabl1; in addition,
Rab25 was reported to be spatially and functionally associ-
ated with the regulation of apical-to-basolateral transcytosis
in polarized epithelial cells, indicating that Rab25 was an
important regulator of polarized cell surface composition (18).
Rab25 was shown to enhance the invasive ability of cells
due to its epithelial cell polarity modulatory characteristic,
therefore suggesting that Rab25 dysregulation may have a
role in tumorigenesis (14). Previous studies have demonstrated
that Rab25 controlled tumor progression, aggressiveness and
potentially chemosensitivity (13,19-21); furthermore, Rab25
was amplified at the DNA level and overexpressed at the RNA
level in ovarian cancers (13).
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Knockdown of RAB25 promotes autophagy and inhibits cell
growth in ovarian cancer (15). The results of the present study
were concurrent with the hypothesis that Rab25, as an oncogene,
contributed to the aggressiveness of ovarian cancer. In addition,
the present study demonstrated that constitutive overexpression
of Rab25 due to increased activation of PI3K/AKT signaling in
SKOV-3 cells resulted in cisplatin resistance, a severe obstacle
for the successful treatment of ovarian cancer. Elucidating
the molecular mechanism underlying cisplatin resistance is
critical for improving sensitivity to chemotherapeutic agents. It
is understood that chemoresistance is due to dysregulation of the
balance between the pathways of cellular survival and apoptosis
as well as enhanced drug clearance, enhanced detoxification
and reduced drug efficacy due to increased DNA repair (22).
A previous study has reported that inhibition of the PI3K/AKT
pathway may enhance chemosensitivity of resistant ovarian
cancers, more prominently in tumors with a high PI3K/AKT
activity profile (10). The present study revealed that suppression
of the PI3K/AKT pathway by LY294002 reduced Rab25 expres-
sion, therefore indicating that Rab25 was a key effector molecule
of the PI3K/AKT pathway in cisplatin resistance. Furthermore,
knockdown of Rab25 using siRNAs or inhibition of PI3K/AKT
signaling increased the sensitivity of SKOV-3 cells to cisplatin via
augmentation of Gl-phase cell cycle arrest, which was thought to
contribute to the sensitization of cells to cisplatin.

In conclusion, the results of the present study confirmed the
tumorigenic role of RAB25 in ovarian cancer cells and suggested
a novel role of Rab25 in cisplatin resistance. In addition, the
results demonstrated that inhibition of Rab25 and the PI3K/AKT
pathway sensitized ovarian cancer cells to cisplatin, providing a
potential novel adjuvant therapy in combination with cisplatin.
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