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Rab23 promotes the cisplatin resistance of ovarian
cancer via the Shh-Gli-ABCG2 signaling pathway
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Abstract. As a novel member of the Rab GTPase family,
the role of Rab23 has been reported in multiple types of
tumor. However, to the best of our knowledge, the role of
Rab23 in ovarian cancer (OC) has not yet been reported. In
the present study, immunohistochemistry analysis demon-
strated that Rab23 was upregulated in OC tissue; survival
analysis indicated that Rab23 expression was associated with
a reduced overall survival (OS) rate and disease-free survival
(DFS) time. In vitro experiments also demonstrated the
increased expression of Rab23 in the OC cells lines, A2780
and SKOV-3, compared with in the normal ovarian cell line,
IOSES0. Following the silencing of ABCG2 in SKOV-3 cells,
ATP-binding cassette sub-family G member 2 (ABCG2)
expression was significantly downregulated both at the RNA
and protein levels. The cisplatin (DDP) IC, declined from
43.09+7.12 ymol/1 in control cells to 26.46+5.38 ymol/l in
SKOV-3 cells with silenced Rab23. In contrast, in A2780 cells
overexpressing Rab23 (A2780-Rab23), ABCG2 expression
was significantly upregulated and the DDP ICs, increased
from 27.42+6.54 pmol/l in control cells to 45.92+5.23 ymol/l
in A2780-Rab23. Investigation into the potential molecular
mechanisms for this revealed that the expression of sonic
hedgehog (Shh) and Gli family zinc finger 1 (Glil) was
increased in A2780-Rab23 cells, whereas silencing Rab23
in SKOV-3 cells significantly inhibited the expression of Shh
and Glil. The Glil inhibitor GANT-61 significantly abrogated
the increased ABCG2 expression in A2780-Rab23 cells.
Furthermore, the DDP ICs, in A2780-Rab23 cells decreased
significantly following the silencing of ABCG2 expression;
the ICs, declined from 51.66+8.32 ymol/l in A2780-Rab23
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cells to 25.61+£6.17 ymol/l in A2780-Rab23 cells with silenced
ABCG2. Collectively, the results indicate that Rab23 promotes
the DDP resistance of OC cells via the Shh-Glil-ABCG2
pathway, providing the proof of principle for the further inves-
tigation of drug resistance therapy targeting Rab23.

Introduction

Ovarian cancer (OC) is the most common type of malignant
tumor of the female reproduction system and the leading
cause for mortality from gynecological cancer worldwide (1).
It is usually characterized by indistinct symptoms and rapid
progression, therefore, the majority of patients with OC are
diagnosed at an advanced stage and the prognosis is relatively
poor (2). In recent years, the overall survival (OS) rate of
patients with OC has improved to some extent due to the devel-
opment and combinations of treatments, including surgery,
chemotherapy and molecularly targeted therapy. However, the
prognosis for patients with OC remains relatively poor, which
is likely attributable to drug resistance (3,4). Therefore, the
identification of a novel method for the prevention of OC drug
resistance is necessary.

Rab23, a member of the Rab GTPase family, was first
isolated from brain tissue in 1994 (5). Its abberant expres-
sion has been reported in various different types of tumors;
however, its role in tumor progression and its association with
prognosis are controversial topics. Jian ef al (6) reported that
Rab23 could promote squamous cell carcinoma cell migration
and invasion via the integrin f1/Racl pathway. Wang et al (7)
reported that Rab23 was overexpressed in human astrocytoma
and promoted cell migration and invasion through the regula-
tion of Racl. However, Denning et al (8) demonstrated that
Rab23 exhibited low expression and served an inhibitory
role in thyroid cancer progression. Furthermore, Liu ef al (9)
reported that Rab23 expression could inhibit proliferation and
promote apoptosis in breast cancer. However, to the best of our
knowledge, the expression levels and function of Rab23 in OC
has not yet been reported.

In the present study, immunohistochemistry (IHC) analysis
demonstrated that Rab23 was highly expressed in OC tissues
and positively associated with poor OS and disease-free
survival (DFS) time. Cell-level experiments indicated that
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Rab23 was highly expressed in OC cells and could promote
the cisplatin (DDP) resistance of OC cells. Investigation
into the potential molecular mechanisms behind this effect
revealed that the sonic hedgehog (Shh)-Gli family zinc
finger 1 (Glil)-ATP-binding cassette sub-family G member 2
(ABCG?2) pathway was potentially responsible for DDP resis-
tance induced by Rab23.

Materials and methods

Specimens. In total, 74 primary OC specimens were obtained
from patients who accepted surgery between January 2008
and December 2010 at Rizhao People's Hospital (Rizhao,
China). Following surgery, tissues were immersed in 10%
paraformaldehyde at room temperature for 4 h and subse-
quently embedded in paraffin. Patients were aged between 34
and 71 years of age, with a median age of 51 years. Patients
who had received chemotherapy, radiotherapy or immuno-
modulatory therapy prior to surgery were excluded from the
study. The present study was approved by the review board and
ethics committee of Rizhao People's Hospital.

Immunohistochemistry (IHC). Tissues were cut into
4-pm-thick sections and incubated with a rabbit anti-human
Rab23 primary antibody (cat. no. ab192420; dilution, 1:300;
Abcam, Cambridge, UK) at 4°C overnight. Normal rabbit IgG
(cat. no. ab172730; dilution, 1:300; Abcam) was used as a nega-
tive control. Sections were then incubated with horseradish
peroxidase-conjugated goat anti-rabbit IgG (cat. no. KIT-7710;
working dilution; Fuzhou Maixin Biotech. Co., Ltd., Fuzhou,
China) and stained with 3,3'-diaminobenzidine (1 mg/ml) for
20 sec at room temperature; cell nuclei were stained using
10% hematoxylin for 14 sec at room temperature. The staining
score was calculated by two independent pathologists simulta-
neously, at x400 magnification in 5 random fields of view. The
proportion score represented the percentage of stained tumor
cells among total cells in each field of view: 0,<10%; 1, 10-25%;
2,26-75% and 3, >75%. The intensity score represented the
overall staining intensity: 0, none; 1, weak; 2, intermediate,
and 3, strong. The expression score of Rab23 was calculated as
the product of proportion score and intensity score. Scores >4
were classified as high expression and <4 as low expression.

Cell culture. The IOSE80 human normal ovarian cell line, and
OC cell lines A2780 and SKOV-3, were purchased from the
American Type Culture Collection (Manassas, VA, USA). All
cell lines were cultured in RPMI-1640 medium (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% fetal bovine serum (FBS) (Invitrogen;
Thermo Fisher Scientific Inc.). All cells were cultured in
5% CO, at 37°C. GANT6I1 (cat. no. 500579-04-4, Selleck
Chemicals, Houston, TX, USA) is an inhibitor, which can
block the hedgehog signaling pathway through inhibiting Gill.
This in turn reduces the drug resistance ability of cells. In the
present study, GANT61 was used to inhibit Glil.

Stable transfection. pcDNA3.1/Rab23 or empty plasmids
(Shanghai GenePharma Co., Ltd., Shanghai, China) were
transfected into A2780 cells to produce A2780-Rab23 cells,
and p-GPU6/Rab23-shRNA or empty plasmids (Shanghai
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GenePharma Co., Ltd.) were transfected into SKOV-3 cells,
using Lipofectamine 2000® (Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) according to the manu-
facturer's protocol. Cells were then cultured in 1.0 pg/ml
puromycin for 3 weeks and monoclones were selected. Five
weeks following transfection, Rab23 expression was detected
by RT-PCR and western blotting.

Silencing ABCG2 in OC cells. ABCG2 siRNA (5'-CCAGAA
CUAACGCAUUCAAdJTdAdAdTGGUCUUGAUUGCGUA
AGUU-3'; Shanghai GenePharma Co., Ltd.) was trans-
fected into A2780-Rab23 cells using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA), according to the manufacturer's protocol. A negative
siRNA was as used as a control. At 48 h, ABCG2 expression
was detected by reverse transcription-quantitative poly-
merase chain reaction (RT-PCR) and western blotting.

RT-PCR. Total RNA was extracted using TRIzol (Life
Technologies; Thermo Fisher Scientific, Inc.), according to
the manufacturer's protocol. cDNA was synthesized from
the total RNA using the PrimeScript RT-PCR kit (Takara
Biotechnology Co., Ltd., Dalian, China). The polymerase chain
reaction mixture was as follows: 1.2 ul cDNA, 1.8 ul forward
primer, 1.4 ul reverse primer, 5.6 ul double distilled dH20
was mixed. The thermocycling conditions were as follows:
94°C for 5 min, then 30 cycles of 94°C for 30 sec, 54°C for
30 sec, 72°C for 30 sec and 72°C for 5 min. The products were
electrophoretically separated on agarose gel (1.0%). Bands
were analyzed using Labworks software (version 4.0; UVP
LLC, Upland, CA, USA). The primer sequences used were as
follows: Rab23, forward, 5'-"AGGCACTGGCAAAAAGGT
TA-3', and reverse, 5-TAGACCACCTTCAGTGAGGC-3";
ABCG2, forward, 5'-CTGAGATCCTGAGCCTTTGG-3', and
reverse, 5"-TGCCCATCACAACATCATCT-3'. GAPDH was
used as an internal control and the primer sequence was as
follows: GAPDH forward, 5'-AGGTCGGTGTGAACGGAT
TTG-3' and reverse, 5'-GGGGTCGTTGATGGCAACA-3'.

Western blot analysis. Total protein concentration was
measured using the BCA kit (Pierce; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
Radioimmunoprecipitation assay buffer (PO013B; Beyotime
Institute of Biotechnology, Haimen, China) containing 1%
protease inhibitor was used for protein extraction. In total,
250 pg protein was loaded and separated using SDS-PAGE
(10% gel) and transferred onto nitrocellulose membranes.
Blocking was performed using TBS with Tween 20 containing
5% non-fat dried milk for 1 h at room temperature. The
membranes were incubated with the primary antibodies
(Table I) at 4°C overnight. The membranes were then incubated
with peroxidase-conjugated goat anti-rabbit-IgG (dilution
1:4,000; Abcam, Cambridge, UK) at room temperature for
1 h. Immunoreactive signals were detected using enhanced
chemiluminescence reagent (Pierce; Thermo Fisher Scientific,
Inc.). The bands were analyzed using Image-Pro (v5.1; Media
Cybernetics, Inc., Rockville, MD, USA).

Drug resistance assay. Cells were plated into 96-well plates in
triplicate at 8x10° cells per well. After 24 h, cells were cultured
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Table I. Primary antibodies used in western blotting.

Catalogue
Gene Company number Dilution
Rab23 Abcam, Cambridge, UK ab192420 1:300
g
ATP-binding cassette sub-family G Abcam, Cambridge, UK ab24115 1:400
g y g
member 2
Sonic hedgehog Cell Signaling Technology, Danvers, MA, USA 2207 1:400
Gli family zinc finger 1 Cell Signaling Technology, Danvers, MA, USA 3538 1:300
y g y
GAPDH Abcam, Cambridge, UK ab9485 1:500
g
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Figure 1. Rab23 is upregulated in OC and negatively associated with overall survival and disease-free survival time. (A) Representative images of the immu-
nohistochemical staining of Rab23 in normal ovarian and OC tissue. Rab23 expression in the normal ovarian cell line, IOSE80, and OC cell lines, A2780 and
SKOV-3, at the (B) mRNA and (C) protein levels. (D) Overall and (E) disease free survival analysis of patients with OC, stratified by Rab23 score. "P<0.05.
OC, ovarian cancer.
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Figure 2. Rab23 expression promotes the expression of ABCG2 and DDP resistance. Rab23 knockdown in SKOV-3 cells resulted in the downregulation of
ABCG?2 expression at the (A) mRNA and (B) protein levels. (C) Rab23 knockdown caused the growth inhibition rate of cells treated with DDP to increase
significantly, with a reduced ICs,. (D) Rab23 overexpression in A2780 cells resulted in the upregulation of ABCG2 expression at the (D) mRNA and (E) protein
levels. (F) Rab23-overexpressing A2780 cells demonstrated a significantly decreased growth inhibition rate when treated with DDP, resulting in a decreased
DDP IC,, value. "P<0.05. ABCG2, ATP-binding cassette sub-family G member 2; DDP, cisplatin.

in medium containing different concentrations of DDP (5, 10,
20,40 and 80 pmol/l) for 48 h. Cells were then incubated with
MTT for 4 h, then formazan was dissolved with dimethyl sulf-
oxide. Viability was analyzed by the absorbance at 490 nm.
The experiment was repeated at least 3 times. The ICs, was
then calculated from the survival curves constructed.

Statistical analysis. All data are expressed as the mean + standard
deviation. SPSS 11.0 software (SPSS, Inc., Chicago, IL, USA)
was used for all statistical analysis. Survival curves were gener-
ated by Kaplan-Meier analysis and were compared with the
log-rank test. Differences between groups were analyzed using
one-way analysis of variance followed by Dunnett's post-hoc
test. IC;, was calculated using regression analysis. P<0.05 was
considered to indicate a statistically significant difference.

Results

Rab23 is relatively highly expressed in OC and associated with
a reduced OS and DFS rate. Rab23 expression was detected

using the IHC staining of 74 OC tissues and 20 normal ovarian
control tissues. As demonstrated in Fig. 1A, Rab23 expres-
sion in OC tissue was significantly increased compared with
normal ovarian tissue (P<0.001). Cell line experiments also
demonstrated that Rab23 expression was higher in the OC cell
lines, A2780 and SKOV-3, than in the normal ovarian cell line,
IOSES0, at the mRNA (Fig. 1B) and protein (Fig. 1C) levels
(P<0.05).

The 74 OC tissues were divided into low (n=30) and high
(n=44) Rab23 expression groups. In the low Rab23 expression
group, 7 mortalities occurred during the follow-up period,
an OS rate of 76.67%; in the high Rab23 expression group,
30 mortalities occurred, an OS rate of 31.82%. In addition,
10 patients exhibited disease progression in the low Rab23
expression group, a DFS rate of 66.67%; in the high Rab23
expression group, 34 patients exhibited disease progression, a
DEFS rate of 22.73%. Using Kaplan-Meier survival curves and
the log-rank test, it was determined that the differences in the
OS (P=0.0001; Fig. 1D) and DFS rates (P<0.0001; Fig. 1E)
were significant.
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cisplatin.

Rab23 promotes ABCG?2 expression and DDP resistance.
Silencing Rab23 in SKOV-3 cells caused the downregula-
tion of ABCG2 expression at the mRNA (Fig. 2A) and
protein (Fig. 2B) levels. The growth inhibition rate of
SKOV-3 cells treated with DDP was significantly higher in
Rab23-silenced SKOV3 cells compared with control cells;
the ICs, decreased from 43.09+7.12 to 26.46+5.38 umol/l
(Fig. 2C). Rab23 overexpression in A2780 cells resulted
in the upregulation of ABCG2 expression at the mRNA
(Fig. 2D) and protein (Fig. 2E) levels. The growth inhibi-
tion rate of A2780 cells treated with DDP was significantly
lower in RAb23-overexpressing A2780 cells compared
with control cells; the ICs, increased from 27.42+6.54 to
45.92+5.23 ymol/l (Fig. 2F; P<0.05).

Shh-Glil-ABCG?2 is associated with the DDP resistance
induced by Rab23 expression. Rab23 overexpression in A2780
cells caused the Shh and Glil protein expression to increase
compared with empty control plasmid-transfected A2780 cells
(Fig.3A). The silencing of Rab23 in SKOV-3 cells resulted in the
downregulation of Shh and Glil protein expression compared
with empty control plasmid-transfected SKOV-3 cells (Fig. 3B).
Furthermore, the addition of the Glil inhibitor, GANT-61, to
Rab23-overexpressing A2780 (A2780-Rab23) cells resulted in
a significant decrease in ABCG2 expression compared with
untreated A2780-Rab23 cells (Fig. 3C). Silencing ABCG2 in
A2780-Rab23 cells (Fig. 3D and E) significantly reduced the
inhibition rate induced by Rab23 overexpression compared

with un-transfected A2780-Rab23 cells (P<0.05); the ICs,
declined from 51.66+8.32 to 25.61+6.17 umol/l (Fig. 3F).
These results suggest that the Shh-Glil-ABCG2 pathway was
induced by Rab23 to promote drug resistance.

Discussion

As a member of the Ras-related small GTPase family, Rab23
has been studied in various types of tumor, and whether it has
a negative or positive role in tumor progression is a contro-
versial issue (6-9). In recent years, tumor-promoting roles for
Rab23 have been reported in several types of tumors. In 2015,
Cai et al (10) reported that Rab23 activated the invasion and
motility of pancreatic duct adenocarcinoma cells. In 2017,
Chang et al (11) reported that the downregulation of Rab23 in
prostate cancer could inhibit tumor growth in vitro and in vivo.
However, the role of Rab23 in ovarian cancer remains unknown.
In the present study, the relatively high expression of Rab23 was
demonstrated in OC tissue and cell lines. Survival analysis
indicated that Rab23 was positively associated with the poor
OS and DFS rates of OC patients. This is consistent with the
studies by Cai et al (10) on pancreatic duct adenocarcinoma, and
by Chang et al (11) on prostate cancer. However, the results are
conflicting with studies in thyroid and breast cancer (8,9). This
may be associated with the different origins of the tumors.
ABCG2, also known as breast cancer resistance protein, is
a member of the ABC family of efflux proteins and can trans-
port substrates out of cells, resulting in drug resistance (12,13).
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Thus, ABCG2 is considered an important target for drug
resistance research, and ABCG?2 inhibitors are being assessed
in clinical studies. In the present study, the silencing or over-
expression of Rab23 induced the down- or upregulation of
ABCG?2 expression, respectively, at the mRNA and protein
levels. DDP is one of the most commonly used chemotherapy
drugs in multiple types of tumors, and functions by inducing
cancer cell death via the activation of the DNA damage
response, leading to cell cycle arrest and the induction of
mitochondrial apoptosis (14,15). In OC, DDP is used as a
first line chemotherapy drug (16). In the present study, it was
demonstrated that the DDP resistance of OC diminished when
Rab23 was silenced. Overall, these results indicate that Rab23
functions in the drug resistance mechanism of OC cells.

The Shh signaling pathway is an important regulator of
human cell proliferation, differentiation and embryonic devel-
opment (17). The dysregulated activation of the Shh signaling
pathway in cancer cells is associated with tumor occurrence,
drug resistance and poor cancer prognosis (18). Glil activates
the target genes downstream of the Shh pathway (19,20). It has
been reported that Rab23 is associated with the Shh signaling
pathway, but whether this correlation is positive or negative is
still under debate. Chi ef al (21) reported that Rab23 could nega-
tively regulate Glil in a SUFU-dependent manner. However,
Fuller et al (22) reported that Rab23 promotes nodal signaling in
vertebrate left-right patterning independent of the Shh signaling
pathway. In the present study, it was demonstrated that Rab23
upregulated ABCG2 expression via the Shh-Gli signal pathway
in OC cells. The differences in the results regarding the effect of
Rab23 on Shh signaling between studies may be attributable to
the different types of cell under investigation.

In conclusion, the present study demonstrates that Rab23
may function in the drug resistance of OC, and presents a novel
potential molecular mechanism for this effect. The present
study provides experimental evidence to support the further
investigation of Rab23 as a target to inhibit drug resistance and
improve the prognosis of patients with OC.
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