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Purpose: Paclitaxel resistance in ovarian cancer has become an urgent clinical problem. 
This study investigated the regulatory effects of RAB17 on the non-coding RNA network of 
the paclitaxel-resistant ovarian cancer cell A2780/PTX.
Methods: Microarray analysis was used to identify differentially expressed genes in pacli
taxel-resistant cell A2780/PTX compared to the parent paclitaxel-sensitive cell A2780. 
Quantitative real-time PCR and Western blot were used to measure the expression of related 
mRNAs and proteins. The CCK8 assay was used to determine cell survival ratios and drug 
resistance indices in ovarian cancer cells. The clone forming assay was used to analyze the 
cell clone proliferation. Flow cytometry was used to analyze the cell cycle. Dual-luciferase 
reporter gene assays evaluated the relationship between the genes.
Results: RAB17 is highly expressed in A2780/PTX cells. RAB17 knockdown increased the 
cell sensitivity to paclitaxel, inhibited proliferation, and caused cell cycle arrest in the G1 
phase in A2780/PTX. Western blot confirmed that RAB17 influenced cell behavior by 
activating the CDK6/RB signaling pathway. Bioinformatics analyses identified RAB17 as 
a new target by the microRNA miR-370-3p, and the latter was predicted to interact with 
circular RNA hsa_circ_0000714. Hsa_circ_0000714 indeed acted as a miRNA sponge for 
miR-370-3p allowing its regulation of RAB17 expression. This regulation was accomplished 
through the CDK6/RB signaling pathway.
Conclusion: Hsa_circ_0000714 acts as a sponge for miR-370-3p, and regulates RAB17 
expression through the CDK6/RB signaling pathway, which plays a role in the malignant 
progression of the paclitaxel-resistant ovarian cancer cell A2780/PTX.
Keywords: hsa_circ_0000714, miR-370-3p, RAB17, paclitaxel resistance, ovarian cancer

Introduction
Ovarian cancer is the seventh most common cancer affecting women worldwide.1 

More than 220,000 new cases and approximately 152,000 deaths due to ovarian 
cancer have been reported each year.2,3 Paclitaxel, as the first-line therapeutic drug 
for ovarian cancer treatment, has shown remarkable efficacy. However, about 80% 
of ovarian cancer patients have developed paclitaxel resistance or even multiple- 
drug resistance after years of treatment,2,4 leading to treatment failure. Thus there is 
an urgent clinical problem that needs to overcome the paclitaxel resistance phe
nomenon in the clinical treatment of ovarian cancer.5

Correspondence: Yifu Guan  
Department of Biochemistry and 
Molecular Biology, China Medical 
University, Shenyang, Liaoning 110122, 
People’s Republic of China  
Tel +86-133-8688-1690  
Email yfguan@cmu.edu.cn

submit your manuscript | www.dovepress.com OncoTargets and Therapy 2020:13 13211–13224                                                         13211

http://doi.org/10.2147/OTT.S285153 

DovePress © 2020 Guo et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

OncoTargets and Therapy                                                                    Dovepress
open access to scientific and medical research

Open Access Full Text Article

http://orcid.org/0000-0003-2566-7998
mailto:yfguan@cmu.edu.cn
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


Our microarray results showed that RAB family proteins 
were significantly overexpressed in the paclitaxel-resistant 
ovarian cancer cell A2780/PTX compared with the pacli
taxel-sensitive ovarian cancer cell A2780, and the most sig
nificant differences were found in RAB17 expression. RAB 
GTPases are composed of ~200 amino acids and their mole
cular weight is between 20,000–30,000 Daltons.6,7 They are 
nucleoside-dependent molecular switches that act as GTP 
binding (active) and GDP binding (inactive) states.8 Over 
66 RAB proteins in humans have been described.9 RAB25 
overexpression promoted the proliferation of ovarian cancer 
cells,10 whereas RAB21 downregulation was associated with 
the increased malignancy of human ovarian cancer.11 RAB17 
is highly expressed in the liver, kidney, and intestine,12 and 
recent studies have suggested that it may be associated with 
the occurrence and development of a variety of human 
malignancies. To date, the biological functions of RAB17 
and its potential role in paclitaxel resistance of ovarian cancer 
have not been reported.

Circular RNAs (circRNAs) are a class of endogenous 
non-coding RNAs. Given their many characteristics, such 
as preservation, stability, and tissue-specific expression,13 

they have attracted great interest for their application to 
clinical treatment and pharmaceutic development.14 

CircRNAs have been described as competitive endogenous 
RNAs (ceRNAs) and interact with microRNAs (miRNAs) 
to negatively regulate their activity.15 MiRNAs, another 
class of non-coding RNAs of 22–25 nucleotides long, bind 
to the 3ʹ-untranslated regional (3ʹ-UTR) of target mRNAs 
through imperfect base pairing to regulate gene 
expressions.16 Thus, circRNAs, miRNAs, and target gene 
mRNAs could form regulatory axes for different biological 
functions, including cancer development. Previous studies 
have shown that the circRNAs/miRNAs/mRNAs cross- 
talk has a potential role as a tumor inhibitor and activator 
in ovarian cancer cell lines.17 And performed a systematic 
analysis of circRNAs expression in clinical ovarian tumor 
samples.18 In particular, circ_EPSTI1 was overexpressed 
in 50 ovarian cancer samples and was shown to sponge 
miR-942, which is downregulated in ovarian cancer 
tissue.19 Overexpression of circ_0051240 in ovarian can
cer tissues promotes tumor formation, cell growth, pro
gression, and invasion, this circRNA was able to sponge 
miR-637, which inhibited the expression of KLK4.20

In this study, we investigated RAB17 expression in pacli
taxel-resistant as well as paclitaxel-sensitive ovarian cancer 
cells. Furthermore, the binding sites of miR-370-3p targeting 
the 3ʹ-UTR of RAB17 mRNA were identified. We also 

confirmed that hsa_circ_0000714 was highly expressed in 
the paclitaxel-resistant ovarian cancer cell, and could serve as 
a sponge of miR-370-3p to regulate the expression of RAB17, 
leading to the formation of the hsa_circ_0000714/miR-370- 
3p/RAB17 regulatory axis. We show that this axis promotes 
paclitaxel resistance in the ovarian cancer cell via activation 
of the CDK6/RB signaling pathway. Experimental results 
and conclusions in this study may contribute to a better 
understanding of the paclitaxel resistance mechanism of 
ovarian cancer and the development of new strategies for 
the paclitaxel-resistant ovarian cancer patients.

Materials and Methods
Cell Lines and Cell Culture
Two human epithelial ovarian cancer cell lines SKOV3 
and A2780 were commercially acquired from Beijing 
Shijitan Hospital (Beijing, China) and the use of the cell 
lines was approved by the Medical Ethics Review 
Committee of China Medical University. Cells were cul
tured in RPMI-1640 and DMEM medium (Hyclone, 
Logan, UT, USA), and supplemented included with 
L-glutamine and 10% fetal bovine serum (TBD, Tianjin, 
China). The paclitaxel-resistant ovarian cancer cell lines 
SKOV3/PTX and A2780/PTX were prepared following 
a standard stepwise selection procedure. All cell lines 
were cultured in a humidified incubator with 5% CO2 at 
37 °C. Cell lines grew in a monolayer and passage was 
performed when cultures were 70–80% confluent. The cell 
lines were tested for mycoplasma before use.

Establishment of Paclitaxel-Resistant Cells
A2780 cells were maintained in DMEM medium contain
ing paclitaxel at a concentration of 0.1 nM for 24 h, 
paclitaxel was supplied by the Shenyang Sinopharm 
Group (Shenyang, China). The surviving cells were 
selected for the next survival selection step using 
a higher paclitaxel concentration. This selection process 
was repeated for several steps with an increment of 0.5 nM 
at each step until all cells could survive at the paclitaxel 
concentration of 500 nM. The surviving cells were able to 
maintain the paclitaxel-resistant phenotype in the absence 
of the selection pressure and were named as A2780/PTX. 
The same procedure was used to prepare SKOV3/PTX.

Cell Treatment
Lentiviruses carrying RAB17 expression vectors were 
obtained from GeneChem (Shanghai, China). RAB17 
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overexpression was conducted according to the manufac
ture’s instructions. Briefly, cells (0.5×105 cells/well) were 
seeded in a 12-well plate and treated with lentiviral particles 
to establish RAB17 overexpression [40 µL polybrene and 2.5 
µL/well containing 1×108 infectious units (IFU) of RAB17 
overexpression virus] and the negative control (40 µL poly
brene and 2.5 µL/well containing 1×108 IFU negative virus) 
groups. The blank group consisted of A2780 cell with no 
exposure to lentiviruses transfection. Fresh medium DMEM 
was replaced in each infected well following 24 h of incuba
tion. Stable cell lines were obtained by treatment with 5 μg/ 
mL puromycin (Beyotime, Shanghai, China).

Cell Transfection
RAB17 siRNA (si-RAB17), negative control siRNA (si- 
NC), hsa_circ_0000714 siRNA (si-circ_0000714), nega
tive control siRNA (si-NC) was obtained from 
GenePharma (Shanghai, China). MicroRNA-370-3p 
mimics and mimics negative control (mimics-NC) were 
purchased from RiboBio (Guangzhou, China). The primers 
used are listed in Table 1. A2780 and A2780/PTX cells 
were cultured in 6-well plates with serum-free medium 
overnight and then transfected with si-RAB17 (50 nM) 
or si-control (50 nM), si-circ_0000714 (50 nM) or si- 
control (50 nM), and miR-370-3p mimics (70 nM) or 
mimics-negative control (70 nM) for 48 h using 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s instructions. After at 
least 5 h of incubation, the medium was changed and 
cells were subsequently cultured at 37 °C for 48 h. 
Quantitative real-time polymerase chain reaction (qRT- 
PCR) was used to determine the transfection efficiency.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
Total RNA was extracted using the Trizol method 
(Invitrogen), and reverse transcribed to cDNA using 
PrimeScript RT Master Mix (Takara, Dalian, China). 
Quantitative PCR was performed using TB Green® 

Premix Ex Taq™ II (TliRNaseH Plus) (Takara). The 

expression of RAB17, hsa_circ_0000714, hsa_
circ_0001298, hsa_circ_0000540, hsa_circ_0000847, 
hsa_circ_0069905, hsa_circ_0000417 and miR-370-3p 
were determined by RT-PCR analyses using TB Green® 

Premix Ex Taq™ II (TliRNaseH Plus) (Takara). Mirna 
was reversed transcribed and amplified by Mir-X miRNA 
First-Strand Synthesis Kit and TB Green® Premix Ex 
Taq™ II (Tli RNaseH Plus) (Takara), the primers for 
mRNA, miRNA, and circRNAs are listed in Table 2. U6 
small nuclear RNA served as an internal control for 
miRNA expression detection, and GAPDH was used as 
an internal control for mRNA gene expression. The PCR 
process was performed on the LightCycler480 system 
(Roche, Basel, Switzerland). The PCR cycling was as 
follows: 95°C for 30 sec; followed by 40 cycles of 95°C 
for 5 sec and 60°C for 30 sec; and 1 cycle of 95°C for 5 
sec, 60°C for 60 sec; lastly 1 cycle of 50°C for 30 sec. The 
relative RNA expression level was calculated with 2−∆∆ct.

Table 1 Primer Sequences Used for siRNA

ID Sense (5ʹ-3ʹ) Antisense (5ʹ-3ʹ)

RAB17 siRNA GAAGUGGCUCCGUGGGUAATT UUACCCACGGAGCCACUUCTT
MiR-370-3p mimics GCCUGCUGGGGUGGAACCUGGU -

Hsa_circ_0000714 #1 GAUGAGAUAUGUGUUGAGATT UCUCAACACAUAUCUCAUCTT

Hsa_circ_0000714 #2 GUUUAUUGAUGAGAUAUGUTT ACAUAUCUCAUCAAUAAACTT

Table 2 Primer Sequences Used for qRT-PCR

ID Sequence (5ʹ-3ʹ)

GAPDH F GAAGGTGAAGGTCGGAGTC
GAPDH R GAAGATGGTGATGGGATTTC

U6 F CAAATTCGTGAAGCGTTCCATA

U6 R AGTGCAGGGTCCGAGGTATTC
RAB17 F GTGGGCAACAAGACGGACCTCAG

RAB17 R CTCGCGGGCCCCTTGTTCAG

MiR-370-3p F TGTAACCAGAGAGCGGGATGT
MiR-370-3p R TTTTGGCATAACTAAGGCCGAA

Hsa_circ_0001298 F GCTGAGAATAAGGCGGCAGC

Hsa_circ_0001298 R AGGGGAGCCAAAGCGATCAG
Hsa_circ_0000540 F AGAGGAGGAGTCAGGGAGCT

Hsa_circ_0000540 R TCTCCATACCTCACAACCTGCA
Hsa_circ_0000847 F ACGCCACCTCCTGGATATATCA

Hsa_circ_0000847 R CGTGAATGGCAAGATGGACGA

Hsa_circ_0069905 F TCGGCTCATCTCACCAATCCT
Hsa_circ_0069905 R TGGAAGCACCCAGTGTATAGGA

Hsa_circ_0000417 F AGAGAACGAGAGAGGCACCG

Hsa_circ_0000417 R TGATCATGCCCACCATATTCAGC
Hsa_circ_0000714 F CAGGTCCGAGGAGGGTATGT

Hsa_circ_0000714 R TTTCATGGGCGTATCGGACAG
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Cell Counting Kit-8 (CCK-8) Assay
The Cell Counting Kit-8 (CCK8) (Beyotime) was used to 
determine cell proliferation. Human ovarian cancer cells 
(1×104/well) were plated on 96-well plates for 48 hours 
with different treatments, and 10 μL/well CCK8 solutions 
were added at a specified time. Finally, the absorbance at 
450 nm was measured after 4 h incubation.

Western Blot Analysis
Cells were harvested and washed with PBS. Protein was 
extracted following cell lysis using RIPA buffer (10 mM 
Tris, pH 7.4, 100 mM NaCl, 1 mM EDTA, 1 mM EGTA, 
1% Triton X-100, 10% glycerol, 0.1% SDS, 0.5% deox
ycholate) (Beyotime) containing protein inhibitors fol
lowed by ultracentrifuge at 13,000 rpm for 5 min. 
Supernatants were collected, and protein was quantified 
by the BCA assay (Beyotime). Samples were boiled at 100 
°C for 5 min. The extracted proteins (30 µg per lane) were 
separated by SDS-PAGE electrophoresis and transferred to 
polyvinylidene difluoride membranes. Membranes were 
blotted with 5% non-fat milk at room temperature for 
2 h. Primary antibodies targeting the proteins of interest 
were incubated with membranes with shaking at 4 °C 
overnight. Next, primary antibodies were collected, and 
membranes were incubated further with HRP tagged sec
ondary antibodies at room temperature for an additional 
2 h. The primary antibodies were diluted to 1:1000, sec
ondary antibodies were diluted to 1:10,000. Finally, the 
immune reactive proteins were detected using an enhanced 
chemiluminescence kit (#WLA003a, Wanlei, Shenyang, 
China) and the enhanced chemiluminescence detection 
system (Tanon-5200, Tanon Science and Technology, 
Shanghai, China).

Western blotting was performed using the following 
antibodies: anti-RAB17 (#8013S, CST, Shanghai, China), 
anti-CDK6 (#ab124821, Abcam, Shanghai, China), anti- 
FOXO1A (#ab179450, Abcam), anti-Cyclin D1 
(#ab40754, Abcam), anti-CDK4 (#ab108357, Abcam), anti- 
RB (#ab181616, Abcam), anti-p-RB (#ab184796, Abcam) 
and anti-GAPDH (#60004-1-lg, proteintech, Wuhan, China), 
anti-BCL-2 (#WL01556, Wanlei), anti-BCL-XL 
(#WL03353, Wanlei), anti-BAX (#WL01637, Wanlei), 
anti-N-cadherin (#WL01047, Wanlei), anti-E-cadherin 
(#WL01482, Wanlei). Secondary antibodies used in the 
experiments were from Santa Cruz (anti-rabbit, #ZB-2301 
or anti-mouse, #ZB-2305; ZSGB Bio, Beijing, China).

Cell Colony Formation Assay
A2780/PTX cell was transfected with RAB17 siRNA for 
48 h, then harvested and washed with PBS. Cells were 
planted in 6-well plates at a density of 400 cells per well, 
and cultured in RPMI-1640 supplemented with 10% FBS. 
After 2 weeks, the cells underwent fixation with 10% 
paraformaldehyde at room temperature for 30 min and 
stained with 0.25% of crystal violet at room temperature 
for 30 min. Finally, the newly formed colonies were 
imaged and counted. Using ImageJ software (version 
1.46r, Bethesda, MD, USA), respectively, A2780/PTX 
cells were also transfected with si-negative control for 
comparison. The same experimental process applies to 
A2780.

Dual-Luciferase Reporter Gene Assay
The binding regions of RAB17 with miR-370-3p, hsa_
circ_0000714 with miR-370-3p was predicted using the 
StarBase database (http://starbase.sysu.edu.cn/). The 
interactions between hsa_circ_0000714, miR-370-3p, 
and RAB17 were measured using the pMIR-REPORT 
system (GenePharma). The hsa_circ_0000714 and 
RAB17 mRNA 3′-UTR sequences containing wild-type 
(WT) or mutant-type (MUT), miR-370-3p binding sites 
were synthesized and respectively inserted into pMIR- 
report vectors. A2780 cells (1×105) were seeded into 
96-wells and then co-transfected with miR-370-3p 
mimics or control mimics using Lipofectamine 2000 
(Invitrogen). 48 h after transfection, the cells were har
vested and lysed. Dual-luciferase activities were tested 
using a dual-luciferase reporter assay kit (Promega, 
Madison, Wisconsin, USA).

Flow Cytometry Assay
A total of 1×106 – 9×106 cells at the logarithmic phase of 
growth were harvested, rinsed twice with PBS, and fixed 
with 70% cold EtOH. The cells were then stained with 
1 mL propidium iodide (50 µg/mL, KeyGen Bio, Jiangsu, 
China) in dark for 30 min. A FACS Calibur flow cytometer 
(Becton Dickinson and Company, New Jersey, USA) was 
employed to detect the cell cycle, which was then analyzed 
using MODFIT software (Becton Dickinson and 
Company).

Statistical Analyses
GraphPad (Prism Ver.8, GraphPad Prism Software, San 
Diego, CA, USA) was used to analyze statistical 
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significance between groups. Experimental data were 
depicted as mean SD. Comparisons between two groups 
were analyzed by independent-samples t-test with Welch’s 
correction. And a p-value less than *p<0.05, **p<0.01 was 
considered to be statistically significant.

Results
RAB17 Was Highly Expressed in 
Paclitaxel-Resistant Ovarian Cancer Cells
First, we characterized the paclitaxel-sensitive ovarian 
cancer cells SKOV3 and A2780 as well as paclitaxel- 
resistant ovarian cancer cells SKOV3/PTX and A2780/ 
PTX. The paclitaxel IC50 values of SKOV3 and 
SKOV3/PTX were determined using CCK8 assay to be 
9.02±0.93 nM and 472.20±2.14 nM, indicating that the 
paclitaxel resistance index (RI) was 52.35. The pacli
taxel IC50 values of A2780 and A2780/PTX were 11.51 
±0.86 nM and 1701±1.89 nM, respectively, correspond
ing to a paclitaxel RI of 147.78 (Figure 1A).

Microarray data showed that the expression profile of 
RAB family proteins in A2780 and A2780/PTX were 
dramatically different and that RAB17 high expression 
ranked first (Table 3). QRT-PCR and Western blotting 
confirmed that the expressions of RAB17 in the paclitaxel- 
resistant SKOV3/PTX and A2780/PTX cell lines were 
much higher than that in SKOV3 and A2780 cells 
(Figure 1B). Based on these results, we speculated that 
RAB17 might play an important role in the paclitaxel 
resistance of ovarian cancer.

RAB17 Influenced Cell Paclitaxel 
Resistance Behavior, Colony Formation, 
and Cell Cycle in Ovarian Cancer Cells
A2780/PTX was infected with siRNA-RAB17 and A2780 
was infected with lentivirus of RAB17 expression vectors. 
RAB17 expression was determined using qRT-PCR and 
Western blotting (Figure 2A). Si-RAB17 interference 
caused the paclitaxel IC50 value of A2780/PTX to 
decrease from 1716±2.40 nM to 640.6±2.56 nM, and the 
corresponding paclitaxel RI decreased from 147.78 to 
55.66. In contrast, the paclitaxel IC50 value increased 
from 13.92±0.80 nM to 46.95±1.28 nM, when RAB17 
was overexpressed of A2780 (Figure 2B). These results 
confirmed that RAB17 indeed influenced the paclitaxel 
resistance of ovarian cancer cells.

The colony formation assay provided results consistent 
with the aforementioned finding: si-RAB17 significantly 
inhibited the proliferation of A2780/PTX while RAB17 
overexpression promoted the proliferation of A2780 cells 
(Figure 2C). Moreover, RAB17 knockdown of A2780/ 
PTX led to cell cycle arrest: with fewer cells in the 
S phase and more in the G1 phase. In contrast, RAB17 
overexpression of A2780 promoted the cell cycle with 
a reduction of the number of cells in the G1 phase and 
an increase in the S phase (Figure 2D). Furthermore, we 
observed that the expression of anti-apoptotic proteins was 
significantly decreased, and the expression of apoptotic 
proteins and adhesion proteins was increased in A2780/ 
PTX following treatment with si-RAB17. Conversely, the 

Figure 1 Higher RAB17 expression in paclitaxel-resistant ovarian cancer cells than in paclitaxel-sensitive ovarian cancer cells. (A) The IC50 of paclitaxel-sensitive ovarian 
cancer cells SKOV3, A2780, and paclitaxel-resistant ovarian cancer cells SKOV3/PTX, A2780/PTX. (B) Expression of RAB17 in paclitaxel-sensitive ovarian cancer cells 
SKOV3, A2780, and paclitaxel-resistant ovarian cancer cells SKOV3/PTX, A2780/PTX, *p<0.05.
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expression of anti-apoptotic proteins increased, while the 
expression of apoptotic proteins and adhesion proteins 
decreased in A2780 cells following overexpression of 
RAB17 (Figure 2E). These results confirmed that RAB17 
plays an important role in the development of paclitaxel 
resistance in ovarian cancer.

RAB17 Affected the Paclitaxel Resistance 
Behavior Through the CDK6/RB Signaling 
Pathway
To better understand the underlying mechanism of pacli
taxel resistance induced by RAB17, we examined the 
expression of the paclitaxel resistance related protein 
P-gp. P-gp (also known as ABCB1, or MDR1) is 
a member of the superfamily of “classical” ABC 
transporters.21,22 This protein acts as a pump to efflux 
chemotherapeutic drugs out of cells and reduce their ther
apeutic efficacy.23 Western blotting results showed that in 
A2780/PTX cells exposed to si-RAB17 or when RAB17 
was overexpressed in A2780 cells, the expression of P-gp 
changed according to the expression of RAB17, indicating 
that the paclitaxel resistance of A2780/PTX induced by 
RAB17 was related to P-gp levels (Figure 3A). However, 
our findings indicated that RAB17 had a stronger influence 
on the expression of cycle cell proteins than on P-gp 
protein, which encouraged us to further explore 
a potential novel mechanism involving RAB17 in pacli
taxel resistance.

It is known that cyclin-dependent kinases (CDKs), 
a family of serine/threonine kinases, bind to the protein 
cyclins, and regulate the cell cycle during cancer progres
sion. The CDK6-Cyclin D1 and CDK4-Cyclin D1 com
plexes play an important role in the G1 phase and G1/S 
transition of the cell cycle.24,25 Accordingly, we measured 

the expression of cell cycle related proteins: FOXO1A, 
CDK4, CDK6, Cyclin D1, RB, and the phosphorylated 
RB (p-RB S807).26

Our results showed that after A2780/PTX cell inter
ference with si-RAB17, CDK6 expression was dramati
cally decreased, and that of its upstream protein FOXO1A 
as well as downstream proteins RB and p-RB were also 
decreased, together with the expression of Cyclin D1 
involved in complex formation with CDK6. The expres
sion of CDK4, however, was modestly affected compared 
with CDK6. The corresponding changes were also 
detected in the A2780 cell that overexpressed RAB17 
(Figure 3B). Thus, we confirmed that RAB17 could 
affected paclitaxel resistance and various biological char
acteristics of ovarian cancer cells by activating the CDK6/ 
RB signaling pathway.

RAB17 Was a New Target of miR-370-3p 
in Paclitaxel-Resistant Ovarian Cancer 
Cell
The StarBase database was searched to identify the potential 
miRNA binding regions targeting RAB17. The 3ʹ-UTR of 
RAB17 mRNA was found to bear potential binding sites for 
miR-370-3p (Figure 4A). To prove this hypothesis, we per
formed dual-luciferase assays using RAB17 reporters encod
ing the 3ʹ-UTR of RAB17. Our results showed that 
interference using miR-370-3p mimics significantly 
decreased luciferase activity of 3ʹ-UTR RAB17 wild-type 
(WT) reporter, which did not occur in when the reporter 
was exposed to the mimics negative control (NC), or when 
as the RAB17 reporter encoded a mutated 3ʹ-UTR sequence 
(Figure 4B). Overall, the results suggested that miR-370-3p 
might be a key miRNA regulator of RAB17 expression.

Table 3 The Up-Regulated and Down-Regulated Genes of A2780/PTX vs A2780 are Arranged According to the Ratio Change of 
the Microarray Data

Gene Up-regulated gene Gene Down-regulated gene

P-value log2 (Ratio) P-value log2 (Ratio)

RAB17 0.00000586202 6.453227 RAB34 0.0000007885 −6.643856
RAB27B 0.00000172149 3.844707 RAB31 0.0084376167 −3.754531

RAB20 0.00013566683 2.782447 RAB32 0.0000144106 −3.260899

RAB44 0.03432934360 2.282804 RAB6B 0.0001059230 −3.174254
RAB7B 0.03376534953 1.263069 RAB39A 0.0228652805 −3.020036

RABL3 0.03234115620 1.235760 RAB39B 0.0085450131 −2.167637

RAB3IP 0.03514570740 1.123441 RAB27A 0.0270952173 −2.147169
RAB15 0.01943322830 1.110513 RAB24 0.0010267436 −1.910676
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Figure 2 Knockdown and overexpression of RAB17 in A2780/PTX and A2780 cells, respectively, influence paclitaxel resistance, proliferation, cell cycle, and protein 
changes. (A) The transfection efficiency of knockdown and overexpression of RAB17 in A2780/PTX and A2780 cells, respectively, were identified by qRT-PCR and Western 
blotting, **p<0.01. (B) Influence of paclitaxel resistance following knockdown and overexpression of RAB17 in A2780/PTX and A2780 cells, respectively, as detected by 
CCK-8. (C) Influence of cell proliferation following knockdown and overexpression of RAB17 in A2780/PTX and A2780 cells, respectively, as detected by colony formation 
assays, **p<0.01. (D) Influence of the cell cycle following knockdown and overexpression of RAB17 in A2780/PTX and A2780 cells, respectively, as detected by flow 
cytometry assay, *p<0.05, **p<0.01. (E)  Influence of apoptotic and adhesion related proteins following knockdown and overexpression RAB17 in A2780/PTX and A2780 
cells, respectively, as detected by Western blotting, *p<0.05, **p<0.01.
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Upregulation of miR-370-3p Altered Cell 
Paclitaxel Resistance Behavior, Colony 
Formation and Cell Cycle of A2780/PTX
The inhibitory effect of miR-370-3p on tumor related 
genes has been demonstrated in a variety of cancer types 
including ovarian cancer.27–29 The effects of miR-370-3p 
on paclitaxel resistance in A2780/PTX were further exam
ined. MiR-370-3p was highly expressed following expo
sure to miR-370-3p mimics, and accordingly, Western 
blotting showed the expression of RAB17 was signifi
cantly repressed (Figure 5A).

The CCK8 assay revealed that the paclitaxel IC50 value 
for A2780/PTX cells was reduced from 1653±1.86 nM to 
828.5±0.88 nM, and the corresponding paclitaxel RI 
decreased from 147.78 to 71.98 (Figure 5B). Further, in 
the presence of with miR-370-3p mimics, the colony for
mation assay showed inhibition of A2780/PTX 

proliferation (Figure 5C), and flow cytometric data con
firmed that the cells transfected A2780/PTX with miR- 
370-3p mimics led to cell cycle arrest and cell loss in the 
S phase, but increase in the G1 phase (Figure 5D). Western 
blotting revealed a reduced expression of FOXO1A, 
CDK6, Cyclin D1, RB, and other proteins, implying that 
the upregulation of miR-370-3p affected the CDK6/RB 
signaling pathway of A2780/PTX (Figure 5E).

Hsa_circ_0000714 Acted as a Potential 
Molecular Sponge of miR-370-3p
Searching the StarBase database identified six potential 
circRNAs predicted to interact with miR-370-3p, and qRT- 
PCR results confirmed that hsa_circ_0000714 was 
expressed in A2780/PTX most strikingly (Figure 6A).

Further, two siRNA oligonucleotides were prepared to 
target the unique back splicing junction of hsa_
circ_0000714. The #2 antisense spliced junction siRNA 
decreased hsa_circ_0000714 expression more compared 
with the #1 antisense siRNA (Figure 6B). The knockdown 
of hsa_circ_0000714 in A2780/PTX decreased the expres
sion of RAB17 at mRNA and protein levels (Figure 6C). 
These findings were consistent with those showing the 
significantly increased expression of miR-370-3p. To con
firm molecular interaction between hsa_circ_0000714 and 
miR-370-3p, dual-luciferase reporter gene assay was per
formed, co-transfection of hsa_circ_0000714 wild-type 
(WT) with miR-370-3p mimics reduced strongly luciferase 
activity, however, no obvious effect on luciferase activity 

Figure 3 RAB17 regulates a variety of cellular behaviors in A2780/PTX and A2780 cells by activating the CDK6/RB signaling pathway. (A) Expression of P-gp protein was 
observed after knockdown and overexpression of RAB17 in A2780/PTX and A2780 cells respectively, *p<0.05, **p<0.01. (B) Expression of cell cycle related proteins was 
observed after knockdown and overexpression RAB17 in A2780/PTX and A2780 cells respectively, **p<0.01.

Figure 4 RAB17 is a new target of miR-370-3p. (A) The putative binding sites of 
miR-370-3p and RAB17. (B) Luciferase activities of wild-type (WT) RAB17 3′-UTR 
and mutant-type (MUT) RAB17 3ʹ-UTR after transfection with miR-370-3p mimics, 
**p<0.01.
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Figure 5 Influence of overexpressing miR-370-3p on paclitaxel resistance, cell proliferation, cell cycle, and signaling pathway in A2780/PTX. (A) The expression level of 
RAB17 after A2780/PTX cell transfection with miR-370-3p mimics, **p<0.01. (B) Influence of miR-370-3p transfection with mimics on paclitaxel resistance in A2780/PTX 
cell detected by CCK-8. (C) Influence of miR-370-3p transfection with mimics on cell proliferation in A2780/PTX cells assessed by colony formation assays, **p<0.01. (D) 
Influence of miR-370-3p transfection with mimics on the cell cycle in A2780/PTX cell detected by flow cytometry assay, *p<0.05, **p<0.01. (E) Influence of miR-370-3p 
transfection with mimics on the CDK6/RB signaling pathway proteins in A2780/PTX cells detected by Western blotting, **p<0.01.
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Figure 6 Hsa_circ_0000714 acts as a molecular sponge of miR-370-3p. (A) Hsa_circ_0000714 expression was remarkably higher in A2780/PTX cells compared with other 
circRNAs, **p<0.01. (B) Transfection with specific siRNAs, including si-hsa_circ_0000714#1 and si-hsa_circ_0000714#2, showing knockdown of hsa_circ_0000714 
expression, **p<0.01. (C) Knockdown of hsa_circ_0000714 upregulated miR-370-3p expression and further downregulated RAB17 expression, **p<0.01. (D) Putative 
binding sites between hsa_circ_0000714 and miR-370-3p. (E) Overexpressed miR-370-3p reduced the luciferase activity of wild-type (WT) hsa_circ_0000714 compared 
with mutant-type (MUT) hsa_circ_0000714 as detected by luciferase reporter assay, *p<0.05.
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was found after co-transfection of hsa_circ_0000714 
mutant-type (MUT) or the mimics negative control 
(Figure 6D and E). These results suggested that hsa_
circ_0000714 could serve as a sponge of miR-370-3p 
and regulate RAB17 expression.

Hsa_circ_0000714 Influenced Paclitaxel 
Resistance Behavior, Colony Formation, 
Cell Cycle, and Signaling Pathway
To explore the role of hsa_circ_0000714 in ovarian cancer, 
we infected A2780/PTX cells with si-circ_0000714#2. 
CCK8 assays showed that the paclitaxel IC50 values 
decreased from 1799±2.13 nM to 802.8±2.72 nM when 
hsa_circ_0000714 was knocked down in A2780/PTX, the 
corresponding paclitaxel RI decreased from 147.78 to 
69.75 (Figure 7A). Knockdown of hsa_circ_0000714 also 
significantly inhibited the proliferation ability of A2780/ 
PTX (Figure 7B) and inhibited the cell cycle, blocking 
cells at the G1 phage (Figure 7C). Western blotting also 
demonstrated that knockdown of hsa_circ_0000714 
decreased the expression of proteins of the CDK6/RB 
signaling pathway (Figure 7D).

Discussion
Paclitaxel is used as the first-line therapeutic agent for the 
treatment of ovarian cancer and has improved the overall 
response rate, clinical remission rate, and the median sur
vival rate of ovarian cancer patients. Nonetheless, pacli
taxel resistance may be developed after a period of clinical 
treatment.30,31 The mechanisms involved in paclitaxel 
resistance remains still unclear. It has been speculated 
that paclitaxel resistance could involve multiple pathways 
and multiple genes. The molecular mechanisms contribut
ing to multiple-drug resistance include changes in the cell 
membrane and emergency response elements, changes of 
cell cycle checkpoint proteins, drug targets alternation, 
inhibition of cell apoptosis, increased repairing capability 
for DNA damage, and increased production of efflux pro
tein ABC transporters, etc.32

Previous studies have shown that RAB17 plays an 
important role in the development of various cancers, but 
the results are controversial. In breast cancer cells, RAB17 
is regulated by the ERK2 signaling cascade and acts as an 
inhibitor of cell motility.33 In hepatocellular cancer and 
non-small cell lung cancer, the downregulation of RAB17 
promotes tumorigenesis and induces invasion, 

Figure 7 Influence of the knockdown of hsa_circ_0000714 expression on paclitaxel resistance, cell proliferation, cell cycle, and related signaling pathways in A2780/PTX 
cells. (A) The influence of the knockdown of hsa_circ_0000714 on paclitaxel resistance in A2780/PTX cell was determined by the CCK-8 assay. (B) The influence of the 
knockdown of hsa_circ_0000714 expression on the cell proliferation in A2780/PTX cells was determined by colony formation assays, **p<0.01. (C) The influence of the 
knockdown of hsa_circ_0000714 expression on the cell cycle in A2780/PTX cells was identified by flow cytometry, *p<0.05, **p<0.01. (D) The influence of 
hsa_circ_0000714 knockdown on the signaling pathway proteins in A2780/PTX cell was identified by Western blotting, **p<0.01.
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respectively.34,35 In the latest report, RAB17 was highly 
expressed in endometrial cancer, which regulated the cell 
cycle and promoted the proliferation of endometrial cancer 
by promoting the phosphorylation of AKT and mTOR.36 

In our study, we observed a significantly higher expression 
of RAB17 in paclitaxel-resistant ovarian cancer cells 
A2780/PTX and SKOV3/PTX in comparison with pacli
taxel-sensitive ovarian cancer cells A2780 and SKOV3 for 
the first time. We conducted a systematic investigation. To 
better understand the influence of RAB17 on paclitaxel 
resistance behavior. Cellular experiments determined that 
the higher expression of RAB17 was associated with 
a high paclitaxel resistance index, higher cell proliferation 
rate, and cell cycle alternation. Further experimental evi
dence suggested that RAB17 influenced cell cycle related 
proteins to create a paclitaxel-resistant phenotype in 
A2780/PTX cells via the CDK6/RB signaling pathway.

CircRNAs comprise a large class of non-coding 
RNAs.37 The emerging evidence on circRNA-microRNA- 
mRNA interactions provides new insights into the mole
cular pathways involved in the diagnosis, prognosis, and 
treatment of various cancers. In this study, using bioinfor
matics analysis combined with dual-luciferase experi
ments, we confirmed that the interaction of the 3ʹ-UTR 
of RAB17 mRNA with miR-370-3p regulates the paclitaxel 
resistance cellular behavior. MiR-370-3p has been studied 
intensively, and previous reports showed that it inhibits 
cell proliferation and induces the cell cycle arrest of 
human glioma cells.38 Further, miR-370-3p could inhibit 
the proliferation and invasion of thyroid cancer.39 In 
a recent report in ovarian cancer, miR-370-3p was sponged 
by hsa_circ_0061140, which inhibited the expression of 
FOXM1 and induced cell growth and metastasis.29 

Furthermore, we observed circular RNA hsa_
circ_0000714 was also significantly expressed in pacli
taxel-resistant ovarian A2780/PTX cancer cells compared 
with A2780. The expression of hsa_circ_0000714 was 
negatively correlated with the expression of miR-370-3p, 
and the latter was also negatively correlated with the 
expression of RAB17. Thus, we propose the presence of 
a hsa_circ_0000714/miR-370-3p/RAB17 regulatory axis 
that could have an effect on paclitaxel resistance behavior 
via the CDK6/RB signaling pathway.

In summary, we observed that RBA17 is highly expressed 
in paclitaxel-resistant ovarian cancer cell A2780/PTX and 
that RAB17 affects the paclitaxel resistance behavior through 
the CDK6/RB signaling pathway. In paclitaxel-resistant ovar
ian cancer cell hsa_circ_0000714 can sponge miR-370-3p to 

further regulate RAB17, thus, forming the hsa_circ_0000714/ 
miR-370-3p/RAB17 regulatory axis (Figure 8). To our 
knowledge, the findings and conclusions in the present 
study have not been reported previously. Our study may 
define a novel molecular mechanism for paclitaxel resistance 
and may provide the rationale for the development of new 
strategies for the clinical treatment of paclitaxel resistance in 
ovarian cancer. Further studies are needed to explore the 
complicated mechanism of the hsa_circ_0000714/miR-370- 
3p/RAB17 axis in vivo and to investigate its applications in 
ovarian cancer resistance, in resistance towards other anti- 
cancer agents, as well as other paclitaxel-resistant cancers.
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