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Abstract

Introduction: Ovarian cancer (OC) is the malignant tumor with the highest
mortality among gynecological cancers. Chemotherapy resistance is a major
obstacle to OC therapy. Circular RNAs (circRNAs) play crucial roles in cancer
development and chemoresistance. However, the role and potential mech-
anism of has-circ-001567 (circ-VPS13C) in chemoresistance of OC remain
unknown.

Material and methods: The levels of circ-VPS13C, miR-106b-5p and 14-3-3
zeta (YWHAZ) were detected by quantitative real-time polymerase chain re-
action (gRT-PCR) or western blot assay. Cell Counting Kit-8 (CCK-8) assay
was used to assess cell viability and calculate the half inhibition concentra-
tion (IC,,) of cisplatin (DDP). The levels of autophagy-related markers were
measured by western blot assay. Cell apoptosis and migration were evalu-
ated by flow cytometry and transwell assay, respectively. The binding rela-
tionship between miR-106b-5p and circ-VPS13C or YWHAZ was confirmed
by dual-luciferase reporter assay. Xenograft assay was performed to explore
the role of circ-VPS13C in vivo.

Results: Circ-VPS13C and YWHAZ were up-regulated, while miR-106b-5p
was down-regulated in DDP-resistant OC tissues and cells. Knockdown of
circ-VPS13C enhanced DDP sensitivity by repressing autophagy in DDP-resis-
tant cells. Circ-VPS13C increased DDP resistance via sponging miR-106b-5p.
Moreover, miR-106b-5p directly targeted YWHAZ. Up-regulation of YWHAZ
alleviated the decrease in DDP resistance caused by circ-VPS13C depletion.
In addition, circ-VPS13C silencing decreased DDP resistance in vivo.
Conclusions: Circ-VPS13C knockdown enhanced DDP sensitivity of OC
through modulation of autophagy via the miR-106b-5p/YWHAZ axis, provid-
ing a new biomarker for improving the efficacy of OC chemotherapy.
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Introduction

Ovarian cancer (OC) is the most common gynecological malignancy
with high mortality [1]. Due to atypical symptoms in the early stages of
0C, most OC patients are diagnosed as advanced stages [2]. Therefore,
the prognosis of OC is poor, with a five-year survival rate of about 47%
[3]. Cisplatin, a DNA damage agent, is one of the effective chemother-
apy drugs for OC treatment, but the emergence of cisplatin resistance
has become an important factor affecting tumor recurrence [4]. The dys-
regulation of autophagy is closely related to tumorigenesis and drug re-
sistance [5]. Microtubule-associated protein light chain 3 (LC3) and p62
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are typical markers of autophagy, indicating the
process of autophagy [6, 7]. Also, autophagy is
characterized by the conversion of LC3-I to LC3-II
and the formation of autolysosomes [8]. There-
fore, elucidating the molecular mechanism of che-
motherapy resistance is essential to improve the
prognosis of OC patients.

Circular RNAs (circRNAs) are a new class of
non-coding RNAs with stable covalent closed-loop
structures [9]. Emerging evidence indicates that
circRNAs exert a crucial regulatory role in the bio-
logical and pathological processes of various can-
cers [10]. Moreover, recent research revealed that
circRNAs could serve as miRNA sponges to regulate
tumor progression [11]. For example, circ WHSC1
facilitated tumorigenesis in OC via adsorbing
microRNA-145 and microRNA-1182 to elevate
MUCT and hTERT expression [12]. CircPUM1 could
sponge microRNA-615-5p and microRNA-6753-5p
to accelerate OC progression [13]. Also, circRNA
Cdrlas potentiated cisplatin sensitivity in OC by
sponging microRNA-1270 and increasing SCAI ex-
pression [14]. Additionally, a previous study sug-
gested that has-circ-001567 (circ-VPS13C) was
dramatically up-regulated in OC tissues and cells
and was related to poor prognosis [15]. Neverthe-
less, the effect of circ-VPS13C on cisplatin resis-
tance in OC remains unknown.

MicroRNAs  (miRNAs) are highly conserved
non-coding RNAs with 18-25 nucleotides. MiRNAs
play vital regulatory roles in tumor development
and chemoresistance in OC [16]. For instance,
Zhang et al. reported that miR-1294 overexpression
increased sensitivity to cisplatin in OC via inhibiting
IGF1R [17]. Lv et al. reported that miRNA-34a target-
ed HDAC1 to diminish cisplatin resistance in OC[18].
Weiner-Gorzel et al. revealed that miR-433 strength-
ened paclitaxel resistance in OC by driving cellular
senescence [19]. Additionally, recent research indi-
cated that miR-106b-5p was a tumor-suppressing
factor with low expression in OC [20]. However, the
role of miR-106b-5p in chemotherapy resistance of
OC remains to be investigated.

14-3-3 zeta (YWHAZ) is a member of the 14-3-
3 protein family, which can promote cell viability
and metastasis in a variety of cancers [21]. More-
over, YWHAZ was identified as a biomarker for im-
proving chemoresistance in many types of tumors
and a promising prognostic marker for cancer
recurrence [22]. Previous studies confirmed that
YWHAZ expression was strikingly increased in cis-
platin-resistant OC cells, and YWHAZ silencing en-
hanced the sensitivity of OC cells to cisplatin [23].

Hence, we investigated the effect of circ-VP-
S13C on cisplatin resistance in OC and explored
whether it was related to autophagy. In addition,
we elucidated the potential molecular mechanism
of circ-VPS13C, miR-106b-5p and YWHAZ in OC.

Material and methods
Clinical specimens

Sixty OC tissues were collected from OC pa-
tients who received cisplatin chemotherapy at
Cangzhou Central Hospital. The research was rat-
ified by the Ethics Committee of Cangzhou Cen-
tral Hospital. All participants signed written in-
formed consent. The patients were classified into
cisplatin-sensitive (n = 30) and cisplatin-resistant
(n = 30) groups based on response assessment
criteria.

Cell culture

Human ovarian epithelial cell line HOSEpiC
and ovarian cancer cell lines (SKOV3 and A2780)
were obtained from Shanghai Honsun Biological
Technology Co., Ltd (Shanghai, China). SKOV3 and
A2780 parental cell lines were continuously ex-
posed to increasing doses of cisplatin (DDP; Solar-
bio, Beijing, China) to establish DDP-resistant OC
cell lines (SKOV3/DDP and A2780/DDP). All cells
were maintained in RPMI-1640 medium (Gibco,
Carlsbad, CA, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco).

Cell transfection

Small interference RNA (siRNA) against circ-VP-
S13C (si-circ-VPS13C#1 and si-circ-VPS13C#2),
siRNA negative control (si-NC), miR-106b-5p mim-
ics (miR-106b-5p), the mimics control (miR-NC),
circ-VPS13C overexpression vector (circ-VPS13()
and the control (pcD5-ciR), YWHAZ overexpres-
sion vector (YWHAZ) and the control (pcDNA),
miR-106b-5p inhibitor (anti-miR-106b-5p) and
the inhibitor control (anti-miR-NC) were synthe-
sized by RiboBio (Guangzhou, China). When cell
confluence reached approximately 70%, plasmids
or oligonucleotides were transfected into DDP-re-
sistant OC cells using Lipofectamine 3000 (Invitro-
gen, Carlsbad, CA, USA).

Quantitative real-time polymerase chain
reaction (qRT-PCR)

The complementary DNA (cDNA) was synthe-
sized using PrimeScript RT Master Mix (Takara,
Dalian, China) or miRNA 1st Strand cDNA Syn-
thesis Kit (Vazyme, Nanjing, China) after extract-
ing RNA using Trizol reagent (Invitrogen). Next,
quantitative PCR was performed using AceQ gPCR
SYBR Green Master Mix (Vazyme). The expres-
sion of circ-VPS13C and YWHAZ was normalized
by glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). MiR-106b-5p expression was normal-
ized by U6. The primers were as follows: circ-
VPS13C (F 5-TATAATTTTGTCTGCTTCATTTA-3; R,
5-TTAACACAGTCTAAAGTCTCAGAA-3), miR-106b-5p
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(F 5'-TGCGGCAACACCAGTCGATGG-3'; R, 5'-CCA-
GTGCAGGGTCCGAGGT-3), YWHAZ (F 5'-TGTAG-
GAGCCCGTAGGTCATC-3'; R, 5'-GTGAAGCATTGG-
GGATCAAGA-3'), GAPDH (F, 5'-ACAACTTTGGTATC-
GTGGAAGG-3'; R, 5'-GCCATCACGCCACAGTTTC-3),
U6 (F 5'-CTCGCTTCGGCAGCACA-3’; R, 5'-AAC-
GCTTCACGAATTTGCGT-3").

Cell Counting Kit-8 (CCK-8) assay

Cells (2 x 10%) were seeded into 96-well plates
and then stimulated with increasing doses of
DDP (0-80 uM) for 24 h. Subsequently, fresh me-
dium containing 10% CCK-8 solution (Beyotime,
Shanghai, China) was added into each well. After
incubation for 3 h, cell viability was assessed by
measuring optical density at 450 nm using a mi-
croplate reader (BioTek, Burlington, VT, USA). The
half inhibition concentration (IC, ) is the dose of
DDP at 50% cell viability.

Western blot assay

The protein was extracted using RIPA buffer
(Solarbio) containing PMSF protease inhibitor (So-
larbio), and then quantified using the BCA Protein
Assay Kit (Pierce, Appleton, WI, USA). After centrif-
ugation and quantification, equal amounts of pro-
tein were separated by polyacrylamide gel electro-
phoresis and transferred to polyvinylidene fluoride
(PVDF) membranes (Millipore, Billerica, MA, USA).
Subsequently, the membranes were probed with
primary antibodies against LC3B (ab48394, Ab-
cam, Cambridge, UK), P62 (ab155686, Abcam),
YWHAZ (ab51129, Abcam) and GAPDH (ab9485,
Abcam) after blocking with 5% skim milk. Next,
the membranes were interacted with the second-
ary antibody (ab7090, Abcam). The intensity of
protein was measured using an enhanced chemi-
luminescence system (Millipore).

Flow cytometry

After stimulation with 20 pM cisplatin for 24 h,
the treated cells were plated in six-well plates and
resuspended in PBS. An Annexin V-fluorescein iso-
thiocyanate (Annexin V-FITC)/Propidium lodide
(PI) Apoptosis Detection kit (Invitrogen) was uti-
lized to detect cell apoptosis. Also, the apoptosis
rate was monitored using a BD FACSCalibur flow
cytometer (BD Biosciences, San Diego, CA, USA).

Transwell assay

Treated or untreated cells were seeded in the
upper chamber. After 24 h of incubation, the
non-migrating cells were wiped off with a cotton
swab, and the migrating cells were stained with
crystal violet. Then, the migrated cells were photo-
graphed and counted using a microscope.

Dual-luciferase reporter assay

The sequences of circ-VPS13C or YWHAZ 3'UTR
carrying the miR-106b-5p wild binding sites were
cloned into the pmirGLO vector (Promega, Madison,
WI, USA) to construct WT-circ-VPS13C or WT-YWHAZ
3'UTR reporter. In addition, MUT-circ-VPS13C or MUT-
YWHAZ 3'UTR reporter containing the miR-106b-5p
mutant binding sites was synthesized. Subsequently,
the corresponding luciferase reporter and miR-106b-
5p or miR-NC were co-transfected into SKOV3/DDP
and A2780/DDP cells. Finally, the luciferase intensity
was examined using a Dual Luciferase Reporter As-
say Kit (Vazyme).

Xenograft assay

Lentiviral vectors harboring circ-VPS13C short hair-
pin RNA (sh-circ-VPS13C) or negative control (sh-NC)
were purchased from Genelily BioTech (Shanghai,
China). Then, SKOV3/DDP cells stably knocked down
circ-VPS13C were transfected with miR-106b-5p in-
hibitor (anti-miR-106b-5p; 50 nM) or YWHAZ overex-
pression vector (YWHAZ; 2 pg) using Lipofectamine
3000 (Invitrogen) and selected with 2 pg/ml puromy-
cin for 2 weeks. BALB/c nude mice (5-week-old) were
randomly divided into four groups (n = 7 per group).
SKOV3/DDP cells (5 x 109) transfected with sh-NC, sh-
circ-VPS13(C, sh-circ-VPS13C + anti-miR-106b-5p or
sh-circ-VPS13C + YWHAZ were subcutaneously inject-
ed into the right back of nude mice. After 7 days, the
mice were given 5 mg/kg DDP (Solarbio) every 3 days,
and tumor volume was monitored. After 21 days of
administration, the mice were sacrificed, and the
xenografts were weighed. The expression of circ-
VPS13C, miR-106b-5p and YWHAZ was examined by
gRT-PCR or western blot. The animal experiment was
performed in the Cangzhou Central Hospital and mice
were killed by cervical dislocation after deep anesthe-
sia with 2% isoflurane. The xenograft experiment
was approved by the Animal Research Committee of
Cangzhou Central Hospital.

Statistical analysis

All data were shown as mean + standard devi-
ation using GraphPad Prism 7.0 software (Graph-
Pad, San Diego, CA, USA). Student’s t-test was
employed to compare differences between two
groups, and one-way analysis of variance was
used to evaluate differences among multiple
groups. When p < 0.05, the difference was consid-
ered statistically significant.

Results

Circ-VPS13C was highly expressed
in DDP-resistant OC tissues and cells

To investigate the potential role of circ-VPS13C
in OC, we first examined the expression of circ-
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VPS13C in tumor tissues of OC patients receiv-
ing DDP treatment. The results suggested that
circ-VPS13C expression was prominently higher
in the resistant group than that in the sensitive
group (Figure 1 A). Also, the expression of circ-VP-
S13C was remarkably reduced in HOSEpiC cells,
while circ-VPS13C expression was markedly in-
creased in SKOV3/DDP and A2780/DDP cells com-
pared to SKOV3 and A2780 cells (Figures 1 B, C).
From these results, it can be speculated that
circ-VPS13C may play a crucial role in DDP resis-
tance of OC. Furthermore, DDP-resistant OC cells
and parental cells were exposed to increasing con-
centrations of DDP for 24 h, and cell viability was
evaluated by CCK-8 assay. The results revealed
that the viability of SKOV3/DDP and A2780/DDP
cells was distinctly improved compared with
SKOV3 and A2780 cells (Figures 1 D, E). Similarly,
CCK-8 analysis showed that the IC, ) of DDP was
drastically higher in SKOV3/DDP and A2780/DDP
cells than that in SKOV3 and A2780 cells, sug-
gesting that DDP-resistant cells were successfully
constructed (Figures 1 D, E). In addition, with the
increase of DDP concentration, the ratio of LC3-
[/l was gradually increased, and P62 expression
was gradually decreased in OC cells (Figures 1 F, G).
These data suggested that DDP resistance was re-
lated to autophagy in OC cells.

Circ-VPS13C knockdown reduced DDP
resistance by inhibiting autophagy
in DDP-resistant OC cells

To explore the effect of circ-VPS13C on DDP
resistance, loss-of-function experiments were
performed in DDP-resistant cells transfected with
si-NC or si-circ-VPS13C. First of all, the level of
circ-VPS13C in the si-circ-VPS13C#1 group was
strikingly decreased compared to the si-NC group,
indicating significant knockdown efficiency (Fig-
ure 2 A). Therefore, si-circ-VPS13C#1 was used for
subsequent experiments, and si-circ-VPS13C#1
was simplified as si-circ-VPS13C. CCK-8 assay sug-
gested that silencing of circ-VPS13C reduced DDP
resistance in SKOV3/DDP and A2780/DDP cells
(Figure 2 B). Additionally, circ-VPS13C silencing ag-
gravated cisplatin-inhibited cell viability (Figure 2 C).
Also, flow cytometry revealed that DDP stimula-
tion increased the apoptosis rate of DDP-resistant
cells, and the impact was strengthened by inhib-
iting circ-VPS13C (Figure 2 D). Transwell assay in-
dicated that depletion of circ-VPS13C worsened
cisplatin-suppressed cell migration (Figure 2 E).
Moreover, DDP treatment led to a marked increase
in LC3-1I/1 level and a significant decrease in P62
expression, while the effects were alleviated after
transfection with si-circ-VPS13C#1 (Figure 2 F).
Simultaneously, the autophagy inhibitor 3-MA
aggravated the inhibition of LC3-Il/l expression

and the promotion of P62 expression caused by
circ-VPS13C silencing (Figure 2 F). These data
demonstrated that depletion of circ-VPS13C in-
creased DDP sensitivity through inhibition of au-
tophagy in DDP-resistant cells.

MiR-106b-5p was bound to circ-VPS13C

To clarify the underlying mechanism of circ-
VPS13(C, starBase database predicted four tar-
get miRNAs (miR-423-5p, miR-106b-5p, miR-152
and miR-30b-3p) that might bind to circ-VPS13C.
Subsequently, the expression of four miRNAs was
detected by gRT-PCR in SKOV3/DDP and A2780/
DDP cells transfected with si-NC or si-circ-VPS13C.
The results showed that the up-regulation of
miR-106b-5p was the most significant after circ-
VPS13C knockdown, so miR-106b-5p was select-
ed for follow-up research (Supplementary Fig-
ures S2 A, B). As displayed in Figure 3 A, circ-
VPS13C and miR-106b-5p had putative binding
sequences. To further validate the prediction, du-
al-luciferase reporter assay was performed, and
the results revealed that mature miR-106b-5p
strikingly repressed the luciferase activity of WT-
circ-VPS13C reporter in SKOV3/DDP and A2780/
DDP cells (Figures 3 B, C). Moreover, miR-106b-5p
expression was evidently reduced in the resistant
group compared with the sensitive group (Fig-
ure 3 D). Also, circ-VPS13C level was negatively
correlated with miR-106b-5p level in OC tissues
(Figure 3 E). Similarly, the expression of miR-106b-
5p was remarkably decreased in DDP-resistant
OC cells relative to parental cells (Figure 3 F). In
addition, the overexpression efficiency of circ-
VPS13C was determined by gRT-PCR in SKOV3/
DDP and A2780/DDP cells, and the results showed
a marked increase in circ-VPS13C expression after
transfection with circ-VPS13C overexpression vec-
tor (Figure 3 G). Additionally, circ-VPS13C silenc-
ing enhanced the expression level of miR-106b-
5p, and circ-VPS13C up-regulation suppressed
miR-106b-5p expression (Figure 3 H). These data
evidenced that circ-VPS13C negatively regulated
miR-106b-5p in DDP-resistant cells.

Inhibition of miR-106b-5p alleviated
the decrease in DDP resistance caused
by circ-VPS13C knockdown in DDP-
resistant OC cells

Firstly, miR-106b-5p level was reduced after
introduction with anti-miR-106b-5p in DDP-resis-
tant OC cells, indicating significant inhibition effi-
ciency (Figure 4 A). To investigate whether circ-VP-
S13C potentiated DDP resistance via modulating
miR-106b-5p, restoration experiments were car-
ried out to evaluate this hypothesis. CCK-8 assay
showed that knockdown of circ-VPS13C caused
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Figure 1. Circ-VPS13C was highly expressed in DDP-resistant OC tissues and cells. A — Expression of circ-VPS13C
in OC resistant tissues (n = 30) and sensitive tissues (n = 30) was measured using qRT-PCR. B — The level of circ-
VPS13C in HOSEpIC, SKOV3 and SKOV3/DDP cells was detected by gRT-PCR (n = 3). C — Expression of circ-VPS13C
in HOSEpiC, A2780 and A2780/DDP cells was examined by gRT-PCR (n = 3). D, E — SKOV3, SKOV3/DDP, A2780 and
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detect cell viability and the IC, of cisplatin (n = 3). Data are presented as mean + SD, *p < 0.05
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a distinct decrease in the IC, of cisplatin, which
was attenuated by inhibition of miR-106b-5p (Fig-
ure 4 B). Furthermore, DDP treatment and circ-VP-
S13C depletion conspicuously restrained the via-
bility of DDP-resistant OC cells, while the effect was

reversed by inhibiting miR-106b-5p (Figure 4 C).
Flow cytometry suggested that DDP stimulation
and circ-VPS13C knockdown prominently elevat-
ed the apoptosis rate of DDP-resistant OC cells,
whereas the impact was abated after transfection
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with anti-miR-106b-5p (Figure 4 D). Transwell anal-
ysis showed that inhibition of miR-106b-5p atten-
uated the suppressive effect of DDP treatment and
circ-VPS13Csilencing on cell migration (Figure 4 E).
In addition, western blot indicated that DDP stim-
ulation and circ-VPS13C depletion decreased LC3-
[1I/1 level and increased P62 expression in SKOV3/
DDP and A2780/DDP cells, which were reversed
by down-regulating miR-106b-5p (Figures 4 F, G).
These data demonstrated that circ-VPS13C
sponged miR-106b-5p to enhance DDP resistance
through regulation of autophagy in DDP-resistant
OC cells.

YWHAZ was a target of miR-106b-5p

Further, the starBase online database showed
that miR-106b-5p and YWHAZ 3'UTR had predict-
ed binding sites (Figure 5 A). To confirm whether
YWHAZ was a target of miR-106b-5p, dual-lucif-
erase reporter assay was performed. The results
showed that miR-106b-5p overexpression observ-
ably reduced the luciferase activity of WT-YWHAZ
3'UTR reporter, but had no significant effect on
MUT-YWHAZ 3'UTR reporter (Figure 5 B). Addition-
ally, gRT-PCR and western blot results showed that
the expression of YWHAZ in DDP resistant patients
was increased compared to DDP sensitive patients
(Figures 5 C, D). Spearman’s correlation analysis in-
dicated that the levels of circ-VPS13C and YWHAZ
were positively correlated in OC tissues (Figure 5 E).
Also, the mRNA and protein levels of YWHAZ were
markedly elevated in DDP-resistant OC cells com-
pared with parental cells (Figures 5 F G). Further-
more, the rescue experiment showed that sup-
pression of miR-106b-5p alleviated the inhibitory
effect of circ-VPS13C silencing on YWHAZ protein
level (Figure 5 H). Thus, it is concluded that circ-VP-
S13C regulated YWHAZ expression via sponging
miR-106b-5p in DDP-resistant OC cells.

YWHAZ overexpression alleviated
the decrease in DDP resistance caused
by circ-VPS13C knockdown

First of all, the mRNA and protein levels of
YWHAZ were overtly increased after transfection
with YWHAZ overexpression vector, suggesting
evident transfection efficiency (Figures 6 A, B). To
explore whether circ-VPS13C mediated YWHAZ to
regulate DDP resistance, SKOV3/DDP and A2780/
DDP cells were introduced with si-NC, si-circ-
VPS13C, si-circ-VPS13C + pcDNA or si-circ-VPS13C
+ YWHAZ, respectively. CCK-8 assay revealed that
up-regulation of YWHAZ reversed the reduction of
DDP IC,, caused by circ-VPS13C down-regulation
(Figure 6 C). Moreover, functional experiments
exhibited that DDP stimulation and circ-VPS13C
knockdown impeded cell viability and migra-
tion and facilitated apoptosis in DDP-resistant
OC cells, whereas YWHAZ overexpression re-
versed the effects (Figures 6 D—F). Furthermore,
circ-VPS13C silencing and DDP treatment hin-
dered autophagy by down-regulating LC3-II/I and
up-regulating P62, while autophagy was restored
by overexpressing YWHAZ (Figure 6 G). These data
indicated that circ-VPS13C depletion increased
DDP sensitivity by regulating YWHAZ through au-
tophagy in DDP-resistant OC cells.

Circ-VPS13C/miR-106b-5p/YWHAZ axis
mediated DDP resistance in vivo

To verify the effect of circ-VPS13C on DDP resis-
tance in vivo, mouse models were established by
subcutaneous injection of SKOV3/DDP cells trans-
fected with sh-NC, sh-circ-VPS13C, sh-circ-VPS13C
+ anti-miR-106b-5p or sh-circ-VPS13C + YWHAZ
into BABL/c nude mice. After 7 days of injection,
mice were given DDP (5 mg/kg) every 3 days. The
results showed that circ-VPS13C silencing and
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are presented as mean + SD, n = 3, *p < 0.05
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DDP treatment remarkably decreased tumor vol-
ume and weight compared to the sh-NC + DDP
group, while these impacts was partially reversed
by miR-106b-5p knockdown or YWHAZ overex-
pression (Figures 7 A=C). In addition, circ-VPS13C
knockdown reduced circ-VPS13C expression,
whereas this influence did not change after trans-
fection with anti-miR-106b-5p or YWHAZ (Fig-
ure 7 D). Moreover, circ-VPS13C silencing ele-
vated miR-106b-5p level and decreased YWHAZ
level, and these effects were partially overturned
by transfecting anti-miR-106b-5p or YWHAZ (Fig-
ures 7 E-G). These results evidenced that the
circ-VPS13C/miR-106b-5p/YWHAZ axis modulat-
ed DDP resistance in vivo.

Discussion

Chemoresistance has been a major stumbling
block to chemotherapy in human cancers [24].
Chemotherapy for ovarian cancer mainly depends
on cisplatin and paclitaxel [25]. In this study, OC
cell resistance to DDP was enhanced through in-
duction of autophagy, which was consistent with

previous studies [26, 27]. In addition, we first dis-
covered the function of circ-VPS13C in DDP resis-
tance. In the present study, circ-VPS13C expres-
sion was overtly elevated in OC cells, which was in
agreement with previous studies [15]. Moreover,
circ-VPS13C was up-regulated in DDP-resistant
OC tissues and cells. Loss-of-function experiments
demonstrated that circ-VPS13C silencing reduced
DDP resistance by suppressing autophagy in
DDP-resistant OC cells.

Moreover, bioinformatics analysis indicated that
miR-106b-5p might be the target of circ-VPS13C,
which was verified by dual-luciferase reporter as-
say. Accumulating evidence revealed that circRNAs
could regulate mRNA expression by functioning as
competing endogenous RNAs (ceRNAs) of miRNAs
[28]. Furthermore, the ceRNA mechanism has been
extensively studied in the molecular mechanisms
of drug resistance in many cancers. For example,
circRNA_0025202 impeded tumor development
and increased the sensitivity of tamoxifen in
breast cancer by serving as ceRNA for miR-182-5p
to up-regulate FOX03a [29]. Also, circ_0076305
raised the DDP resistance of NSCLC cells by serving
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as ceRNAs of miR-296-5p to activate STAT3 [30].
Moreover, miR-106b-5p has anti-tumor effects in
various cancers. Yu et al. found that miR-106b-5p
increased cisplatin sensitivity in DDP-resistant NS-
CLC cells by binding to PKD2 [31]. Mastropasqua
et al. reported that miR-17-5p and miR-106b-5
targeted TRIM8 to regulate the chemoresistance
of anti-tumor drugs in RCC/CRC-derived cells [32].
Moreover, Chen et al. observed that miR-106b sup-
pressed the progression of epithelial ovarian can-
cer via targeting RhoC [33]. In the current research,
miR-106b-5p expression was remarkably reduced

in DDP-resistant OC tissues and cells. Furthermore,
inhibition of miR-106b-5p reversed the decline
in DDP resistance induced by circ-VPS13C knock-
down via regulating autophagy.

YWHAZ participates in various cellular pro-
cesses such as apoptosis, metabolism and cell
cycle regulation [22]. In hepatocellular carcinoma,
YWHAZ accelerated tumor progression via re-
pressing the ubiquitination of heme oxygenase-1
and activating STAT3 signaling [34]. In bladder car-
cinoma, YWHAZ was strongly associated with tu-
mor invasiveness and increased chemo-/radio-re-
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sistance via inhibiting caspase-induced apoptosis
[35]. In addition, YWHAZ potentiated the resis-
tance of OC to DDP and paclitaxel [23]. Similar
to recent work, the abundance of YWHAZ was
drastically increased in DDP-resistant OC tissues
and cells. Interestingly, YWHAZ overexpression re-
versed the reduction in DDP resistance caused by
circ-VPS13C silencing in DDP-resistant OC cells.

In conclusion, circ-VPS13C enhanced cisplatin
resistance in ovarian cancer by inducing autoph-

agy and regulating the miR-106b-5p/YWHAZ axis
(Supplementary Figure S1). These findings provid-
ed new biomarkers for overcoming chemotherapy
resistance in OC.
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blot (n = 3). Data are presented as mean + SD, *p < 0.05
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Figure 7. Cont. G — Levels of circ-VPS13C, miR-106b-5p and YWHAZ were detected by qRT-PCR and western blot

(n = 3). Data are presented as mean + SD, *p < 0.05
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