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ABSTRACT

Ovarian cancer is a fatal gynecologic tumor, and conventional treatment is mainly limited by chemore-
sistance. The mechanism contributing to chemoresistance in ovarian cancer has yet to be established. This
study aimed to investigate the specific role of circ_C200rf11 in regulating chemoresistance to cisplatin
(DDP)in ovarian cancer. We first established two DDP-resistant ovarian cancer cell lines. Then, we
identified the effect of circ_C200rf11 on specific cellular characteristics (proliferation, apoptosis, DDP
resistance) via a series of experiments. The binding sites between circ_C200rf11 and miR-527 and
between miR-527 and YWHAZ were predicted using a bioinformatics tool and confirmed with a dual-
luciferase reporter assay. Furthermore, extracellular vesicles (EVs) derived from DDP-resistant cell lines
were identified, and the effect of EVs on macrophage polarization was examined. circ_C200rf11 was
upregulated in ovarian cancer. Increased circ_C200rf11 expression enhanced DDP resistance and cell
proliferation and reduced cell apoptosis in DDP-resistant cell lines after DDP treatment by sponging miR-
527 and promoting YWHAZ expression. In addition, we found that DDP-resistant cell-derived EVs can
induce macrophage M2 polarization, whereas silencing of circ_C200rf11 inhibited EV-induced macro-
phage M2 polarization. Consistent with these results, silencing of circ_C200rf11 enhanced sensitivity to
DDP in vivo. Importantly, we proved that circ_C200rf11 expression was upregulated in EVs extracted from
the serum of DDP-resistant patients. Our study demonstrated that silencing circ_C200rf11 sensitizes
ovarian cancer to DDP by promoting miR-527/YWHAZ signaling and EV-mediated macrophage M2
polarization.
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Introduction microenvironment by transferring genetic information, including
functional messenger RNAs (mRNAs) and microRNAs
(miRNAs), to target cells or organs.'”'* Liang et al. reported
that EVs derived from ovarian cancer patients may be highly
involved in ovarian cancer progression or chemoresistance.'’
However, the relationships among EVs, RNAs, and tumor-
associated macrophages in ovarian cancer chemoresistance
require further establishment.

As a member of the noncoding RNA (ncRNA) family,
circular RNAs (circRNAs) have been identified to play

Ovarian cancer is responsible for the high mortality associated
with gynecological malignancies, which cause approximately
125,000 deaths annually on a global scale.! Currently, surgery
followed by cisplatin (DDP)-based chemotherapy is the stan-
dard treatment for ovarian cancer.'™ However, most patients
relapse within one to two years, and chemoresistance to antic-
ancer drugs is one of the most important factors contributing
to the poor survival rates of ovarian cancer patients.*> Hence,
understanding the mechanisms underlying chemoresistance in

ovarian cancer is crucial for enhancing sensitivity to DDP-
based chemotherapy or developing new targeted drugs.

As the most abundant cells in the tumor microenvironment,
tumor-associated macrophages may promote tumor progression,
metastasis, and chemoresistance.®® Nevertheless, it is not entirely
clear why macrophages polarize into tumor-associated macro-
phages in the tumor microenvironment.” Extracellular vesicles
(EVs), which are secreted by cells into the extracellular space,
include exosomes, apoptotic bodies, and microvesicles. Recent
studies have indicated that EVs can regulate macrophage
polarizationg_11 and mediate communication in the tumor

a crucial role in many pathological processes, such as cancer
processes."”™'® circRNAs can mediate the biological activities
of miRNAs.">*® Previous reports identified that circRNAs
were abnormally expressed during ovarian cancer
development.'>™'® We observed that circ_C200rf11 expression
in ovarian cancer was abnormally upregulated, and yet, the
specific role of circ_C20orfl1 in ovarian cancer and whether it
is associated with chemoresistance in ovarian cancer remain to

be elucidated.

In this study, we investigated circ_C20orfl1 expression and
its biological significance in DDP resistance in ovarian cancer
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cells. Our results indicated that circ_C20orfl1 promotes EV-
mediated M2 macrophage polarization by inhibiting miR-527/
tyrosine 3-monooxygenase/tryptophan 5-monooxygenase acti-
vation protein zeta (YWHAZ) signaling, in turn promoting
DDP resistance in vitro and in vivo. This study provides
evidence that circ_C20orf11 may contribute to new therapeutic
strategies against ovarian cancer.

Results

circ_C200rf11 enhances DDP resistance in ovarian cancer
cells

According to previous studies, abnormal circRNA expres-
sion is associated with tumor development, including
ovarian cancer development."”'>'” A recently published
paper  revealed that abnormal  expression  of
circ_C20orfll is related to the development of ovarian
cancer.!” To determine whether circ_C20orf11 is involved
in DDP resistance in ovarian cancer cells, the
circ_C20orfll gene expression level was first assessed in
ovarian epithelial cells and ovarian cancer cell lines. The
expression of circ_C20orfll was increased in ovarian
cancer cell lines, with higher levels observed in A2780
and SKOV3 cells, which were therefore selected for the
following experiments (Figure 1(a)). We next established
DDP-resistant SKOV3 and A2780 (SKOV3/DDP, A2780/
DDP) cell lines. circ_C20orfll expression was signifi-
cantly upregulated in the SKOV3/DDP and A2780/DDP
cells compared to the parental cells (Figure 1(b)). The
effects of serial concentrations of DDP on SKOV3 cell,
SKOV3/DDP cell, A2780 cell, and A2780/DDP cell viabi-
lity were assessed using MTT assays. The results indicated
that cell viability was reduced with increasing DDP con-
centration in all cell types (Figure 1(c)). SKOV3/DDP and
A2780/DDP cells showed higher cell viability than paren-
tal cells upon DDP treatment. The IC50 value of DDP
was significantly increased in SKOV3/DDP and A2780/
DDP cells (Figure 1(d)).

To establish the specific role of circ_C20orfl1 in the DDP-
resistance mechanism of ovarian cancer cells, SKOV3/DDP and
A2780/DDP cells were transfected with siRNA against
circ_C20orfl1. gPCR results confirmed that circ_C200rfl1 was
successfully knocked down in SKOV3/DDP and A2780/DDP
cells (Figure 1(e)). circ_C20orfl1-silenced SKOV3/DDP and
A2780/DDP cells were treated with serial concentrations of
DDP, and cell viability was assessed via MTT assays (Figure 1
(f)). Silencing of circ_C200rf11 reduced the viability of SKOV3/
DDP and A2780/DDP cells compared to their negative controls
upon DDP treatment. Knockdown of circ_C20orfll also
decreased the ICs, value of DDP in both SKOV3/DDP and
A2780/DDP cells (Figure 1(g)). Thus, circ_C20orfll enhances
DDP resistance in ovarian cancer cells.

circ_C200rf11 regulates DDP-resistant ovarian cancer cell
proliferation and apoptosis

Knockdown of circ_C20o0rfll in SKOV3/DDP cells,
A2780/DDP cells, SKOV3 cells and A2780 cells reduced
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the colony number upon DDP treatment in comparison to
the correlated siRNA negative controls, indicating that
depletion of circ_C20orfll suppressed both DDP-
resistant and DDP-sensitive ovarian cell proliferation
(Figure 2(a)). Consistently, silencing of circ_C20orfl1 in
SKOV3/DDP cells, A2780/DDP cells, SKOV3 cells, and
A2780 cells further increased the apoptotic rate upon
DDP treatment relative to the correlated siRNA negative
controls (Figure 2(b-d)). In summary, our data suggest
that circ_C20orfll enhances both DDP-resistant and
DDP-sensitive ovarian cancer cell proliferation and inhi-
bits cell apoptosis.

circ_C200rf11 directly binds to miR-527, and miR-527
directly targets YWHAZ

Numerous studies have indicated that circRNAs regulate
gene expression by acting as competing endogenous
RNAs."*"'® Our bioinformatics analyses indicated that
circ_C20orfll may potentially target miR-527 (Figure 3
(a)). miR-527 gene expression was significantly downregu-
lated in both SKOV3/DDP cells and A2780/DDP cells
compared to that in their parental cells (Figure 3(b)). In
contrast, knockdown of circ_C20orfl1 increased miR-527
expression in SKOV3/DDP cells and A2780/DDP cells,
indicating that miR-527 may play a role in circ_C20orfl1
regulation of DDP resistance in ovarian cancer cells
(Figure 3(c)). SKOV3/DDP cells and A2780/DDP cells
were transfected with miR-527 mimic or miR-527 inhibi-
tor, and the success of the transfection was confirmed by
qPCR data (Figure 3(d)). A significant decrease in the
relative luciferase activity of wild-type circ_C20orfll
(C200rf11-WT) was detected when cells were cotrans-
fected with the miR-527 mimic but not when the vector
contained a mutation in the miR-527 binding site
sequence (C200rfl11-MUT; Figure 3(e)). In addition, the
relative luciferase activity of wild-type circ_C20orfll was
significantly increased when cells were cotransfected with
the miR-527 inhibitor but not when cells were cotrans-
fected with a vector encoding a mutation in the miR-527
binding site sequence.

YWHAZ expression was significantly upregulated in
both SKOV3/DDP cells and A2780/DDP cells compared
to their parental cells (Figure 3(g)). However, silencing of
circ_C20o0rfll led to downregulation of YWHAZ in
SKOV3/DDP cells and A2780/DDP cells (Figure 3(h)).
Bioinformatics analyses revealed that YWHAZ potentially
targeted the 3’-UTR of miR-527 (Figure 3(f)). Following
transfection of SKOV3/DDP and A2780/DDP cells with
miR-527 mimic, YWHAZ was significantly decreased
(Figure 3(i)). In contrast, transfection of SKOV3/DDP
and A2780/DDP cells with miR-527 inhibitor increased
YWHAZ expression, suggesting that miR-527 suppresses
YWHAZ expression. The interactions between YWHAZ
and the 3'UTR of miR-527 were further confirmed by
luciferase reporter assay data (Figure 3(j)).

Collectively, these results suggest that miR-527 is a direct target
of circ_C20orfl11 and that miR-527 directly targets YWHAZ.
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Figure 1. circ_C200rf11 promotes DDP resistance in ovarian cancer cells. (a) Relative gene expression of C200rf11 in ovarian epithelial cells (HOSEpiCs) and ovarian
cancer cell lines (A2780, SKOV3, IGROV-1, OVCAR-3 and CAOV-3). Relative gene expression levels were determined using the comparative Ct method with GAPDH as the
reference gene and the formula 2722, (b) Relative gene expression of C200rf11 in DDP-resistant ovarian cancer cell lines and their parental cells in relation to GAPDH
and U6 expression. (c) Cell viability in SKOV3/DDP, A2780/DDP and their parental cells upon DDP treatment. (d) The IC50 value of DDP in SKOV3/DDP, A2780/DDP and
their parental cells upon DDP treatment. (e) After SKOV3/DDP and A2780/DDP cells were transfected with adenoviral circ_C200rf11 (si-C200rf11) or its vector control (si-
NCQ), the cells were treated with DDP. Relative mRNA expression of C200rf11 in DDP-treated SKOV3/DDP and A2780/DDP cells with or without adenoviral C200rf11 (si-
C200rf11+ DDP) or its vector control (si-NC+DDP) transfection. (f) MTT assays were performed to assess cell viability using the same conditions as described in (e). (g)
The 1C50 value of DDP determined using the same conditions as described in (). n = 3. *P < .05, ** P < .01, *** P < .001.
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Figure 2. circ_C200rf11 enhances ovarian cancer cell proliferation and suppresses cell apoptosis. (a) After SKOV3/DDP and A2780/DDP cells were transfected with
adenoviral circ_C200rf11 (si-C200rf11) or its vector control (si-NC), the cells were treated with DDP. The colony number in DDP-treated SKOV3/DDP and A2780/DDP cells
with or without adenoviral C200rf11 or its vector control transfection and the untreated control. (b) The apoptosis rate in DDP-treated SKOV3/DDP and A2780/DDP cells
with or without adenoviral C200rf11 (si-C200rf11+ DDP) or its vector control (si-NC+DDP) transfection and the untreated control. (c) After SKOV3 and A2780 cells were
transfected with adenoviral circ_C200rf11 or its vector control, the cells were treated with DDP. The relative colony number ratio in DDP-treated SKOV3 and A2780 cells
with (si-C200rf1+ DDP) or without adenoviral C200rf11 (DDP) or its vector control transfection (si-NC+DDP) and the untreated control (Control). (d) The apoptosis rate in
DDP-treated SKOV3 and A2780 cells with or without adenoviral C200rf11 or its vector control transfection and the untreated control. n = 3. *P < .05, ** P < .01, *** P
<.001.
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Figure 3. circ-C200rf11 binds to miR-527, and miR-527 targets YWHAZ. (a) Predicted target sites of miR-527 in the 3'-UTR of circ-C200rf11. (b) Relative gene expression
of miR-527 in SKOV3/DDP and A2780/DDP cells and their parental cells in relation to GAPDH and U6 expression. (c) SKOV3/DDP or A2780/DDP cells were transfected
with adenoviral circ_C200rf11 (si-C200rf11) or its vector control (si-NC). Relative gene expression of miR-527 in SKOV3/DDP or A2780/DDP cells with or without
adenoviral C200rf11 or its vector control transfection in relation to GAPDH and U6 expression. (d) SKOV3/DDP or A2780/DDP cells were transfected with miR-527
inhibitor, miR-527 mimic, or a negative control. Relative gene expression of miR-527 in SKOV3/DDP and A2780/DDP cells with or without miR-527 mimic or miR-527
inhibitor or their related negative control transfection as well as untreated controls. () SKOV3/DDP or A2780/DDP cells were cotransfected with miR-527 mimic or a miR-
527 inhibitor and circ-C200rf11-WT or circ-C200rf11-MUT. Afterward, luciferase activity was measured. (f) Predicted target sites of YWHAZ in the 3’-UTR of miR-527. (g)
Gene expression of YWHAZ in SKOV3/DDP and A2780/DDP cells and their parental cells in relation to GAPDH and U6 expression. (h) SKOV3/DDP and A2780/DDP cells
were transfected with adenoviral circ_C200rf11 or its vector control. The gene expression of YWHAZ in SKOV3/DDP and A2780/DDP cells with or without adenoviral
C200rf11 or its vector control transfection in relation to GAPDH and U6 expression. (i) SKOV4/DDP and A2780/DDP cells were transfected with miR-527 inhibitor, miR-
527 mimic, or a negative control. The gene expression of YWHAZ in relation to GAPDH and U6 expression in SKOV4/DDP and A2780/DDP cells with or without miR-527
mimic or miR-527 inhibitor or their related negative control transfection as well as untreated controls. (j) SKOV4/DDP or A2780/DDP cells were cotransfected with miR-
527 mimic or a miR-527 inhibitor and YWHAZ-WT or YWHAZ-MUT. Afterward, luciferase activity was measured. n = 3. *P < .05, ** P < .01, *** P < .001.
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Figure 4. circ_C200rf11 promotes DDP resistance in SKOV3/DDP and A2780/DDP cells by sponging miR-527. (a) After SKOV3/DDP and A2780/DDP cells were transfected
with adenoviral circ_C200rf11 or its vector control and miR-527 inhibitor, the cells were treated with DDP. The viability of SKOV3/DDP or A2780/DDP cells with or
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performed using the same conditions as described in (a). (e) The relative colony number ratio in DDP-treated SKOV3 and A2780 cells with adenoviral C200rf11/miR-527
inhibitor (si-C200rf1+ DDP + miR-527+ DDP) or with adenoviral C200rf11/miR-527 inhibitor negative control (si-C200rf11+ inhibitor NC+DDP) or vector control
transfection/miR-527 inhibitor (si-NC+miR-527 inhibitor+DDP) and the vector control transfection/miR-527 inhibitor negative control (si-NC+inhibitor NC+ DDP). (f) The
apoptosis rate in DDP-treated SKOV3 and A2780 cells treated with adenoviral C200rf11/miR-527 inhibitor (si-C200rf1+ DDP + miR-527+ DDP) or with adenoviral
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vector control transfection/miR-527 inhibitor negative control (si-NC+inhibitor NC+ DDP). (g) Western blot analyses using the same conditions as described in (a). n = 3.
*P < .05, ** P < .01, *** P < .001.
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circ_C200rf11 promotes DDP resistance in SKOV3/DDP
and A2780/DDP cells by sponging miR-527

To further evaluate whether miR-527 is involved in
circ_C20orfl1-mediated DDP resistance in ovarian cancer
cells, we treated SKOV3/DDP cells and A2780/DDP cells
with a miR-527 inhibitor and si-C20orfll in combination
with DDP treatment. As illustrated in Figure 4(a), miR-527
downregulation reversed the inhibitory effect of circ_C200rf11
knockdown on both SKOV3/DDP cell and A2780/DDP cell
viability upon DDP treatment. Furthermore, suppression of
miR-527 reversed the inhibitory effect of circ_C200rf11 deple-
tion on reducing the IC50 value for DDP in both SKOV3/DDP
cells and A2780/DDP cells upon DDP treatment (Figure 4(b)).
Data from colony formation and flow cytometry assays con-
firmed that depletion of miR-527 rescued silencing of
circ_C20orfl1l-induced inhibition of proliferation and
increased apoptosis in SKOV3/DDP cells, A2780/DDP cells,
SKOV3 and A2780 cells (Figure 4(c-f)). Moreover, suppression
of miR-527 reversed the circ_C20orfl11 silencing-induced inhi-
bitory effects on YWHAZ and PD-L1 expression (Figure 4(g)).

Taken together, the data suggest that miR-527 is involved in
regulation of YWHAZ/PD-L1 expression. Furthermore,
circ_C20orfl1 enhances DDP resistance in SKOV3/DDP and
A2780/DDP cells by suppressing miR-527.

EVs mediate M2-type macrophage polarization in ovarian
cancer

Accumulated evidence has shown that EVs play a crucial role in
regulating chemoresistance in ovarian cancer cells.">'**° This
regulatory mechanism may occur through macrophage
polarization.'* Thus, we isolated EVs from the supernatant of
SKOV3/DDP cells and characterized the EVs using electron
microscopy and nanoparticle tracking (Figure 5(a)). The EVs
were oval with an average diameter of 100 nm (Figure 5(a,b)).
The expression of EV-specific markers (CD9, CD63, and TSG101)
was quantified via western blotting (Figure 5(c)). To examine
whether the extracted EVs could be taken up by macrophage
cells in the tumor microenvironment, EVs from SKOV3/DDP
cells were stained with PKH67 dye. As shown by the fluorescence
images, the EVs were located in the cytoplasm of macrophage cells
(Figure 5(d)). To further delineate whether EVs can influence
macrophage polarization, M2-type macrophage cells were treated
with EVs derived from SKOV3/DDP cells and A2780/DDP cells.
EV-treated cells had significantly higher interleukin-10 (IL-10)
expression than untreated cells (Figure 5(e)). However, knock-
down of circ_C20orf11 reversed the EV-induced increase in IL-10
expression in macrophages. Furthermore, cells treated with EVs
had significantly lower expression of IL-6, tumor necrosis factor-
alpha (TNF-a), and inducible nitric oxide synthase (INOS), which
have been suggested to be M1 macrophage markers (Figure 5(f,
g)). Silencing of circ_C20o0rfl1 reversed the EV-induced inhibi-
tory effect on TNF-a, IL-6 and iNOS expression. Moreover, EV
treatment of SKOV3/DDP cells and A2780/DDP cells signifi-
cantly promoted CD206, IL-10 and Arg-1 expression, which are
considered M2 macrophage markers (Figure 5(h)). Nevertheless,
depletion of circ_C20orfl1 reversed the EV-induced stimulation
effects on CD206, IL-10 and Arg-1 expression.

Thus, EVs isolated from DDP-resistant ovarian cells can
induce macrophage M2 polarization, whereas silencing of
circ_C20orfll inhibits EV-induced macrophage M2
polarization.

Silencing of circ_C200rf11 enhances DDP sensitivity
in vivo
To further elucidate the effect of circ_C200rfl1 on DDP sensi-
tivity in vivo, mouse models were established by subcutaneous
injection of SKOV3/DDP or A2780/DDP cells and treatment
with PBS or DDP (n = 5 per group). Notably, depletion of
circ_C20orfl11 significantly reduced tumor volume and tumor
weight in comparison to the negative control group upon DDP
treatment (Figure 6(a-c)). These findings further highlight the
role of circ_C20orfll in chemoresistance to DDP in vivo.
qPCR results showed that knockdown of circ_C20orfl1 sig-
nificantly upregulated miR-527 but downregulated YWHAZ
compared to levels in the si-NC group (Figure 6(d)). The
expression levels of IL-6, TNF-a, and iNOS were significantly
upregulated in the circ_C20orfl1-depleted group upon DDP
treatment (Figure 6(e)). Conversely, the marker proteins
CD206, IL-10 and Arg-1 were downregulated in the
circ_C20orfl1-depleted group upon DDP treatment (Figure 6
(f)). Western blotting results verified that silencing of
circ_C20orfl1 reduced the expression of YWHAZ and pro-
grammed death-ligand 1 (PD-L1) (Figure 6(g)).

Overall, knockdown of circ_C20orf11 increases DDP sensi-
tivity in mouse models.

Serum EV-circ_C200rf11 levels are upregulated in ovarian
patients

Finally, we compared the circ_C20o0rf11 level in ovarian cancer
samples from DDP-sensitive ovarian cancer patients and DDP-
resistant ovarian cancer patients. The expression of
circ_C20orf11 was significantly increased but miR-527 expres-
sion was decreased in the DDP-resistant group compared to
the DDP-sensitive group (Figure 7(a,b)). The flow cytometry
results indicated a significantly enhanced number of CD206-
positive cells in the DDP-resistant group relative to the number
in the DDP-sensitive group and healthy group (Figure 7(c)).
qPCR results further indicated that CD206 gene expression was
significantly upregulated in the DDP-resistant group compared
to the DDP-sensitive group and the healthy group (Figure 7
(d)). To further identify the connections between
circ_C20orfll and miR-527 and between miR-527 and
CD206, we performed correlation analyses. The results con-
firmed that circ_C200rf11 expression was negatively correlated
with miR-527 in the tumor tissues of patients with ovarian
cancer (Figure 7(e)). Similarly, a significant inverse correlation
was observed between miR-527 and CD206 in the tumor tis-
sues of patients with ovarian cancer (Figure 7(f)). To identify
whether EVs from ovarian cancer patients contain
circ_C20orfll, we extracted EVs from DDP-sensitive and
DDP-resistant ovarian cancer patient serum samples. These
vesicles were characterized using several methods, including
electron microscopy (Figure 7(g)) and nanoparticle tracking
(Figure 7(h)). The presence of the EV markers CD63, TSG101
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Figure 5. EVs mediate M2-type macrophage polarization in ovarian cancer. (a) EVs were isolated from the supernatant of SKOV3/DDP cells and characterized via electron
microscopy and (b) nanoparticle tracking. (C) EV-specific markers (CD9, TSG101 and CD63) were measured via western blotting. (d) EVs were labeled with PKH67 dye and
cultured with THP-1 cells. Representative fluorescence images are shown. (e) After SKOV3/DDP and A2780/DDP cells were transfected with adenoviral circ_C200rf11 (si-
SKOV3/DDP-Exo+si-C200rf11) or its vector control (si-SKOV3/DDP-Exo+si-NC), the cells were cultured with EVs from SKOV3/DDP cells. IL-10 expression was detected
using an ELISA. Untreated THP-1 cells served as the control. (f) An ELISA was performed to detect IL-6 expression. (g) Relative mRNA expression of TNF-q, IL-6 and iNOS.
(H) mRNA expression of CD206, IL-10 and Arg-1 in relation to GAPDH and U6 expression. n = 3. *P < .05, ** P < .01, *** P < .001.



448 J.YIN ET AL.

a SKOV3/DDP b c 0.8 SKOV3/DDP
800+ o~ si-NC
= : SKOV3/DDP S
) = si-C200rf11 C)
£ 600 £
= 5
o [ .
3
5 4001 si-NC c
g £
> e
5 2004 1 =
5 L L o= si-C200rf11 :
0 5 10 15 20 25 30 35 o{{\\
Time (d) 0!19
A2780/DDP &
1000 o si.NC A2780/DDP 1.0+ A2780/DDP
2 - si-C200rf11 ’
£ 8001 B
2 6004 f.—’,’
3 00 si-NC 2 -
> <]
g 2001 e £
5 - ) I
=y . . . . ' si-C200rf11 = o o
0 5 10 15 20 25 30 35
Time (d)
d e f &
&
SKOV3/DDP SKOV3/DDP SKOV3/DDP
T S7Em sinc . 3 81Em si-NC 5 157EE siNC
ic’ 4B si-C200rf11 1) B8 si-C20orf11 3 B si-C200rf11
Re] S 61 c
a2 B Ke]
o 39 3 ek @
g 5 4 g
o 2- F 3
2 ° o
= 2 27 2
&1 ® =
2 ¢ 3
o = ® ol : o
C20o0rf11 miR-527  YWHAZ TNF-a IL-6 CD206 IL-10 Arg-1
A2780/DDP A2780/DDP A2780/DDP
g “]E SN - T 49ER s T 15mm s
3 |8 si-C20orflt L g si-c2oorft = B2 si-C200rf11
c 34 S K]
X=] ‘@ @
2 1] )
o 5 a S
Qo X x
x (0] o
() o o
Q 14 = 2
= *x [0 Q
g ; - © © _
C200rf11 miR-527  YWHAZ TNF-a CD206 IL-10 Arg-1
g SKOV3/DDP A2780/DDP SKOV3/DDP A2780/DDP
08 EE si-NC 1.0 EE si-NC
YWHAZ | s s || — — | E=R si-C200rf11 _ 7 |E=A si-C200rf11
[ g
K] []
£ <
PD-L1 | i e | [ o— 2 o
= o
a a
g g
GAPDH | s S (| - — & g
) ©
© 4
N N | K
I AR S .
2 ,190 & % YWHAZ PD-L1 YWHAZ PD-L1

Figure 6. Silencing of circ_C200rf11 enhances sensitivity to DDP in vivo. Xenotransplantation studies were performed with SKOV3 cells. (a) Tumor volume was measured
every 5 days for 30 days. (b) Representative images of tumor formation. (c) Tumor weight was measured. (d) gPCR analysis of C200rf11, miR-527 and YWHAZ expression.
(e) gPCR results showing CD206, IL-10 and Arg-1 expression. (f) Western blotting detection of YWHAZ PD-L1 is presented. n = 3. *P < .05, ** P < .01, *** P < .001.
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Figure 7. Serum EV-circ_C200rf11 levels are upregulated in ovarian patients. Patients were considered DDP resistant if they showed no significant clinical effect or had
progressive disease after receiving one cycle of DDP treatment. The remaining patients were considered DDP sensitive. Real-time qPCR analysis of (a) C200rf11 and (b)
miR-527 expression in relation to GAPDH and U6 expression in DDP-sensitive ovarian cancer tissue (S), DDP-resistant ovarian cancer tissue (R), and healthy ovarian tissue
(Normal). (c) Flow cytometry detection and quantification of CD206-positive cells in DDP-sensitive ovarian cancer tissue (S), DDP-resistant ovarian cancer tissue (R), and
healthy ovarian tissue (Normal). (d) Real-time gPCR analysis of CD206 expression in relation to GAPDH and U6 expression in DDP-sensitive ovarian cancer tissue (S), DDP-
resistant ovarian cancer tissue (R), and healthy ovarian tissue (Normal). (e) The expression level of C200rf11 in ovarian cancer tissue was negatively correlated with that
of miR-527. (f) The expression level of miR-527 in ovarian cancer tissue was negatively correlated with that of CD206. (g) Representative image of serum EVs detected
using an electron microscope. (h) EVs were measured using nanoparticle tracking. (i) EV markers were analyzed via western blotting. (j) The abundance of C200rf11 in
serum EVs was assessed using qPCR. (k) Kaplan-Meier survival curves of patients with ovarian cancer with high and low C200rf11 expression. n = 3. *P < .05, ** P < .01.
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Table 1. The association between serum EV-circ_C200rf11 expression and clin-
icopathological variables in ovarian patients.

EV-circ_C200rf11 expression

Clinical parameters High Low P value
(n=30) (n =30)

Age (years)

<50 16 12 0.301

> 50 14 18

Histological subtype

Serous 26 21 0.117

Other 4

FIGO stage

-1l 2 16 <0.0001

N-1v 28 14

Histological grade

G1+ G2 9 17 0.037

G3 21 13

Lymph node metastasis

Absent 1 23 0.002

Present 19 7

and CD9 confirmed the purity of the extracted EVs (Figure 7
(i)). qPCR results indicated that circ_C200rfl1 expression was
detectable in extracted EVs (Figure 7(j)). Furthermore,
circ_C20orfll expression was lower in EVs extracted from
the serum of the DDP-sensitive group than in EVs extracted
from the serum of the DDP-resistant group. Elevated EV-
circ_C20orfll levels were correlated with advanced FIGO
stage, high histological grade and lymph node metastasis
(Table 1). Kaplan-Meier survival curves of patients with ovar-
ian cancer are shown in Figure 7(k). The results confirmed that
patients with high EV-circ_C20orfll expression had
a relatively poorer survival rate than those with low levels.

These results confirm that the levels EV-circ_C20orfl1 in
the serum are high in ovarian cancer patients and that an
enhanced EV-circ_C20orf11 level is associated with the poor
survival rate of ovarian patients.

Discussion

Ovarian cancer a fatal gynecological tumor, and conventional
treatment is mostly limited by chemoresistance."
Understanding the mechanism of chemoresistance can contri-
bute to the treatment of ovarian cancer. This study revealed
a critical role of circ_C20orf11 in regulating DDP resistance in
ovarian cancer and identified that the regulatory mechanism
involved the miR-527/YWHAZ  signaling pathway.
Furthermore, we demonstrated that EVs from DDP-resistant
ovarian cancer cells shuttled circ_C200rf11 and participated in
regulating M2 macrophage polarization, thus mediating DDP
resistance.

The critical role of noncoding RNA in regulating che-
moresistance in ovarian cancer has been revealed in previous
studies.”'®*'™> circRNA expression profiles were screened
using samples collected from DDP-resistant ovarian cancer
patients and DDP-sensitive individuals as controls.'> The
results indicated that 148 circRNAs were upregulated and
191 circRNAs were downregulated, suggesting that circRNAs
play a crucial role in regulating chemoresistance in ovarian
cancer.'” In addition, a recent study showed that silencing of
hsa_circ_0061140 suppressed ovarian cancer cell prolifera-
tion, migration and EMT both in vivo and in vitro through

miR-370 sponge activity."” In the present study, we showed
that circ_C20orfl11 is upregulated in the DDP-resistant ovar-
ian cancer cell lines SKOV3/DDP and A2780/DDP. Silencing
of circ_C20orfl1 in both cell lines suppressed cell prolifera-
tion, increased cell apoptosis and, notably, suppressed cell
DDP resistance. Increasing evidence suggests that regulatory
effects of circRNAs on gene expression occur through com-
petitive binding to miRNAs."” We investigated a regulatory
mechanism involving miR-527/YWHAZ. miR-527 was pre-
viously reported to act as a tumor-suppressive miRNA in
many cancer types, such as lung cancer and glioma.******
The mechanism by which circ_C20orfl1 regulates miR-527
expression was characterized using a luciferase reporter
assay. The results showed that circ_C20orfll directly
bound to the 3-UTR of miR-527. Silencing of
circ_C20orfll in SKOV3/DDP and A2780/DDP cells pro-
moted miR-527 expression. In contrast, downregulation of
miR-527 rescued the silencing of circ_C20orfll-induced
inhibition of cell viability and proliferation and YWHAZ
and IL-10 expression. Additionally, we found that YWHAZ
is a direct target of miR-527. YWHAZ has been reported to
be involved in regulation of tumorigenesis and drug resis-
tance in ovarian cancer.’® Consistent with this, our data
suggested that circ_C20orfll regulates YWHAZ expression
by acting as a competing endogenous RNA for miR-527
binding and thereby mediates DDP resistance. Finally,
in vivo experiments confirmed that knockdown of
circ_C20orfll enhanced DDP sensitivity in vivo. To the
best of our knowledge, this is the first study to demonstrate
the crucial role of circ_C20orfll in regulating chemoresis-
tance in ovarian cancer.

Accumulating evidence has demonstrated that EVs are
involved in each cancer process, including angiogenesis,
drug resistance, and metastasis.!> #2773 Here, we showed
that EVs from DDP-resistant ovarian cancer cells can be
internalized by M2 macrophages and induce macrophage
M2 polarization. Consistently, Liang et al. reported that
EVs from colorectal cancer cells transported RPPH1 and
promoted macrophage polarization. Many studies have
suggested that EVs extracted from tumor cells contain
IncRNAs.'? In this study, we showed that circ_C20orfl11
expression was detectable in EVs extracted from the serum
of ovarian cancer patients and that circ_C20orfl1 was less
expressed in the DDP-sensitive group than in the DDP-
resistant group. Furthermore, enhanced EV-circ_C20orfl1
expression was associated with a poor survival rate of
ovarian patients. Based on these data, we suggest that
EVs secreted by ovarian cancer cells contain
circ_C20orfl1 and that circ_C20orfll may be transferred
by EVs to enhance macrophage M2 polarization and reg-
ulate tumor macrophages to facilitate DDP resistance.
Nevertheless, this regulatory function and the underlying
mechanism remain to be further elucidated.

In conclusion, this study provides evidence that
circ_C20orfl1 enhances DDP resistance in ovarian cancer by
inhibiting miR-527/YWHAZ and enhancing EV-mediated
macrophage M2 polarization. Thus, EV-circ_C20orfl1 may
be used as an indicator of DDP sensitivity in ovarian cancer
patients.



Materials and methods
Cell culture and treatment

Primary cultured human normal ovarian epithelial cells were
cultured in ovarian epithelial cell medium (Gibco, Carlsbad, CA,
USA) containing 10% fetal bovine serum (FBS; Gibco) and 1%
penicillin (Gibco). THP-1 cells, a human monocytic cell line,
were maintained in RPMI-1640 (Invitrogen, Shanghai China)
supplemented with 10% FBS and 1% penicillin/streptomycin.
THP-1 cells were treated with PMA (phorbol 12-myristate 13-
acetate; Sigma-Aldrich, St. Louis, MO) at a concentration of
10 ng/mL in RPMI 1640 supplemented with 1% FBS. The treat-
ment was refreshed every three days until day 6. Human ovarian
surface epithelial cells (HOSEpiCs) and the ovarian cancer cell
lines SKOV3, A2780, IGROV1, OVCAR-3, and CAOV-3 were
maintained in DMEM (Gibco) supplemented with 10% FBS and
1% penicillin. DDP was purchased from Dalian Meilun Biotech
Co. (Dalian, China). DDP-resistant A2780/DDP and SKOV3/
DDP cells were generated as previously described.”’ In brief,
original parental A2780 or SKOV3 cells were exposed to the
IC50 concentration of DDP for at least 6 months.

Animal study

Twenty four-week-old male BALB/c-nu mice weighing 21-
23 g were purchased from the Shanghai Laboratory Animal
Center (SLAC; Shanghai, China) and housed in a controlled
environment with a 12-hour light/12-hour dark cycle. This
study was approved by the Animal Care and Utilization
Committee of Affiliated Tumor Hospital of Xinjiang Medical
University and carried out according to the Guidelines for the
Care and Use of Laboratory Animals. In this study, mice were
separated into four groups (n = 5 per group). Mice were
subcutaneously injected with PBS (100 uL) containing approxi-
mately 2 x 10° A2780/DDP or SKOV3/DDP cells transfected
with si-NC or si-circ_C20o0rfl1 (Genepharma, Shanghai,
China). DDP (5 mg/kg, twice a week) was intraperitoneally
injected into mice, and the tumor volume was measured every
five days. Animals were sacrificed at 30 days following treat-
ment, and tumor tissues were isolated, photographed, and
stored in liquid nitrogen for further analyses.

Clinical samples

Sixty paired ovarian cancer tissues and matched adjacent
normal tissues were obtained from The Affiliated Tumor
Hospital of Xinjiang Medical University and stored in
liquid nitrogen until use. For EV purification, the morning
fasting venous blood of all subjects (5 mL) was centri-
fuged, and the serum was preserved at —70°C. Among the
60 patients, 26 were DDP-sensitive, and 34 were DDP-
resistant. Patients were considered DDP resistant if they
showed no significant clinical effect or had progressive
disease after receiving one cycle of DDP treatment. The
remaining patients were considered DDP sensitive. The
study was approved by the Medical Ethics Committee of
The Affiliated Tumor Hospital of Xinjiang Medical
University.
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MTT assay

MTT assays were used to assess cell viability. In brief, cells were
trypsinized and reseeded into 96-well plates (5 x 10°/well).
Cells were incubated with serial concentrations of DDP (0, 5,
10, 20, 40, or 80 uM) for 24 h. Afterward, MTT solution was
added to each well at a final concentration of 0.5 mg/mL
(Sigma-Aldrich, St. Louis, USA) and incubated with the cells
for 5 h. Absorbance was assessed at 570 nm with a microplate
reader (BIO-RAD microplate reader-550). The half-maximal
inhibitory concentration (IC50) was measured accordingly.

Cell transfection

Cells were transfected with circ_C20o0rfl1 siRNA, miR-527
mimic, miR-527 inhibitor, or the correlated negative controls
obtained from GenePharma for 24 h utilizing Lipofectamine
2000 (Invitrogen). After transfection, the cells were treated
with DDP at half of the IC50 dose for 24 h or with DDP at
different dilutions accordingly.

Cell colony formation assay

Cell proliferation was assessed using colony formation assays.
Briefly, the treated cells were trypsinized, and 200 cells were
seeded into each well of a 24-well culture plate containing 2 mL
DMEM supplemented with 10% FBS and 1% penicillin. After
7 days of incubation, all the medium was removed.
Subsequently, the cells were fixed using 100% methanol
(Sigma-Aldrich) for 20 min and stained using crystal violet
staining solution (Sigma-Aldrich) for 5 min. Then, the cells
were washed with distilled water. The number of colonies was
quantified based on brightfield images obtained with a Leica
microscope (Leica Microsystems SAS, Wetzlar, Germany).

Cell apoptosis assay

An Annexin-V-FITC/PI apoptosis assay kit (Sigma-Aldrich)
was used to stain cells according to the manufacturer’s instruc-
tions. Flow cytometry (Aceabio, San Diego, USA) was used to
analyze the percentage of apoptotic cells.

EV isolation and characterization

EVs were isolated from cells using a total EV isolation reagent
based on previously published studies.'" In detail, cells were
incubated with 10% bovine exosome-depleted FBS (Gibco) for
24 h. Subsequently, the medium was collected and centrifuged
at 2000 x g for 30 min, after which the supernatant was filtered
using a 0.22-mm filter (Sigma-Aldrich). The samples were
centrifuged at 10,000 x g at 4°C for 1 h. After the supernatant
was removed, the EV pellets were suspended in 150 uL PBS.
EVs were measured using an electron microscope or
a NanoSight instrument or used for western blot experiments.

EV uptake experiment

PKH67 Fluorescent Cell Linker Mini Kits (Sigma-Aldrich)
were used to label the EVs according to the manufacturer’s
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instructions. Briefly, 1 x 10° THP-1 cells were seeded into 24-
well plates. THP-1 cells were cultured with EVs labeled with
PKH67 in the dark for 12 h and subsequently fixed with
paraformaldehyde and stained with 2,4-diamino-5-phenylthia-
zole (DAPIL Sigma-Aldrich). Fluorescence images were
obtained via laser scanning microscopy.

Dual-luciferase reporter assay

Tt was predicted using the CircInteractome prediction tool, in
which circ-C200rfl1 was bound to miR-527. The
circ_C20orfl1 wild-type sequence (C200rfl11-WT) containing
the miR-527 binding site or a mutant sequence (C20orfl1-
MUT) were amplified and cloned into a pmirGLO dual-
luciferase vector (Promega, Madison, WI, USA). The cells
were cotransfected with C200rfl1-WT or C200rfl1-MUT
and miR-527 mimic or miR-527 inhibitor using
Lipofectamine 2000 transfection reagent (Invitrogen). A Dual-
Luciferase Reporter assay kit (Promega) was used to measure
luciferase activities according to the manufacturer’s instruc-
tions. Similarly, the CircInteractome prediction tool predicted
that miR-527 binds to YWHAZ. Therefore, the YWHAZ wild-
type sequence (YWHAZ-WT) containing the miR-527 binding
site or a mutant sequence (YWHAZ-MUT) were amplified and
cloned into a pmirGLO dual-luciferase vector. The cells were
cotransfected with YWHAZ-WT or YWHAZ-MUT and miR-
527 mimic or miR-527 inhibitor. The Dual-Luciferase Reporter
assay kit was used to measure luciferase activities. Luciferase
activity was measured using a Promega Luciferase Assay based
on the manufacturer’s protocol. In brief, 20 pl of each lysate
was added to a luminometer tube. Promega Luciferase Assay
Substrate was thawed and added to the tube at room
temperature.

Enzyme-linked immunosorbent assays (ELISAs)

ELISA Kkits for IL-10 and IL-6 (Abcam, Cambridge, UK) were
utilized according to the manufacturer’s instructions. Briefly,
100 pL of cell medium was tested per well. Values were assayed
in triplicate and calibrated against IL-10 and IL-6 standards.

Real-time qPCR

Total RNA was extracted from cells or tissues using an
RNA extraction kit (Tiangen Biotech, Beijing, China).
A Nanodrop spectrophotometer (ND-100; Thermo
Scientific, Waltham, MA) was used to detect RNA con-
centrations based on absorbance at 260/280 nm.
Subsequently, the total RNAs were reverse transcribed to
complementary cDNA using M-MLV reverse transcriptase
(TianGen Biotech). PCR detection was performed with
a SYBR Green kit (Solarbio). All experiments were carried
out at least three times. Relative gene expression was
normalized to GAPDH and U6 expression using the 2
("22CT) method.

Western blotting assay

Total protein was extracted from cells or tissues using RIPA
buffer (Sigma-Aldrich) supplemented with a protease and
phosphatase inhibitor cocktail. Total protein was deter-
mined with a BCA protein assay kit (Solarbio). Twenty
micrograms of protein was separated via SDS-PAGE and
transferred onto PVDF membranes (Schleicher & Schuell,
Germany), which were blocked with 5% skim milk.
Subsequently, the membranes were incubated with primary
antibodies at 4°C overnight. The following antibodies were
used: anti-63, anti-TSG101, anti-CD9, anti-YWHAZ and
anti-PD-L1 (Abcam). The membrane was probed with
a horseradish peroxidase-conjugated secondary antibody
(Abcam). To develop the immunoreactive bands of target
proteins, an enhanced chemiluminescence kit (Thermo
Fisher Scientific, Inc., Waltham, MA, USA) was used.
Image-Pro Plus 6.0 software was used to quantify bands
of interest.

Flow cytometry

Tissue was cut into small pieces and digested by collagenase
A (Roche) plus 1*DNase I (Sigma) at 37°C. Following 30 min
of incubation, the digested mixture was filtered through
a 40 pm nylon mesh. After centrifugation (1,000 rpm for
8 min at 4°C), the isolated cells were stained using a CD206
antibody (cat. no. 18704-1-AP, Proteintech) according to the
manufacturer’s instructions. After staining, detection of
CD206-positive cells was performed using flow cytometry,
and the results were calculated based on the percentage of
CD206-positive cells.

Statistical analysis

All experiments were performed at least in triplicate. Unpaired
two-tailed Student’s t-tests were carried out to compare differ-
ences between two groups. In the case of multiple comparisons,
one-way analysis of variance (ANOVA) followed by Tukey’s
post hoc test was used. Categorical data were analyzed using
a chi-square test. OS was calculated using the Kaplan-Meier
method and a log-rank test. Correlations between
circ_C20orfl1 and miR-527 and between circ_C20orfl1 and
CD206 expression were analyzed using Spearman’s correlation
coefficient. GraphPad Prism 5.0 software was utilized for sta-
tistical analysis. The data are expressed as the means + standard
deviation. P < .05 was considered statistically significant.
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