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It has been well investigated that circular RNAs (circRNAs) play important roles in various cancers. The
function of circ_0002711 and its underlying mechanisms in ovarian cancer (OC) remain unknown. qRT-PCR
and western blot were performed to detect the expressions of circ_0002711, microRNA-1244 (miR-1244), and
Rho kinase 1 (ROCK1) in OC tissues and cells. MTT assay and colony formation assay were employed to
evaluate cell proliferation. Detection of lactate production, glucose uptake, and ATP level and oxygen consumption were used to determine Warburg effect. Western blot was used to examine glycolysis or proliferationrelated genes. Dual-luciferase reporter assay and RIP pull down assay were used to address the relationship
among circ_0002711, miR-1244, and ROCK1. In vivo tumor growth was evaluated in nude mice.
Circ_0002711 was upregulated in OC tissues and cell lines. Circ_0002711 downregulation inhibited cell
viability, colony formation ability and aerobic glycolysis. Circ_0002711 contained binding sites with miR1244. Moreover, loss of miR-1244 undermined circ_0002711 downregulation-mediated function. ROCK1
contained binding sites with miR-1244. MiR-1244 upregulation suppressed cell proliferation and aerobic
glycolysis, which was rescued by enhanced expression of ROCK1. Circ_0002711 knockdown hampered
ROCK1 expression by upregulating miR-1244 expression. Finally, decreased expression of circ_0002711
inhibited tumor growth in vivo. Circ_0002711/miR-1244/ROCK1 axis regulated Warburg effect and tumor
growth in vivo.
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1. Introduction
Ovarian cancer (OC) is the most frequent cause of
deaths from among gynecologic malignancies, with
5-year survival rates below 45% (Kujawa and
Lisowska 2015; Stewart et al. 2019; Tschernichovsky
and Goodman 2017; Webb and Jordan 2017). Although
chemotherapy and surgical treatment have been
developed, the survival rate is not favorable for poor
prognosis and cancer recurrence (Shabaninejad et al.

2019). Thus, a deep insight into the molecular mechanisms of OC may provide therapeutic strategies for
patients.
CircRNAs have been reported to modulate cancer
development and act as potential therapeutic targets in
cancer therapy (He et al. 2017; Kristensen et al. 2018;
Lux and Bullinger 2018; Zhang et al. 2017). Extensive
research has revealed that circRNAs are dysregulated
in OC (Ahmed et al. 2016; Li et al. 2020; Shabaninejad
et al. 2019). For example, a study has revealed that
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hsa_circ0061140 is overexpressed in OC cell lines and
inhibition of hsa_circ0061140 induces the reduction of
cell proliferation and migration (Chen et al. 2018).
Another research also revealed that circWHSC1 promotes OC progression by sponging miR-145 (Zong
et al. 2019). Therefore, we thought that a deep understanding of circRNAs in OC may provide promising
opportunities for early diagnosis and prognosis of
patients. Wang et al. recently reported that
circ_0002711 is upregulated in OC (Wang et al. 2020).
However, the function of circ_0002711 in OC has not
been explored. Cancer cells alter their metabolism such
as increases glucose uptake and fermentation of glucose to lactate to promote cell proliferation, this phenomenon is known as the ‘Warburg effect’ (Liberti and
Locasale 2016; Schwartz et al. 2017; Wang et al.
2019a, b). The involvement of circ_0002711 on Warburg effect in OC has not been clariﬁed.
Researchers have demonstrated that circRNAs could
control the function of other molecules by interacting
with microRNAs and proteins (Cortés-López and Miura
2016; Ebbesen et al. 2016; Holdt et al. 2018; Panda
2018). For instance, hsa_circ0061140 promotes cell
proliferation by repressing FOXM1 expression through
interacting with miR-370 in OC (Chen et al. 2018).
Circular RNA FOXP1 contributes to cancer development and Warburg effect in gallbladder cancer by targeting PKLR (Wang et al. 2019a, b). Recent evidence
showed that loss of miR-1244 stimulates aerobic glycolysis in OC (Liu et al. 2020). Hence, whether miR1244 interacts with circ_0002711 to regulate Warburg
effect in OC should be further addressed. Rho kinase 1
(ROCK1) could act as a direct target of miR-148a-3p to
be involved in LINC00339-mediated function in OC
(Pan et al. 2019). In this study, miR-1244/ ROCK1 axis
was ﬁrst reported in OC.
In this study, we sought to explore the function of
circ_0002711/ miR-1244/ ROCK1 pathway in OC by
evaluating cell proliferation and Warburg effect.
2. Methods
2.1 Human tissues, cell lines, reagent and cell
transfection
In this study, tumor tissues (n = 54) and adjacent nontumor tissues (n = 54) were obtained from OC patients
underwent surgery in Central Hospital of Enshi Tujia
and Miao Autonomous Prefecture. This study was
approved by the Research Ethics Committee of Central
Hospital of Enshi Tujia and Miao Autonomous

Prefecture. All of the patients have signed the informed
consents. Human OC cell lines (SKOV3 and OV90
cells) and normal ovarian epithelial cell line IOSE80
were obtained from American Type Culture Collection
(Manassas, VA, USA). Cells were cultured with
DMEM supplemented with 10% FBS (HyClone,
Logan, UT, USA). The culture medium was replaced
every three days. Cells were passaged as soon as cell
attachment rate reached 80–90 %. Moreover, small
interfering RNA for circ_0002711 (si-circ_0002711 #1,
si-circ_0002711 #2, si-circ_0002711 #3) or negative
control (si-NC), miR-1244 mimic or miR-NC, miR1244 inhibitor (anti-miR-1244) or anti-NC, ROCK1
overexpression plasmid (ROCK1) or control vector
(Vector) were transfected into cells. After 48h incubation, transfected cells were harvested and utilized for
further experiments.

2.2 MTT assay and colony formation assay
Cell proliferation was examined by MTT assay
according the protocols. Cells were added MTT (5 mg/
mL, Sigma, St. Louis, MO, USA) at different time and
the absorbance was determined at 490 nm. For cell
colony formation assay, 2.5–3 9103 transfected cells in
6-well plates were cultured for 14 days. Cells were
ﬁxed with 4% polyformaldehyde and stained with
0.1% crystal violet. Finally, the picture was obtained.
2.3 qRT-PCR assay
Total RNA from cells or tissues were extracted by
using Trizol reagent (Invitrogen, Carlsbad, CA, USA)
based on the direction of supplier. Subsequently, Reverse transcription assays were performed to synthesize
complementary DNA (cDNA) ﬁrst strands by using the
PrimeScriptTM RT Master Mix Kit (Takara, Tokyo,
Japan). qRT-PCR assay was conducted on Thermal
Cycler CFX6 System (Bio-Rad, Hercules,CA, USA)
with SYBR Green PCR Kit (Takara). Relative
expressions of ROCK1, circ_0002711, and Matured
miR-1244 were calculated using 2-DDCt method, normalizing to b-actin or U6, respectively. Primer
sequences were: b-actin-F:50 -GGACCTGACTGACT
ACCTC-30 ,b-actin-R:50 -TACTCCTGCTTGCTGAT-30 ;
U6-F, 50 -TGGGGTTATACATTGTGAGAGGA-30 . U6R,
50 -GTGTGCTACGGAGTTCAGAGGTT-30 ;
circ_0002711-F: 50 -GTTGCCAAAGTTAGCCAAGG30 , circ_0002711-R: 50 -ACCATGGGGTTGAGATTC
miR-1244-F:
50 -TTACAAAGTAGTTGG
TG-30 ;
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TTTGTATGAG-30 , miR-1244-R: 50 -TGGTGTCGTGG
AGTCG-30 ; ROCK1-F: 50 -CGAGAGGGCTGGTCCT
T-30 , ROCK1-R: 50 -GTCCCGAATGTGCTGAGTT-30 .
2.4 Western blot
Proteins from cells were puriﬁed and electrophoretically separated. Samples were then transfered to
polyvinylidene diﬂuoride membranes (Millipore, Bedford, MA, USA). The membranes were incubated with
primary antibodies (anti-ROCK1; anti-b-actin; anti-Ki67; anti-PCNA; anti-Pyruvate kinase isozymes M2
(PKM2); anti-Hexokinase 2 (HK2); anti-Pyruvate
Dehydrogenase Kinase Isozyme 1 (PDK1); Abcam,
Cambridge, UK). Bands were visualized using
enhanced chemiluminescence reagent SuperSignal
(Thermo Fisher Scientiﬁc,Waltham, MA, USA).
2.5 Detection of lactate production, glucose
uptake, ATP level and oxygen consumption
OV90 and SKOV-3 cells were transfected with the
plasmids or siRNAs. Lactateproduction was measured
by the lactate assay kit (Biovision, Mountain View,
USA). Glucose uptake was measured by Glucose
Uptake Assay Kit (Biovision). ATP Assay Kit (Beyotime, shanghai, China) was used to measure ATP
level. Extracellular Oxygen Consumption Assay (Abcam) was introduced to determine oxygen
consumption.
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conjugated with human anti-Ago2 antibody (Abcam)
and negative control normal mouse IgG. The beads
were washed and incubated with proteinase K to digest
the protein at 24 h after incubation. The RNA was
puriﬁed and detected by reverse transcription and PCR
assays. Cells were transfected with 30 -biotinylated
miR-1244 mimic, forming biotin-miRNA-circRNA
complexes. The products were puriﬁed with the
resulting RNA used for RT-PCR analysis.
2.8 In vivo tumor growth
A xenograft tumor model was established by subcutaneously injecting with SKOV3 cells stably transfected
with sh-circ_0002711 or sh-NC into nude mice
(n = 10; purchased from Beijing ZhongkeZesheng
Technology Co., Ltd.). The tumor volume was measured every 7 days. Tumor weight was measured at 35
days after cells injection. qRT-PCR or western blot was
used to analyze the level of ROCK1, circ_0002711,
and miR-1244. The experiments were approved by the
Animal Ethics Committee of Central Hospital of Enshi
Tujia and Miao Autonomous Prefecture.
2.9 Statistical analysis
Graphpad 7.0 statistical software (Graphpad, San
Diego, CA, USA) was used for data analysis. Student’s
t-test and two-way ANOVA test were employed to
analyze two-group comparison and multiple group
comparison, respectively. P \ 0.05 was considered
statistically signiﬁcant.

2.6 Dual-luciferase reporter assay
The wild type (WT) or mutated (MUT) of circ_0002711
or ROCK1 30 UTR sequences were ampliﬁed and cloned
into the downstream of the luciferase gene in a modiﬁed
pGL3 control vector (Promega, Madison, WI, USA).
Circ_0002711-WT or circ_0002711-MUT and miR1244 mimic or miR-NC, and miR-1244 mimic or miRNC and ROCK1 30 UTR-WT or ROCK1 30 UTR-MUT
were transfected into cells. Cells were harvested 24 h
after transfection, luciferase activities were detected by
dual-luciferase reporter assays.

2.7 RIP assay and RNA pull down assay
Brieﬂy, cells were harvested and incubated with RNA
immunoprecipitation buffer containing magnetic beads

3. Results
3.1 Circ_0002711 knockdown inhibits cell
proliferation and aerobic glycolysis
Firstly, we detected circ_0002711 expression in OC.
As demonstrated in ﬁgure 1A, circ_0002711 level was
elevated in OC tumor tissues. Similarly, both human
OC cell lines SKOV3 and OV90 showed high
expression of circ_0002711 relative to that of normal
ovarian epithelial cell line IOSE80 (ﬁgure 1B). To
further explore the role of circ_0002711 in OC, we
altered its expression in OC cells using small interfering RNA against circ_0002711. As displayed in ﬁgure 2A, B, the expression of circ_0002711 in sicirc_0002711#1–transfected cells showed lower than
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Figure 1. The levels of circ_0002711 in OC. The expression of circ_0002711 in normal or tumor tissues of OC patients
(A) and OC cell lines (B). ***P \ 0.001, n = 3.

Figure 2. The effect of circ_0002711 knockdown on cell Warburg effect. (A and B) SKOV3 and OV90 cells were
introduced with si-NC and si-circ_0002711 (#1, #2, 3#). (C–E) Cell viability was evaluated by MTT assay and colony
formation ability. (F) Western blot analysis of proliferation-related proteins. (G–I) Lactate production, glucose uptake, and
ATP levels were examined by ELISA assays. (J) Extracellular oxygen consumption assay was performed to determine
oxygen consumption. (K) The levels of PKM2, HK2 and PDK1 in OV90 and SKOV-3 cells. **P \ 0.01, ***P \ 0.001,
n = 3.

that of si-circ_0002711#2 or si-circ_0002711#3–
transfected cells. Therefore, si-circ_0002711#1 was
selected for the following experiments. MTT assay also

demonstrated that depletion of circ_0002711 induced
cell viability inhibition (ﬁgure 2C, D). Meanwhile, the
downregulation of circ_0002711 also reduced colony
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numbers (ﬁgure 2E). Then, we investigated the
underlying mechanisms of how circ_0002711 suppresses proliferation of OC. Western blot was applied
to detect the expression levels of Ki67 and PCNA after
treatment with si-circ_0002711#1 or si-NC, respectively, in the two cell lines. The results showed that loss
of circ_0002711 decreased the expressions of proliferation-related proteins (ﬁgure 2F). To further investigate the effect of circ_0002711 on aerobic glycolysis,
the OV90 and SKOV-3 cells were transfected with sicirc_0002711#1. The data demonstrated that the glucose uptake, lactate, and ATP production levels were
dramatically downregulated in OC cells with
circ_0002711-knockdown in comparison with group
with si-NC transfection (ﬁgure 2G–I). Moreover, the
inhibition of aerobic glycolysis was also accompanied
by increasing O2 consumption in OC cells with
circ_0002711 suppression (ﬁgure 2J). As expected, the
metabolic genes including PKM2, HK2, and PDK1
also showed low expression in circ_0002711 depletionmediated cells (ﬁgure 2K).
3.2 miR-1244 knockdown undermines the effect
of circ_0002711 depletion on cell aerobic glycolysis
in OC cells
To conﬁrm the potential mechanisms by which
circ_0002711 functioned in OC cells, we used an
online bioinformatics database (circinteractome) to
predict the potential targets for circ_0002711, the
binding sites between miR-1244 and circ_0002711
were displayed in ﬁgure 3A. Dual-luciferase reporter
assay was used to address the relationship between
them. We found that the luciferase activity decreased in
miR-1244 and circ_0002711-WT co-transfected cells,
while it showed no change in circ_0002711-MUT
group (ﬁgure 3B, C). To further support this ﬁnding,
RIP assays were performed on OV90 and SKOV-3
cells extracts using antibodies against Ago2. The
results further demonstrated that circ_0002711 and
miR-1244 were all enriched in anti-Ago2 group relative to anti-IgG group (ﬁgure 3D, E). Furthermore,
biotin-miR-1244-circ_0002711 complexes were isolated and used for qRT-PCR analysis. The data showed
that circ_0002711 was elevated in Bio-miR-1244
group with respect to Bio-miR-NC group (ﬁgure 3F).
Moreover, knockdown of circ_0002711 markedly
increased miR-1244 expression in OC cells (ﬁgure 3G). In addition, miR-1244 level was downregulated in tumor tissues when compared with that of
normal tissues (ﬁgure 3H). The level of miR-1244 was
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also reduced in OC cell lines (ﬁgure 3I). To address
whether miR-1244 is involved in the circ_0002711mediated function in OC, we further reduced the
expression of miR-1244 in OC using miR-1244 inhibitor. The transfection efﬁciency indicated that introduction of miR-1244 inhibitor drastically induced the
inhibition of miR-1244 in OC cells (ﬁgure 4A, B). The
results also showed that reduction of miR-1244 rescued
the si-circ_0002711-mediated the inhibition of proliferation, colony formation, and the expressions of Ki67
and PCNA (ﬁgure 4C–F). Subsequently, our ﬁndings
also indicated that miR-1244 depletion restored the
Warburg effect of in OC cells transfected with sicirc_0002711 (ﬁgure 4G–K).
3.3 ROCK1 overexpression mitigates the effect
of miR-1244 upregulation on cell proliferation
and aerobic glycolysis in OC cells
The targetscan database was used to predicate the
potential target gene miR-1244. The data showed that
ROCK1 had binding sites with miR-1244 (ﬁgure 5A).
The bioinformatics data between mIR-1244 and
circ_0002711 was presented in supplementary ﬁgure 1.
We thought that ROCK1 may be associated with circ000271/miR-1244 axis-mediated function. To conﬁrm
our hypothesis, the Dual-luciferase reporter assay was
performed. After co-transfection of miR-1244 mimic
and ROCK1 30 UTR-WT or ROCK1 30 UTR-MUT, we
disclosed that co-transfection of miR-1244 strikingly
reduced the luciferase activity with only wild-type
30 UTR of ROCK1 but not that of the mutant type, both
in OV90 and SKOV-3 cells (ﬁgure 5B, C). Meanwhile,
RIP assay indicated that ROCK1 and miR-1244 were
all elevated in anti-Ago2 group when compared with
that of anti-IgG group (ﬁgure 5D, E). Furthermore, a
decreased expression of miR-1244 showed obvious
overexpressed ROCK1 at mRNA and protein level
(ﬁgure 5F, G). In addition, we also examined the
expression of ROCK1 in OC tissues and cells. QRTPCR and western blot results also showed that the
mRNA and protein levels of ROCK1 were upregulated
in OC tissues or cell lines than that of normal tissues or
ovarian epithelial cell line IOSE80, respectively (ﬁgure 5H–K). To further verify whether miR-1244 modulates cell proliferation and Warburg effect via
ROCK1, the rescue-of-function was conducted. The
introduction of ROCK1 overexpression plasmid signiﬁcantly enhanced the expression of ROCK1 in OC
cells (ﬁgure 6A, B). Notably, we also found that
introduction of miR-1244 mimic induced a signiﬁcant

21

Page 6 of 11

Weiquan Xie et al.

Figure 3. miR-1244 harbors the binding sites with circ_0002711. (A) The binding sites between miR-1244 and
circ_0002711. (B and C) The luciferase activity was examined in cells introduced with circ_0002711-WT or circ_0002711MUT and miR-1244 mimic or miR-NC. (D and E) The enrichment of circ_0002711 or miR-1244 in cells after Ago2 or IgG
RIP assay. (F) The enrichment of circ_0002711in the samples pulled down by biotinylated miR-1244. (G) The effect of
circ_0002711 knockdown on miR-1244 expression. (H and I) The expression of miR-1244 in normal or tumor tissues of OC
patients (H) and OC cell lines (I). ***P \ 0.001, n = 3.

Figure 4. miR-1244 knockdown undermines the effect of circ_0002711 depletion on cell proliferation and aerobic
glycolysis in OC cells. (A and B) SKOV3 and OV90 cells were introduced with anti-NC and anti-miR-1244. (C-E) Cell
proliferation and colony formation ability were measured. (F) Western blot was introduced to examine the expressions of
proliferation-related proteins. (G-K) Warburg effect was determined by ELISA assay and western blot. *P \ 0.05, **P \
0.01, ***P \ 0.001, n = 3.
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Figure 5. miR-1244 harbors the binding sites with ROCK1. (A) The complement sequences of miR-1244 and ROCK1
were predicted. (B and C) miR-1244 mimic or miR-NC and ROCK1 30 UTR-WT or ROCK1 30 UTR-MUT were transfected
into cells and then the luciferase activity was examined. (D and E) RIP assay was performed to determine cell the expressions
of miR-1244 and ROCK1. (F and G) The mRNA and protein levels of ROCK1 in cells introduced with anti-miR-1244 and
anti-NC. (H and I) The mRNA and protein levels of ROCK1 in normal and tumor tissues. (J and K) The mRNA and protein
levels of ROCK1 in IOSE80, SKOV3, and OV90 cells. ***P \ 0.001, n = 3.

inhibition on cell proliferation and aerobic glycolysis,
which was recuperated by gain of overexpression of
ROCK1 (ﬁgure 6C, K). Thus, miR-1244 positively
regulated Warburg effect in the upstream of ROCK1.
3.4 circ_0002711/ miR-1244/ROCK1 regulates
tumor growth in vivo
Given above-mentioned results, we thought
circ_0002711 may regulate ROCK1 expression by
targeting miR-1244. As shown in ﬁgure 7A, B,
ROCK1 expression was reduced in si-circ_0002711transfected cells, which was ameliorated by depletion
of miR-1244. Then, we also analyzed the expression
relationship among circ_0002711, miR-1244, and
ROCK1 in OC tissues. A negative relationship between
circ_0002711 and miR-1244, or miR-1244 and
ROCK1 was observed (ﬁgure 7C, D), whereas, it also
showed a positive relationship between the expression

of circ_0002711 and ROCK1 (ﬁgure 7E). Finally, we
addressed the role of circ_0002711 in vivo. Our ﬁndings revealed that low expression of circ_0002711
inhibited tumor growth of mice (ﬁgure 8A, B). As
expected, the level of miR-1244 was upregulated,
whereas the mRNA and protein levels of ROCK1 were
decreased in mice injected with SKOV3 cells stably
transfected with sh-circ_0002711 (ﬁgure 8C–E).
4. Discussion
Increasing evidence suggests that circRNAs may be
potential biomarkers for the early diagnosis and prognosis of OC (Chen et al. 2018; Ning et al. 2018; Zong
et al. 2019). Nevertheless, the functions of circRNAs in
OC are not completely understood. Recently, a study
has reported that circ_0002711 is upregulated in OC
patient serum (Wang et al. 2020). However, the
expression of circ_0002711 in OC tumor tissues and
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Figure 6. ROCK1 overexpression mitigates the effect of miR-1244 upregulation on cell proliferation and aerobic glycolysis
in OC cells. (A and B) SKOV3 and OV90 cells were introduced with Vector and ROCK1 overexpression plasmid. (C-E) Cell
proliferation and colony formation ability were evaluated. (F) Western blot was introduced to examine the expressions of
proliferation-related proteins. (G-K) Warburg effect was evaluated by ELISA assay and western blot. *P\0.05, **P\0.01,
***P \ 0.001, n = 3.

Figure 7. Circ_0002711 regulates ROCK1 expression by targeting miR-1244. (A and B) The mRNA and protein levels of
ROCK1 were measured in cells introduced with si-NC, si-circ_0002711#1, si-circ_0002711#1?anti-NC, or sicirc_0002711#1?anti-niR-1244. (C-E) The relationship between expressions of miR-1244 and circ_0002711, miR-1244
and ROCK1, or ROCK1 and circ_0002711. ***P \ 0.001, n = 3.
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Figure 8. Circ_0002711 downregulation suppresses tumor growth. SKOV3 cells transfected with sh-NC or shcirc_0002711 were subcutaneously injected into nude mice. (A and B) Tumor volume and weight were examined at 7,
14, 21, 28 and 35 days after implantation of SKOV3 cells. (C-E) Mice were euthanized for measurement of circ_0002711,
miR-1244, and ROCK1. *P \ 0.05, **P \ 0.01, ***P \ 0.001, n = 3.

whether circ_0002711 participates in the tumor growth
have not been reported. In this study, we detected the
expression of circ_0002711 in OC in vivo and vitro.
Our ﬁndings showed that circ_0002711 was elevated in
OC tumor tissues and OC cell lines. Therefore, we
thought that the abnormal expression of circ_0002711
may have an implication in the progression of OC. In
the following experiments, we conducted the loss-offunction assay to investigate the effect of circ_0002711
on cell growth. Our ﬁndings supported that interference
of circ_0002711 expression induced inhibition of proliferation and colony formation ability inOC cells. The
change of energy metabolism is a hallmark of tumors.
CircRNAs play important roles in regulating cellular
metabolism (Yu et al. 2019). We also disclosed
that silencing of circ_0002711 inhibited the Warburg
effect. These data implied that circ_0002711 may be a
promotion molecular in the tumorigenesis and development of OC.
CircRNAs could modulate cell function through
binding with corresponding microRNAs in human
cancer (Han et al. 2017; Verduci et al. 2019). In our
data, we demonstrated that miR-1244 harbored the
binding sites with circ_0002711, which was further
conﬁrmed with dual-luciferase reporter assay and RIP
pull down assay. Moreover, we also found that miR1244 expression was repressed in OC tumor tissues and
cells, which was consistent with previous study (Liu
et al. 2020). Li et al. have reported that miR-1244

upregulation impeded cell proliferation in cisplatintreated non-small-cell lung cancer (NSCLC) cells (Li
et al. 2017; Li et al. 2016). In osteosarcoma, miR-1244
is low expressed and circ101356 could accelerate cell
proliferation by sponging miR-1244 (Yanbin and Jing
2019). More importantly, we also found that overexpression of miR-1244 promotes aerobic glycolysis and
cell growth of different OC cell lines, which was in line
with prior report (Liu et al. 2020). Whereas, loss of
miR-1244 could undermined the si-circ_0002711#1induced function in OC. These lines of evidence
strengthened that circ_0002711 may be associated with
OC progression by downregulating miR-1244.
Targetscan online revealed interaction between miR1244 and ROCK1, which was veriﬁed through dualluciferase reporter assay. ROCK1 is elevated in several
types of cancers, such as NSCLC (Hu et al. 2019),
glioma (Liu et al. 2019) and Hepatocellular carcinoma (Wang et al. 2019a, b). The promotion effect of
ROCK1 has been widely investigated in human cancers (Hu et al. 2019; Wang et al. 2018). It is well
documented thatROCK1 is increased in OC cell lines
such as SKOV3, A2780, OVCAR3, HO-8910 (Han
et al. 2007; Liu et al. 2018; Pan et al. 2019; Park and
Kim 2017). ROCK1 induces cell proliferation and
metastasis promotion in OC cells (Pan et al. 2019).
Another lncRNA nuclear enriched abundant transcript
1 also plays a vital role in regulating metastasis through
miR-382-3p/ROCK1 (Liu et al. 2018). We further
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addressed the low expression of ROCK1 in OC as the
previous investigation reported. Notably, we additionally showed that overexpression of ROCK1 also
recovered the miR-1244-mediated effect on cell Warburg effect. Data from the present study showed that
circ_0002711 may modulate ROCK1 expression by
sponging miR-1244. Taken together, our data provided
the evidence that circ_0002711/miR-1244/ROCK1
pathway may regulate cell proliferation through
affecting Warburg effect. Besides, in vivo experiments
were performed to further verify the role of
circ_0002711 in OC. The data suggested that
circ_0002711 knockdown led to the suppression of OC
growth by inhibiting ROCK1 expression through
sponging miR-1244. Therefore, circ_0002711/miR1244/ROCK1 pathway is regarded as a key player in
the Warburg effect and may be proposed as a therapeutic target for OC.
There are some limitations in this study. It should be
further explored whether other genes, miRNAs, signaling pathways are modulated by circ_0002711 and
participate in circ_0002711-mediated function. Moreover, the effect of circ_0002711 on cell function such
as metastasis, apoptosis or other biological behaviors
should also be addressed.
5. Conclusion
In conclusion, we found that circ_0002711 was elevated in OC tumor tissues and cell lines. Our data ﬁrst
disclosed that circ_0002711 knockdown inhibited cell
proliferation and Warburg effect in OC by regulating
miR-1244/ROCK1 axis, which may provide new
insights into novel molecular therapeutic targets for
OC.
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