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Abstract
Circular RNAs (circRNAs) have been confirmed to be an important modulator and therapeutic target of cervical can-
cer (CC). The aim of this study is to explore the role and mechanism of circ_0081723 in CC progression. Circ_0081723, micro-
RNA-545-3p (miR-545-3p), and CREB3 regulatory factor (CREBRF) levels were detected using quantitative real-time PCR 
(qRT-PCR) assay. CREBRF, ki-67, Bcl-2 related X protein (Bax), and E-cadherin expression levels were determined 
using western blot (WB) and immunohistochemistry (IHC) assays. Cell proliferation was assessed using Cell Counting 
Kit-8 (CCK-8), cell colony formation, and 5-ethynyl-2’-deoxyuridine (EdU) assays. Flow cytometry was used to meas-
ure cell apoptosis.  Cell migration and invasion were examined using Transwell assay. Interaction between miR-545-3p 
and circ_0081723 or CREBRF was verified using dual-luciferase reporter assay and RNA immunoprecipitation (RIP) 
assays. The biological role of circ_0081723 on CC growth was examined using the xenograft tumor model in vivo. 
Circ_0081723 and CREBRF were increased, and miR-545-3p was decreased in CC tissues and cells. Circ_0081723 silenc-
ing suppressed CC cell growth and motility whereas boosted CC cell apoptosis. Besides, circ_0081723 acted as a molecu-
lar sponge for miR-545-3p, and circ_0081723 knockdown-induced effects were largely reversed by miR-545-3p downregula-
tion in CC cells. Moreover, miR-545-3p repressed CC progression by targeting CREBRF.  Circ_0081723 absence blocked xen-
ograft  tumor growth  in vivo. Circ_0081723 stimulated CC cell malignant behaviors by regulating  the miR-545-3p/
CREBRF pathway, providing a possible circRNA-targeted therapy for CC.
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Introduction

Cervical cancer (CC) is a gynecological malignant tumor, 
with the second-highest incidence of female malignant 
tumors in the world (Siegel et al. 2019; Conesa-Zamora 
2013). The good news is that human papillomavirus (HPV) 

vaccination can effectively prevent HPV infection and 
reduce the incidence of CC (Ferrall et al. 2021; O’Leary 
2021). However, due to economic factors, diagnostic tech-
nology, and other factors, about two-thirds of CC patients 
are in advanced stages at the time of diagnosis and have a 
poor prognosis (Marquina et al. 2018; Kwong et al. 2021). 
In addition, various factors such as postoperative recurrence, 
tumor metastasis, and chemotherapy resistance greatly 
increase the difficulty of CC treatment (McMellen et al. 
2020). Therefore, to improve the current status of CC treat-
ment, an in-depth study of the mechanism of the progression 
of CC and finding effective therapeutic targets are essential.

Different from other non-coding RNAs, circular RNAs 
(circRNAs) are formed by reverse splicing of pre-RNA 
(Wang et al. 2021). Because of their wide expression, tis-
sue diversity, structural stability, sequence conservation, and 
other characteristics, circRNAs have become a type of poten-
tial disease diagnosis and prognostic markers (Kristensen 
et al. 2019). Many circRNAs, such as hsa_circ_0003195 
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(Ma et al. 2022), hsa_circ_001787 (Chalbatani et al. 2021), 
has_circ_0006470 (Cui et al. 2021), and hsa_circ_0140271 
(Chen et  al. 2021) are dysregulated in tumor samples 
compared to the controls, and they can participate in can-
cer progression through different pathways, like affecting 
cell proliferation, metastasis, metabolism and autophagy. 
Circ_0082723 is elevated in CC tissues (Qu et al. 2020), 
but its role in CC formation remains to be explored.

MicroRNAs (miRNAs) are small RNAs that can target the 
3ʹ untranscribed region (3’UTR) of mRNA and negatively 
regulate gene expression (Fabian et al. 2010). According 
to reports, circRNA can indirectly regulate gene expression 
and participate in tumor progression via sponging miRNA 
(Cui et al. 2018). For instance, Feng et al. proved that circ-
ABCB10 contributed to CC progression and enhanced ZEB1 
expression via sponging miR-128-3p (Feng et al. 2021). 
Here, we discovered that microRNA-545-3p (miR-545-3p) 
was a candidate miRNA for circ_0081723 based on the bio-
informatics website. Meanwhile, there were binding sites 
for CREB3 regulatory factor (CREBRF) on the sequence 
of miR-545-3p. Accordingly, whether circ_0081723 might 
regulate CC development via the miR-545-3p/CREBRF axis 
was further explored. Then, we designed relevant experi-
ments to verify the above hypothesis.

Materials and methods

Clinical specimens

CC tumor tissue samples (n = 60) and adjacent no-tumor 
tissues (n = 60) were obtained from Gongli Hospital of 
Shanghai Pudong New Area. Sample inclusion criteria are 
that the patients have no radiation or chemotherapy prior to 
surgery. This project was authorized by the ethics committee 
of Gongli Hospital of Shanghai Pudong New Area and writ-
ten informed consent was signed by all subjects.

Cell culture

CC cell line SiHa and normal ectocervical cell line (Ect1/
E6E7, ATCC, Manassas, VA, USA) were incubated in 
DMEM (Gibco, Grand Island, NY, USA). Besides, CC cell 
line Caski (ATCC) was cultured in RPMI-1640 medium 
(Gibco) in an incubator with 5% CO2 at 37 °C. Besides, 
10% FBS (Gibco) was added to all media.

Quantitative real‑time PCR (qRT‑PCR)

Total RNAs were extracted from tissue samples and cell 
lines using TRIZOL reagent (Dingguo, Guangzhou, China). 
After detecting the RNA concentration by Nanodrop 2000 C, 
total RNA (2 µg) was reverse transcribed into cDNA using a 

Super Reverse Transcript PCR Kit (Dingguo). qRT-PCR was 
carried out using SYBR Green (Invitrogen, Paisley Scot-
land, UK). Finally, results were calculated according to the 
2−ΔΔCT method and normalized to glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) or U6. Primer sequences 
are shown in Table 1.

RNase R assay

RNase R experiment was implemented to identify 
circ_0081723 stability. Part of the RNA isolated from CC 
cells was co-incubated with RNase R (Invitrogen). Then, 
qRT-PCR was conducted to determine the RNA expression 
of circ_0081723 and linear RNA Polymerase II Subunit J2 
(POLR2J2).

Subcellular fractionation assay

To identify circ_0081723 localization, the PARISTM Kit 
(Invitrogen) was applied to separate RNA from nuclear and 
cytoplasmic extracts. At last, qRT-PCR assay was used to 
detect the expression levels of circ_0081723, GAPDH (cyto-
plasm control), and U6 (nucleus control).

Cell transfection

Generally, shRNA lentiviruses encoding sequence targeting 
circ_0081723 (sh-circ_0081723) or non-target control (sh-
NC) were purchased from HANBIO (Shanghai, China). For 
lentiviral transduction, SiHa and Caski cells of 50% conflu-
ence were infected by virus particles in media containing 
8 µg/mL of polybrene. 24 h later, the vector-positive cells 
were chosen using 1 µg/mL of puromycin over 72 h.

In addition, miR-545-3p mimic and inhibitor (miR-
545-3p and in-miR-545-3p), CREBRF overexpression 
plasmid (CREBRF), and controls (miR-NC, in-miR-NC, 

Table 1   The sequences of primers for qRT-PCR were presented

Name Primers for PCR (5’-3’)

circ_0081723 Forward AGC​CTT​TAC​CAA​CGC​CAT​CA
Reverse TGA​TGT​TTC​CCA​GTG​TGT​GGT​

POLR2J2 Forward GGA​CAC​CAA​GGT​ACC​CAA​GG
Reverse ATC​TTG​TGC​TCC​AAG​GGG​TG

miR-545-3p Forward GTA​TGA​GTC​AGC​AAA​CAT​TTATT​
Reverse CTC​AAC​TGG​TGT​CGT​GGA​G

CREBRF Forward GGA​AGG​TCC​TGG​GTC​ACT​TG
Reverse TGG​CTG​TTC​ACC​CAA​GTT​GT

GAPDH Forward GAC​AGT​CAG​CCG​CAT​CTT​CT
Reverse GCG​CCC​AAT​ACG​ACC​AAA​TC

U6 Forward CTC​GCT​TCG​GCA​GCACA​
Reverse AAC​GCT​TCA​CGA​ATT​TGC​GT
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and pcDNA) from Sangon Biotechnology (Shanghai, 
China) were transfected into SiHa and Caski cells in this 
research. Lipofectamine 3000 (Invitrogen) was used for cell 
transfection.

Cell counting Kit‑8 (CCK‑8)

In short, 2 × 104 CC cells/well were plated in a 96-well plate. 
At different time points, 10 µL of CCK-8 reagent (Beyotime, 
Shanghai, China) was added for another 4 h. The absorb-
ance at 450 nm was estimated by an enzyme immunoassay 
analyzer.

Colony formation assay

200 cells CC cells were grown in 6-well plates. After cultur-
ing in an incubator for two weeks, cell colonies were sub-
jected to 0.1% crystal violet staining, followed by counting 
under a microscope.

5‑ethynyl‑2’‑deoxyuridine (EdU)

Referring to the KeyFluor488 EdU Kit (keyGEN Biotech, 
Jiangsu, China), the DNA synthesis of CC cells was ana-
lyzed in this experiment. Briefly, transfected CC cells were 
incubated with an EdU working solution (50 µM) for 2 h. 
Subsequently, the nuclei were stained with Hoechst for 
30 min, and EdU-positive cells were visualized using a 
microscope.

Flow cytometry

CC cells were fostered for 24 h. After harvesting by centrifu-
gation, cells were re-suspended in binding buffer and then 
stained with 5 µL Annexin V-FITC and 5 µL PI solution 
(Beyotime, Beijing, China) in the dark for 15 min, followed 
by the detection using a flow cytometer.

Transwell assay

CC cell invasion and migration ability were respectively 
evaluated using transwell chambers pre-coated with or with-
out Matrigel (Corning, Tewksbury, MA, USA). First of all, 
cells were mixed with FBS-free medium and then added into 
the upper chambers. Meanwhile, medium with 10% FBS was 
placed into the bottom chambers. 24 h later, the migrated or 
invaded cells were fixed and stained with 0.1% crystal violet 
(Phygene). Finally, the migratory and invasive abilities were 
determined by counting cell numbers with a microscope.

Western blot (WB)

RIPA buffer (Beyotime) was implemented to lyse CC tissues 
and cells to obtain protein samples, which were separated 
by SDS-PAGE gel and transferred onto PVDF membranes. 
After blocking with 5% nonfat milk, membranes were incu-
bated with primary and secondary antibodies (Table 2). At 
last, protein signals were analyzed based on the BeyoECL 
Plus kit.

Dual‑luciferase reporter assay

CircInteractome, circBank, and Starbase software (Dudekula 
et al. 2016; Liu et al. 2019; Yang et al. 2011) retrieved the 
binding sequences between miR-545-3p and circ_0081723 
or CREBRF. WT or MUT circ_0081723 and CREBRF 
3’UTR were introduced into the pmirGLO vector (Promega, 
Madison, WI, USA), generating circ_0081723 or CREBRF 
3’UTR WT/MUT reporter plasmids. Then, these plasmids 
and miR-545-3p mimic or miR-NC were co-transfected 
into CC cells. Luciferase activities were measured using the 
Dual-Lumi™ II Luciferase Assay Kit (Beyotime).

RNA immunoprecipitation (RIP)

Magna RIP Kit (Millipore, Billerica, MA, USA) was 
conducted to confirm the associated relation between 
circ_0081723 and miR-545-3p. Briefly, the CC cell lysates 
were co-incubated with magnetic beads pre-coated with 
anti-Ago2 or anti-IgG. At length, qRT-PCR assay was uti-
lized to analyze the RNA enrichment of circ_0081723 and 
miR-545-3p.

Xenograft assay

10 female BALB/c nude mice (4–6 weeks old) purchased 
from Vital River Laboratory (Beijing, China) were used to 
establish the Xenograft tumor model. All animal experi-
ments were approved by the Animal Ethics Committee 

Table 2   The antibodies in WB and IHC

Antibody Cat. Dilution ratio Source

Ki-67 ab16667 1:5000 Abcam
Bax ab76011 1:1000 Abcam
E-cadherin Ab238099 1:3000 Abcam
CREBRF Ab26262 1:1000 Abcam
GAPDH ab9485 1:2500 Abcam
Goat Anti-Rabbit IgG H&L 

(HRP)
ab6721 1:20000 Abcam

Goat Anti-Mouse IgG H&L 
(HRP)

Ab205719 1:20000 Abcam
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of Gongli Hospital of Shanghai Pudong New Area. After 
dividing mice into two groups (n = 5/group), Caski cells 
with sh-NC or sh-circ_0081723 were subcutaneously 
inoculated into mice. Method: V (mm3) = (L × W2)/2 was 
used to calculate the tumor volume. 28 days after injec-
tion, mice were sacrificed and tumors were weighed and 
photographed. Besides, the IHC assay was performed as 
described (Huang et al. 2017). Other paraffin-embedded 
tissue were sectioned at a 4 μm thickness and hatched 
with antibodies shown in Table 2. Then, images were pho-
tographed and analyzed under light microscopy,

Statistical analysis

Mean ± standard deviation was the display form of all 
data. P < 0.05 was a sign of obvious difference. Data 
analysis in this research was carried out based on Stu-
dent’s t-test and ANOVA with Tukey’s tests in GraphPad 
Prism software.

Results

The expression of circ_0081723 was increased in CC

Circ_0081723 is a circular RNA derived from the exons 
2–3 of the POlR2J2 gene (Fig.  1A). The expression of 
circ_0081723 was examined in 60 pairs of CC tissues 
and cells by qRT-PCR assay. As shown in Fig.  1B-C, 
circ_0081723 expression was evidently upregulated in 
CC tumor tissues (2.13 fold) and CC cell lines (SiHa, 2.81 
fold; and Caski, 4.36 fold) when compared to the adjacent 
normal tissues and the control cell line Ect1/E6E7. These 
data suggested that circ_0081723 might be a biomarker of 
CC. Besides, we found that linear POLR2J2 expression was 
sharply digested by RNase R, but circ_0081723 expression 
had no obvious change after RNase R treatment (Fig. 1D-
E), implying that the structure of circ_0081723 was more 
stable than its linear form POLR2J2. Then, we performed 
the nuclear-cytoplasmic fractionation and observed that 
circ_0081723 was mostly distributed in the cytoplasm 
rather than nuclear (Fig. 1F-G). These data suggested that 

Fig. 1   The expression of circ_0081723 was upregulated in the tis-
sues and cell lines of CC. (A) Schematic diagram of circ_0081723 
formation. (B) The circ_0081723 expression was measured by qRT-
PCR in the adjacent normal and tumor tissues of CC patients. (C) 
The expression of circ_0081723 in CC cell lines (SiHa and Caski) 

and Ect1/E6E7 cells was determined by qRT-PCR. (D-E) The circu-
lar characteristic of circ_0081723 was confirmed by RNase R assay. 
(F-G) The subcellular localization of circ_0081723 was measured in 
cell nuclear and cytoplasm. ***P < 0.001
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circ_0081723 is indeed a circRNA and is mostly present in 
the cytoplasm in CC.

Repressing circ_0081723 caused suppressive effects 
on cell proliferation and motility of CC cells

Next, we performed loss-of-function experiments to explore 
the role of circ_0081723 in CC cells. First, SiHa and Caski 
cell lines stably expressing sh-NC or sh-circ_0081723 were 
established. The expression of circ_0081723 in CC cells in 
the sh-circ_0081723 group was notably reduced compared 
with the sh-NC group, while linear POLR2J2 expression was 
unaffected (Fig. 2A-B). Functionally, CCK-8 assay, colony 
formation assay, and EdU assay exhibited that circ_0081723 
knockdown markedly reduced cell viability (with a 47.27% 
reduction in SiHa cells and a 52.94% decrease in Caski 
cells), colony number (with a 44.87% decrease in SiHa cells 
and a 52.96% reduction in Caski cells), and EdU positive 
rate (with a 47.95% decrease in SiHa cells and a 51.84% 
reduction in Caski cells) (Fig. 2C-F). Furthermore, flow 
cytometry analysis displayed that the downregulation of 
circ_0081723 might obviously induce cell apoptosis of CC 
cells (SiHa, 4.00 fold; and Caski, 4.31 fold) (Fig. 2G). In 
addition, the silencing of circ_0081723 notably decreased 
the number of migrated cells (with a 43.43% decrease 
in SiHa cells and a 53.85% reduction in Caski cells) and 
invaded cells (with a 41.85% decrease in SiHa cells and a 
54.24% reduction in Caski cells) in CC cells (Fig. 2H-I). 
Consistently, WB assay revealed that circ_0081723 absence 
might reduce ki-67 protein level (proliferation-associated 
marker) (with a 43.67% reduction in SiHa cells and a 49.00% 
decrease in Caski cells), increase Bax protein level (pro-
apoptotic marker) (SiHa, 1.89 fold; and Caski, 2.10 fold), 
and enhance E-cadherin protein level (EMT-associated 
marker) (SiHa, 1.73 fold; and Caski, 1.78 fold) (Fig. 2J-K). 
These findings demonstrated that circ_0081723 silencing 
suppressed CC cell malignant behaviors.

Circ_0081723 was interacted with mir‑545‑3p 
via target binding

Furthermore, the mechanism by which circ_0081723 regu-
lated the function of CC cells was further explored. Based 
on all three online websites (CircInteractome, circBank, and 
starBase) prediction, miR-545-3p was the only miRNA that 
was common among these websites (Fig. 3A) and the bind-
ing sites were presented in Fig. 3B. After confirming the 
overexpression efficiency of miR-545-3p (SiHa, 9.02 fold; 
and Caski, 12.55 fold) (Fig. 3C), a dual-luciferase reporter 
assay was performed in CC cells. As shown in Fig. 3D-E, 
miR-545-3p mimic significantly decreased the luciferase 
activity of circ_0081723 WT reporter plasmid, but had 
no effect on that of circ_0081723 MUT reporter plasmid. 

Moreover, the RIP assay revealed that the enrichment of 
circ_0081723 and miR-545-3p on Ago2 immunoprecipitates 
was greatly higher than that on IgG immunoprecipitates 
(Fig. 3F-G). In addition, miR-545-3p levels were notably 
decreased in CC tumor tissues (with a 36.21% reduction) 
and cells relative to their respective corresponding con-
trols (adjacent normal tissues and Ect1/E6E7) (Fig. 3H-I). 
Beyond that, we observed that the level of circ_0081723 
was negatively correlated with miR-545-3p expression in CC 
tumor tissues (Fig. 3J). Overall, these results illustrated that 
circ_0081723 was a sponge for miR-545-3p in CC.

Circ_0000463 silencing restrained CC cell malignant 
behaviors by upregulating mir‑545‑3p in vitro

Then, to confirm the functional relevance between 
circ_0081723 and miR-545-3p on CC development, res-
cue experiments were conducted in CC cells. At first, qRT-
PCR data showed that miR-545-3p expression was effec-
tively reduced in in-miR-545-3p-transfected CC cells (with 
a 56.33% reduction in SiHa cells and a 70.00% decrease 
in Caski cells) (Fig. 4A), suggesting that the knockdown 
was significant. Besides, qRT-PCR results displayed that 
circ_0081723 knockdown notably increased miR-545-3p 
expression, which was reverted by the co-transfection of in-
miR-545-3p (Fig. 4B). The functional analysis presented that 
the suppressive effects of circ_0081723 silencing on CC cell 
proliferation were significantly attenuated by miR-545-3p 
downregulation (Fig.  4C-F). Furthermore, miR-545-3p 
inhibition strikingly reversed the sh-circ_0081723-induced 
increase in apoptotic rate in CC cells (Fig. 4G). Moreover, 
circ_0081723 absence-mediated CC cell migration and inva-
sion repression were apparently restored by the knockdown 
of miR-545-3p (Fig. 4H-J). Meanwhile, the downregulation 
of miR-545-3p could partially relieve circ_0081723 knock-
down-triggered decrease in ki-67 protein level and increase 
in Bax and E-cadherin protein levels in CC cells (Fig. 4K-L). 
Collectively, these outcomes indicated that the deficiency of 
circ_0081723 might hinder CC cell malignant behaviors via 
targeting miR-545-3p.

CREBRF was a target of miR‑545‑3p

Based on StarBase online software analysis, we found that 
there were many target mRNAs of miR-545-3p. Among 
them, some mRNAs (CPEB4, PAK2, KDM2A, AKT2, 
RRMW2, ATF2, ERO1A, RPP25, and CREBRF) that were 
highly expressed in CC and promoted the progression of 
CC using literature research. For further selection, these 
mRNAs were subjected to qRT-PCR analysis responding to 
miR-545-3p upregulation. As a result, CREBRF presented 
the highest fold change (Figure S1). Hence, CREBRF was 
selected for further research. Then, StarBase online software 
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presented that the 3’UTR of CREBRF possessed the com-
plementary sites with miR-545-3p (Fig. 5A). Subsequently, 
dual-luciferase reporter assays showed that the luciferase 
activity of CREBRF 3’UTR WT vector was dramatically 

reduced by miR-545-3p overexpression in CC cells, rather 
than CREBRF 3’UTR MUT vector (Fig. 5B-C), indicating 
that miR-545-3p could interact with the 3’UTR of CRE-
BRF. Additionally, qRT-PCR and WB assays showed that 
the mRNA (2.18 fold) and protein (2.29 fold) expression of 
CREBRF was highly expressed in NSCLC tissues in con-
trast to adjacent normal tissues (Fig. 5D-E). Meanwhile, the 
protein level of CREBRF was also upregulated in SiHa and 
Caski cells in comparison with Ect1/E6E7 cells (Fig. 5F). 
Interestingly, we discovered that circ_0081723 silencing 
markedly reduced the protein level of CREBRF, and this 
effect was partly rescued by the knockdown of miR-545-3p 
(Fig. 5G-H). Meanwhile, Pearson’s correlation analysis 
revealed that CREBRF mRNA level was negatively corre-
lated with miR-545-3p expression and positively correlated 

Fig. 2   Circ_0081723 absence suppressed CC progressionin 
vitro. SiHa and Caski cells were transfected with sh-NC or sh-
circ_0081723. (A-B) The expression of circ_0081723 was deter-
mined by qRT-PCR to assess the knockdown efficiency. (C-F) The 
cell proliferation ability of SiHa and Caski cells was explored using 
CCK-8 assay (C-D) cell colony formation assay (KeyFluor488 EdU 
Kit (keyGEN Biotech) and EdU assay (F). (G) The apoptotic rate of 
SiHa and Caski cells was tested by flow cytometry. (H-I) Transwell 
assay was used to evaluate the migration and invasion abilities of 
SiHa and Caski cells. (J-K) The protein expression of ki-67, Bax, and 
E-cadherin were detected by WB assay. **P < 0.01 and ***P < 0.001

◂

Fig. 3   Circ_0081723 acted as a molecular sponge for miR-545-3p 
in CC cells. (A) Venn diagram showed the number of miRNAs 
that were predicted as targets for circ_0081723 in circInterac-
tome, circBank, and starBase online software. (B) The binding sites 
between circ_0081723 and miR-545-3p were shown. (C) SiHa and 
Caski cells were transfected with miR-NC or miR-545-3p, and the 
miR-545-3p expression was measured by qRT-PCR. (D-G) Dual 

luciferase reporter assay (D-E) and RIP assay (F-G) were performed 
to verify the interaction between circ_0081723 and miR-545-3p. (H-
I) The miR-545-3p expression was measured by qRT-PCR in paired 
CC tissues and CC cells. (J) Pearson’s correlation analysis was used 
to analyze the linear correlation between the level of circ_0081723 
and miR-545-3p in CC tumor tissues. **P < 0.01 and ***P < 0.001
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Fig. 4   Circ_0000463 depletion restrained CC progression by target-
ing miR-545-3pin vitro. (A) SiHa and Caski cells were transfected 
with in-miR-NC or in-miR-545-3p, and the knockdown efficiency 
was detected by qRT-PCR. (B-L) SiHa and Caski cells were trans-
fected with sh-NC, sh-circ_0081723, sh-circ_0081723 + in-miR-NC, 
and sh-circ_0081723 + in-miR-545-3p. (B) The expression of miR-
545-3p was determined by qRT-PCR. (C-F) CCK-8 assay (C-D) cell 

colony formation assay (E) and EdU assay (F) were conducted to 
assess the cell proliferation ability of SiHa and Caski cells. (G) The 
apoptotic rate of SiHa and Caski cells was examined by flow cytome-
try. (H-J) Transwell assay was used to measure the migrated (H) and 
invaded (I-J) cells. (K-L) WB assay was applied to detect the pro-
tein levels of ki-67, Bax, and E-cadherin. *P < 0.05, **P < 0.01 and 
***P < 0.001
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with circ_0081723 expression in CC tumor tissues (Fig. 5I-
J). Taken together, the above results proved that CREBRF 
was a direct target of miR-545-3p, and CREBRF was regu-
lated by circ_0081723/miR-545-3p axis in CC.

MiR‑545‑3p overexpression suppressed CC cell 
malignant behaviors by downregulating CREBRF 
in vitro

Subsequently, reversed function experiments were 
employed to investigate the functional role of miR-545-3p 
and CREBRF in CC progression. After confirming the 
overexpression efficiency of CREBRF (SiHa, 3.93 fold; and 
Caski, 5.48 fold) (Fig. 6A), CC cells were co-transfected 
with miR-NC or miR-545-3p and pcDNA or CREBRF. 

After that, WB data revealed that miR-545-3p overexpres-
sion effectively decreased the level of CREBRF protein in 
CC cells, and this effect was almost restored after the co-
transfection of pcDNA-CREBRF (Fig. 6B). Then, CCK-8 
assay, colony formation assay, and EdU assay presented that 
miR-545-3p overexpression remarkably hampered CC cell 
proliferation, which was clearly overturned by CREBRF 
overexpression (Fig. 6C-G). In parallel, flow cytometry 
results exhibited that the upregulation of CREBRF might 
significantly abrogate the positive effects of miR-545-3p 
on CC cell apoptosis rate (Fig. 6C-H). In addition, miR-
545-3p-mediated CC cell migration and invasion inhibi-
tion were apparently attenuated by CREBRF overexpression 
(Fig. 6I-K). Moreover, downregulated ki-67 protein expres-
sion and upregulated Bax and E-cadherin protein expression 

Fig. 5   MiR-545-3p interacted with CREBRF in CC cells. (A) The 
binding sites between CREBRF 3’UTR and miR-545-3p were shown. 
(B-C) SiHa and Caski cells were transfected with miR-NC or miR-
545-3p, and dual-luciferase reporter assay was adopted to confirm 
the interaction between circ_0081723 and miR-545-3p. (D-E) The 
mRNA and protein expression of CREBRF were measured by qRT-
PCR and WB assay in paired CC tissues. (F) The CREBRF protein 
expression was examined by WB assay CC cell lines (SiHa and 

Caski) and Ect1/E6E7 cells. (G-H) The protein expression of CRE-
BRF was detected by WB assay in SiHa and Caski cells transfected 
with sh-NC, sh-circ_0081723, sh-circ_0081723 + in-miR-NC and 
sh-circ_0081723 + in-miR-545-3p. (I-J) Pearson’s correlation analy-
sis was used to analyze the linear correlations between the level of 
CREBRF and miR-545-3p or circ_0081723 in CC tumor tissues. 
**P < 0.01 and ***P < 0.001
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caused by miR-545-3p mimic were mostly recovered by 
the introduction of the CREBRF overexpression plasmid 
(Fig. 6L-M). Overall, these outcomes validated that the 
upregulation of miR-545-3p might repress CC cell malig-
nant behaviors via targeting CREBRF.

Circ_0081723 silencing repressed tumor growth 
in vivo

Additionally, the role of circ_0081723 in CC tumor growth 
in vivo was explored via animal experiments. Caski cells 
stably expressing sh-circ_0081723 or sh-NC were inoculated 
into mice to establish the mice model. As shown in Fig. 7A-
C, tumor volume and weight in the sh-circ_0081723 group 

Fig. 6   MiR-545-3p overexpression-mediated effects were largely 
reverted by CREBRF overexpressionin vitro. (A) SiHa and Caski 
cells were transfected with pcDNA or CREBRF, and the overex-
pression efficiency was detected by WB assay. (B-M) SiHa and 
Caski cells were transfected with miR-NC, miR-545-3p, miR-
545-3p + pcDNA and miR-545-3p + CREBRF. (B) The CREBRF 
protein expression was measured by WB assay. (C-G) CCK-8 assay 

(C-D) cell colony formation assay (E-F) and EdU assay (G) were 
conducted to assess the cell proliferation ability of SiHa and Caski 
cells. (H) The apoptotic SiHa and Caski cells were examined by flow 
cytometry. (I-K) The migrated (I) and invaded (J-K) SiHa and Caski 
cells were examined by transwell assay. (L-M) The protein levels of 
ki-67, Bax, and E-cadherin were detected by WB assay. *P < 0.05, 
**P < 0.01 and ***P < 0.001
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were evidently smaller than that in the sh-NC group. The 
knockdown of circ_0081723 resulted in the downregulation 
of circ_0081723 level and CREBRF protein level and the 
upregulation of miR-545-3p level (Fig. 7D-F). IHC assay 

data presented that the ki-67-positive cells were decreased 
and the Bax-positive cells and E-cadherin-positive cells 
were increased in the sh-circ_0081723 group when com-
pared with the sh-NC group (Fig. 7G). Collectively, these 

Fig. 7   Circ_0081723 knockdown notably suppresses xenograft tumor 
growth. Caski cells transfected with sh-NC or sh-circ_0081723 were 
injected into nude mice to establish a xenograft tumor model. (A-C) 
The volume and weight of xenograft tumors were measured. (D-E) 
The expression of circ_0081723 and miR-545-3p in the tumor tis-

sues was determined by qRT-PCR. (F) WB assay was adopted to 
detect the protein expression of CREBRF. (G) The positive cells of 
ki-67, Bax, E-cadherin, and CREBRF were evaluated by IHC assay. 
***P < 0.001

Fig. 8   Circ_0081723 might 
promote CC cell growth and 
metastasis by targeting the miR-
545-3/CREBRF axis
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findings implied that circ_0081723 served as a cancer-pro-
moting factor in tumor growth in vivo.

Discussion

This study tried to confirm the biological function of 
circ_0081723 in CC. Results presented that circ_0081723 abun-
dance in CC tumor tissues and cells was significantly increased, 
and its silencing notably hindered the growth and metastasis 
of CC cells. Further mechanism studies demonstrated that the 
miR-545-3p/CREBRF axis was the key signaling pathway for 
circ_0081723 to promote the development of CC.

Genetic factors are an important factor in the pathogen-
esis of CC (Ramachandran and Dork 2021). Furthermore, 
studies have confirmed that the occurrence of HPV infection 
significantly increases the risk of CC (Schiffman et al. 2016). 
Although HPV vaccination can effectively prevent the occur-
rence of CC, medical conditions have resulted in lower vac-
cination rates in low- and middle-income countries (Cohen 
et al. 2019). Therefore, it is imperative to develop biomark-
ers with high specificity, good safety, and economical price. 
CircRNAs are a type of biomarker with high development 
value (Fontemaggi et al. 2021). The abnormally expressed 
circRNAs have been confirmed to be biomarkers for the 
diagnosis of many cancers (Tian et al. 2021; Harper et al. 
2021). In addition, the role of circRNAs in the pathogenesis 
of CC has been gradually revealed. Hsa_circ_0043280 con-
tributed to PAQAR3 expression and restrained the growth 
and motility of CC cells via absorbing miR-203a-3p, which 
suggested that hsa_circ_0043280 was a tumor suppressor in 
CC (Zhang et al. 2021a). Highly expressed circ-ACACA was 
found in CC, and circ-ACACA could sponge miR-582-5p to 
release the inhibitory effect on ERO1A expression, which 
exhibited that circ-ACACA acted as a tumor-promoting 
factor (Huang and Li 2021). In this study, we found that 
circ_0081723 was overexpressed in CC tissue samples (2.13 
fold), which was consistent with the previous finding (Qu 
et al. 2020). Meanwhile, we confirmed that circ_0081723 
had the same expression pattern in CC cells (SiHa, 2.81 fold; 
and Caski, 4.36 fold) as in CC tissues. The results verified 
that circ_0081723 knockdown had an inhibitory impact on 
CC cell proliferation and metastasis, implying circ_0081723 
could facilitate the malignant process of CC.

CircRNAs could act as sponges of miRNA to regulate 
cell functions through an endogenous competitive RNA 
(ceRNA) mechanism (Zhong et al. 2018). According to 
bioinformatics predictions and related verification experi-
ments, miR-545-3p could bind with circ_0081723. MiR-
545-3p has been reported to exert anti-tumor effects in CC 
(Hu et al. 2019), colorectal cancer (Zhang et al. 2021b), oral 
squamous cell carcinoma (Ning et al. 2021), and non-small-
cell lung cancer (Chen et al. 2020). However, it was still 

unclear whether miR-545-3p was involved in circ_0081723-
mediated CC regulation. This study proved miR-545-3p par-
tially abolished circ_0081723-mediated CC cell growth and 
metastasis repression via performing rescue experiments, 
implying that circ_0081723 played a tumor-promoting role 
in CC progression via targeting miR-545-3p.

MiRNAs negatively regulate gene expression by targeting 
the mRNA sequence of the gene (Jonas and Izaurralde 2015). 
Therefore, we further explored and confirmed that CREBRF 
was a target gene of miR-545-3p. As reported, CREBRF had 
the pro-cancer effect in gastric cancer (Han et al. 2018) and 
CC (Tang et al. 2021), and played an anti-cancer role in glio-
blastoma (Xue et al. 2016), acute myeloid leukemia (Han et al. 
2020), and gallbladder carcinoma (Wu et al. 2019), suggesting 
that the function of CREBRF was disease-specific. Herein, a 
high level of CREBRF was presented in CC samples. Moreo-
ver, CREBRF expression was regulated by the circ_0081723/
miR-545-3p axis. Additionally, miR-545-3p mediated sup-
pressive effects on CC cell malignant behaviors were partially 
relieved by CREBRF overexpression.

All in all, our data confirmed that the abnormally upregu-
lated circ_0081723 in CC tumor tissue, and its deficiency 
might hinder CC progression via targeting miR-545-3p/
CREBRF (Fig. 8), providing a promising candidate target 
for CC treatment.
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