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Circular RNA ZNF609 functions as a competing endogenous RNA in regulating 
E2F transcription factor 6 through competitively binding to microRNA-197-3p to 
promote the progression of cervical cancer progression
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ABSTRACT
Countless studies have demonstrated that Circular RNAs (circRNAs) exert vital effects in regulating 
tumorigenesis of various cancers. CircRNA ZNF609 (circ-ZNF609) has been reported as an onco
gene in various human cancers. Nevertheless, its regulating effect in cervical cancer (CC) remains 
to be further explored. RT-qPCR was adopted to measure circ-ZNF609, miR-197-3p and E2F6 
levels. CC cell proliferation, migration and invasion were analyzed via CCK-8 and transwell assays. 
Dual-luciferase reporter assay was adopted to confirm the interaction between miR-197-3p and 
circ-ZNF609 or E2F6. In the present study, it was found that circ-ZNF609 was elevated in CC tissues 
and cell lines, and circ-ZNF609 deletion repressed cell viability, migration and invasion in CC. 
Moreover, circ-ZNF609 was identified to negatively regulate miR-197-3p expression in CC cells. 
The inhibition of miR-197-3p abrogated the inhibitory effect on CC cell proliferation, migration 
and invasion induced by circ-ZNF609 knockdown. Additionally, we further demonstrated that circ- 
ZNF609 upregulated E2F6 by interacting with miR-197-3p. Finally, rescue assays indicated that 
E2F6 overexpression upended the suppression of CC progression induced by circ-ZNF609 dele
tion. In conclusion, circ-ZNF609 promoted CC progression through modulating the miR-197-3p/ 
E2F6 axis as an oncogene. This finding offers a unique insight into CC molecular mechanism and 
suggests a potential target for CC therapy.
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Introduction

Cervical cancer (CC), one of the most commonly 
diagnosed carcinomas in women, makes up a large 
proportion of cancer-relevant death in females 
around the world. Each year, about 530,000 CC 
cases are newly diagnosed, and approximately 
275,000 of the CC patients are in danger of 
death, as reported in one survey [1]. Although 
CC patients can receive effective treatments such 
as radiotherapy, chemotherapy, and surgical 
operation [2], long-time survival ratio of CC 
patients remains unsatisfactory because of recur
rence and metastasis [3]. Studies have shown that 
various pathogenic factors, such as HPVs, early 
sexual life, early childbirth, and smoking, may 
lead to CC [4]. However, the specific molecular 
mechanism of CC is still unclear. Thence, it is 
important to explore the underlying molecular 
mechanism in CC tumorigenesis.

Circular RNAs (circRNAs), a new category of 
non-coding RNAs firstly discovered in cells in the 
1970s, are characterized by their lack of 3´ and 5´ 
ends and closed-loop structure [5,6]. Recently, there 
is increasing evidence supporting that circRNAs play 
vital roles in human diseases, including cancers [7,8]. 
A newly discovered circRNA, circRNA ZNF609 
(circ-ZNF609), has been reported to accelerate the 
carcinogenesis of gastric cancer [9], facilitate cell 
growth and metastasis in nasopharyngeal carcinoma 
[10], and contribute to rhabdomyosarcoma progres
sion [11]. However, the potential regulating mechan
ism of circ-ZNF609 in CC was rarely studied.

MicroRNAs (miRNAs) constitute a large category 
of small non-coding RNAs with 21 to 23 nucleotides 
in length. Through interaction with 3’-UTRs of 
downstream targets, they regulate gene expression 
at the post-transcriptional level [12]. Previous stu
dies have proved that miRNAs play critical roles in 
cell proliferation, differentiation, invasion, and 
apoptosis [13]. miR-197-3p expression is signifi
cantly lowered in various cancers, including gastric 
cancer [14], hepatocellular carcinoma [15], ovarian 
cancer [16], and prostate cancer [17], suggesting 
miR-197-3p is a presumptive tumor inhibitor. 
However, the potential regulating mechanism of 
miR-197-3p in CC is still unclear.

In this study, we intended to explore the biolo
gical role and molecular mechanism of circ- 

ZNF609 in CC progression and our finding could 
lay a new theoretical basis for developing targeted 
CC clinical therapy.

Materials and methods

Clinical samples

Thirty paired CC tissues and corresponding non- 
tumor tissues were acquired from patients hospita
lized at the Third Affiliated Hospital of Soochow 
University. Then, the samples were processed and 
preserved in liquid nitrogen immediately till they 
were used. These specimens were diagnosed by two 
pathologists via blind review. None of the patients had 
received any local or systemic treatment. Written 
informed consent was collected from each patient 
enrolled. The Ethics Committee of the Third 
Affiliated Hospital of Soochow University permitted 
this study.

Cell culture and transfection

Normal human endocervical epithelial cell lines 
(End1/E6E7) as well as CC cell lines (HeLa, SiHa, 
HT-3, C-33A, and Ca-Ski) were obtained from the 
Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China) and cultured in DMEM supple
mented with 5% FBS (Gibco, USA) and 1% peni
cillin at 37°C with 5% CO2.

miR-197-3p mimics, NC mimics, miR-197-3p 
inhibitor, NC inhibitor, short hairpin RNA 
(shRNA) targeting circ-ZNF609 (sh-circ-ZNF609), 
shRNA negative control (sh-NC), pcDNA3.1-E2F6 
overexpression vector (E2F6), and pcDNA3.1 empty 
vector (pcDNA) were bought from GenePharma 
(Shanghai, China). Lipofectamine 3000 (Invitrogen) 
was employed to perform cell transfection.

RT-qPCR assay

With TRIzol reagent (Invitrogen), total RNAs were 
extracted from CC tissues and cells following the 
manufacturer’s introductions. Concerning mRNA 
analysis, the complementary DNA (cDNA) was pro
duced via the Reverse Transcription System Kit 
(Takara, Dalian, China). Concerning miRNA expres
sion detection, cDNA was synthesized with Takara 
RNA PCR kit (Takara). Thereafter, SYBR Premix Ex 
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Taq (Takara) was adopted to conduct RT-qPCR assay. 
By the 2−ΔΔCT method, relative expressions were cal
culated with GAPDH or U6 as the internal reference.

Cell proliferation

The transfected cells were inoculated onto 96-well 
plates (1x104 cells/well) and cultured in 100 μl 
DMEM at 37°C with 5% CO2 for the time indicated 
(24, 48, and 72 h). Then, 10 μL CCK-8 solution 
(Dojindo, Japan) was supplemented into each well 
and the cells were cultured at 37°C for another 2 h. 
Then, the optical density of each well was measured 
with a microplate reader at 450 nm (Bio-Rad, 
CA, USA).

Transwell assay

The cell migrative and invasive properties were ana
lyzed with Transwell chambers possessing an 
8-μm-pore polycarbonate membrane (Corning 
Costar, China) precoated without or with Matrigel 
(BD Biosciences). In brief, the transfected cells were 
transferred to the upper chamber containing serum- 
free DMEM. Then, 500 μL DMEM complete medium 
was added into the lower chamber. Then, the cells on 
the low surfaces were fixed with 4% formaldehyde and 
stained with 0.1% crystal violet following 24 hours’ 
incubation. At last, we randomly selected five visual 
fields to calculate the number of migrated and 
invaded cells with a microscope.

Bioinformatics analysis

To predict interactions between miR-197-3p and 
circ-ZNF609/E2F6, the StarBase database (http:// 
starbase.sysu.edu.cn/) was employed to screen for 
possible binding sites.

Dual-luciferase reporter assay

Circ-ZNF609 or E2F6 3’UTR containing wild-type 
(WT) and mutant (MUT) miR-197-3p sequence 
was synthesized and cloned into pmirGLO vectors 
(Promega, Shanghai, China). Next, CC cells were 
transfected with 10 μg established luciferase repor
ter vectors combining with miR-197-3p mimics or 
NC mimics, respectively. Ultimately, the luciferase 

activity was observed with a dual-luciferase repor
ter assay kit (Promega).

Tumor xenografts

Male BALB/c nude mice (four-week-old) from 
Beijing Vital River Laboratory Animal Technology 
Company were provided and raised under pathogen- 
free conditions. CC cells stably expressing sh-circ- 
ZNF609 and sh-NC were injected subcutaneously 
into each nude mouse. Every 7 days, the volume of 
tumors was monitored. Twenty-eight days after injec
tion, each nude mouse was sacrificed, and tumors 
were excised for weighting and further analysis. The 
Ethics Committee of the Third Affiliated Hospital of 
Soochow University.

Statistical analysis

Every experiment was performed independently 
three times. All the data were shown as mean 
value ± standard deviation (SD). GraphPad Prism 
7 software was utilized for statistical analysis. 
Comparisons among multiple groups or between 
two groups were analyzed by one-way analysis of 
variance (ANOVA) or Student’s t-test, respec
tively. Pearson’s correlation analysis was adopted 
to perform a correlation study. p < 0.05 indicated 
a statistical significance.

Results

High Circ-ZNF609 expression in CC tissues and 
cell lines

In order to explore the role of circ-ZNF609 in CC, 
circ-ZNF609 level was measured, and the results 
showed, relative to normal tissues and cell line, the 
circ-ZNF609 level was markedly increased in CC 
tissues and cell lines (figure 1A and B). Collectively, 
the results implied that circ-ZNF609 expression was 
dysregulated in CC, and circ-ZNF609 high expression 
might be correlative to CC progression.

Circ-ZNF609 knockdown suppresses 
malignant biological properties of CC cells

To assess the potential biological effects of circ- 
ZNF609 in CC progression, sh-circ-ZNF609 or sh- 
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NC were used to transfect CC cells. Then, circ- 
ZNF609 expression showed an obvious downregula
tion in CC cells transfected with sh-circ-ZNF609 (fig
figure 2A). CCK-8 assay results showed circ-ZNF609 
knockdown significantly suppressed cell proliferation 
in CC (figure 2B and C). Moreover, transwell experi
ments uncovered that CC cell migration and invasion 
were markedly reduced by circ-ZNF609 knockdown 
(figure 2D and E). The above data suggested that circ- 
ZNF609 knockdown suppressed the biological beha
viors of CC cells.

Circ-ZNF609 silencing suppressed tumor 
growth in vivo

In this section, HeLa cells transfected with circ- 
ZNF609-silencing plasmids and sh-NC vectors were, 
respectively, injected into nude rats to assess the func
tions of circ-ZNF609 in CC tumorigenesis in vivo. 
Then, the tumors were excised from the above mice. 
As shown in figure 3A, tumors harvested from the 
circ-ZNF609-silencing group were apparently smaller 
in size than the control group. Moreover, compared 
with the sh-NC group, tumor volume in the sh-circ- 
ZNF609 group was also smaller (figure 3B). In addi
tion, the weight of tumors excised from the sh-circ- 
ZNF609 group was lowered when compared with the 
control group (figure 3 C). All results together implied 
that circ-ZNF609 acted as a tumor-promoter gene 
in vivo.

Circ-ZNF609 acts as a sponge for miR-197-3p 
in CC cells

Via StarBase v2.0 software, we predicted miR-197- 
3p as a direct target of circ-ZNF609 with 

a potential binding site (figure 4A). To verify this 
prediction, we conducted a dual-luciferase repor
ter assay and found that miR-197-3p overexpres
sion visibly reduced luciferase activity of circ- 
ZNF609-WT reporter in CC cells, whereas it had 
little effect on the circ-ZNF609-MUT reporter (fig
figure 4B and C). Afterward, miR-197-3p expres
sion in CC tumors and corresponding adjacent 
non-tumor tissues were detected by RT-qPCR 
assay, and a much lower miR-197-3p level was 
shown in CC tissues relative to adjacent non- 
tumor tissues (figure 4D). In addition, miR-197- 
3p abundance was declined in CC cell lines (figure 
4E). In the meantime, a negative relationship 
between circ-ZNF609 and miR-197-3p expression 
was noticed in CC tissues (figure 4 F). Moreover, 
circ-ZNF609 inhibition was also identified to cause 
upregulation of miR-197-3p expression (figure 
4 G). Based on the above results, we proved that 
circ-ZNF609 could interact with miR-197-3p and 
inversely modulate miR-197-3p level in CC cells.

Circ-ZNF609 knockdown suppresses CC 
progression through binding miR-197-3p

To investigate whether miR-197-3p participated in 
the promotion of CC progression induced by circ- 
ZNF609, sh-NC, sh-circ-ZNF609, sh-circ-ZNF609 
+ NC inhibitor, and sh-circ-ZNF609+ miR-197-3p 
inhibitor were transfected into HeLa cells, respec
tively. CCK-8 and transwell assays exhibited that 
circ-ZNF609 depletion caused suppression on cell 
viability, migration and invasion (figure 5A-C), 
which could be upended via miR-197-3p reduc
tion. Hence, it was indicated that circ-ZNF609 

Figure 1. Circ-ZNF609 was elevated in CC tissues and cell lines. (a) Circ-ZNF609 level in CC tissues and paired normal tissues was 
measured via RT-qPCR. (b) Circ-ZNF609 in CC cell lines and normal human endocervical epithelial cell lines (End1/E6E7) was detected 
via RT-qPCR. *p< 0.05.
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inhibition downregulated CC progression by bind
ing miR-197-3p.

miR-197-3p directly targets E2F6 in CC cells

Next, we screened downstream effectors of miR- 
197-3p. In line with the prediction provided by 
StarBase2.0 program, E2F6 may be a downstream 
target of miR-197-3p in CC cells (figure 6A). The 
dual-luciferase reporter assay showed that miR- 
197-3p high expression obviously decreased the 
luciferase activity of E2F6-WT reporter, whereas 

there was almost no change in the luciferase activ
ity of E2F6-MUT reporter in HeLa cells (figure 
6B), indicating that there is an interaction between 
miR-197-3p and E2F6. Then, E2F6 expression was 
detected. Compared with the E2F6 level in normal 
tissues, a significant increase in E2F6 level was 
showed in CC tissues (figure 6 C). There was an 
adverse correlation between miR-197-3p and E2F6 
expression in CC tissues (figure 6D). Additionally, 
the inhibition of miR-197-3p neutralized the sup
pressing effect of circ-ZNF609 blocking on E2F6 
expression (figure 6E). In sum, circ-ZNF609 

Figure 2. Circ-ZNF609 knockdown suppressed malignant properties of CC cells. HeLa and SiHa cells were transfected with sh- 
circ-ZNF609 or sh-NC. (a) Circ-ZNF609 expression was detected via RT-qPCR. (b, c) Cell viability was measured by CCK-8 assay in HeLa 
and SiHa cells. (d, e) The migrated and invaded cells were analyzed with transwell assay. *p< 0.05.
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positively regulated E2F6 abundance by sponging 
miR-197-3p.

Circ-ZNF609 knockdown inhibits biological 
behaviors in CC cells through modulating 
E2F6

In view of the result that circ-ZNF609 modulated 
E2F6 expression via miR-197-3p, we presumed that 
E2F6 might be in relation to the regulation of CC cells 
induced by circ-ZNF609. To prove this presumption, 

HeLa cells were transfected with sh-NC, sh-circ- 
ZNF609, sh-circ-ZNF609+ pcDNA, and sh-circ- 
ZNF609+ E2F6. Then, we discovered E2F6 expres
sion was inhibited by circ-ZNF609 downregulation 
and restored by E2F6 upregulation in HeLa cells 
(figure 7A). Subsequently, rescue assay indicated 
that E2F6 overexpression upended the inhibition on 
HeLa cell proliferation, migration, and invasion (fig
figure 7B-D) induced by circ-ZNF609 deletion. 
Therefore, we illustrated that circ-ZNF609 silencing 
inhibited CC progression via modulating E2F6.

Figure 3. Effect of circ-ZNF609 on GC tumor growth in vivo. (a) The tumors after being removed from the mice. (b) Tumor 
volume was calculated. (c) Tumor weight was determined after tumors were harvested. *p < 0.01.

Figure 4. Circ-ZNF609 acted as a sponge for miR-197-3p in CC cells. (a) The binding sites between circ-ZNF609 and miR-197-3p 
were listed. (b, c) Luciferase activity was analyzed in HeLa and SiHa cells co-transfected with WT-circ-ZNF609+ NC mimic, WT-circ- 
ZNF609+ miR-197-3p mimic, MUT-circ-ZNF609+ NC mimic, and MUT-circ-ZNF609+ miR-197-3p mimic. (d, e) MiR-197-3p expression 
was measured via RT-qPCR in CC tissues and cell lines. (f) The correlation between circ-ZNF609 and miR-197-3p was analyzed by 
Pearson’s correlation analysis. (g) MiR-197-3p expression was assessed via RT-qPCR in HeLa and SiHa cells after transfection with sh- 
circ-ZNF609 or sh-NC. *p< 0.05.
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Figure 5. Circ-ZNF609 knockdown suppressed biological behaviors of CC Cells through binding miR-197-3p. HeLa cells were 
transfected with sh-NC, sh-circ-ZNF609, sh-circ-ZNF609+ miR-197-3p inhibitor, and sh-circ-ZNF609+ NC inhibitor. (a, b) Cell 
proliferation was analyzed by CCK-8 assay. (c, d) Transwell assay was adopted to detect cell migration and invasion abilities. 
*p< 0.05.

Figure 6. E2F6 was a target of miR-197-3p in CC cells. (a) The binding sites between E2F6 and miR-197-3p were predicted. (b) 
Luciferase activity was analyzed in HeLa cells co-transfected with E2F6-WT+NC mimic, E2F6-WT+miR-197-3p mimic, E2F6-MUT+NC 
mimic, and E2F6-MUT+miR-197-3p mimic. (c) E2F6 expression was measured in CC tissues and paired normal tissues via RT-qPCR. (d) 
The correlation between E2F6 and miR-197-3p was analyzed by Pearson’s correlation analysis. (e) Via RT-qPCR, E2F6 expression was 
measured in HeLa cells transfected with sh-NC, sh-circ-ZNF609, sh-circ-ZNF609+ NC inhibitor, and sh-circ-ZNF609+ miR-197-3p 
inhibitor. *p< 0.05.
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Discussion

Increasing studies showed that circRNAs might par
ticipate in multiple biological processes of tumor cells 
and regulate human cancer progression, including 
CC development [18]. For instance, circ_0067934 
accelerates CC progression by regulating the miR- 
545/EIF3C pathway [19]. circ_0023404 promotes 

CC metastasis as a sponge for miR-5047 [20]. 
Hsa_circ_0000515 upregulates ELK1 through inter
action with miR-326, thus contributing to CC pro
gression [21]. All these studies suggested the crucial 
regulatory function of circRNAs in CC progression.

Circ-ZNF609 was identified to play a vital part in 
cancer progression. To cite an instance, circ-ZNF609 

Figure 7. Circ-ZNF609 knockdown inhibited CC progression through modulating E2F6. HeLa cells were transfected with sh-NC, 
sh-circ-ZNF609, sh-circ-ZNF609+ pcDNA, and sh-circ-ZNF609+ E2F6. (a) E2F6 expression was measured via RT-qPCR. (b) Cell 
proliferation was analyzed by CCK-8 assay. (c, d) Transwell assay was adopted to detect cell migration and invasion abilities. 
*p< 0.05.
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facilitates hepatocellular carcinoma tumorigenesis 
by sponging miR-342-3p and increasing PAP2C 
level [22]. Silenced circ-ZNF609 represses cancero
genesis in nasopharyngeal carcinoma by the miR- 
188/ELF2 pathway [23]. Circ-ZNF609 expedites 
renal carcinoma progression via the miR-138-5p/ 
FOXP4 axis as a ceRNA [24]. The above studies 
suggested the important role of circ-ZNF609 in CC 
development. Consistent with all these studies, the 
present research also demonstrated that circ- 
ZNF609 could accelerate CC progression. In this 
research, the circ-ZNF609 level was found to be 
increased in CC, suggesting the important role of 
circ-ZNF609 in CC tumourigenicity. Then, various 
assays were conducted, and we found circ-ZNF609 
knockdown inhibited CC cell viability, migration, 
and invasion.

A growing body of studies have proposed that 
the interaction within circRNA-miRNA-mRNA 
networks involving ceRNAs exists extensively [
25–27]. In such networks, circRNA may compete 
for binding miRNA, thus modulating the expres
sion of the targeted mRNA. To cite an instance, 
circ-ATP8A2 acts as a ceRNA to facilitate cell 
proliferation and invasion in cervical cancer via 
miR-433/EGFR axis [28]. Circ-FOXM1 targets 
PPDPF and MACC1 to aggravate the development 
of non-small cell lung cancer by competitively 
binding to miR-1304-5p [29]. Circ_0102049 con
tributes to osteosarcoma cell proliferation and 
metastasis by the miR-1304-5p/MDM2 axis as 
a ceRNA [30]. In the present study, it was pre
dicted via the bioinformatics databases that circ- 
ZNF609 might interact with miR-197-3p. This 
prediction was confirmed with the dual-luciferase 
reporter assay. Besides, expression analysis 
demonstrated circ-ZNF609 knockdown promoted 
miR-197-3p expression, implying the regulatory 
relation between circ-ZNF609 and miR-197-3p. 
Afterward, functional assays were performed, and 
circ-ZNF609 could repress CC progression via 
binding miR-197-3p in CC cells.

E2F family is a group of vital regulators in cell 
progression [31]. As an isoform of the E2F family, 
E2F6 has been identified as a critical effector in 
regulating cancer progression [32]. In the present 
study, abnormal E2F6 expression was also observed 
in CC. Therefore, E2F6 was speculated and identified 
as a downstream target of miR-197-3p. Moreover, 

E2F6 presented a negative correlation with miR-197- 
3p. Co-transfection analysis confirmed that circ- 
ZNF609 regulated E2F6 expression in CC cells as 
a ceRNA for miR-197-3p. In addition, E2F6 over
expression could upend the inhibiting effects on CC 
progression induced by circ-ZNF609 knockdown.

Conclusion

The present study demonstrated circ-ZNF609 
increased in CC tissues and cell lines, and high 
circ-ZNF609 expression facilitated malignant bio
logical properties of CC cells. Also, we identified 
the circ-ZNF609/miR-197-3p/E2F6 regulating net
work in CC development. These findings offer 
a novel therapeutic target for CC treatment.
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