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Abstract

Cervical cancer (CC) is the most serious gynecological malignancy among women worldwide. As a subtype of noncoding RNAs
(ncRNAs), circular RNAs (circRNAs) play important roles in the regulation of gene expression and cancer progression. It was
discovered from the cancer-specific circRNA database (CSCD) that circ 0019435 was mainly distributed in the nucleus of HeLa-
S3 cells. However, few researches have mentioned circ_ 0019435 with its function in cancers. The present study uncovered that
circ_0019435 was upregulated in CC cells by qRT-PCR. Moreover, circ 0019435 was more stable than its linear isoform-
ABCC2. Besides, no regulation of circ 0019435 on ABCC2 and the chemoresistance of CC cells were found. Then, it was
unveiled by a series of functional assays including colony formation, trypan blue staining, and transwell invasion assays in that
circ_0019435 ablation induced the suppression of proliferation, invasion, and EMT of HeLa and SiHa cells. The subcellular
distribution of circ_0019435 was assessed by subcellular fractionation and FISH assay. Furthermore, it was disclosed that
circ_0019435 binds to EZH2 to silence DKK1 and PTEN. Finally, rescue assays corroborated that DKK1 and PTEN were
involved in circ_0019435-mediated CC cell progression. In conclusion, circ 0019435 regulates DKK1 and PTEN expression at

the epigenetic level, thereby influencing the progression of CC cells.
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Introduction

Cervical cancer (CC) poses great threat to women’s lives,
notably in the developing world [1]. Among various risk fac-
tors, human papillomavirus infection is directly related with
this malignancy [2]. Encouraging achievements have been
made in cervical cytology and biopsy, which facilitates the
detection of early-stage and locally advanced CC cases [3,
4]. For instance, cervical stromal invasion and presence of
GC at the preoperative cervical smear might predict the inci-
dence of local recurrence in endometrial cancer [5].
Preoperative conization plays a role in protecting CC patients
[6]. Furthermore, specific biomarkers, such as indocyanine
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green, CEA, SCC-Ag, and CD44, were used for the diagnosis
and treatment of CC [7, 8]. However, CC still ranks the fourth
in inducing death among female as the third most common
gynecological cancer [9]. Thus, it is of substantial necessity to
uncover more molecular mechanism underlying the progres-
sion of CC cells and develop new biomarkers, which have
potential of elevating the cure ratio of CC.

Circular RNA (circRNA) belongs to noncoding RNAs
(ncRNAs) and has been studied extensively in recent years
[10]. Featuring the covalently closed loop and non-protein-
coding ability, circRNA has been elucidated to engage in a
variety of physiological and pathological processes [11-13].
In addition, it was revealed by genomewide analyses that
circRNAs were dysregulated in several cancer tissues [14]
and could serve as biomarkers in multiple cancers [15]. It
has been well-established that through the interaction between
circRNAs and RNA-binding proteins (RBPs), circRNAs
could regulate the expression of downstream genes [16].
Moreover, the microRNA (miRNA) binding sites within the
sequences of circRNAs enable circRNAs to sponge miRNAs
[17]. Similarly, as another subtype of ncRNAs, long non-
coding RNAs (IncRNAs) have also been elucidated to interact
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with RBPs to mediate the stability of target genes or act as
miRNA sponges [18, 19]. Besides, IncRNAs could recruit
enhancer of zeste homolog 2 (EZH2), which is the enzyme
module in PcG repressor complex 2 (PRC2) trimethylating at
lysine 27 on histone 3 (H3K27me3) to epigenetically silence
downstream messenger RNAs (mRNAs) [20, 21]. Thereafter,
we wondered whether circRNAs could epigenetically down-
regulate mRNAs with the same mechanism in cancers.

Circ_0019435, derived from ATP-binding cassette sub-
family C member 2 (ABCC?2), is chiefly occupied in the nu-
cleus of HeLa-S3 cells as identified in the CSCD (http://gb.
whu.edu.cn/CSCDY/). Nevertheless, there are few researches
concerning circ_0019435. The regulatory mechanism of
circ_0019435 in CC remains unknown. Therefore, this study
explored the role of circ_0019435 in CC, with the hypothesis
that circ_0019435 might exert its function through recruiting
EZH2.

Materials and Methods
Cell Culture and Treatment

Human normal cervical epithelial cell line (HcerEpic) and CC
cell lines (HeLa, SiHa, C4-1, and C-33A) were purchased
from ATCC (Manassas, VA). RPMI 1640 medium (Thermo
Fisher Scientific, Waltham, MA) with the addition of 10%
FBS (Thermo Fisher Scientific) and 1% penicillin/
streptomycin was applied for cell incubation in the humidified
environment in 5% CO, at 37°C. Actinomycin D (ActD;
Sigma-Aldrich, St. Louis, MO) and RNase R (Epicentre,
Madison, WI) were separately bought and applied for detect-
ing the RNA stability of linear ABCC2 and circ 0019435 in
SiHa and HeLa cells.

Total RNA Extraction and Quantitative Real-time PCR
(gRT-PCR)

Total RNA extraction was achieved via TRIzol reagent
(Invitrogen, Carlsbad, CA) for reverse transcription. SYBR
Green PCR Master Mix (Invitrogen) was utilized for qRT-
PCR, with GAPDH and U6 as internal controls. Relative gene
expressions were calculated via 27AAC formula.

Nucleic Acid Electrophoresis

Agarose gels with TE buffer from Thermo Fisher Scientific
were employed for cDNA and gDNA PCR production of
circ_0019435 with DL600 (KeyGen, Nanjing, China) as
DNA markers. DNAs were separated by electrophoresis and
treated with UV irradiation successively.
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Cell Transfection

The specific shRNAs targeting RNAs (circ_ 0019435,
EZH2, DKK1, and PTEN) and nonspecific shRNAs as neg-
ative control (NC), as well as the pcDNA3.1/EZH2 and
empty pcDNA3.1 vector, were synthesized by Genechem
(Shanghai, China). CC cells were transfected with plasmids
for 48 h by the application of Lipofectamine 3000
(Invitrogen).

Colony Formation

Clonogenic CC cell samples were put and cultured in 6-well
plates for 14 days. After being fixed in methanol, cells were
dyed with 0.5% crystal violet for observation and analysis. At
last, colonies (> 50 cells) were counted.

Trypan Blue Staining

Cell samples were seeded and cultured in the 24-well plates
for 48 h at 37°C. After being washed and trypsinized, cells
were colored with trypan blue staining (Beyotime, Shanghai,
China). Cell counting chambers were applied to count stained
cells for analysis.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
Bromide (MTT) Staining

Chemosensitivity was evaluated through MTT assays. CC
cells were cultured with cisplatin in the 96-well plates firstly.
After 24 h, MTT solution was added to cells, followed by the
incubation for 4 h. Then, the absorbance at a wavelength of
490 nm was evaluated via microplate reader after CC cells
were treated with DMSO. Finally, IC50 (half maximal inhib-
itory concentration) of cisplatin was analyzed.

JC-1 Assay

CC cells were mixed with 10 mM of JC-1 (Beyotime) for
30 min at 37°C before being labeled with fluorescence.
After cells were washed in PBS, EnSpire Reader
(PerkinElmer, Waltham, MA) was applied for apoptosis
analysis.

Flow Cytometer Apoptosis Analysis

CC cells were first treated with 70% cold ethanol on ice for
fixation, then with Annexin-V fluorescein isothiocyanate
(FITC)/propidium iodide (PI) dual staining kit in the dark.
Cell apoptosis was monitored and analyzed by using flow
cytometry (BD Biosciences, San Jose, CA).
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Transwell Invasion Assay

Invasion of CC cells was analyzed by using Matrigel-coated
transwell chambers (Corning Co, Corning, NY). Cells invad-
ing to the lower chambers were fixed in 4% paraformalde-
hyde, stained with crystal violet, and counted with the
microscopy.

Western Blot

Total proteins were extracted from CC cells, subjected to 10%
SDS-PAGE and transferred to PVDF membranes. Then,
membranes were blocked by 5% non-fat milk for incubation
with primary antibodies (Abcam, Cambridge, MA) against
GAPDH (internal reference) and varied proteins (MMP9,
MMP7, MMP2, Snail, Twist, Slug, ZEB1, Vimentin, N-
cadherin, E-cadherin, DKK1, PTEN, EZH2, 3-catenin, c-
myec, cyclin D1, p-PI3K, PI3K, p-Akt, and Akt). Secondary
antibodies were then added. ECL (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) was used to visualize and analyze band
images finally.

Subcellular Fractionation

Cytoplasmic and nuclear RNAs were isolated by PARIS™
Kit (Invitrogen) as instructed by the supplier to analyze the
distribution of circ 0019435 via qRT-PCR.

Fluorescence In Situ Hybridization Analysis (FISH)

RNA FISH probe designed for circ 0019435 were synthe-
sized by RiboBio (Guangzhou, China) and transfected into
CC cells. Nuclei were counterstained with Hoechst. Cells
were observed under the confocal microscope (ZEISS, Jena,
Germany) to locate circ_0019435.

RNA-Binding Protein Immunoprecipitation (RIP)

RIP assay was implemented with specific antibodies against
EZH2 and control IgG via Magna RIP™ RNA-Binding
Protein Immunoprecipitation Kit (Millipore, Billerica, MA).

Dual-Luciferase Reporter Assay and TOP/FOP
Luciferase Reporter Assay

DKK1 promoter was cloned into the pGL3-Basic vector
(Promega, Madison, WI) for the co-transfection with sh-
circ_0019435#1 or sh-NC into CC cells. For TOP/FOP lucif-
erase reporter assay, the TOP Flash/FOP Flash reporter vec-
tors were procured from Addgene (Cambridge, MA) and co-
transfected into cells with sh-circ_0019435#1 or sh-NC.
Forty-eight hours later, Dual-Luciferase Reporter Assay
System (Promega) was used to analyze luciferase activities.

Chromatin Immunoprecipitation (ChiIP)

ChIP assay was carried out by applying the antibodies
against EZH2, H3K27me3, and control IgG by the use
of Magna ChIP Kit (Millipore) as required by the sup-
plier before the analysis of precipitated chromatin via
qRT-PCR.

Statistical Analyses

Data were shown as mean + SD, representing three indepen-
dently conducted assays. Student’s t-test or one-way/two-way
ANOVA was undertaken for statistical analysis with
GraphPad Prism 5 (GraphPad, San Diego, CA), with p <
0.05 as significant cutoff. Dunnett or Tukey was applied for
the post hoc test.

Results
Upregulated Expression of Circ_0019435 in CC Cells

According to the CSCD (http://gb.whu.edu.cn/CSCDY/)
website, it was found that the nuclei of HeLa-S3 cells
contained more circ_0019435 than the cytoplasm (Fig. 1A).
Therefore, we decided to investigate the expression of circ
0019435 in CC cell lines (HeLa, SiHa, C4-1, and C-33A) and
the normal cervical cell line (HcerEpic). The results indicated
that circ_ 0019435 exhibited higher expression in CC cell lines
than that in normal cervical cell line, especially in HeLa and
SiHa cell lines (Fig. 1B), suggesting the potential involvement
of circ_0019435 in the progression of CC cells. Therefore, we
selected HeLa and SiHa cells for the follow-up experiments.

In subsequence, ActD treatment and RNase R treat-
ment were employed to verify the circularization of
circ 0019435. It was observed that after the treatment
of ActD, circ_0019435 was more stable than its linear
isoform, ABCC2 (Fig. 1C). Moreover, circ_0019435
was revealed to be only amplified in cDNA group by
divergent primers rather than in gDNA (Fig. 1D).
Furthermore, after HeLa and SiHa cells were treated
with RNase R, circ_ 0019435 expression showed no re-
markable change, while ABBC2 mRNA level was re-
duced significantly (Fig. 1E). All the above evidence
verified the circular structure of circ_0019435.

Next, we studied whether circ_ 0019435 affects the
chemosensitivity of CC cells. Before that, we transfected
HeLa and SiHa cells with sh-circ_0019435#1/#2 to knock
down circ_0019435. As depicted in Fig. 1F, the expression
of circ_ 0019435 was inhibited conspicuously, verifying the
knockdown efficiency of circ_0019435#1/#2. Afterward,
gRT-PCR analysis revealed that ABBC2 mRNA expression
was not significantly influenced by circ_ 0019435 silencing
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Fig. 1 Upregulated expression of circ 0019435 in CC cells. (A) The
circ 0019435 was spotted in CSCD (http://gb.whu.edu.cn/CSCD/). (B)
qRT-PCR was used to detect circ_ 0019435 expression in CC cell lines
(HeLa, SiHa, C4-1, and C-33A) and the human normal cervical cell line
(HcerEpic). (C) qRT-PCR was used to evaluate the expression of circ_
0019435 and ABCC2 after the treatment of actinomycin D (ActD). (D)
The loop structure of circ_0019435 was verified in CC cells by nucleic
acid electrophoresis. Solid triangle represents divergent primers, and

(Fig. 1G). Then, considering the important role of ABCC2 in
the chemosensitivity of cancer cells [22], we then detected the
influence of circ 0019435 on the resistance to cisplatin of
HeLa and SiHa cells. As revealed in Fig. 1H, the shortage of
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hollow triangle represents convergent primers. (E) gqRT-PCR was used
to assess the expression of circ_ 0019435 and ABCC2 in HeLa and SiHa
cells treated with RNase R. (F) qRT-PCR was used to analyze the knock-
down efficiency of sh-circ_0019435. (G) qRT-PCR was utilized to detect
ABCC2 relative expression in sh-circ_0019435#1/2-transfected CC cells.
(H) MTT staining assays were used to test cisplatin sensitivity of HeLa
and SiHa cells after the ablation of circ_0019435. “P<0.05, “"P<0.01

circ_0019435 posed little influence on the chemoresistance of
CC cells. The abovementioned results proved the circulariza-
tion of circ 0019435 and indicated that circ 0019435 has no
effect on the chemoresistance of CC cells.
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Fig. 2 Circ_0019435 accelerates the proliferation, invasion, and EMT of
CC cells. (A-B) Colony formation and trypan blue staining assays were
applied to evaluate CC cell proliferation. (C—D) JC-1 and flow cytometry
analysis were performed to evaluate the apoptosis of CC cells. (E)
Transwell assay was implemented to detect the invasion of CC cells.
The number of invaded HeLa and SiHa cells into the lower chambers

Circ_0019435 Accelerates the Proliferation, Invasion,
and EMT of CC Cells

Given that circ_0019435 could not mediate the chemoresistance
of CC cells, we went on investigating the effect of circ 0019435
on the proliferation, apoptosis, invasion, and EMT of CC cells
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Q@ @
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el Vo

changed from 166 to 112 and 98 (or from 138 to 76 and 74) in the NC and
sh-circ 0019435 groups. (F) Western blot was used to measure the pro-
tein level of mesenchymal markers (N-cadherin, vimentin, ZEB1, Slug,
Twist, Snail, MMP2, MMP7, and MMP9), and the epithelial marker (E-
cadherin) in CC cells after circ 0019435 was knocked down. “P<0.05,
"P<0.01

via colony formation, trypan blue staining, JC-1, flow cytometry,
and transwell and western blot assays. Firstly, colony formation
assay demonstrated that circ_0019435 depletion remarkably hin-
dered the clonogenic ability of HeLa and SiHa cells (Fig. 2A).
Moreover, result of trypan blue staining reflected that the prolif-
eration of CC cells was significantly blocked by circ 0019435
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repression (Fig. 2B). Additionally, JC-1 assay uncovered that the
ratio of viable cells was overtly decreased after circ 0019435
knockdown (Fig. 2C). Consistently, it was suggested that the
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Hela SiHa

apoptosis was obviously prompted in sh-circ_0019435#1/#2-
transfected CC cells as shown in flow cytometry analysis (Fig.
2D). Hence, circ_0019435 was positively related to the
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<« Fig. 3 Circ_0019435 downregulates DKK1 and PTEN expression via
recruiting EZH2. (A-B) Subcellular fractionation and FISH assays
explored the localization of circ_0019435 in HeLa and SiHa cells. (C)
RIP assay verified the binding between EZH2 and circ_0019435. (D)
qRT-PCR was conducted to measure the relative expression of the down-
stream mRNAs of EZH2 in sh-circ 0019435#1/2-transfected cells. (E)
Luciferase reporter assay was implemented to test the interaction between
circ_ 0019435 and DKK 1 or PTEN promoters. (F) qRT-PCR and western
blot assays aimed to examine the knockdown efficiency of EZH2. (G)
qRT-PCR and western blot assays were performed to measure DKK1 and
PTEN expression in sh-NC or sh-EZH2#1-transfected cells. (H) ChIP
assay was utilized to examine the combination between EZH2 and
DKKT1 or PTEN promoter. (I) ChIP assay was adopted for measuring
the enrichment of DKK1 and PTEN promoter in IgG, EZH2, and
H3K27me3 antibody precipitates. (J) qRT-PCR and western blot analy-
ses were performed to attest the overexpression efficiency of pcDNA3.1/
EZH2. (K) qRT-PCR and western blot assays were conducted for the
measurement of DKK1 and PTEN expression in different transfected
cells. “P<0.05, ""P<0.01

proliferation of CC cells while being negatively to the apoptosis.
Then, the invasive ability of CC cells was tested by transwell
assays (Fig. 2E). Result showed that the number of the invaded
Hela and SiHa cells into the lower chambers was significantly
decreased from 166 (or 138) to 112 and 98 (or 76 and 74) when
circ 0019435 was silenced, implying circ 0019435 promotes
the invasion of CC cells. Subsequently, western blot assay was
conducted to evaluate protein levels of mesenchymal markers
(N-cadherin, vimentin, ZEB1, Slug, Twist, Snail, MMP2,
MMP7, and MMP9) and the epithelial marker (E-cadherin) in
CC cells to evaluate the influence of circ_ 0019435 on EMT (Fig.
2F). It was revealed through the result that the protein levels of
mesenchymal biomarkers were decreased significantly, while
that of E-cadherin was increased. Taken all together,
circ_ 0019435 accelerates the proliferation, invasion, and EMT
of CC cells.

Circ_0019435 Downregulates DKK1 and PTEN
Expression via Recruiting EZH2

To further the study of circ_0019435, we detected the locali-
zation of circ 0019435 in HeLa and SiHa cells. Both subcel-
lular fractionation and FISH assay manifested that
circ_0019435 was mostly localized in the nucleus, implying
that circ_0019435 might take part in the transcriptional regu-
lation of genes (Fig. 3A-B). With the aim of exploring the
mechanism between circ 0019435 and EZH2, RIP assay was
conducted to prove the combination between circ 0019435
and EZH2 (Fig. 3C). Further, the expression of several
mRNAs targeted by EZH2 was analyzed in sh-
circ_0019435#1-transfected cells. qRT-PCR results disclosed
that circ_0019435 negatively mediated the expression of
dickkopf WNT signaling pathway inhibitor 1 (DKK1) and
phosphatase and tensin homolog (PTEN) for the downregu-
lated circ_ 0019435 notably enhanced the mRNA expression

of DKK1 and PTEN relative to other mRNAs (Fig. 3D).
Subsequently, luciferase reporter assay showed that the short-
age of circ_0019435 enhanced the luciferase activity of both
DKK1 and PTEN promoter vectors (Fig. 3E), suggesting that
circ_0019435 might negatively influence the transcription of
DKKI1 and PTEN.

After testing the knockdown efficiency of sh-EZH2 in
HeLa and SiHa cells (Fig. 3F), we preliminarily found that
EZH2 negatively regulated DKK1 and PTEN with the re-
markably enhanced mRNA and protein levels of DKK1 and
PTEN in sh-EZH2 group as shown in qRT-PCR and western
blot results (Fig. 3G). Furthermore, ChIP assay uncovered that
the promoters of DKK1 and PTEN were significantly
enriched in sh-EZH2#1 group rather than in sh-NC group
(Fig. 3H), revealing that EZH2 might inhibit DKK1 and
PTEN expression in terms of transcription.

With the aim of probing the mechanism of circ 0019435,
EZH2, DKK1, and PTEN, ChIP assay in Fig. 31 was imple-
mented to unveil that circ_ 0019435 deficiency resulted in a
suppression in the recruitment of EZH2 to DKK1 and PTEN
promoter, as well as the trimethylation of H3K27me3 at pro-
moter regions. To confirm whether circ 0019435 recruits
EZH?2 to repress the expression of DKK1 and PTEN, we
conducted the rescue experiments after the overexpression
efficiency of EZH2 was affirmed in Fig. 3J. It was analyzed
that the elevated mRNA and protein levels of DKK1 and
PTEN in sh-circ_0019435#1-transfected cells could be im-
paired by EZH2 overexpression (Fig. 3K). Taken together,
circ_0019435 could downregulate the expression of DKK1
and PTEN via recruiting EZH2.

Circ_0019435 Regulates CC Progression Dependent
on DKK1 and PTEN

Considering that DKK1 is the inhibitor of Wnt/3-catenin
pathway [23] and PTEN is one of the PI3K/Akt pathway—
related proteins [24], we investigated the influences of
circ_0019435 knockdown on these two pathways via western
blot analysis of pathway-related proteins and TOP/FOP flash
luciferase activity assays. As shown in Fig. 4A, the expression
of 3-catenin, c-myc, and cyclin D1 were suppressed by
circ_0019435 inhibition. Besides, the luciferase activity of
TOP/FOP flash was weakened by circ_ 0019435 depletion
(Fig. 4B), confirming that Wnt/3-catenin pathway could be
activated by circ_0019435. Moreover, the p-PI3K and p-Akt
protein levels were also manifested to be reduced in sh-
circ_0019435#1/2-transfected cells (Fig. 4C), hinting that
circ_ 0019435 might regulate PI3K/Akt pathway as well.
Next, to investigate whether circ 0019435 regulates the pro-
gression of CC via targeting DKK1 and PTEN, we silenced
DKKI1 and PTEN for follow-up assays. The mRNA and pro-
tein expression levels of DKK1 and PTEN were both down-
regulated dramatically after the transfection of sh-DKK1 or
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sh-PTEN (Fig. 4D-E). Cell proliferation was determined by
colony formation and trypan blue staining assays. As reflected
in Fig. 4F—G, the restrained proliferative ability induced by
circ_ 0019435 silencing was partially compensated by DKK1
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depletion while being nearly totally rescued by the co-
transfection of sh-PTEN. Furthermore, cell apoptosis was
assessed by JC-1 and flow cytometry analyses. The results
showed that the promotion of cell apoptosis induced by
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<« Fig. 4 Circ_0019435 regulates CC progression dependent on DKK1 and
PTEN. (A) Western blot was applied to analyze the expression of DKK1
and Wnt/(3-catenin pathway-related proteins ([3-catenin, c-myc, and cy-
clin D1) in the HeLa and SiHa cells transfected with sh-NC or sh-circ_
0019435#1. (B) TOP/FOP flash luciferase reporter assay was performed
to verify the effect of circ_ 0019435 on the activation of Wnt/3-catenin
pathway in the transfected cells. (C) Western blot analysis of PI3K/Akt
pathway—related proteins was conducted in different groups. (D-E) qRT-
PCR and western blot analyses were employed to verify the knockdown
efficiency of sh-DKK1 and sh-PTEN. (F—G) Colony formation and
trypan blue staining assays detected the proliferation of the indicated
transfected cells. (H-I) JC-1 and flow cytometry analyses were conduct-
ed to evaluate the apoptosis of the indicated transfected cells. (J)
Transwell invasion assay was performed to assess the invasive capacity
of the indicated transfected cells. “P<0.05, “"P<0.01

circ_0019435 repression could be significantly countervailed
by the shortage of DKK1 and PTEN (Fig. 4H-I). Finally, cell
invasive capacity was determined by transwell invasion as-
says. The results showed that the concurrence of DKK1 and
PTEN deficiency could successfully restore the circ 0019435
inhibition—induced reduced number of invaded cells indicated
by the change of number from 171 to 78, 149, and 164 (or
from 135 to 53, 116, and 130) (Fig. 4J). Collectively,
circ_0019435 regulates Wnt/3-catenin pathway and PI3K/
Akt pathway, facilitating cell proliferation and invasion but
inhibiting cell apoptosis in a DKK1- and PTEN-dependent
manner.

Discussion

Previous literature elucidated that circRNAs such as
circRNA 101996 [25], circRNA8924 [26], and circ_0000263
[27] could facilitate the malignancy of CC via constructing a
ceRNA regulatory network. From the CSCD website, we fig-
ured out a cricRNA—circ_0019435, which is mainly distrib-
uted in the nucleus of HeLa-S3 cells. However, the role
circ_0019435 plays in the cellular processes of CC cells re-
mains obscure.

In this study, circ 0019435 exhibited an upregulated ex-
pression in CC cells. In addition, the circular structure of
circ_0019435 was corroborated in HeLa and SiHa cells.
Besides, the interaction between circ_0019435 and ABCC2
was also explored. The results indicated that circ 0019435
could not regulate ABCC2 in CC cells. More importantly,
circ_0019435 was confirmed not to affect the chemosensitivity
of HeLa and SiHa cells. However, cell proliferation, invasion,
and EMT could be enhanced by circ_0019435.

Then, the nuclear localization of circ_0019435 suggested
that circ_0019435 has the potential for processing transcrip-
tional regulation. EZH2 has been reported to interact with
IncRNA PVTI to epigenetically inhibit miR-195 expression,
thereby promoting the EMT of CC cells [28]. For EZH2,

previous studies have reported that IncRNAs participate in
the EZH2 oncogenic regulatory network in lung cancer [29],
prostate cancer [30], and so on. Herein, we investigated
whether circ 0019435 participates in the EZH2 regulatory
network epigenetically in CC. Results disclosed that
circ_ 0019435 could bind to EZH2. Furthermore,
circ_0019435 suppressed the transcription of DKK1 and
PTEN, so did EZH2. More importantly, ChIP assay affirmed
that circ_0019435 transcriptionally downregulates DKK1 and
PTEN via recruiting EZH2. Given that DKK1 could impair
the activation of Wnt/3-catenin pathway [23] and PTEN
could suppress the activation of PI3K/Akt pathway [24], the
regulation of circ_ 0019435 on these two pathways in CC cells
was also taken into exploration. Then, the effects of
circ_0019435 on the activation of Wnt/3-catenin and PI3K/
Akt pathways were revealed. In the end, rescue assays illus-
trated that the inhibited cellular process of CC cells induced by
circ_0019435 depletion could be reversed by the downregu-
lation of DKK1 and PTEN, meaning that DKK1 and PTEN
are involved in circ_0019435-mediated CC cell proliferation,
apoptosis, and invasion.

This study verified the mechanism of circ_ 0019435/EZH2/
DKKI1/PTEN axis in the progression of CC cells for the first
time and demonstrated that circ 0019435 recruits EZH2 to
suppress the transcription of DKK1 and PTEN, thereby pos-
ing the promoting effects on cell proliferation, invasion, and
EMT in CC. However, whether circ_0019435 activates Wnt/
[3-catenin and PI3K/Akt pathways to expedite the occurrence
and development of CC needs more experimental and clini-
cally analytical supports, which would be implemented in
further studies. Besides, we will further explore the underlying
regulatory mechanisms of circ_0019435 via recruiting other
protein-coding genes in the cellular process of CC
progression.

In conclusion, the present study sheds a light into under-
standing the pathogenesis of CC.
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