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As the second largest gynecological cancer, cervical cancer has been widely reported in recent years in which circular RNA is
involved in the disease process. We earlier found that the expression of hsa_circ_0000511 in cervical cancer cells increased
significantly, but its role in the process of cervical cancer is not clear. The purpose of this study is to explore its possible
mechanisms in cervical cancer. Quantitative reverse transcription polymerase chain reaction (qRT-PCR), cell counting kit-8
assay, Transwell test, cell transfection, RNA pull-down assay and dual-luciferase reporter assay, and Western blot analysis were
used to detect the expression and distribution of hsa_circ_0000511 in SiHa and HeLa cells, the ability of invasion and
proliferation, and the modulated relationships between hsa_circ_0000511 and hsa-mir-296-5p, hsa-mir-296-5p, and HMGA1.
hsa_circ_0000511 had the highest expression in SiHa and HeLa cells, and the expression in the cytoplasm was significantly
higher than that in the nucleus, and its expression was not affected by RNase R. When hsa_circ_0000511 was silenced, its
expression in SiHa and HeLa cells was significantly decreased; the proliferation, invasion, and migration abilities of the two
kinds of cells were significantly enhanced; and the protein expression of E-cadherin was significantly upregulated, while the
protein expression of N-cadherin was significantly downregulated. The expression of hsa-mir-296-5p was lower in SiHa and
HeLa cells; however, its expression was increased when hsa_circ_0000511 was inhibited and decreased when hsa_circ_0000511
was overexpressed, so did the ability of proliferation, invasion, and migration and the protein expression of E-cadherin.
Interestingly, the protein expression of HMGA1 also changed in these two cells when hsa-mir-296-5p was inhibited or
overexpressed. Our results indicate that the upregulated hsa_circ_0000511 can inhibit the proliferation, invasion, and migration
of SiHa and HeLa cells by regulating hsa-mir-296-5p/HMGA1, suggesting that the hsa_circ_0000511/hsa-mir-296-5p/HMGA1
pathway may be a potential target for the treatment of cervical cancer.

1. Introduction

Cervical cancer, a common malignant tumor, is a major
health challenge for women around the world. Only in the
year 2018, there were about 570000 new cervical cancer
patients in the world, and more than 311000 patients died
[1]. It is gratifying that cervical cancer has been confirmed
to be mainly caused by high-risk subtypes of human papillo-
mavirus (HPV) [2], and early screening and vaccination are
effective measures to prevent cervical cancer [3–5]. However,

the molecular mechanism of invasion and metastasis of cer-
vical cancer is still unclear.

Circular RNAs (circRNAs) are endogenous RNAs, which
are formed by reverse splicing of linear precursor mRNA [6].
However, circRNA can resist the degradation of exonuclease
RNase R, which is more stable than linear mRNAs [7]. Some
studies have found that some circRNAs can be highly spe-
cifically expressed in some cell types or at a certain stage
of cell proliferation [8, 9]. Meanwhile, circRNAs may have
the function of “sponge adsorption” of microRNAs and act
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as competitive endogenous RNAs to adsorb microRNAs, so as
to regulate gene expression by binding proteins [10, 11].
Therefore, circRNA plays an important role in the pathogen-
esis of cancer, including cervical cancer. In fact, recent studies
have found that some circRNAs, such as circAMOTL1 [12],
circNFATC3 [13], circNRIP1 [14], circRNA-AKT1 [15], cir-
cAMOTL1 [16], and so on [17–19], are involved in the occur-
rence and development of cervical cancer.

MicroRNAs (miRNAs) with a size of 17-25 nucleotides
have been confirmed to play roles in almost all processes of
tumor biology, such as proliferation, invasion/metastasis,
angiogenesis, and apoptosis [20]. Some miRNAs are upregu-
lated in some tumors and act as promoters of cancer progres-
sion by silencing tumor suppressors, such as apoptosis-related
genes. Therefore, many researchers believe that miRNA
expression level analysis can be used as a biomarker for can-
cer diagnosis and progression [21]. Previous studies have
found that some miRNAs such as miR-10a, miR-21, miR-
19, and miR-146a play a role in the growth, migration, and
invasion of cervical cancer cells, while miR-372, miR-214,
and miR-218 have inhibitory effects on cervical cancer cells
[21]. It is worth noting that a large number of recent studies
have found that miRNAs are regulated by circRNAs and
involved in the progression of cervical cancer, such as cir-
cNFATC3 which promotes the development of cervical can-
cer through sponging miR-9-5p [13], circNRIP1 which
regulates the PTP4A1/ERK1/2 pathway through sponging
miR-629-3p and promotes the migration and invasion of cer-
vical cancer [14], and circ_0000520 sponge miR-146b-3p
released PAX5 and expressed the progression of cervical can-
cer in vivo and in vivo [22]. In this study, we also found an
abnormal expression of circRNA (circ_0000511) in cervical
cancer cells (HcerEpic cells<SiHa<C-33A<HeLa<CaSki<
SW756) by GEOanalysis (GSE113696) and then predicted
its target by bioinformatics methods and verified it in vitro
and in vivo.

2. Materials and Methods

2.1. Cell Culture.Human cervical epithelial immortalized cell
lines H8 and C-33A were purchased from BeNa culture col-
lection (Suzhou, Jiangsu, China), while the SiHa and HeLa
cells were obtained from the cell bank of the Chinese Acad-
emy of Sciences (Shanghai, China). The first two were cul-
tured in RPMI1640 medium (Gibco, Invitrogen, Waltham,
MA, USA) containing 10% fetal bovine serum, and the sec-
ond two were cultured in Dulbecco’s modified Eagle medium
(DMEM, Gibco) containing 10% fetal bovine serum (Gibco),
2mM L-glutamine, and 1% penicillin/streptomycin. These
cells were cultured at 37°C in a moist atmosphere (Thermo
Fisher Scientific, Waltham, MA) with 5% CO2.

2.2. Quantitative Real-Time Polymerase Chain Reaction
(qRT-PCR) Analysis. Total RNAs of these cells were extracted
with GeneJET RNA purification kits (Thermo Fisher Scien-
tific) according to the instructions. The reverse transcriptase
was executed with high-capacity cDNA reverse transcription
kits (Thermo Fisher Scientific) based on the manufacturer’s
manual and amplified with SYBR Premix DimerEraserTM

(TaKaRa, Japan) in a real-time PCR Detection System (Bio-
Rad, Hercules, CA). Triplicate experiments were performed
with the specific primer sequences of hsa_circ_0000511,
RPPH1, miR-296-5p, high-mobility group A1 (HMGA1),
and GAPDH listed in Table 1. The relative expressions were
normalized and calculated by the 2−ΔΔCt method.

2.3. RNase R Assay. The RNA of SiHa and HeLa cells was iso-
lated with RNeasy system. Then, the RiboMinus kit (Invitro-
gen, Carlsbad, California, USA) was used to perform our first
and second biological replicate with 60μg and 20μg total
RNA, respectively [11]. The diluted sample was denatured
by heating (70°C) and cooled (40°C), then mixed with 10×
RNase R buffer (1.7μL) at 40°C for 1 h. Each group was pro-
vided with three multiple wells. To assess the stability of hsa_
circ_0000511 and RPPH1 human mRNA, the expression
levels were determined by using qRT-PCR.

2.4. Cell Proliferation Assay. The proliferation of transfected
SiHa and HeLa cells was detected with a cell counting kit-8
(CCK-8; Beyotime, Shanghai, China) assay. In brief, SiHa
and HeLa cells in the logarithmic growth phase were seeded
in a 96-well plate with a cell density of 1 × 104 cells/well. Cells
were transfected with corresponding recombinant plasmids
[17, 24] (Table 2) for 0, 12, 24, and 48 h, respectively. Each
group was provided with three multiple wells. At each time
point, 10μL CCK8 solution was added to each well and incu-
bated at 37°C for 2 h; then, the absorbance was measured at
450 nm.

2.5. Transwell Assay. SiHa and HeLa cells were transfected
with control, si-circ, si-circ-NC, miRNA mimics, miRNA
NC, or overexpressed-HMGA1 for 24 hours. 1 × 105 trans-
fected cells were seeded in a serum-free DMEM in the upper
part of a Transwell chamber while the lower Transwell cham-
ber was with DMEM containing 10% fetal bovine serum.
After incubation for 24 hours, the migrated or invasion cells
were fixed with 4% paraformaldehyde solution for 10
minutes, then stained with 0.5% crystal violet for 25 minutes,
and the cells were counted under the microscope. It should
be noted that the upper layer of Transwell chambers was pre-
coated with a 0.8% matrix in invasion experiment, but not in
migration experiment. Six fields were randomly selected
from each well for cell counting, and the average value was
calculated. Each group was provided with three multiple
wells, and the average values of the three wells were used
for statistical analysis.

2.6. Dual-Luciferase Reporter Assay. The binding sites of hsa_
circ_0000511 or HMGA1 in miR-296-5p were predicted with
the ciecBank, Circinteractome, and starBase databases. To
validate the interplay between circ_0000511 and miR-296-
5p, miR-296-5p, and HMGA1, the sequences of wild-type
(circRNA-wt) or mutant hsa_circ_0000511 (circRNA-mut),
wild-type or mutant HMGA1 3′-UTR, miRNA mimics,
and miRNA NC were cloned into the pGL3 vector (Promega,
Wisconsin, USA) to form recombinant plasmids, respec-
tively. The SiHa and HeLa cells were seeded into 96-well
plates and cotransfected with the above plasmid. Each group
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was provided with three multiple wells. After transfection for
48 h, the fluorescence intensity was detected by dual-
luciferase reporter assay system (Promega) according to the
manufacturer’s protocols.

2.7. Nude Mouse Tumorigenicity Assay. Transfected si-
circRNA or si-circRNA+miRNA mimics and normal SiHa
and HeLa cells (5 × 105) were subcutaneously injected into
the right side of 4-week-old thymus-free nude mice (n = 5
/group). Four weeks later, the nude mice were killed by cervi-
cal spondylectomy, and the tumor tissues were taken out for
photography. Then, the tumor was cut into two parts: one
part was fixed with 4% paraformaldehyde solution for immu-
nohistochemical staining, and the other part was cryopre-
served in liquid nitrogen for protein detection. Animal
experiments are approved by the Animal Protection and Uti-
lization Committee.

2.8. Immunohistochemistry. The fixed tumor tissue was dehy-
drated and embedded, then cut into 5μm slices, and then
repaired with citric acid (pH = 6:0). Then, antiproliferating
cell nuclear antigen (PCNA) (ab92552, 1 : 400, Abcam) was
incubated at 4°C overnight, and the second antibody was
incubated at 37°C for 30min. Subsequently, the sections
were stained with hematoxylin after color development with
a DAB kit (AR1022, Boster Biological Technology Co., Ltd.,

Wuhan, China). And the average optical density of each
sample was determined by Image-Pro Plus 6.0 (Media
Cybernetics, USA).

2.9. Western Blot Analysis. Total proteins of each cultured
cell were extracted with RIPA Lysis Buffer (Applygen Tech-
nologies Inc., Beijing, China). After the protein concentra-
tion was determined by BCA kit (MultiSciences, Hangzhou,
China), the target proteins were classified by 15% or 8%
SDS-PAGE (MultiSciences) and then transferred to PVDF
membranes (Millipore, Darmstadt, Germany) and blocked
with 5% skimmed milk powder at 25°C for 90 minutes. The
membranes were incubated overnight at 4°C with primary
antibodies, anti-E-Cadherin (ab40772, 1 : 20000), anti-N-
Cadherin (ab76011, 1 : 10000), anti-HMGA1 (ab168260,
1 : 1000), and anti-GAPDH (ab8245, 1 : 5000) (Abcam, Cam-
bridge, UK). The membranes were then incubated with
HRP-conjugated secondary antibodies (1 : 1000, Multi-
Sciences) at 25°C for 90min, and the bands were visualized
by a chemiluminescence.

2.10. Statistical Analysis. All data were presented as the
mean ± standard deviation (SD), the differences were ana-
lyzed by an unpaired two-sided t-test or one-way analysis
of variance, and a value of p < 0:05 was regarded as statisti-
cally significant.

Table 2: The sequence of primer for siRNA.

Primer name Primer sequence

siRNA 5′-CUGGCCAAGGGGCCUUUACATT-3′
si-negative control 5′-UUCUUCGAACGUGUCACGUTT-3′
Mimics-NC 5′-UUCUCCGAACGUGUCACGUTT-3′
miR-296-5p mimics 5′-UGUCCUAACUCCCCCCCGGGA-3′
Inhibitor-NC 5′-CAGUACUUUUGUGUAGUACAA-3′
miR-296-5p inhibitor 5′-UCCCGGGGGGGAGUUAGGACA-3′

Table 1: Primer sequence.

Primer name Primer sequence

hsa_circ_0000511 F 5′-GAACAGACTCACGGCCAGCGAAGTGAGTTC-3′
hsa_circ_0000511 R 5′-GAACTCACTTCGCTGGCCGTGAGTCTGTTC-3′
RPPH1 human F [23] 5′-GAGCTGAGTGCGTCCTGTC-3′
RPPH1 human R 5′-TCAGGGAGAGCCCTGTTAGG-3′
miR-296-5p F [24] 5′-CCCCCCCTCAATCCTGT-3′
miR-296-5p R 5′-CAACTGGTGTCGTGGAG-3′
HMGA1 F [25] 5′-GGCCCAAATCGACCATAAAGG-3′
HMGA1 R 5′-GGACAAATCATGGCTACCCCT-3′
GAPDH F [23] 5′-CAGCCTCAAGATCATCAGCA-3′
GAPDH R 5′-TGTGGTCATGAGTCCTTCCA-3′
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3. Results

3.1. hsa_circ_0000511 Was Highly Expressed in SiHa and
HeLa Cells and Mainly Located in the Cytoplasm. In the early
stage, we found that the expression of hsa_circ_0000511, also
named hsa_circ_002144, was significantly upregulated in
cervical cancer cells (HcerEpic cells<SiHa<C-33A<HeLa<
CaSki<SW756). To verify this result, we used qRT-PCR to
detect the expression of hsa_circ_0000511 in different cervi-
cal cancer cell lines. The results showed that the expression
levels of hsa_circ_0000511 in SiHa and HeLa cells were
higher than those in H8 and C-33A cells (Figure 1(a)). There-
fore, in the next study, we used SiHa and HeLa cells as
research vectors to continue to detect the distribution of SiHa
and HeLa cells. As shown in Figures 1(b) and 1(c), the
expression levels of hsa_circ_0000511 and its gene symbol
(RPPH1) were mainly expressed in the cytoplasm in SiHa
and HeLa cells, respectively. Meanwhile, we digested them
with RNase R+ and detected their resistance to RNase R+.
The results showed that the expression levels of hsa_circ_
0000511 were not changed significantly in SiHa and HeLa
cells treated with RNase R+ (Figure 1(d)), but those of RPPH1
were decreased significantly (Figure 1(e)).

3.2. Inhibition of hsa_circ_0000511 Significantly Promoted
the Invasion and Migration of SiHa and HeLa Cells. To study
whether hsa_circ_0000511 plays a role in the process of cer-
vical cancer, we silenced hsa_circ_0000511 in vitro through
transfecting SiHa and HeLa cells with hsa_circ_0000511
silenced plasmid. Firstly, we analyzed this effect on the prolif-
eration of SiHa and HeLa cells. The results showed that the
absorbances of the si-circ group were significantly higher
than those of the control group and si-circ-NC group
(Figures 2(a) and 2(b)). Meanwhile, the results of qRT-PCR
showed that the relative expressions of hsa_circ_0000511 in
the si-circ group were obviously lower than those in the con-
trol group and si-circ-NC group, respectively (Figure 2(c)).
Next, we investigated the effect of hsa_circ_0000511 silenc-
ing on cell invasion and migration (Figures 2(d) and 2(f)).
The results showed that the numbers of invasive or migratory
cells in the si-circ group were significantly higher than that in
the control group and si-circ-NC group, respectively
(Figures 2(e) and 2(g)). Epithelial mesenchymal transition
(EMT) is an important factor leading to the functional
changes of cell migration and invasion [26], and the abnor-
mal expression of N-cadherin and E-cadherin is considered
a hallmark of EMT [27]. Therefore, we continue to study

H8 SiHa HeLa C-33A
0

2

4

6

8

10

Th
e r

el
at

iv
e e

xp
re

ss
io

n 
of

hs
a_

ci
rc

_0
02

14
4

⁎⁎## ⁎⁎##

(a)

SiHa HeLa
0.0

0.2

0.4

0.6

0.8

1.0

1.2

Re
la

tiv
e e

xp
re

ss
io

n 
of

hs
a_

ci
rc

_0
02

14
4

Cytoplasm
Nucleus

(b)

SiHa HeLa
0.0

0.2

0.4

0.6

0.8

1.0

1.2

Re
la

tiv
e e

xp
re

ss
io

n 
of

RP
PH

1

Cytoplasm
Nucleus

(c)

SiHa HeLa
0.0

0.2

0.4

0.6

0.8

1.0

1.2

Re
la

tiv
e e

xp
re

ss
io

n 
of

hs
a_

ci
rc

_0
02

14
4

RNase R–

RNase R+

(d)

SiHa HeLa
0.0

0.2

0.4

0.6

0.8

1.0

1.2

Re
la

tiv
e e

xp
re

ss
io

n 
of

RP
PH

1
⁎⁎⁎ ⁎⁎⁎

RNase R–

RNase R+

(e)

Figure 1: hsa_circ_0000511 was highly expressed in SiHa and HeLa cells and mainly located in the cytoplasm. The expression levels of hsa_
circ_0000511 in SiHa and HeLa cells were significantly higher than those in H8 and C-33A cells (a) (mean ± SD; the data were analyzed by
one-way analysis of variance; vs. H8, ∗∗p < 0:01; vs. C-33A, ##p < 0:01). hsa_circ_0000511 (b) and its gene symbol (RPPH1) (c) were mainly
expressed in the cytoplasm in SiHa and HeLa cells. hsa_circ_0000511 can be resistant to RNase R+ (d), while RPPH1 is not (e) (mean ± SD;
the data were analyzed by an unpaired two-sided t-test; ∗∗∗p < 0:001).
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Figure 2: Continued.
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the effect of hsa_circ_0000511 silencing on the expression of
E-cadherin and N-cadherin. As shown in Figures 2(h)–2(j),
the protein expressions of E-cadherin in the si-circ group
were significantly higher than those in the control group
and si-circ-NC group, while those of N-cadherin in the si-
circ group were evidently lower than those in the control
group and si-circ-NC group.

3.3. hsa_circ_0000511 Promoted the Invasion and Migration
of SiHa and HeLa Cells by Sponging hsa-miR-296-5p. To
explore the potential molecular mechanism of hsa_circ_
0000511 promoting EMT, we used online databases of cir-
cBank, Circinteractome, and starBase to predict the potential
miRNA target of hsa_circ_0000511 and found that hsa-miR-
296-5p was a target of hsa_circ_0000511. To verify it, we first
found that the expressions of hsa-miR-296-5p in SiHa and
HeLa cells were significantly lower than those in H8 and
C-33A cells (Figure 3(a)), and its expression in the si-circ
group was significantly higher than that in the control group
and si-circ-NC group (Figure 3(b)). Then, we performed a
dual-luciferase reporter assay to confirm whether hsa_circ_

0000511 directly interacts with hsa-miR-296-5p (Figure 3(c)).
The results show that the luciferase activity of the circRNA
(wt)+miRNA mimics group was obviously lower than that
of the circRNA (wt)+miRNA NC group, while that of the cir-
cRNA (mut)+miRNA mimics group did not obviously
change compared to that of the circRNA (mut)+miRNA
NC group (Figures 3(d) and 3(e)).

Then, we continued to study the effect of hsa_circ_
0000511 and hsa-miR-296-5p interaction on cells and found
that the cell viability of the miRNA inhibitor group was sig-
nificantly lower than that of other groups, and the effect of
hsa-miR-296-5p on cell viability was dependent on the effect
of hsa_circ_0000511 (Figures 3(f) and 3(g)). Subsequently,
we used Transwell assay to detect the effect of their interac-
tion on the invasion and migration of SiHa and HeLa cells.
The results showed that the number of invasive and migra-
tory cells decreased significantly in the si-circ+miRNA
mimics group. Although the number of invasive or migratory
cells in the miRNA mimics group, miRNA NC group, si-cir-
c+miRNA inhibitor group, and miRNA inhibitor group was
significantly higher than that in the si-circ+miRNA mimics
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Figure 2: Inhibition of hsa_circ_0000511 significantly promoted the invasion andmigration of SiHa and HeLa cells. The proliferation of SiHa
(a) and HeLa (b) cells was increased when hsa_circ_0000511 was silenced; naturally, the expression of hsa_circ_0000511 was significantly
decreased in the silenced cells (c). Moreover, when hsa_circ_0000511 was silenced, the invasion and migration abilities of SiHa (d) and
HeLa (f) cells were also significantly enhanced; that is, the number of cells in lower Transwell chamber was significantly increased (e, g),
respectively. In addition, the results of Western blot analysis (h) showed that the protein expression of E-cadherin was significantly
increased (i) but that of N-cadherin was significantly decreased (j) in the hsa_circ_0000511 silenced group. Mean ± SD; the data were
analyzed by an unpaired two-sided t-test; vs. the control, ∗∗p < 0:01 and ∗∗∗p < 0:001; vs. si-circ-NC, ##p < 0:01 and ###p < 0:001.
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Figure 3: Continued.
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group, the number of invasive and migratory cells in the
miRNA inhibitor group was significantly higher than that
in the other three groups (Figures 3(h)–3(k)). Meanwhile,
the results of qRT-PCR showed that the expression of hsa_
circ_0000511 in the miRNA mimics group, miRNA NC
group, and miRNA inhibitor group was obviously higher
than that in the si-circ+miRNA mimics group and si-cir-
c+miRNA inhibitor group, while the expression of hsa-
miR-296-5p in the si-circ+miRNA mimics group and
miRNA mimics group was markedly higher than that in the
miRNA NC group, si-circ+miRNA inhibitor group, and
miRNA inhibitor group (Figures 3(l) and 3(m)).

3.4. hsa-miR-296-5p Inhibited the Invasion and Migration of
SiHa and HeLa Cells by Downregulating HMGA1. To further
study the target genes of hsa-mir-296-5p, we used miRTar-
Base, miRDB, starBase, and TargetScan7.2 to predict, in
which miRDB was selected according to the score greater
than 80. The results showed that there were two common tar-
get genes (NFIC and HMGA1), and HMGA1 was selected as
a candidate gene because it was widely studied. To verify it,
we also investigated the expression of HMGA1 in different
cervical cancer cells and found that the expression level of
HMGA1 in SiHa and HeLa cells was higher than that in H8
and C-33A cells (Figure 4(a)). Then, we detected the protein
expression of HMGA1 under different conditions of miRNA
mimics and miRNA inhibitor. The results showed that the

expression of HMGA1 was downregulated under the action
of miRNA mimics but upregulated when miRNA was inhib-
ited (Figures 4(b)–4(d)), which suggested that hsa-mir-296-
5p may have a direct interaction with HMGA1. To further
confirm it, a dual-luciferase reporter assay was performed
(Figure 4(e)) and the results showed that the luciferase activ-
ity of the HMGA1 3′-UTR (wt)+miRNA mimics group was
lower than that of the HMGA1 3′-UTR+miRNA NC, and
there was no significant difference in the luciferase activity
between the HMGA1 3′-UTR (mut)+miRNA mimics and
HMGA1 3′-UTR (mut)+miRNA NC groups (Figures 4(f)
and 4(g)).

Next, we continue to analyze the effects of this regulatory
mechanism on cell proliferation, invasion, migration, and
EMT of SiHa and HeLa cells. The results of CCK-8 assay
showed that overexpression of HMGA1 could significantly
promote the proliferation of SiHa and HeLa cells, but this
effect could be inhibited by miRNA mimics (Figures 4(h)
and 4(i)). Similar results were obtained in Transwell assay,
the number of invasive or migratory cells in the si-cir-
cRNA+OV-HMGA1 and OV-HMGA1 groups was obvi-
ously higher than that in the control or si-circRNA group,
but that in the si-circRNA+OV-HMGA1+miRNA-mimics
group was lower than that in the si-circRNA+OV-HMGA1
or OV-HMGA1 group (Figure 5(a)–4(d)). Meanwhile, we
analyzed the expression of HMGA1 and EMT-related pro-
teins by Western blot. The results showed that the protein
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Figure 3: hsa_circ_0000511 promoted the invasion and migration of SiHa and HeLa cells by regulating hsa-miR-296-5p. Contrary to hsa_
circ_0000511, the expression of hsa-miR-296-5p in SiHa and HeLa cells was significantly lower than that in H8 and C-33A cells (a)
(mean ± SD; the data were analyzed by one-way analysis of variance, vs. H8, ∗∗ p<0.01; vs. C-33A, ##p<0.01), and that was increased
when hsa_circ_0000511 was silenced (b) (mean ± SD, the data were analyzed by an unpaired two-sided t-test, vs. the control, ∗∗p < 0:01;
vs. si-circ-NC, ##p < 0:01). The result of dual-luciferase reporter assay (c) shows that hsa-miR-296-5p is a direct target of hsa_circ_
0000511 in SiHa (d) and HeLa (e) cells (mean ± SD; the data were analyzed by one-way analysis of variance; vs. circRNA-wt+miRNA NC,
∗∗p < 0:01). The proliferation (f, g), invasion (h), and migration (i) of SiHa and HeLa cells were increased because hsa-miR-296-5p was
regulated by hsa_circ_0000511; that is to say, the number of cells in a lower Transwell chamber was increased significantly (j, k). In
addition, the expression of hsa-miR-296-5p (l) changed when whether hsa_circ_0000511 (m) was silenced or not. (f, g, j–m) Mean ± SD;
the data were analyzed by one-way analysis of variance; vs. si-circ+miRNA mimics, ∗p < 0:05, ∗∗p < 0:01, and ∗∗∗p < 0:001; vs. miRNA
mimics, #p < 0:05, ##p < 0:01, and ###p < 0:001; vs. mimics NC, ^p < 0:05, ^^p < 0:01, and ^^^p < 0:001; vs. si-circ+miRNA inhibitor,
&&p < 0:01 and &&&p < 0:001.
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expression ratio between E-cadherin and N-cadherin was
significantly decreased when HMGA1 was highly expressed,
while the protein expression ratio of E/N-cadherin was sig-
nificantly increased when HMGA1 was expressed low
(Figures 5(e)–5(h)).

3.5. hsa_circ_0000511 Promotes EMT of Cervical Cancer Cells
In Vivo by Downregulating hsa-miR-296-5p/HMGA1. To fur-
ther confirm the results of our in vitro experiments, we
injected the transfected SiHa and HeLa cells subcutaneously
into nude mice to observe the tumor growth. The results
showed that the tumor weight of the si-circRNA+miRNA
mimics group was significantly lower than that of the control
group and si-circRN group (Figures 6(a) and 6(b)). The
results of Western blot analysis were consistent with the
results in vitro, that is, the expression ratio of E/N-cadherin
protein was significantly increased when HMGA1 expression
was low (Figures 6(c)–6(e)). Meanwhile, the results of qRT-
PCR showed the expressions of hsa_circ_0000511 in the si-
circRNA group and si-circRNA+miRNA mimics group were
significantly higher than that in the control group, while the
expression of hsa-mir-296-5p was opposite to that of hsa_
circ_0000511 and that in si-circRNA+miRNA mimics group
was higher than that in other two groups (Figures 6(f) and
6(g)). In addition, the protein expression of PCNA in tumor
was detected by immunohistochemistry (Figure 6(h)) and
the results showed that the average optical density of PCNA

in the si-circRNA group and si-circRNA+miRNA mimics
group was significantly lower than that in control group,
while that in the si-circRNA+miRNA mimics group was
lower than that in the si-circRNA group (Figure 6(i)).

4. Discussion

With the wide application of high-throughput sequencing
and microarray analysis, more and more attention has been
paid to the important role of circRNAs in the progression
of cancer. Only in cervical cancer, dozens of circRNAs have
been reported, such as circPCNX [28], circAMOTL1 [12],
circCDKN2B-AS1 [29], and circNFATC3 [13]. In a recent
study, 353 of 9359 circRNAs were found to be differentially
expressed between the cervical cancer group and normal
group, and 881 mRNA transcripts were differentially
expressed [30]. In the study, we found a highly upregulated
circRNA (circ_0000511) in a variety of cervical cancer cells
by GEO analysis (GSE113696) and it promoted the prolifer-
ation of SiHa and HeLa cells when it was silenced. Further,
we found it can promote cell proliferation, invasion, and
metastasis of SiHa and HeLa cells through regulating hsa-
miR-296-5p/HMGA1, which is related to the regulation of
EMT in vitro and in vivo experiments. The study indicated
that the hsa_circ_0000511/hsa-miR-296-5p/HMGA1 axis
may play an important role in the development of cervical
cancer.
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Figure 4: HMGA1 is a direct target of hsa-miR-296-5p, and overexpression of HMGA1 can promote proliferation of SiHa and HeLa cells.
Like hsa_circ_0000511, HMGA1 was highly expressed in SiHa and HeLa cells than in H8 and C-33A cells (a) (mean ± SD; the data were
analyzed by one-way analysis of variance; vs. H8, ∗∗p < 0:01; vs. C-33A, ## p < 0:01). The results of Western blot (b) showed that the
protein expressions of HMGA1 were changed when hsa-miR-296-5p was inhibited or not in SiHa (c) and HeLa (d) cells, and a dual-
luciferase reporter assay (e) indicated that HMGA1 is a direct target of hsa-miR-296-5p ((c, d) mean ± SD, the data were analyzed by one-
way analysis of variance; vs. mimics-NC, ∗∗p < 0:01 and ∗∗∗p < 0:001; vs. si-circ+miRNA inhibitor, ###p < 0:001; (f, g), vs. HMGA1 3′-UTR
(wt)+miRNA NC, ∗∗p < 0:01). Moreover, CCK8 detection shown that overexpression of HMGA1 could promote proliferation of SiHa (h)
and HeLa (i) cells. Mean ± SD; the data were analyzed by one-way analysis of variance; vs. the control, ∗p < 0:05, ∗∗p < 0:01, and ∗∗∗p <
0:001; vs. si-circRNA, ###p < 0:001; vs. OV-HMGA1, ^^^p < 0:001; vs. si-circRNA+OV-HMGA1+miRNA mimics, &&p < 0:01.
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EMT, a cellular process in which epithelial cells acquire
mesenchymal phenotype and behavior after epithelial char-
acteristics are down regulated, is triggered by signals received
by cells from a microenvironment [26]. EMT cells not only
show fibroblast like morphology and cytoarchitecture but
also increase the capacity of migration and invasiveness
[26]. It is noteworthy that the progression of EMT is charac-
terized by the changes in gene expression and the posttrans-
lational regulatory mechanisms of multiple connections to
epithelial cells, including the adherens junctions, desmo-
somes, gap junctions, and tight junctions [26]. E-cadherin
belongs to type I classic cadherin, which plays an important
role in maintaining epithelial phenotype and regulating tis-
sue homeostasis [31]. Studies have found that deficiency of
E-cadherin in cancer cells causes the metastasis and activa-

tion of a variety of EMT transcription factors [32]. Since
the recovery of E-cadherin expression in E-cadherin-
negative malignant cells can not reverse EMT, some
researchers do not agree that the decrease of E-cadherin
expression is a marker of EMT [33]. At the same time, vari-
ous invasive and metastatic cancers such as prostate cancer,
ovarian cancer, and glioblastoma are associated with high
levels of E-cadherin expression [27]. However, the dual
effects of E-cadherin may be due to the existence of mem-
brane tethered E-cadherin and soluble E-cadherin [34].
Although both E-cadherin and N-cadherin belong to type I
classic cadherin, N-cadherin can embed endothelial cells
and parietal cells to stabilize microvessels and then promote
angiogenesis and maintain vascular integrity [27]. Thus, it
is considered an indicator of ongoing EMT, and a large
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Figure 5: hsa_circ_0000511 promoted EMT by regulating hsa-miR-296-5p/HMGA1 signal. Overexpression of HMGA1 increased the ability
of invasion (a) and migration (b) in SiHa and HeLa cells, and the number of cells in the lower Transwell chamber was increased significantly
(c, d). Further, the results of Western blotting (e, f) indicated that the expression of E-cadherin and N-cadherin (h) was consistent with that of
HMGA1 (g). Overexpressed HMGA1 inhibited the protein expression of E-cadherin and promoted that of N-cadherin, and vice versa.
Mean ± SD; the data were analyzed by one-way analysis of variance; vs. control, ∗∗p < 0:01 and ∗∗∗p < 0:001; vs. si-circRNA+OV-
HMGA1+miRNA mimics, ###p < 0:001.
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number of studies have confirmed that its expression is
related to the development of various types of cancer [27].
In addition, studies have shown that E-cadherin mainly
inhibits the activation of the Wnt/β-catenin and RTK/P13K
pathway in epithelial cells, while N-cadherin-mediated adhe-
sion promotes the activation of the MAPK/ERK signal and
PI3K/PDGFR pathway to enhance cell survival and migration
in nonepithelial cells [27]. So the abnormal expression of N-
cadherin and E-cadherin is considered a hallmark of EMT.

HMGA1, belonging to the superfamily of nonhistone
chromatin binding proteins, is a new transcription regulator
and involved in a variety of cellular biological processes,
including transcriptional regulation, DNA repair, cell cycle
regulation, differentiation, embryogenesis, transformation,
and viral integration [35]. Numerous studies have found that
it was highly expressed in different cancers, including cervical
cancer [36, 37], gastric cancer [38, 39], liver cancer [40], renal

cancer [41], and other cancers [35]. Moreover, HMGA1 has
been found to amplify Wnt signal and maintain Wnt and
other transcriptional networks, suggesting that HMGA1
overexpression is involved in tumorigenesis and progression
through dysregulation [25]. Significantly, HMGA1 has been
confirmed to be regulated by miRNA such as miR-125b
[42], miR-221/222 [37], miR-296-5p [36], and miR-214
[43] and was involved in EMT. In the study, we found that
miR-296-5p can mediate HMGA1 to regulate EMT in SiHa
and HeLa cells; it also confirmed that HMGA1 is a direct
target of miR-296-5p [36]. In addition, we also proved that
miR-296-5p is regulated by hsa_circ_0000511 and may also
participate in regulating PCNA, but its molecular mechanism
needs further study.

Summary, we proved that silenced hsa_circ_0000511
reduces the proliferation and EMT of SiHa and HeLa cells
through inhibiting the expression of HMGA1 by upregulating
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Figure 6: hsa_circ_0000511 promotes EMT of cervical cancer cells in vivo by downregulating hsa-miR-296-5p/HMGA1. Inhibition of hsa_
circ_0000511 significantly reduced the tumor volume in vivo (a, b), and Western blot analysis (c) showed that the protein expression of
HGMA1 was decreased in turn when hsa_circ_0000511 was silenced or hsa-miR-296-5p was activated (d), while the protein expression
ration between E-cadherin and N-cadherin was opposite to that of HGMA1 (e). Meanwhile, the results of qRT-PCR showed that the
expression of hsa_circ_0000511 was consistent with the protein expression of HGMA1 (f) but the expression of hsa-miR-296-5p (g) was
opposite to that of hsa_circ_0000511. Besides, changes of average optical density of PCNA (h, i) were consistent with the expression of
hsa_circ_0000511. Mean ± SD; the data were analyzed by one-way analysis of variance; vs. the control, ∗∗p < 0:01 and ∗∗∗p < 0:001; vs.
si-circRNA, #p < 0:05, ##p < 0:01, and ###p < 0:001.
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miR-296-5p. It is worth noting that we observed the invasion
and migration of cells in this study, but only investigated the
proteins related to adhesion, not degradation and migration-
related proteins. At the same time, we predicted that hsa-mir-
296-5p had two common target genes (NFIC and HMGA1),
but we only verified HMGA1. We will carry on the corre-
sponding research to these contents in the future. The study
may contribute to understand the molecular mechanism of
cell invasion and migration in the process of cervical cancer
and provide a potential therapeutic target.
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