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ABSTRACT

Long non-coding RNA (IncRNA) differentiation antagonizing non-protein coding RNA (DANCR)
participates in the development of diverse cancers. Nevertheless, the impact of DANCR on cervical
cancer (CC) remains largely unknown. This study aims to explore the effects of DANCR sponging
microRNA-145-3p (miR-145-3p) on CC. Expression of KLF5, DANCR, miR-145-3p, and zinc finger
E-box binding homeobox 1 (ZEB1) in CC and adjacent normal tissues was determined. Human CC
cell lines were, respectively, treated with silenced DANCR or miR145-3p mimic/inhibitor. Then, the
viability, migration, invasion, and apoptosis of CC cells were measured. The cell growth in vivo was
observed as well. Chromatin immunoprecipitation assay was performed to analyze the binding of
KLF5 and DANCR promoter. Interaction among DANCR, miR-145-3p, and ZEB1 was assessed. KLF5,
DANCR, and ZEB1 were upregulated but miR-145-3p was downregulated in CC tissues. KLF5
activated DANCR expression and the high DANCR expression was related to tumor staging,
infiltrating muscle depth and lymphatic metastasis of CC patients. Reduced DANCR or elevated
miR-145-3p repressed malignant behaviors of CC cells. The tumor diameter and weight were also
repressed by DANCR silencing or miR-145-3p elevation. The effect of DANCR knockdown on CC
cells could be reversed by miR-145-3p inhibitor. MiR-145-3p was targeted by DANCR and ZEB1
was targeted by miR-145-3p. KLF5-induced overexpression of DANCR promotes CC progression
via suppressing miR-145-3p to target ZEB1. This study may provide potential targets for CC
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Introduction

Cervical cancer (CC) is the second most common
reproductive cancer in females after breast cancer
(BC), and 84% of the CC cases were reported in
developing regions [1]. One-third of CC patients
are still diagnosed at advanced stages. The 5-year
survival rate of CC patient is decreased in ~50% of
advanced stage CC patients globally, and the clin-
ical outcome is varied and difficult to predict [2].
CC has high incidence and mortality rates, which
result from limited screening and preventative
measures, cost, late diagnosis and availability of
treatments, and high human immunodeficiency
virus (HIV) infection rates [3].

Long non-coding RNAs (IncRNAs) are non-
coding RNAs with transcripts longer than 200

nucleotides and have essential effects on the devel-
opment of human diseases [4]. LncRNA differen-
tiation antagonizing non-protein coding RNA
(DANCR) is a newly found oncogenic IncRNA
[5] that has been revealed to participate in BC
[6] and endometrial carcinoma (EC) [7].
Interestingly, the oncogenic role of DANCR in
CC has also been verified recently [8]. Moreover,
evidence has shown that the transcription factor is
able to activate the expression of IncRNA [9].
Kriippel-like factor (KLF) is a family of transcrip-
tion factors binding to the DNA domain and KLF5
is one of the family members [10]. KLF5 has been
reported to regulate the expression of IncRNA RP1
in BC [11] and based on this phenomenon, rela-
tion between KLF5 and DANCR was studied in
our research. It has been demonstrated that
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IncRNA can act as a competing endogenous RNA
(ceRNA) to regulate mRNA by binding their com-
mon microRNAs (miRNAs) [12]. The miRNAs are
small non-coding RNAs that can bind to the com-
plementary mRNA in the 3X-untranslated region
and negatively regulate target gene expression
through degradation of the targeted RNAs or inhi-
bition of their translation [13]. MiR-145-3p is one
of the miRNAs that participate in human cancer
progression, such as bladder cancer [14] and pros-
tate cancer [15]. In addition, it has been reported
that miR-145 functions as a biomarker for the
diagnosis and radiosensitivity prediction of CC
[16]. However, the role miR-143-3p in CC and
the relation between DANCR and miR-145-3p
have been rarely explored. In addition, zinc finger
E-box binding homeobox 1 (ZEB1) belongs to the
ZEB family and exerts critical effects on biological
processes [17]. The role of ZEB1 has been broadly
investigated in CC [18,19].

We performed this study to identify the effects
of KLF5/DANCR/miR-145-3p/ZEB1 axis in the
development of CC, and we hypothesized that
KLF5-mediated DANCR may sponge miR-145-3p
to affect the progression of CC by targeting ZEBI.

Materials and methods
Ethics statement

Written informed consents were acquired from all
patients before this study. The protocol of this
study was confirmed by the Ethic Committee of
Hainan General Hospital. Animal experiments
were strictly in accordance with the Guide to the
Management and Use of Laboratory Animals
issued by the National Institutes of Health. The
protocol of animal experiments was approved by
the Institutional Animal Care and Use Committee
of Hainan General Hospital.

Study subjects

A total of 112 cases of CC tissues from patients
pathologically confirmed as CC in Hainan General
Hospital from March 2015 to March 2018 were
collected as the study group (CC), and 112 adja-
cent normal tissues were selected as the control
group (normal). Patients in the CC group were all

pathologically confirmed as primary CC. Exclusive
criteria: aged >18 years; use of hormone drug in
3 months; surgical, chemoradiotherapy, or anti-
neoplastic history; combined severe substantive
organ dysfunction, including heart, kidney, and
liver; combined with autoimmune disease such as
systemic lupus erythematosus and rheumatoid
arthritis; combined with other malignant tumor;
combined with mental disease and cognitive
impairment. Fresh cervical tissues harvested from
all of the subjects were treated with diethyl pyro-
carbonate-treated water, placed in RNase-free cen-
trifuge tubes and stored in liquid nitrogen.

Cell culture

Human CC cell lines Hela, SiHa, and normal
cervical epithelial cells H8 were both acquired
from Shanghai Institute of Biochemistry and Cell
Biology, Chinese Academy of Sciences (Shanghai,
China). HeLa cells were incubated with Roswell
Park Memorial Institute (RPMI) 1640 medium
containing 10% fetal bovine serum (FBS), 100 U/
mL penicillin and 100 U/mL streptomycin; SiHa
cells and HS8 cells were incubated in Dulbecco’s
modified Eagle medium (DMEM)-F12 supplemen-
ted with 15 mmol/L hydroxyethyl piperazine etha-
nesulfonic acid, 0.5 mmol/L sodium pyruvate,
1.2 g/L sodium bicarbonate, 2.5 mmol/L
L-glutamine, 10% FBS, 100 U/mL penicillin and
100 U/mL streptomycin (all from Gibco Company,
NY, USA). After incubated for 2-3 d, cells were
detached with 0.25% trypsin and cells in the loga-
rithmic growth phase were selected for subsequent
experiments.

Cell grouping

Cells were seeded at 6-well plates at 5 x 10> cells/
well until reached 70% confluence. The transfec-
tion mixture was prepared based on manufactures’
information of Lipofectamine™ 2000 kits
(Invitrogen Inc., CA, USA), and pcDNA3.1,
pcDNA3.1-KLF5, small interfering RNA (si)-
negative control (NC), si-KLF5, short hairpin
RNA (sh)-NC, sh-DANCR, mimic NC, miR-145-
3p mimic, sh-DANCR + inhibitor NC and sh-
DANCR + miR-145-3p inhibitor (all from
GenePharma Co., Ltd., Shanghai, China) were



transiently transfected into cells. A non-treated
blank control group (the control group) was set.
After 24-h culture, the original medium was
replaced by medium containing 10% FBS for sub-
sequent 48-h culture.

Colony formation assay

Cells were seeded and cultured for 18 d. Next, cells
were fixed with methanol for 15 min and stained
with 0.1% crystal violet dye solution for 30 min, and
the colonies were counted under a microscope.

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2-H-tetrazolium bromide (MTT) assay

Cells were made into cell suspension (2-6 x 10*
cells/mL) and added onto 96-well plates at 100 pL/
well for 0, 24, and 48 h. Each well was appended
with 20 uL MTT solution (5 mg/mL, Sigma-
Aldrich Chemical Company, MO, USA) and incu-
bated for 4 h. With the supernatant discarded,
each well was supplemented with 100 puL dimethyl
sulfoxide (Sigma) and placed for 10-15 min. The
optical density (OD) value at 490 nm was evalu-
ated by a microplate reader. The cell-free and
medium-only well was set, and the same MTT
solution and dimethyl sulfoxide were added to
the well. The OD value of the well was set as the
blank control to standardize the OD value of the
experimental group. The experiment was repeated
for three times.

Scratch test

Cells were seeded onto 6-well plates at 5 x 10°
cells/well. On the second day, a 200 uL pipette tip
was used to vertically scratch along the margin of
a disinfected ruler. Tree parallel scratches were
made on each well. The cell proliferation-induced
effect was eliminated by adding serum-free med-
ium. Cells were photographed under a microscope
after 24 h and the migration rate was analyzed by
the Image ] software.

Transwell assay

Cells were cultured in serum-free medium for 24 h
and the cell concentration was adjusted to
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2.5 x 10° cells/mL. The Matrigel-coated upper
chambers of Transwell (Corning Glass Works, N.
Y., USA) were added with 200 pL cells and the
lower chambers were appended with 750 pL
DMEM complete medium for 24-h incubation at
37°C. Cells were normally fixed, stained with crys-
tal violet dye solution and observed and photo-
graphed under an inverted microscope.

Flow cytometry

Cell apoptosis was analyzed using AnnexinV-
fluoresceine isothiocyanate (FITC)/propidium
iodide (PI): cells were detached using ethylene
diamine tetraacetic acid-free trypsin, centrifuged
at 2,000 rpm for 5 min twice, suspended with
500 pL binding buffer, mixed with 5 puL
AnnexinV-FITC (BD Biosciences, NJ, USA) and
incubated with 5 uL PI without light exposure for
15 min. A flow cytometer was used for detection
in1 h.

Reverse transcription quantitative polymerase
chain reaction (RT-qPCR)

Total RNAs in tissues and cells were extracted
using Trizol method (Invitrogen) and reversely
transcribed based on instructions of reverse tran-
scription kits (TaKaRa Biotechnology Co., Ltd.,
Liaoning, China) to obtain complementary
DNAs. Gene amplification was conducted on the
Agilent MX3000P PCR amplifier (Agilent
Technologies, CA, USA). Primers (Table 1) were
synthesized by Invitrogen and data were analyzed
using 2722t method [20]. U6 was used as the
endogenous reference of miR-145-3p and glycer-
aldehyde phosphate dehydrogenase (GAPDH) was
used as the endogenous reference of KLF5,
DANCR, and ZEBI.

Western blot analysis

Total proteins in tissues and cells were extracted,
and then quantified and diluted according to
directions of bicinchoninic acid kits (Beyotime).
The proteins were boiled with 1 x loading buffer
at 100°C for 5 min and 100 pg proteins in each
group were conducted with gel electrophoresis
(100 g/L, Beyotime), and then transferred onto
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Table 1. Primer sequence.

Gene Primer sequence (5K-3KX)
miR-145-3p F: 5-GCCCTGTAGTGTTTCCTACTT-3'
R: 5'-GTGCAGGGTCCGAGGT-3’
ueé F: 5-CTCGCTTCGGCAGCACA-3'
R: 5'-AACGCTTCACGAATTTGCGT-3'
KLF5 F: 5'-TCATCAGCCAGGCCATTGAA-3’
R: 5-TGCTGTGCAAAGACAGGTTGTG-3'
DANCR F: 5'-GCCACTATGTAGAGGGTTTC-3’
R: 5'-ACCTGCGCTAAGAACTGAGG-3'
ZEB1 F: 5-GCACCTGAAGAGGACCAGAG-3'
R: 5-TGCATCTGGTGTTCCATTTT-3’
GAPDH F: 5-TCTCCCTCACAATTTCCATCCC-3’

R: 5'- TGTGGGTGCAGCGAAC-3'

Note: F, forward; R, reverse; miR-145-3p, microRNA-145-3p; KLF5, Kriippel-like factor 5; DANCR, differentiation antagonizing non-protein coding RNA;
ZEB1, zinc finger E-box binding homeobox 1; GAPDH, glyceraldehyde phosphate dehydrogenase.

polyvinylidene fluoride membranes. The mem-
branes were blocked with 50 g/L skim milk pow-
der-tris buffer solution with tween blocking buffer
for 1 h, incubated with primary antibodies ZEBI
(1:1,000, Proteintech Group Inc., Chicago, USA)
and GAPDH (1:1,000, Santa Cruz Biotechnology,
Inc, CA, USA) at 4°C overnight, and incubated
with relative secondary antibody (Proteintech) for
1 h. Subsequently, the membranes were developed
by enhanced chemiluminescent reagent (Pierce,
Rockford, IL, USA) and scanned by the
ChemiDoc'™ MP system (Bio-Rad Laboratories,
CA, USA).

Cytoplasm and nuclear fractionation

The fractionation of cytoplasm and nuclear in
HeLa and SiHa cells was performed based on
protocols of Life Technologies’ PARIS Kits
(Ambion Company, Austin, TX). Cells were
collected and resuspended in the cell fraction
buffer, and then were incubated on ice for
10 min and centrifuged with supernatant dis-
carded. The sediment was resuspended using
Nuclei EZ storage buffer and the expression
ratios of matched RNAs in cytoplasm or nuclei
were analyzed by RT-qPCR with GAPDH and
U6 as the controls [21,22].

Chromatin immunoprecipitation (ChIP) assay

ChIP assay was conducted according to instruc-
tions of EZ-ChIP™ Kkits (Millipore). Cells were
fixed with formalin and incubated with glycine

and lysed, and the chromatin was ultrasonicated
to 200-400 bp (Ouhor mechanical equipment Co.,
Ltd., Shanghai, China). Afterward, the fragments
were precipitated by KLF5 antibody (Abcam Inc.,
Cambridge, MA, USA). Immunoglobulin
G (Abcam) was used as the NC and RT-qPCR
was used for analysis [21,22].

Dual luciferase reporter gene assay

Detection of luciferase reporter gene was in line
with the description in a study [23]. The JASPAR
database (http://jaspar.genereg.net/) was used to
predict the binding site of KLF5 and DANCR
promoter. DANCR cyclin B1 (B1) and cyclin B2
segment  sequences were synthesized by
Invitrogen, and then inserted into pGL3-basic vec-
tor and co-transfected with KLF5 expression plas-
mid into 293T cells.

The 293T cells together with HeLa and SiHa
cells were seeded onto 24-well plates and
pmirGLO-DANCR-wild type (WT), pmirGLO-
DANCR-mutant type (MUT), pmirGLO-ZEBI1-
WT and pmirGLO-ZEB1-MUT were, respectively,
co-transfected with mimic-NC or miR-145-3p
mimic. The relative luciferase activity was deter-
mined by a dual luciferase reporter gene detection
system (Promega Corporation, Madison, WI,
USA) [21,22].

Subcutaneous tumorigenesis in nude mice

A total of 80 BALB/C nude mice aged 4 w and
obtained from Dashuo experimental animal
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Co., Ltd. (Sichuan, China) were fed on specific
pathogen-free laminar flow racks. The nude
mice were subcutaneously injected with HeLa
and SiHa cell suspension (2 x 10° cells/50 uL
serum) at the left armpit. The mice were
divided into four groups (n = 8): the sh-NC, sh-
DANCR, mimic NC, and miR-145-3p mimic
groups. The non-treated control group was
also set. The xenografts were harvested, mea-
sured, and weighed 5 weeks later.

Statistical analysis

All data analyses were conducted using SPSS
version 21.0 software (IBM Corp. Armonk,
NY, USA). The measurement data conforming
to the normal distribution were expressed as
mean + standard deviation. The wunpaired
t-test was performed for comparisons between
two groups, one-way analysis of variance
(ANOVA) was used for comparisons among
multiple groups and Tukey’s post hoc test was
used for pairwise comparisons after one-way
ANOVA. The classified variable was analyzed
by Fisher’s exact probabilistic method. P value
<0.05 was indicative of statistically significant
difference.
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Results

Relationship between DANCR expression and
clinicopathological characteristics of CC patients

CC patients were separated into the high expres-
sion group (n = 67) and the low expression group
(n = 45) based on the median of DANCR expres-
sion in CC tissues. According to the results of
analysis, the DANCR expression was not related
to age and differentiation (all P > 0.05), but asso-
ciated with histological type, tumor staging, infil-
trating muscle depth and lymphatic metastasis of
CC patients (all P < 0.05) (Table 2).

KLF5, DANCR, and ZEB1 are upregulated while
miR-145-3p is downregulated in CC tissues and
KLF5 activates DANCR in CC cells

Expression of KLF5, DANCR, miR-145-3p, and
ZEBI in CC and normal tissues was determined
and it came out that (Figure 1(a)) KLF5, DANCR,
and ZEB1 were upregulated while miR-145-3p was
downregulated in CC tissues compared with the
normal tissues (all P < 0.05). Meanwhile, the result
of Pearson test implied that KLF5 expression was
positively correlated with DANCR expression;
DANCR expression was negatively correlated

Table 2. Relationship between DANCR expression and clinicopathological characteristics of CC patients.

DANCR

Parameters High (n = 67) Low (n = 45) P
Age (years) 0.847
< 60 35 25

> 60 32 20

Histological type 0.015
Squamous carcinoma 59 35

Adenocarcinoma 8 15

Tumor staging 0.028
-1l 36 34

ln-v 31 1

Differentiation 0.356
Well 18 8

Moderate 35 24

Poor 14 14

Infiltrating muscle depth 0.013
<1/2 35 34

> 1/2 32 1

Lymphatic metastasis 0.007
No 37 36

Yes 30 9

Note: DANCR, differentiation antagonizing non-protein coding RNA; CC, cervical cancer. The classified variable was analyzed by Fisher's exact

probabilistic method.
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Figure 1. KLF5, DANCR and ZEB1 are upregulated while miR-145-3p is downregulated in CC tissues and KLF5 activates DANCR in CC
cells. (a) Expression of KLF5, DANCR, miR-145-3p and ZEB1 in CC and normal tissues was determined using RT-qPCR; (b) binding site
of KLF5 of DANCR promoter was predicted using JASPAR; (c) KLF5 binding DANCR promoter region was assessed using luciferase
report gene assay; (d) Relative enrichment of KLF5 in DANCR promoter was detected by ChIP assay; n = 112 in Fig. A, N = 3 in Fig. C,
D; the measurement data conforming to the normal distribution were expressed as mean =+ standard deviation and unpaired t-test
was performed for comparisons between two groups. B1, cyclin B1; B2, cyclin B2.

with miR-145-3p expression while positively cor-
related with ZEB1 expression; whereas miR-145-
3p expression was negatively correlated with ZEB1
expression (Supplementary Figure 1a).

The expressions of KLF5, DANCR, miR-145-3p,
and ZEB1 in CC cells Hela, Siha and normal
cervical epithelial cells H8 were detected by RT-
qPCR (Supplementary Figure 1B). The results
showed that KLF5, DANCR, and ZEB1 were sig-
nificantly enriched in CC cells, whereas miR-145-
3p was markedly reduced (all P < 0.05).

In consideration of the high expression level of
DANCR in CC tissues, we next aimed to reveal the
potential mechanisms of DANCR in CC. Evidence
has shown that the transcription factor is able to
activate the expression of IncRNA [22]. Thus, we
searched the JASPAR algorithm and two high-
score binding sites of KLF5 regulating diverse cel-
lular processes were found to distribute in
DANCR promoter (Figure 1(b)). For further con-
firmation, we synthesized pcDNA3.1,
pcDNA3.1-KLF5, si-NC, and si-KLF5. It was
found that pcDNA3.1-KLF5 transfection upregu-
lated KLF5 and  si-KLF5  transfection

downregulated KLF5 (both P < 0.05
Supplementary Figure 1C). Moreover, it was
observed in RT-qPCR that siRNA-mediated KLF5
silencing  significantly inhibited endogenous
DANCR expression, while pcDNA3.1-KLF5-
mediated KLF5 enrichment elevated DANCR
expression (both P < 0.05; Supplementary
Figure 1D).

Dual-luciferase reporter gene assay was performed
to further confirm the specific-binding sites, and we
found that si-KLF5 reduced the luciferase activity in
DANCR cyclin B1 area of CC cells (P < 0.05; Figure 1
(c)). Results of ChIP assay indicated that KLF5 was
able to bind to the Bl binding sites in DANCR
(Figure 1(d)). These findings suggested that KLF5
activated DANCR expression in CC cells.

Inhibited DANCR restricts CC cell malignant
behaviors

It was detected using RT-qPCR that in HeLa and
SiHa cells that the expression of DANCR was
decreased in the sh-DANCR group compared
with the sh-NC group (P < 0.05) (Figure 2(a)).
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Figure 2. Inhibited DANCR restricts CC cell malignant behaviors. (a) DANCR expression in HelLa and SiHa cells was determined using
RT-gPCR; (b) Colony formation ability of HeLa and SiHa cells was determined using colony formation assay; (c) Viability of HeLa and
SiHa cells was assessed using MTT assay; (d) Migration ability of HeLa and SiHa cells was assessed using scratch test; (e) Invasion
ability of Hela and SiHa cells was assessed using Transwell assay; (f) Apoptosis rate of Hela and SiHa cells was assessed using flow
cytometry; repetitions = 3; * P < 0.05 vs the sh-NC group; the measurement data conforming to the normal distribution were
expressed as mean + standard deviation, one-way ANOVA was used for comparisons among multiple groups and Tukey’s post hoc

test was used for pairwise comparisons after one-way ANOVA.

The viability of cells was assessed using colony
formation assay and MTT assay, the scratch test
and Transwell assay were used to determine the
cell migration and invasion, and the apoptosis was
detected using flow cytometry. The results
(Figure 2(b-f)) reflected that cell viability, migra-
tion, and invasion of Hela and SiHa cells were
suppressed, while the cell apoptosis was promoted
in the sh-DANCR group versus the sh-NC group
(all P < 0.05). These data revealed a suppressive
role of DANCR inhibition in CC cell growth.

Elevated miR-145-3p inhibits CC cell malignant
behaviors

Expression of miR-145-3p in HeLa and SiHa cells
was detected by RT-qPCR and we found that ver-
sus the mimic NC group, the miR-145-3p mimic
group had higher miR-145-3p expression
(P < 0.05) (Figure 3(a)).

The results of colony formation assay, MTT
assay, scratch test, Transwell assay and flow cyto-
metry suggested that (Figure 3(b-f)) reflected that
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Figure 3. Elevated miR-145-3p restricts CC cell malignant behaviors. (a) miR-145-3p expression in Hela and SiHa cells was
determined using RT-qPCR; (b) Colony formation ability of HeLa and SiHa cells was determined using colony formation assay; (c)
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assessed using flow cytometry; repetitions = 3; * P < 0.05 vs the mimic NC group; the measurement data conforming to the normal
distribution were expressed as mean + standard deviation and unpaired t-test was performed for comparisons between two groups.

cell viability, migration, and invasion of HeLa and
SiHa cells were suppressed, and the cell apoptosis
was facilitated in the miR-145-3p mimic group
compared with the mimic NC group (all
P < 0.05). The above findings indicated that miR-
145-3p served as a tumor suppressor during the
development of CC.

MiR-145-3p is targeted by DANCR and ZEB1 is
targeted by miR-145-3p

Accumulating evidence has indicated that
IncRNAs serve as ceRNAs to interact with
miRNAs, thus affecting miRNA expression in
cytoplasm [24,25]. We extracted RNA in cyto-
plasm and nuclei to assess the expression of
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DANCR and it was discovered that DANCR
mainly expressed in cytoplasm (Figure 4(a)). The
complementary-binding sites of DANCR and
miR-145-3p, and miR-145-3p and ZEB1 were pre-
dicted by a bioinformatic tool (https://cm.jeffer
son.edu/rna22/Precomputed/) (Figure 4(b)). It
was confirmed by dual-luciferase reporter gene
assay that miR-145-3p was a target gene of
DANCR and ZEB1 was a target gene of miR-
145-3p (Figure 4(c,d)).

Outcomes of RT-qPCR and Western blot ana-
lysis implied that (Figure 4(e-g)) in HeLa and
SiHa cells, the sh-DANCR group had elevated
expression of miR-145-3p compared with the sh-

NC group (all P < 0.05); miR-145-3p mimic group
had down-regulated ZEB1 expression versus the
mimic NC group (both P < 0.05).

These results implied that DANCR targets miR-
145-3p, which interacts with ZEB1. DANCR inhi-
bition promotes miR-145-3p expression to inhibit
ZEB1 expression.

DANCR/miR-145-3p/ZEB1 axis affects CC
progression

Results of RT-qPCR and Western blot analysis
indicated that in HeLa and SiHa cells, ZEB1 was
upregulated in the sh-DANCR + miR-145-3p
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Figure 5. MiR-145-3p inhibition reverses the role of DANCR silencing in CC cells. (a) ZEB1 expression in Hela and SiHa cells was
determined using RT-gPCR and Western blot analysis; (b) Colony formation ability of HeLa and SiHa cells was determined using
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performed for comparisons between two groups.

inhibitor group contrasted to the sh-DANCR +
inhibitor NC group (P < 0.05) (Figure 5(a)).

The viability, colony formation ability, migra-
tion, invasion, and apoptosis of HelLa and SiHa
cells were determined and we found that
(Figure 5(b-f)) compared with the sh-DANCR
+ inhibitor NC group, the viability, colony for-
mation ability, migration, and invasion were
enhanced while apoptosis was inhibited in cells
of the sh-DANCR + miR-145-3p inhibitor group
(all P < 0.05).

The above data indicated that the tumor sup-
pressor role of silenced DANCR in CC is reversed

by miR-145-3p inhibition, and the DANCR/miR-
145-3p/ZEBI1 axis affects CC progression.

Silenced DANCR or elevated miR-145-3p

decelerates CC cell growth in vivo
The tumor growth was observed through nude-

mouse transplanted tumor models and the effects
of DANCR and miR-145-3p on HeLa and SiHa
cells in nude mice were evaluated. Five weeks after
the subcutaneous tumorigenesis, the diameter and
weight of xenografts were measured. The out-
comes indicated that (Figure 6(a-f)) relative to
the sh-NC or mimic NC group, the diameter,
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and weight of xenografts were both reduced in the
sh-DANCR or miR-145-3p mimic (all P < 0.05).
Thus, we concluded that silenced DANCR or ele-
vated miR-145-3p decelerated CC cell growth
in vivo.

Discussion

CC is the fourth commonly diagnosed cancer and
the fourth leading cause of cancer-related deaths in
female [26]. The present research focused on the
role of IncRNA DANCR sponging miR-145-3p in
the progression of CC by regulating ZEB1. Results
in our study indicated that KLF5-activated DANCR
was capable of downregulating miR-145-3p to pro-
mote progression of CC by elevating ZEBI.
DANCR expression in CC tissues and adjacent
normal tissues was assessed and we have found that
DANCR expression was higher in CC tissues. As
recently reported, DANCR is broadly enriched in
CC tissues and cells [27], and it has also been identi-
fied that DANCR is highly expressed in endometrial
carcinoma tissues in relation to the normal control
tissues [7]. Based on the dysregulation of DANCR in
CC, we investigated the relationship between DANCR
expression and clinicopathological characteristics of
CC patients. The data indicated that DANCR expres-
sion was associated with tumor staging, infiltrating
muscle depth and lymphatic metastasis of CC
patients. Similarly, Chen et al. have found that high
DANCR expression is associated with lymph node
metastasis and TNM stage of patients with pancreatic
ductal adenocarcinoma [28]. Furthermore, in gastric
cancer, DANCR expression is related to TNM stage,
lymphatic metastasis, and invasion depth [29]. The
CC cells were treated with sh-DANCR to observe the
role of DANCR knockdown in biological processes of
CC cells. It was found that inhibition of DANCR
suppressed viability, migration and invasion, and pro-
moted apoptosis of CC cells. In accordance with this
finding, a literature has revealed that DANCR silen-
cing inhibits proliferation, migration, and invasion of
glioma cells [5], and it has also been verified that
downregulation of DANCR restrains
proliferation, migration and invasion, and facilitates
apoptosis of osteosarcoma cells [30]. Moreover, the
inhibitive role of silenced DANCR in CC cell growth

in vivo has been uncovered in our study as well.
Consistently, Wang et al. have found that DANCR
silencing decelerates cholangiocarcinoma cell growth
in vivo [31]. In addition, IncRNAs are known to act as
ceRNAs to sponge miRNAs, thus influencing the
expression of target mRNAs [24]. DANCR has been
demonstrated to sponge miR-214-5p in pancreatic
cancer [32] and miR-216-5p in hepatocellular carci-
noma [33]. However, the role of DANCR sponging
miR-145-3p in CC has not been studied yet.

MiR-145-3p expression in CC tissues and adja-
cent normal tissues was assessed as well, and it was
found that the CC tissues had lower miR-145-3p
expression than normal tissues. In line with our
finding, Matsushita et al. have elucidated that
miR-145-3p is lowly expressed in bladder cancer
tissues [14], and this downregulation has been
identified in prostate cancer tissues as well [15].
As an anti-tumor miRNA in CC, miR-145-3p was
found to constrain viability, migration and inva-
sion, and facilitate apoptosis of CC cells in our
study. Similarly, it has been validated that miR-
145-3p suppresses proliferation and promotes
apoptosis of osteosarcoma cells [34]. The tumor
repressor role of miR-145-3p has also been clar-
ified in a research that miR-145-3p is able to
restrict malignant behaviors of tumor cells [35].
In addition, we have found that the transfection of
miR-145-3p inhibitor reversed the effect of
DANCR silencing on CC cells. A literature has
revealed that reduction of miR-145-5p abolished
IncRNA SNHGI inhibition-induced suppression
of viability, proliferation, migration, and invasion
in non-small cell lung cancer cells [36]. Besides,
miRNAs could negatively regulate target gene
expression [13], and we discovered that ZEBI1
was a target gene of miR-145-3p and was elevated
in CC tissues. Although miR-145 has been
reported to target ZEB1 in pancreatic cancer
[37], the target relationship between miR-145-3p
and ZEB1 in CC remains unknown. Moreover, the
frequent overexpression of ZEB1 in CC tissues has
been studied [18,19].

Aim of this study is to investigate the role of
KLF5/DANCR/miR-145-3p/ZEB1 axis in the
development of CC, and we found that the inhibi-
tion of DANCR elevated miR-145-3p to suppress



malignant behaviors of CC cells by reducing ZEB1,
thus decelerating CC development. Findings in
our research may be help for exploring molecular
mechanisms in CC.
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