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Abstract: Background: Dysregulation of miR-130b expression is associated with the development

of different cancers. However, the description of the biological roles of miR-130b in the growth

and survival of cervical cancer cells is limited.

Methods: The miR-130b levels in cervical cancer cells during different stages of growth were deter-

mined using reverse transcription-quantitative PCR. The methylation level of DNA sequences up-

stream of the miR-130b gene was measured using an SYBR Green-based quantitative methyla-

tion-specific PCR. Reverse transcription-quantitative PCR, Western blotting, and fluorescence re-

port assays were used to identify the miR-130b-targeted gene. Cell counting kit-8 and comet assays

were used to determine cell viability and DNA damage levels in cells, respectively. EdU Apopl-

lo488 in vitro Flow Cytometry kit, propidium iodide staining, anti-γ-H2AX antibody staining, and

Annexin-V apoptosis kit were subsequently used to determine DNA synthesis rates, cell cycle dis-

tribution, count of DNA double-strand breaks, and levels of apoptotic cells.

Results: miR-130b levels increased at exponential phases of the growth of cervical cancer cells but

reduced at stationary phases. The methylation of a prominent CpG island near the transcript start

site suppressed the miR-130b gene expression. MiR-130b increased cell viability, promoted both

DNA synthesis and G1 to S phase transition of the cells at exponential phases, but reduced cell via-

bility accompanied by accumulations of DNA breaks and augmentations in apoptosis rates of the

cells in stationary phases by targeting cyclin-dependent kinase inhibitor 1A mRNA.

Conclusion: miR-130b promoted the growth of cervical cancer cells during the exponential phase,

whereas it impaired the survival of cells during stationary phases.

Keywords: Dynamics, miR-130b, expression level changes, cervical cancer cell, growth, survival.

1. INTRODUCTION
Cervical cancer is the third most common type of cancer

threatening  women’s  health  worldwide,  with  an  estimated
596,800 new cases and 311,400 deaths in 2018 [1]. Cervical
cancer is a carcinoma originating from the cervix, and hu-
man papillomavirus infection has been confirmed to be a ma-
jor risk factor for the development of this cancer. Multiple
genotypes of the human papillomavirus have been reported
to  be  involved  in  the  development  of  cervical  cancer  [2].
Screening  programs, in  combination with organized  vacci-
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nation, have decreased the incidence of cervical cancer in de-
veloped countries, but a large number of cases are still re-
ported in undeveloped areas due to the scarcity of resources
and infrastructure there [3].

MicroRNAs (miRNAs/miRs) are a type of short non-cod-
ing RNA of 19-22 nucleotides in length. The genes encod-
ing miRNAs can be located at both intergenic and intronic
regions of the genome and are transcribed in an RNA poly-
merase II-dependent fashion. A nascent transcript known as
a primary miRNA, which is characterized by a hairpin RNA
structure,  is  recognized  by  Drosha,  an  RNase-III-like  en-
zyme,  and  its  cofactor  DGCR8,  and  then  processed  to  a
60-80 nucleotides-long precursor RNA. Subsequently, a pre-
cursor RNA is exported from the nucleus to the cytoplasm
and cleaved by Dicer to release a miRNA duplex which con-

1873-5576/22 © 2022  Bentham Science Publishers

This is an Open Access article  published 
under CC BY 4.0  
https://creativecommons.org/licenses/
by/4.0/legalcode 

http://crossmark.crossref.org/dialog/?doi=10.2174/1568009622666220111090715&domain=pdf
https://creativecommons.org/licenses/by/4.0/legalcode


154   Current Cancer Drug Targets, 2022, Vol. 22, No. 2 Wang et al.

tains a guide and a passage strand. Next, a miRNA duplex is
integrated  into  the  appropriate  effector  complex,  where  it
performs its biological function [4]. miRNAs participate in
various types of cellular processes as critical regulators. The
complex  networks  formed  by  miRNAs  affect  various  cell
processes, such as differentiation, development, and homeos-
tasis.

Dysregulation of miRNA expression is closely associat-
ed with the development of several human diseases, includ-
ing cancer [5]. The gene encoding miR-130b is located on
chromosome 22 at the band 22q11.21 in human beings (Ho-
mo sapiens miR-130b gene locus, NC_000022). Significant
differences in miR-130b expression levels between cancer
and normal cells were widely observed in various types of
tissue. Dysregulated expression of miR-130b was shown to
have a notable effect on the development of cancer and cell
phenotypes  by  affecting  the  expression  levels  of  its  target
genes.  miR-130b-3p  containing  extracellular  vesicles  pro-
mote cell proliferation, migration, and invasion of lung can-
cer cells but inhibit their apoptosis by suppressing the gene
expression  of  forkhead  box  O3  [6].  A  decrease  in  the
miR-130b levels was observed in both prostate cancer tis-
sues and cell lines and was correlated with an increase in pro-
liferation, invasion, and tubule formation of human umbili-
cal vein endothelial cells.

Conversely, overexpression of miR-130b prevented pros-
tate  cancer  angiogenesis  in  vitro  and in  vivo  by  inhibiting
the gene expression of tumor necrosis factor-α (TNF-α) [7].
The up-regulated expression of miR-130b-3p promoted an-
giogenesis by decreasing the gene expression levels of home-
obox A5 in hepatocellular carcinoma [8]. miR-130b-3p in ex-
osomes  serves  a  negative  role  in  tumorigenesis  of  medul-
loblastoma  by  targeting  the  gene  encoding  serine/thre-
onine-protein kinase1, which is involved in the p53 signal-
ing pathways [9].

Several other studies have shown that the expression of
miR-130b is dysregulated in different cancer cells; however,
the description of the biological functions of this miR-130 b
in the growth and survival of cervical cancer cells is limited.
Recently, the levels of miR-130b-5p were shown to be down-
regulated in cervical cancer tissues compared with benign le-
sions,  and  overexpression  of  miR-130b-5p  suppressed
colony formation and proliferation of cervical cancer cells
but promoted their apoptosis [10]. In our previous study, it
was  also  shown  that  gene  expression  levels  of  miR-130b
were increased by TNF-α, and this protected cervical cancer
cells against the toxic effects of TNF-α [11]. Herein, the ex-
pression levels of miR-130b in tissues, including normal cer-
vical, non-cancerous precursors of cancer tissues and cancer
tissues, were determined and compared in order to investi-
gate whether miR-130b expression was dysregulated during
the development of cervical cancer. As HeLa and Siha cells
are representative adenocarcinomas and squamous cell carci-
noma  cell  lines,  respectively,  both  cell  lines  were  used  to
study the functions of miR-130b in cancer cells in the pre-
sent study. miR-130b levels in in vitro culture models of can-
cer cells were monitored in order to determine whether they

were altered during the growth of tumor cells. The methyla-
tion levels  of  CpG islands  close  to  the  transcript  start  site
(TSS) of the primary transcript of miR-130b (pri-miR-130b)
were measured in cells at different growth phases, and the
impact of methylation inhibitors on the expression levels of
miR-130b  genes  was  determined  to  examine  whether  the
miR-130b gene was epigenetically expressed in cancer cells.
The biological effects of miR-130b on cell proliferation and
survival, as well as their underlying mechanisms, were ex-
plored in gain-and loss-of-function assays.

2. MATERIALS AND METHODS

2.1. Cell Culture and Plotting of Growth Curve
HeLa and Siha cells were obtained from the Key Labora-

tory  for  Critical  Care  Medicine  of  the  Ministry  of  Health
and  cultured  in  RPMI-1640  medium  supplemented  with
10% (vol/vol) fetal bovine serum (HyClone, Cytiva) and 1%
penicillin-streptomycin (vol/vol) (Gibco; Thermo Fisher Sci-
entific,  Inc.),  and  were  cultured  in  a  humidified  incubator

with 5% CO2 at 37˚C. In total, ~1x10
4
 cells/well were seed-

ed in 6-well plates in triplicate and grown in a medium that
was not changed over time. Both adherent and non-adherent
cells  were  collected  over  the  desired  time  periods.  Cell
counts were performed on a hemocytometer (Beijing Solar-
bio Science & Technology Co., Ltd). The average number
of cells recorded at set time points in three independent ex-
periments was used to plot the growth curves of the cancer
cells.  The growth phases of  cells  were divided into 3 sec-
tions: lag, exponential, and stationary phases. The end of the
lag phase was defined by the intersection between the nearly
constant cell count line at the beginning of the curve and the
extrapolated exponential increase in cell count, whereas the
end of the exponential phase was defined by the intersection
between the increasing cell count line and the nearly cons-
tant cell number line at the end of the curve.

2.2.  Analysis  of  miRNA Expression  in  Previously  Pub-
lished Datasets

The following datasets were retrieved from the Gene Ex-
pression  Omnibus  (GEO):  GSE86100,  GSE55478,
GSE30656, GSE51993, and GSE19611, and were analyzed
using  the  GEO2R  online  tool  (ncbi.nlm.nih.gov/geo/-
geo2r/?acc) with the default parameters, as described previ-
ously [12].

2.3. RNA Extraction
An RNA Isolation  kit  (Thermo Fisher  Scientific,  Inc.)

was used for RNA extraction, according to the manufactur-
er’s protocol. RNA concentrations were measured and deter-
mined using a NanoDrop 3300 fluorospectrometer (Thermo
Fisher Scientific, Inc.).

2.4. Construction of Vectors
A specific primer named SCNRT was used to synthesize

the  cDNA  encoding  cyclin-dependent  kinase  inhibitor  1A
(CDKN1A). The amplification of the coding domain of the
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CDKN1A gene following the Kozak sequence was achieved
using two pairs of primers. One pair consisted of CNF1 and
CNR1, and the other of CNF2 and CNR2. The PCR prod-
ucts  were  purified  and  cut  using  restriction  enzymes  and
then inserted into  the KpnI-XhoI  cloning sites  in  the  pcD-
NA3.1 control vectors to form the derived vector encoding
CDKN1A proteins pcDNA3.1: CDKN1A. The genomic re-
gion encoding a part of the 3’untranslated region (UTR) of
CDKN1A mRNA containing the putative miR-130b targeted
site and a mutant variant encoding an RNA lacking the tar-
geted sites were imitated using a pair of synthesized comple-
mentary DNA strands (cnutr-top and cnutr-bottom) and their
derivatives (cnmut-top and cnmut-bottom), respectively. A
pair  of  DNA strands  [small-interfering  RNA (si)-P21-Top
and  si-P21-Bottom]  that  were  partially  complementary  to
each other were synthesized to target the CDKN1A gene for
RNA  interference.  Then  the  annealed  DNAs  of  double
strands  were  ligated  into  the  BamHI-XhoI  cloning  sites
downstream of the sequence encoding green fluorescent pro-
tein (GFP) in the pEGFP vector to construct a pEGFP: wt-
utr  and  pEGFP:  mut-utr  vector,  and  into  the  BamHI  and

HindIII restriction sites to construct a pSilencer: CDKN1A
vector. The sequences of oligonucleotides used are listed in
Table 1.

2.5. Reverse Transcription-quantitative (RT-q)PCR
The cellular levels of miR-130b and their internal con-

trols, U6 small RNA, were quantified using qPCR. cDNAs
were  synthesized  using  the  miRT and  U6spRT primers  in
the RT assays. The levels of CDKN1A mRNA and the inter-
nal control,  β-actin,  were also measured using semi-qPCR
and the SCNRT and Oligod(T)18 primers RT reactions. The

amplification of cDNAs and subsequent staining of ampli-
cons with SYBR fluorescence dye were achieved using a TB
Green Premix Ex Taq kit (Takara Bio, Inc.). Measurements
of stained amplicons were performed on a Roche Light cy-
cler 480 detection system. The relative expression levels of
miR-130b and CDKN1A mRNAs were determined using the

2
-ΔΔCq

 method [13]. The sequences of primers used in the ex-
periments are provided in Table 2. The data are presented in
Supplementary Tables 1  to 4,  which are provided as proof
that a 2-ΔΔCq method was used in the q PCR experiments.

Table 1. Primers used for vector construction.

Name Sequence
SCNRT 5’-GGCGGATTAGGGCT-3’

CNF1 5’- CCGCCACCATGGCAGAACCGGCT-3’

CNR1 5’-TCCTGGCTCGTCATTAGGGCTTCCTCTTGG-3’

CNF2 5’- TGGGGTACC
a
GCCGCCACCATGG-3’

CNR2 5’-CCGCTCGAG
a
CCCTGGCTCGTCATTAG-3’

cnutr-top 5’-GATCCCCCAGTTCATTGCAC
b
TTTGATTAGAC-3’

cnutr-bottom 5’-TCGAGTCTAATCAAAGTGCAATGAACTGGGG-3’

cnmut-top 5’-GATCCCCCAGTTCATAGGAG
b
TTTGATTAGAC-3’

cnmut-bottom 5’-TCGAGTCTAATCAAACTCCTATGAACTGGGG-3’

si-P21-Top 5’-GATCCGACCATGTGGACCTGTCAC
c
TTCAAGAGAGTGACAGGTCCACATGGTCTTTTTTGGAAA-3’

si-P21-Bottom 5’-AGCTTTTCCAAAAAAGACCATGTGGACCTGTCACTCTCTTGAAGTGACAGGTCCACATGGTC
c
G-3’

Note:a.
The nucleotide sequence above solid lines express the DNA motifs recognized by restriction enzymes. 

b.
The nucleotide sequence above dotted lines presented the motif encod-

ing the region of CDKN1A mRNA complementary to the seed sequence of miR-130b and its derivative. 
c.
The nucleotide sequence above dash lines indicate the region encoding the

small interfering RNA targeting CDKN1A mRNA. CDKN1A, cyclin-dependent kinase inhibitor 1A.

Table 2. Primers used for semiquantitative real-time PCR.

Name Sequence
OligodT18

a
5’-TTTTTTTTTTTTTTTTTT-3’

miRT
b 5’-GTCGTATCCAGTGCAGGGTCCGAGGTATTCTGCACTGGATACGACATGCCC-3’

U6spRT
c 5’-TCACGAATTTGCGTGT-3’

P21retF
d 5’-CCCGTGAGCGATGGAACTT-3’

P21retR
d 5’-CCCGTGGGAAGGTAGAGCTT-3’

bacRetF
e 5’-AGTTGCGTTACACCCTTTCTTG-3’

bacRetR
e 5’-TGTCACCTTCACCGTTCCAGT-3’

miRU
f 5’-AGTGCAGGGTCCGAGGTAT-3’

miRD
f 5’-TGCAATGATGAAAGGGCAT-3’

U6F
g 5’-CGCTTCGGCAGCACAT-3’

U6R
g 5’-ATTTGCGTGTCATCCTTGC-3’

Note:a-c.
The primers were in turn used to initiate the synthesis of cDNAs encoding CDKN1A and β-actin mRNAs, miR-130bs and parts of U6 small RNAs in reverse transcription as-

says. 
d-g.

The primers were sequentially used in pairs to amplify cDNAs in PCR assays. CDKN1A, cyclin-dependent kinase inhibitor 1A.
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2.6.  Determination  of  Methylation  Levels  of  DNA  Se-
quences Upstream of the miR-130b Gene

The  TSS  of  pri-miR-130b  was  found  using  the  FAN-
TOM5 web tool and shown on a UCSC (hg38) genome view-
er  (genome.ucsc.edu/cgi-bin/hgTracks?db  =hg38&lastVirt-
ModeType=default&lastVirtModeExtraState  =&virtMode-
Type=default&virtMode=0&nonVirtPosition=&position=
chr22%3A21565713%2D21569713&hgsid=1120218429_Q
ZUMREbGdSxow5PziSeV6J0NtJad), whereas a CpG island
was identified close to the TSS using the MethPrimer soft-
ware  (urogene.org/cgi-bin/methprimer2/MethPrimer.cgi).
Genomic DNAs were extracted using MiniBEST Universal
Genomic DNA Extraction kit, following the manufacturer’s
instructions (Takara Bio, Inc.). The extracted DNA was treat-
ed  with  sodium bisulfite  using  the  EZ  DNA Methylation-
Gold kit (Zymo Research Corp.). Two sets of PCR primers,
UMet-F/R and Met-F/R, were used to amplify the unmethy-
lated and methylated DNA sequences, and their sequences
are listed in Table 3.  The relative levels of the methylated
DNA  regions  near  the  TSS  of  pri-miR-130b  were  deter-
mined  using  an  SYBR  Green-based  quantitative  methyla-
tion-specific  PCR,  as  described  [14].  5-Aza-2’-deoxycyti-
dine  (MedChemExpress)  at  a  final  concentration  of  5  μM
was added to the media to treat target cells 24 h prior to the
extraction of the cervical cancer cell genome.

Table 3. Primers used to determine DNA methylation levels.

Name Sequence
MetF 5’-TTATAGTAGGTTTGGCGGGG-3’ (sense primer)

MetR 5’-CAAAAACGCTTAAAAACCCG-3’ (reverse primer)

UMetF 5’-TGTTTATAGTAGGTTTGGTGGGG-3’ (sense primer)

UMetR 5’-AACAAAAACACTTAAAAACCCAATA-3’ (reverse primer)

2.7. Transfection Assays
Cervical  cancer  cells  were  transfected  with  exogenous

nucleotides  using  RNA and  DNA X-fect  transfection  rea-
gents 96 h after cells were seeded, following the manufactur-
er’s instructions (Takara Bio, Inc.). In brief, exogenous nu-
cleotides were firstly mixed with X-fect RNA transfection
polymer that was dissolved in X-fect Reaction Buffer by ver-
texing, and then the samples were incubated at room temper-
ature to allow nanoparticle complexes to form. Subsequent-
ly, the complex solution was added to the serum-free medi-
um. The target cells were incubated in the media containing
complex solution over a 4-h time period. The depletion of
the transfection complex was achieved by aspirating the me-
dia  from  the  cells,  followed  by  the  addition  of  the  media
without a complex solution to incubate target cells over a de-
sired time course. Of note, the serum-free medium contain-
ing transfection complex was replaced by the fresh medium
at the end of the assays to determine the impact of miR-130b
on cell proliferation, and by the original medium in cells that
were incubated over a 96-h period, to identify the effects of
miR-130b on cell survival. Cervical cancer cells were classi-
fied into different groups based on the types of transfected
nucleotides: i) miR-130b (transfected with miR-130b mim-
ic); ii) negative control (NC; transfected with negative con-

trol  of  miR-130b  mimic);  iii)  inhibitor  (transfected  with
miR-130b inhibitor); iv) inhibitor NC (transfected with the
control  of  miR-130b  inhibitor);  v)  pSilencer:  CDKN1A
(transfected with the vector knocking down the gene expres-
sion of the CDKN1A gene); vi) pSilencer (transfected with
the pSilencer control vector); vii) miR-130b + pcDNA3.1:
CDKN1A (transfected with miR-130b mimic and the vector
overexpressing  CDKN1A  gene);  viii)  miR-130b  +  pcD-
NA3.1  (transfected  with  miR-130b  mimic  and  the  pcD-
NA3.1 control vector) ; ix) miR-130b + pEGFP (transfected
with  miR-130b  mimic  and  the  pEGFP  control  vector);  x)
miR-130b  +  pEGFP:  wtUTR  (transfected  with  miR-130b
mimic and the pEGFP vector containing miR-130b-targeted
site);  and  xi)  miR-130b  +  pEGFP:  mutUTR  (transfected
with miR-130b-3p mimic and the pEGFP vector containing
the mutant of miR-130b-targeted site). Chemically synthe-
sized  miR-130b  mimics  and  their  negative  controls  were
purchased from Shanghai GenePharma Co., Ltd., and the se-
quences of both miR-130b mimics and their negative con-
trols are presented in Table 4.

Table 4. RNA oligonucleotides used in the transfection trials.

Name Sequence

miR-130b mimics
5’-CAGUGCAAUGAUGAAAGGGCAU-3’

a

5’-GCCCUUUCAUCAUUGCACUGUU-3’
b

NC
miR-130b inhibitor

inhibitor NC

5’-UUCUCCGAACGUGUCACGUUUU-3’
a

5’-ACGUGACACGUUCGGAGAAUUU-3’
b

5’-AUGCCCUUUCAUCAUUGCACUG-3’
5’-CAGUACUUUUGUGUAGUACAA-3’

Note:a-b.
The nucleotide sequence represent guide and passenger strands of miR-130b

mimics and their controls. NC, negative control.

2.8. Bioinformatics Analysis of miR-130b and CDKN1A
mRNA Sequence

Analysis  of  miR-130b  (Homo  sapiens  microRNA
miR-130b; AJ550406) and CDKN1A mRNA sequence (Ho-
mo  sapiens  CDKN1A  mRNA;  NM_000389.5)  was  per-
formed using three distinct bioinformatics algorithms: Tar-
getScan  (targetscan.org/vert_72/),  miRNA.org  (micror-
na.org/microrna/home.do) and DIANA tools (diana.imis.a-
thena-innovation.gr/DianaTools/index.php?r=tarbase/index).

2.9. Fluorescence Analysis
Following  seeding  on  a  24-well  plate  at  a  density  of

2.5x10
4
 cells  per  well,  cells  were  incubated overnight  and

transfected the following day. The proteins were extracted
from cells 48 h after transfection using a mammalian cell ex-
traction  kit,  following  the  manufacturer’s  instructions
(APExBIO). The obtained supernatants containing fluores-
cence proteins were transferred into the wells of a 96-well
plate. The intensities of fluorescence of GFP and red fluores-
cent protein were measured using an EnSpire™ Multilabel
Reader (PerkinElmer, Inc.). Each group consisted of three in-
dependent assays.

2.10. Cell Counting Kit-8 (CCK-8) Assays
Cells were seeded into a 96-well plate at a density of 100

cells per well. The transfections were performed 96 h after
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cells were seeded. Serum-free media containing transfection
complex was replaced by fresh or original  medium, as re-
quired.  The  cell  culture  was  supplemented  with  a  CCK-8
commercial stock solution (Wuhan Boster Biological Tech-
nology,  Ltd.)  at  the  appropriate  time  points,  and  the  cells
were incubated at 37°C for 1 h. The optical density was mea-
sured  at  450  nm  on  an  EnSpire™  Multilabel  Reader
(PerkinElmer,  Inc.),  with  three  independent  assays  per
group.

2.11. Determination of Cell Cycle Distribution
Cell  cycle  distribution  assays  were  performed  as  fol-

lows: 1x10
6
 cells were incubated in 70% ethanol at 4˚C for 4

h and then incubated in staining buffer including propidium
iodide (PI) in the dark at room temperature for >30 min. The
distribution of cell cycle phases was analyzed and presented

using ModFit LTTM
 Version 4.0 (Verity Software House In-

c.) following flow cytometry analysis using a FACSCalibur
system (BD Biosciences).

2.12. Measurement of DNA Synthesis Rates

HeLa  and  Siha  cells,  at  a  density  of  2x10
5
 cells/well,

were  seeded  and  cultured  in  the  6-well  plates  overnight.
Transfections  were  performed  the  following  day.  Target
cells were cultured over the desired time periods. The DNA
synthesis rates were measured using an EdU Apollo488 In
Vitro Flow Cytometry kit, following the manufacturer’s in-
structions (Guangzhou RiboBio, Co., Ltd.).

2.13. Western Blotting
Western blotting was performed as previously described

[11]. Briefly, RIPA buffer (Beijing Solarbio Science & Tech-
nology Co., Ltd.) was used to lyse cancer cells. A total of 30
μg protein  was  mixed with  loading buffer,  loaded in  each
lane on an SDS-gel, and resolved using SDS/PAGE. After
proteins  were  transferred  to  PVDF  membranes,  the  mem-
brane was blocked in TBS-Tween (TBST) buffer containing
non-fat  milk.  Next,  the  membranes  were  incubated  with  a
rabbit  anti-human  polyclonal  antibody  against  CDKN1A
(1:500;  ProteinTech  Group,  Inc.)  or  an  anti-GADPH anti-
body (1:200; Tianjin SaierBio Technology, Inc.). The anti-
bodies  that  were  not  bound  to  their  target  proteins  were
washed  off  from  the  membrane  using  TBST  buffer.  The
membrane was then incubated in fresh blocking buffer with
a horseradish peroxidase-conjugated goat anti-rabbit polyclo-
nal  antibody  IgG  (H+L)  antibody  (1:2,000;  ProteinTech
Group, Inc.) and washed with TBST buffer. Signals were vi-
sualized using an enhanced chemiluminescence detection kit
(Wuhan Boster Biological Technology, Ltd.), and the rela-
tive  levels  of  CDKN1A  protein  were  analyzed  and  deter-
mined using AlphaView SA software (ProteinSimple).

2.14. Comet Assays
Comet  assays  were  performed  as  described  previously

[15]. Briefly, ~8x10
3
 cells were used alongside agarose at a

low melting temperature. Cells were placed on the surface
of a slide pre-coated with agarose. Staining of the slides was

performed in  a  solution  containing  propidium iodide  after
electrophoresis, followed by rinsing in distilled water. The
DNA olive tail moments (OTMs) in 50 comet images cap-
tured from each slide were determined using the Comet As-
say  Software  Project  imaging  software  as  previously  de-
scribed [16].

2.15. Measurement of γ-H2AX Levels
γ-H2AX levels were determined as previously described

[17]. Briefly, target cells were fixed in 70% ethanol over a
4-h period at 4˚C, following fixing in formaldehyde solution
on ice. Cells were washed with PBS buffer and 1% BSA so-
lution and then immersed in 100 μl 1% BSA reagent. The
primary antibody (1:100; Abcam) against γ-H2AX (phospho

S139)  protein  and  the  Alexa  Fluor
®

 488-conjugated  se-
condary antibody (1:100; Abcam) were used for the detec-
tion of γ-H2AX protein expression. The fluorescence in the
dye was excited and detected on a BD Accuri C6 Plus Sys-
tem (BD Biosciences).

2.16. Measurement of Apoptotic Rates
Phosphatidyl-serine  on  the  surface  of  cell  membranes

and intracellular DNAs was recognized and labelled using
an Annexin-V apoptosis kit (BD Biosciences). The percent-
ages of apoptotic cells were determined on a BD Accuri C6
Plus System (BD Biosciences).

2.17. Statistical Analysis
Analysis of the experimental data was performed using

GraphPad Prism version 5.0 (GraphPad Software, Inc.). Nu-
merical data are presented as the mean ± the standard error
(S.E.)  of  the  mean.  Where  relative  values  were  used,  the
means  of  the  data  obtained  from  the  control  groups  were
defined as 1 or  100%, and the data from the experimental
groups  were  normalized  against  the  control.  A  Student’s
two-tailed unpaired or paired T-test was used to compare dif-
ferences  between  two  groups.  A  one-way  analysis  of
variance (ANOVA), followed by a post hoc Dunnett’s test
or Bonferroni’s corrections, was used to compare the differ-
ences between multiple groups. P <0.05 was considered to
indicate a statistically significant difference.

3. RESULTS

3.1.  Dynamic  Changes  in  miR-130b  Expression  Levels
are  Associated  with  the  Alterations  in  the  Methylation
Levels of a CpG Island Close to the TSS of pri-miR-130b

It  was  shown  that  the  expression  levels  of  miR-130b
were increased in both squamous cell carcinoma and adeno-
carcinoma  tissues  when  compared  with  the  corresponding
levels in normal controls. However, there was no significant
difference in the miR-130b levels between the cervical in-
traepithelial neoplasia tissues and the normal samples (Table
5). Following the conversion of miR-130b absolute counts
into  relative  values,  in  which  the  average  levels  of
miR-130b expressed in normal tissues acted as the reference
points, the analysis of the relative  values  derived  from  the
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Table 5. Expression levels of miR-130b deposited in databases associated with CIN and cervical carcinoma.

Repository Type of Tissue Used (Log2) Fold Change P-value Dysregulation

GSE86100 SCC vs. Normal 2.067 0.023 Up

GSE55478 ADC vs. Normal 1.802 0.038 Up

GSE30656 SCC vs. Normal 0.483 0.020 Up

- ADC vs. Normal 0.356 0.034 Up

- CIN II-III stage vs. Normal 0.130 0.172 NS
d

GSE51993 CIN I stage vs. Normal -1.563 0.793 NS

- CIN III stage vs. Normal -0.128 0.973 NS

GSE19611 LSIL vs. Normal -0.065 0.465 NS

- HSIL vs. Normal -0.133 0.926 NS

Abbreviations: SSC, squamous cell carcinoma; ADC, adenocarcinoma; CIN, cervical intraepithelial neoplasia; NS, no significance; LSIL, low-grade intraepithelial lesions; HSIL,
high-grade intraepithelial lesions.

GSE86100  and  GSE30565  datasets  showed  that  the

miR-130b  levels  in  squamous  cell  carcinoma  tissues  in-

creased by 0.65- and 0.42-fold and those derived from the

GSE54478  and  GSE30565  datasets  showed  that  the

miR-130b levels increased by 0.43- and 0.31-fold in adeno-

carcinoma tissues compared with the normal cervical tissue

(Fig. 1A). The initial 48-h period after the cells were seeded

was defined as a lag phase of cell growth, during which the

number of cells grew slowly. The 48-120 h period was con-

sidered the exponential phase, during which the cells divid-

ed  rapidly.  The  stationary  phase  started  120  h  after  target

cells were seeded and lasted for 24 h. The length of the expo-

nential phase was extended to up to 144h rather than 120 h

when the original medium was replaced by a fresh medium

96 h after cells were seeded (Fig. 1B). The transcription lev-

els of a gene were expected to be dynamic in the cells in re-

sponse to external and internal stimuli during cell growth, as

the  environment  surrounding  the  cells  was  changing.  The

miR-130b levels were measured during the lag, exponential,

and stationary phases. Compared with the levels measured

during the lag phase,  48 h after  HeLa and Siha cells  were

seeded, the relative levels of miR-130b increased by 0.45-

and  0.32-fold,  respectively,  during  the  exponential  phase

when target cells were incubated in medium for 96 h, but re-

duced  by  36.02  and  18.01%  during  the  stationary  phase

when target cells were cultured over a 144 h time period, re-

spectively (Fig. 1C). The nucleotide at position 21,652,184,

which is 1,121 nucleotides away from the 5’end of the re-

gion encoding pre-miR-130b on chromosome 22, was identi-

fied as the TSS of pri-miR-130b, and the sequence located at

position 21,651,791-21,652,759 was recognized as a promi-

nent CpG island upstream of the DNA region encoding the

miR-130b gene (Fig. S1). The percentages of these methylat-

ed CpG islands increased by 4.31- and 2.06-fold in the HeLa

and  Siha  cells,  respectively,  during  the  stationary  phase,

when compared with the exponential phase (Fig. 1D). When

compared with DMSO, 5-Aza-2’-deoxycytidine reduced the

percentage of methylated CpG islands by 70.68 and 41.00%

in HeLa and Siha cells,  respectively, during the stationary

phase and increased the expression levels of miR-130b by

5.22- and 4.55-fold (Fig. 1E and F).

3.2. Gene Expression of CDKN1A mRNA is Negatively
Regulated by miR-130b

Bioinformatics analysis showed that the sequence locat-
ed at positions 1,146-1,152 of the 3’UTR in CDKN1A mR-
NA  was  complementary  to  the  seed  region  of  miR-130b
(Fig. 2A). The miR-130b levels in the HeLa and Siha cells
were first determined 24 h after transfection to confirm that
miR-130b mimics or their inhibitors had been successfully
transfected into the HeLa and Siha cells. The miR-130b lev-
els  were  increased  in  the  target  cells  transfected  with
miR-130b mimics and reduced in the cells with miR-130b in-
hibitors when compared with their respective negative con-
trols  (Fig.  S2).  Compared  with  NCs,  miR-130b  mimics
caused a 27.86 and 15.52% reduction in the intensity of fluo-
rescence  emitted  from  HeLa  and  Siha  cells,  respectively,
containing  pEGFP:  wt-utr  vectors,  but  no  significant
changes were observed in the intensity from the target cells
containing  pEGFP:  mut-utr  vectors  (Fig.  2B).  42.21  and
27.59%  decrease  were  observed  in  the  mRNA  expression
levels of CDKN1A in HeLa and Siha cells transfected with
miR-130b mimics, compared with the corresponding levels
in  the  target  cells  transfected  with  the  NCs  (Fig.  2C).  In
agreement with this decrease in the levels of CDKN1A mR-
NA, the protein levels of CDKN1A were reduced by 57.55
and  20.55% in  miR-130b-transfected  HeLa  and  Siha  cells
when compared with the NC-transfected cells (Fig. 2D).

3.3.  miR-130b  Increases  Cell  Viability  and  Promotes
Both DNA Synthesis and the Transition from the G1 to
the  S  Cycle  phase  of  Cells  During  the  Exponential
Growth Phase by Reducing the CDKN1A Gene Expres-
sion

Both the CDKN1A mRNA and protein levels were first
assessed in the HeLa and Siha cells,  transfected with pSi-
lencer: CDKN1A or pcDNA 3.1: CDKN1A 24 h after trans-
fection. CDKN1A mRNA and protein levels were decreased
in the cells transfected with pSilencer: CDKN1A, and they
were increased in the cells transfected with the pcDNA3.1:
CDKN1A when compared with their respective empty vector
controls (Fig. S3A and B). Compared with their respective
negative controls, miR-130b mimics increased the viability
of  HeLa and Siha cells in the extended  exponential  phases,
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Fig. (1). miR-130b expression levels in tissues and cell lines. (A) Relative expression levels of miR-130bs in CINs, SCCs, ADCs, and nor-
mal cervixes. Green, shadow green, blue, black, and red columns sequentially presented the relative levels of miR-130bs, into which primary
data retrieved from GSE86100, GSE55478, GSE30656, GSE51933, and GSE19611 were converted. (B) Growth curves of HeLa and Siha
cells. A solid graph drawn in black depicts changes in the number of cells progressing through a series of growth phases, including the lag,
exponential and stationary phases, while dash curves plotted in red describe varieties of cell counts at extended exponential phases. The full
symbols indicated the counts of cells that grew in media not changed over a 144h- time period, while the empty ones indicated the numbers
of cells that were incubated in media aspirated and replaced by the fresh ones 96h after the target cells were seeded. (C) The relative expres-
sion levels of miR-130bs were measured at indicated time points in HeLa and Siha cells. Purple, shadow purple, and gray columns, respec-
tively, indicated the relative levels of miR-130bs or CDKN1A mRNAs determined 48, 96, and 144 h after HeLa and Siha cells were planted.
(D) Percentage of methylated CpG islands close to the TSSs of pri-miR-130bs in cervical cancer cells at different growth phases. (E) Effect
of 5-Aza-2’-deoxycytidine administration on the methylation of CpG islands near the TSSs of pri-miR-130b in cervical cancer cells at statio-
nary phases of growth. (F) Impact of 5-aza-2’-deoxycytidine administration on the gene expression levels of miR-130bs in cervical cancer
cells at stationary phases of growth. Blank and shadow columns indicate the percentages of CpG islands in HeLa and Siha cells, respectively.
Data are described as the mean ± S.E. (n=3). The bars indicate the deviations from the mean. *P<0.05; **P<0.005; ***P<0.001; Abbrevia-
tions: SSC, squamous cell carcinoma; ADC, adenocarcinoma; CIN, cervical intraepithelial neoplasia; N.S., non-significant (A higher resolu-
tion / colour version of this figure is available in the electronic copy of the article).



160   Current Cancer Drug Targets, 2022, Vol. 22, No. 2 Wang et al.

Fig. (2). miR-130b-regulated gene expression of CDKN1A. (A) Putative miR-130b-targeted site presented in the 3’UTR of CDKN1A mRNA.
Three circles of different colors in the Ven diagram respectively represent a different assembly of miRNAs, which were predicted to target
CDKN1A mRNAs using three distinct bioinformatics algorithms involving TargetScan, miRNA.org, and DIANA tools. miR-130b presented
in the overlapped region of three circles indicated that miR-130b was predicted to target CDKN1A mRNAs using all the algorithms. Dotted
lines represent DNA sequences not shown in the figure. The base pairs were indicated as vertical lines. Mutated points in miR-130b-targeted
sites are indicated by the words marked with stars. (B) Effects of miR-130bs on gene expression levels of GFPs encoded by mRNAs with or
without regions complementary to the seed sequences of miR-130bs. The relative fluorescence intensities of GFPs in HeLa and Siha cells are
respectively presented using blank and shadow columns. (C) Impact of miR-130bs on the expression levels of CDKN1A mRNAs in HeLa
and Siha cells. The relative levels of CDKN1A mRNAs in HeLa and Siha cells are sequentially presented as blank and shadow columns. (D)
Effects of miR-130bs on the protein levels of GFPs in HeLa and Siha cells. Graphic data obtained by western blotting are provided at the bot-
tom of the corresponding statistical analyses. The relative levels of CDKN1A proteins in HeLa and Siha cells are sequentially presented as
blank  and  shadow  columns.  Data  are  presented  as  the  mean  ±  S.E.  (n=3).  The  bars  indicate  the  deviations  from  the  mean.  *P<0.05;
**P<0.005; ***P<0.001; Abbreviations: CDKN1A, cyclin-dependent kinase inhibitor 1A; UTR, untranslated region; GFP, green fluores-
cent protein; N.S., non-significant (A higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (3) cont....
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Fig. (3). Impact of miR-130bs on viability, DNA synthesis, and distribution of cell cycle phases of cells at exponential phases. (A) Impact of
miR-130bs on viability at extended exponential phases. Cyan and yellow columns without shadows indicate the viability of HeLa and Siha
cells, respectively, which were transfected with miR-130b mimics or their NCs 120 or 144 h after cells were planted. The columns with shad-
ows indicate the viability of cells transfected with inhibitors or their NCs. (B) Impact of both miR-130bs and CDKN1A proteins on DNA syn-
thesis rates. Blank and shadow columns represented the relative levels of HeLa and Siha cells, respectively, which were transfected with indi-
cated oligonucleotides and/or plasmids and experienced DNA synthesis 144 h after target cells were seeded. (C) Impact of both miR-130bs
and CDKN1A proteins on the distribution of cell cycle phases. Orange, shadow orange, and light-cyan columns subsequentially expressed
percentages of cells  that  were transfected with indicated oligonucleotides and/or plasmids 144 h after  target  cells  were planted.  Brown
columns indicated the ratio of G1 to S cell cycle phases. Gray, red, and shadow areas subsequentially indicated cell debris, G1, G2, and S
cell cycle phases. Representative graphic data have been provided at the bottom or on the right sides of the statistical analysis of the graphic
data. Data are presented as mean ± S.E. (n=3). The bars indicate the deviations from the mean. *P<0.05; **P<0.005; Abbreviations: NCs,
negative controls; CDKN1A, cyclin-dependent kinase inhibitor 1A; N.S., non-significant (A higher resolution / colour version of this figure
is available in the electronic copy of the article).
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and the inhibitors reduced cell viability (Fig. 3A). The EdU
Apollo488 In Vitro Flow Cytometry kit was used to deter-
mine  the  percentage  of  cells  undergoing  DNA  synthesis.
The percentage of the right peaks indicates the proportion of
cells in which DNA is replicated. The increase in the percent-
age of the right peak indicates the increased proportion of
the cells  in  which DNA is  synthesized.  The percentage of
HeLa and Siha cells  undergoing DNA synthesis  increased
by 1.30- and 1.35-fold following transfection of pSilencer:
CDKN1A and increased by 1.35- and 1.31-fold after the tar-
get cells were transfected with miR-130b mimics, compared
with their corresponding controls. When compared with in-
hibitor NCs, inhibitors reduced the percentage of HeLa and
Siha  cells  in  which  DNA  was  replicating  by  26.59  and
27.11%. Compared with the pcDNA3.1 control vector, trans-
fection  of  pcDNA3.1:  CDKN1A  resulted  in  a  reduction  in
the proportion of miR-130b-transfected HeLa and Siha cells
that were synthesizing DNAs by 17.64 and 19.50%, respec-
tively (Fig. 3B). Following its transfer into the target cells,
pSilencer: CDKN1A decreased the ratio of cells in the G1 to
S phases by 46.23 and 48.55%, respectively, compared with
the pSilencer empty vector. miR-130b mimics decreased the
ratio by 36.37 and 49.50% in HeLa and Siha cells, respec-
tively, compared with the NCs. Compared with the inhibitor
NCs,  transfection  of  the  inhibitors  resulted  in  a  1.48-  and
1.36-fold increase in the ratio of cells in the G1 to S phase
of  the  cell  cycle  in  HeLa  and  Siha  cells,  respectively.  A
1.44- and 1.75-fold increase in the proportion of cells in the
G1 to S phase was observed in the HeLa and Siha cells, re-
spectively,  transfected  with  pcDNA3.1:  CDKN1A  +
miR-130b mimics, compared with the pcDNA3.1 control +
mimic transfected cells (Fig. 3C).

3.4. miR-130b-mediated Inhibition of CDKN1A Gene Ex-
pression Reduces Cell Viability, Increases DNA Damage,
and Increases Apoptosis of Cells During the Stationary
Phase

It was noted that the expression levels of the miR-130b
gene were decreased in the cells during the stationary phase
when  compared  with  those  during  the  lag  phase.  Thus,
miR-130b mimics were transfected into the target cells to de-
termine whether restoration of the miR-130b levels affected
cell survival during the stationary phase. The results showed
that the viability of target cells during the stationary phase
was significantly reduced by miR-130b mimics, compared
with the NCs (Fig. 4A). It was hypothesized that miR-130b
induced the death of cells at the stationary phase. This pre-
sumption was confirmed by the  increase  in  the  activity  of
lactic dehydrogenase and aspartate aminotransferase in the
culture  supernatants,  which  was  measured  following  the
manual presented in Appendix S1/cell count ratio, as well as
the miR-130b-induced increase in the apoptotic rates of tar-
get cells during the stationary phase (Fig. S4 and 4B). How-
ever,  there  was  no  significant  increase  in  the  viability  of
cells when they were transfected with miR-130b inhibitors.
Blocking miR-130b function did not have a notable effect
on the viability of cells during the stationary phase, but in-
creasing miR-130b gene expression did. Therefore, inhibi-

tors  were  not  used  in  the  other  assays,  which  were  per-
formed to explore the roles of miR-130b on the survival of
the target cells during the stationary phase. The increase in
OTMs due to gene silencing of CDKN1A, induced by trans-
fection of either pSilencer: CDKN1A  or miR-130b mimics
into  target  cells  was  observed.  The  mean  levels  of  DNA
OTMs  in  HeLa  and  Siha  cells  transfected  with  pSilencer:
CDKN1A vectors were increased by 1.82- and 2.02-fold, as
compared with the corresponding levels in cells transfected
with the pSilencer control. The miR-130b mimics delivered
into  HeLa and Siha  cells  caused a  2.11-  and 1.77-fold  in-
crease in the mean levels of OTMs in target cells when com-
pared with the NCs, whereas the pcDNA3.1: CDKN1A vec-
tor decreased OTM levels by 64.55 and 64.81%, compared
with the pcDNA3.1 controls in HeLa and Siha cells, respec-
tively, containing miR-130b mimics (Fig. 4B). The levels of
phosphorylated H2AX termed γ-H2AX have been shown to
be  positively  correlated  with  the  count  of  DNA  double-s-
trand breaks (DSBs) and have been widely used as a marker
of DSBs in several experimental studies [17]. pSilencer: CD-
KN1A  vectors,  as  compared  with  pSilencer,  increased  the
mean levels of γ-H2AX proteins by 2.14- and 2.03-fold in
HeLa  and  Siha  cells,  respectively.  As  compared  with  the
NCs, miR-130b mimics resulted in a 2.66- and 2.28-fold in-
crease in the protein levels of γ-H2AX protein in HeLa and
Siha cells, respectively, whereas the pcDNA3.1: CDKN1A
vector, which was transfected along with miR-130b mimics,
decreased γ-H2AX levels by 48.28 and 47.66% in HeLa and
Siha cells, respectively, when compared with the pcDNA3.1
vector-transfected cells (Fig. 4C). As shown, the increases
in the count of γ-H2AX proteins as markers of DSBs were
observed in cells that suffered from alterations of CDKN1A
gene expression, whereas the enhanced gene expression of
CDKN1A decreased the levels of γ-H2AX proteins in cells
transfected  with  miR-130b  mimics.  When  compared  with
the  controls,  the  pSilencer:  CDKN1A  vector  resulted  in  a
1.86-  and  2.10-fold  increase  in  the  rates  of  apoptosis  of
HeLa and Siha cells, respectively. Compared with the NCs,
miR-130b mimics resulted in a 1.64- and 1.93-fold increase
in  the  proportion  of  apoptotic  HeLa  and  Siha  cells.  Com-
pared  with  the  control  vectors,  the  transfection  of  pcD-
NA3.1:  CDKN1A  vectors  in  combination  with  miR-130b
mimics yielded a 37.20 and 41.75% decrease in the percent-
age of HeLa and Siha cells undergoing apoptosis, respective-
ly (Fig. 4D).

4. DISCUSSION
Based on the analysis of data retrieved from GEO, the ex-

pression levels of miR-130b were found to be increased in
both squamous cell carcinoma and adenocarcinoma, but not
in  cervical  intraepithelial  neoplasia,  when  compared  with
the levels  in  normal  cervical  tissue adjacent  to  the lesions
(Fig. 1A). These findings indicated that miR-130b was up-
regulated  specifically  in  tumors  and  suggested  that
miR-130b may serve  a  critical  role  in  the  development  of
cervical  cancer.  The  cellular  levels  of  miR-130b,  which
were determined at the desired time points within the lag, ex-
ponential and stationary  phases of cell growth,  were  found
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Fig. (4) cont....
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Fig. (4). Effects of miR-130bs on viability, DNA breaks, and cell apoptosis of the cells at stationary phases. (A) Effects of miR-130bs on the
viability of cells at stationary phases. Cyan and yellow columns without shadows indicate the viability of HeLa and Siha cells, respectively,
which were transfected with miR-130b mimics or their NCs 120 or 144 h after cells were planted. The columns with shadows indicate the via-
bility of cells transfected with inhibitors or their NCs. (B) Impact of miR-130bs and CDKN1A proteins on OTMs. The target molecules of
red fluorescent were the DNA molecules stained by the ethidium bromide. Circles and squares separately express the OTMs in HeLa and Si-
ha  cells,  respectively,  transfected  with  indicated  oligonucleotides  and/or  plasmids  120  h  after  target  cells  were  planted.  (C)  Effects  of
miR-130bs and CDKN1A proteins on the relative levels of γ-H2AX proteins. Blank and shadow columns, respectively, indicate the relative
levels of H2AX proteins in HeLa and Siha cells transfected with the indicated oligonucleotides and/or plasmids120 h after target cells were
seeded. (D) Impact of miR-130bs and CDKN1A proteins on apoptotic rates. Blank and shadow columns indicate the relative levels of apopto-
sis of HeLa and Siha cells, respectively, transfected with the indicated oligonucleotides and/or plasmids120 h after target cells were seeded.
Representative graphic data have been provided on the right side or at the bottom of their statistical analysis. Data are described as the mean
± S.E. (n=3). The bars indicate the deviations from mean. *P<0.05; **P<0.005; NCs, negative controls; CDKN1A, cyclin-dependent kinase
inhibitor 1A; N.S., non-significant. (A higher resolution / colour version of this figure is available in the electronic copy of the article).

to  be  significantly  different.  As  compared  with  the  levels
measured  during  the  lag  phase,  the  relative  levels  of
miR-130b  determined  during  the  exponential  phase  in-
creased, whereas the levels during the stationary phases de-
creased  (Fig.  1C).  The  methylation  levels  of  an  identified
CpG island near the TSS of pri-miR-130b were measured in
the target cells during the different growth phases to investi-
gate whether there was a connection between the methyla-
tion of the CpG island and the gene expression of miR-130b.

The high levels of miR-130b paralleled the low percentages
of methylated CpG islands in target cells during the exponen-
tial phase, and similarly, at the stationary phase, the methyla-
tion  levels  were  high,  explaining  the  low  expression  of
miR-130b. In addition, methylation inhibition increased the
expression  of  the  miR-130b gene  (Fig.  1E  and  F).  There-
fore, methylation of the CpG islands was suggested to con-
trol the expression of the miR-130b gene in cervical cancer
cells.
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A potential miR-130b-targeted site in the 3’UTR of CD-
KN1A mRNA was identified in the present study (Fig. 2A).
In order to investigate whether the putative targeted site me-
diated  miR-130b-regulated  gene  expression  of  CDKN1A,
DNA fragments encoding RNA containing the targeted site
were integrated into a fluorescence-based reporter gene vec-
tor downstream of the protein-encoding domain of the GFP
gene. A reduction in the fluorescence intensity reflected a de-
crease in the gene expression levels of GFP. miR-130b mim-
ics resulted in a reduction in the expression levels of GFP
genes when co-tranfected with the pEGFP: wtUTR vectors,
but  no  significant  changes  were  observed  in  the  levels  of
GFP  in  either  the  pEGFP  or  pEGFP:  mutUTR  plasmids
when compared with the respective NCs (Fig. 2B). These da-
ta, obtained from a combination of in silico analysis and fluo-
rescence assays, demonstrated that miR-130b could inhibit
the  expression  of  a  target  gene  by  binding  the  sequence
which imitated the target site complementary to the seed re-
gion of miR-130b. The decrease in CDKN1A mRNA levels
showed  that  miR-130b  could  stimulate  the  degradation  of
CDKN1A mRNAs, and this led to a reduction in the protein
levels of CDKN1A alone or accompanied by inhibition of
protein translation (Fig. 2C and D). The levels of CDKN1A
mRNAs in the cells at different growth phases were also de-
termined to assess whether there was a negative relationship
between the expression levels of miR-130b and the mRNA
CDKN1A levels alongside the growth of the cervical cancer
cells. The mRNA expression levels of CDKN1A in the expo-
nential phases were reduced compared with that during the
lag phase, whereas the corresponding levels in the cells dur-
ing the stationary phase increased (Fig. 1C).

An inhibitor-induced decrease in the viability of target
cells  during  the  extended  exponential  phase  showed  that
miR-130b might promote the proliferation of cells at the ex-
ponential phase. This hypothesis was further supported by
the fact  that  a  miR-130b-induced increase in  cell  viability
was  also  observed  (Fig.  3A).  In  addition,  the  cancer  cell
counts  were  clearly  increased  by  miR-130b  mimics  com-
pared with the NCs (Fig. S3C). A proliferating cell nuclear
antigen (PCNA) recruits a pol-δ to ensure the elongation of
a  continuous  leading  strand  and  discontinuous  lagging
strand  in  the  process  of  DNA  replication  [18].  The  CD-
KN1A protein has a negative effect on DNA synthesis by di-
rectly binding to PCNA [19]. In accordance with the above
description,  knocking  down  the  gene  expression  of  CD-
KN1A  accelerated  the  rate  of  DNA  synthesis,  which  was
shown as an increase in the percentage of cells undergoing
DNA synthesis. Since it was shown that miR-130b was able
to suppress the gene expression of CDKN1A, it is reasonable
to assume that the count of cells undergoing DNA synthesis
was increased by miR-130b. Furthermore, the restoration of
the  number  of  cells  undergoing DNA synthesis  caused by
the overexpression of the CDKN1A gene in the target cells
containing miR-130b mimics showed that the miR-130b-in-
duced  reduction  in  the  expression  levels  of  the  CDKN1A
gene was responsible for the acceleration of the DNA synthe-
sis rate (Fig. 3B). Besides taking part in blocking the synthe-
sis of DNA, the CDKN1A protein acts as a cell cycle inhibi-

tor by inhibiting the activity of cyclin-CDK complexes [20].
In agreement with this established role, downregulation of
CDKN1A gene expression, as a result of both transfection of
pSilencer: CDKN1A vectors and miR-130b mimics into tar-
get  cells,  decreased  the  ratio  of  cells  at  the  G1  cell  cycle
phase to those at the S phase. Overexpression of CDKN1A
in  miR-130b-transfected  cells  decreased  the  proportion  of
cells undergoing transition from the G1 phase to the S phase
(Fig. 3C). These data indicated that miR-130b promoted cell
cycle progression to the S phase through its inhibition of the
expression  of  theCDKN1A  gene.  It  has  been  previously
shown  that  the  CDKN1A  protein  is  involved  in  different
DNA repair processes due to its interaction with DNA repair
proteins [21].  Considering that  DNA double-strand breaks
(DSBs) are the most biologically hazardous type of DNA da-
mage to a cell  [22],  the count of DSBs was determined in
the present study. As shown in Fig. (4C), the results suggest-
ed  that  the  miR-130b-induced  downregulation  of  the  CD-
KN1A gene resulted in the accumulation of DSBs. CDKN1A
proteins are involved in DSB repair by binding to PCNA pro-
teins when they are recruited to initiate the DNA synthesis
associated with recombination [23]. A reduction in the CD-
KN1A protein  levels  may  negatively  affect  DSB repair  at
this step, thereby causing the accumulation of γ-H2AX pro-
teins. A recent study showed that CDKN1A proteins could
inhibit the apoptosis of cancer cells by driving the expres-
sion of the pleiotrophin gene [24].  Based on this informa-
tion, it was hypothesized that the miR-130b-mediated restric-
tion of CDKN1A gene expression might drive cells into apop-
tosis, which was confirmed by the finding that the inhibition
of the CDKN1A gene expression following transfection of ei-
ther  pSilencer:  CDKN1A  or  miR-130b  mimics  into  target
cells increased the percentage of cells undergoing apoptosis,
both at the early and late stages, whereas the increase in CD-
KN1A  gene  expression  following  the  transfection  of  pcD-
NA3.1:  CDKN1A  vectors  decreased  the  proportion  of
miR-130b-transfected cells undergoing apoptosis (Fig. 4D).
The  cells  undergo  apoptosis  via  extrinsic  and/or  intrinsic
pathways. In order to determine the mechanism underlying
miR-130b-induced apoptosis in our study, the relative levels
of caspase-8, -9,  and -3 in the transfected cells were mea-
sured and compared. It showed that miR-130b could induce
the cells at stationary phases via both the extrinsic and intrin-
sic pathways as the levels of both caspase 8 and 9 decreased
in  the  cells  transfected  with  miR-130bs  as  compared  with
NCs. Furthermore, the overexpression of CDKN1A proteins
could increase the caspase 9 but not 8 levels significantly in
miR-130b-transfected cells (Fig. S5). These data suggested
that a CDKN1A protein could suppress miR-130b-induced
apoptosis by blocking intrinsic cascades.

It  has  previously  been  shown  that  upregulated
miR-130b-5p expression inhibits the growth of cervical can-
cer  stem cells  and  promotes  their  apoptosis  by  decreasing
the expression of the ETS transcription factor gene, ELK1.
However,  in  the  present  study,  it  was  shown  that
miR-130b-3p promoted the growth of cervical cancer cells
and inhibited their apoptosis by reducing the expression of
CDKN1A during the exponential phase. As presented in the
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miRBase database, pri-miR-130b precursors are processed
to  generate  a  single  dominant  mature  miRNA  termed
miR-130b-3p, along with a small proportion of reads origi-
nating  from  the  opposite  arm  termed  miR-130b-5p.  The
gene expression of miR-130b may serve dual roles in the de-
velopment  of  cervical  cancer  and  affect  cell  phenotypes
based  on  the  levels  of  miR-130b-5p  and  -3p  since
miR-130b-5p  and  -3p  had  different  effects  on  the  growth
and survival of cervical cancer cells via regulation of differ-
ent target genes. The role of a miRNA is not determined by
a specific pathway or individual miRNA target but by large
gene networks [25].  Therefore,  the signaling pathways in-
volving  miR-130b  may  be  significantly  different  between
different cells used to study the function of miR-130b. As
stem cells isolated from cervical cancer cells were employed
in  the  previous  study,  whereas  cervical  cancer  cells  were
used  directly  in  the  present  study,  it  is  hypothesized  that
miR-130b-5p exerts a more notable effect on the cell pheno-
type than miR-130b-3p in the stem cells of cervical cancer
cells, whereas, in cervical cells, the effects of miR-130b-3p
were more notable than miR-130b-5p.

CONCLUSION
In the present study, it was shown that the gene expres-

sion levels of miR-130b were regulated by the methylation
of a CpG island near the TSS of pri-miR-130b. An increase
in miR-130b levels promoted the growth of cervical cancer
cells during the exponential phase by negatively regulating
the  gene  expression  of  CDKN1A,  whereas  a  reduction  in
miR-130b levels  sustained the  survival  of  cells  during the
stationary phases.
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