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Abstract. MicroRNAs (miRNAs or miRs) play essential roles 
in the initiation and progression of human tumors, including 
cervical cancer. However, the mechanisms underlying 
their actions in cervical cancer remain unclear. The present 
study aimed to evaluate the functional role of miR‑130a‑3p 
in cervical cancer. Cervical cancer cells were transfected 
with a miRNA inhibitor (anti‑miR‑130a‑3p) and a negative 
control. Adhesion‑independent cell proliferation, migration 
and invasion were evaluated. The findings presented herein 
demonstrated that miR‑130a‑3p was overexpressed in HeLa, 
SiHa, CaSki, C‑4I and HCB‑514 cervical cancer cells. The 
inhibition of miR‑130a‑3p significantly reduced the prolif‑
eration, migration and invasion of cervical cancer cells. The 
canonical delta‑like Notch1 ligand (DLL1) was identified as 
a possible direct target of miR‑103a‑3p. The DLL1 gene was 
further found to be significantly downregulated in cervical 
cancer tissues. On the whole, the present study demonstrates 
that miR‑130a‑3p contributes to the proliferation, migration 
and invasion of cervical cancer cells. Therefore, miR‑130a‑3p 

may be used as a biomarker to determine cervical cancer 
progression.

Introduction

Cervical cancer is the fourth most frequently diagnosed type 
of cancer and the fourth leading cause of cancer‑associated 
mortality among women, with an estimated 604,000 new 
cases and 342,000 related mortalities worldwide in 2020 (1). In 
Brazil, cervical cancer is the third most common type of cancer 
among women (1). Despite improved prevention programs, 
numerous patients are diagnosed at a locally advanced stage, 
and the prognosis and 5‑year survival rate of patients with 
locally advanced cervical cancer (LACC) remain poor (2). 
The standard treatment for LACC is radiotherapy concomitant 
with platinum‑based chemotherapy (3,4). However, >50% of 
patients on this treatment regimen may experience resistance 
to therapy (5). 

It is well understood that, although human papillomavirus 
(HPV) infection is necessary to immortalize cervical cells, 
this infection is not sufficient to lead to their transforma‑
tion (6). For this reason, studies have indicated that epigenetic 
mechanisms may be involved in the process of cervical tumor 
progression (7). Therefore, it is essential to elucidate the 
molecular mechanisms underlying the progression of cervical 
cancer.

Recently, the concept of the non‑mutational epigenetic 
regulation of gene expression was demonstrated as a novel 
hallmark of cancer (8). There is increasing evidence to indicate 
that these epigenetic alterations may contribute to tumor devel‑
opment and malignant progression. MicroRNAs (miRNAs or 
miRs) can modulate the pathophysiological mechanisms of 
cervical cancer, which may provide novel approaches for the 
diagnosis and treatment of patients with cervical cancer in the 
future (9,10). miRNAs are short (~22 nucleotides in length) 
non‑coding RNAs that generally control gene expression at 
the post‑transcriptional level through mRNA degradation or 
translational repression (11), and have been reported to func‑
tion as oncomiRs or tumor‑suppressor miRNAs (12). miRNAs 
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can play essential roles in cell proliferation, migration and 
invasion in cervical cancer (9,13). Therefore, it is necessary to 
investigate the functional role of previously identified miRNAs 
that are differentially expressed and associated with a higher 
odds ratio for the progression of high‑grade cervical cancer 
lesions and, consequently, invasive cervical cancer.

The canonical delta‑like Notch1 ligand (DLL1) is a trans‑
membrane protein (14). DLL1 plays a role in mediating cell 
fate decisions during hematopoiesis, and may participate in 
cell‑to‑cell communication (15). The uncontrolled activation 
of Notch1 signaling has been associated with developmental 
disorders and cancer (16,17), suggesting that Notch and its 
ligand may also be promising therapeutic targets (18). A 
previous study demonstrated that the increased expression of 
HPV E6 can trigger a decrease in Notch1 receptor activation 
in basal cells (19). However, the contribution of Notch1 and 
its δ‑like ligands to the progression of cervical cancer, as well 
as the possible regulatory targets of this gene remain unclear.

Recently, the authors reported that seven miRNAs were 
highly expressed in cervical intraepithelial neoplasia grade 
3 (CIN3), and two miRNAs had a low expression level in 
these samples (20). Among the highly expressed miRNAs, 
miR‑130a‑3p conferred a high risk for CIN3 lesions in 
liquid‑based cytology cervical samples (20). In addition, other 
studies have demonstrated that miR‑130a‑3p plays a critical 
role in cervical cancer progression (21,22). Considering these 
findings, the aim of the present study was to evaluate the role 
of miR‑130a‑3p in cervical cancer progression in vitro.

Materials and methods

Cells, cell culture and transfection. A total of five commer‑
cial human cervical cancer cell lines (HeLa, SiHa, CaSki, 
C‑4I and C‑33A; American Type Culture Collection), a 
primary Brazilian cervical cancer immortalized cell line 
(HCB‑514), kindly provided by the research group of R.M.R. 
[Rosa et al (23)] and a commercial non‑tumorigenic epithelial 
cell line (HaCaT), kindly provided by the research group of Dr 
Laura Sichero and Dr Luisa Lina Villa (Center for Translational 
Investigation in Oncology, Instituto do Cancer do Estado de 
Sao Paulo, Hospital das Clinicas da Faculdade de Medicina da 
Universidade de São Paulo, São Paulo, Brazil) were used in the 
present study. All commercial cells were cultured in DMEM 
(Thermo Fisher Scientific, Inc.) supplemented with 10% fetal 
bovine serum (FBS) (Thermo Fisher Scientific, Inc.) in a 
humidified incubator with 5% CO2 at 37˚C, while the primary 
cell line, HCB‑514, was cultured as previously described (24). 
The cell lines were negative for mycoplasma contamina‑
tion (MycoAlert Mycoplasma Detection Kit, Lonza Group, 
Ltd.; tested monthly) and were authenticated using short 
tandem‑repeat analysis at the Molecular Oncology Research 
Center, Barretos Cancer Hospital facilities (Barretos, São 
Paulo, Brazil), as previously reported (24) (Table SI).

For functional analysis, the cells were seeded in six‑well 
plates and cultured until reaching 70% confluency. Transfection 
was then performed using 20 nM anti‑miR‑130a‑3p locked 
nucleic acid (LNA) inhibitor and a negative control A LNA 
(Qiagen, Inc.) in combination with 2.5 µl siPORT™ NeoFX™ 
transfection reagent (Thermo Fisher Scientific, Inc.), according 
to the manufacturer's protocol. According to the manufacturer, 

miRCURY LNA miRNA inhibitors are antisense oligonucle‑
otides with perfect sequence complementary to their target. 
When introduced into cells, they sequester their miRNA 
target in highly stable heteroduplexes, effectively preventing 
the miRNA from hybridizing with its normal cellular interac‑
tion partners (25). Briefly, the adherent cells were trypsinized 
and resuspended in DMEM (Thermo Fisher Scientific, Inc.) 
containing 10% FBS and 1% streptomycin (Sigma‑Aldrich; 
Merck KGaA) and penicillin (Sigma‑Aldrich; Merck KGaA) 
and incubated at 37˚C for ≤1 h. The transfection reagent was 
diluted in Opti‑MEM (Thermo Fisher Scientific, Inc.), as indi‑
cated in Table SII. Subsequently, the miR‑130a‑3p inhibitor 
(anti‑miR‑130a‑3p, catalog number: 339122) and negative 
control A (identical to the former Scramble‑miR control): No 
hits of >70% homology to any sequence in any organism in the 
NCBI and miRBase databases (cat. no. 339127) were diluted 
at a concentration of 20 µM in Opti‑MEM (Thermo Fisher 
Scientific, Inc.), following the manufacturer's instructions. 
The diluted transfection agent and anti‑miR‑130a‑3p were 
combined to form a transfection complex. Finally, the trans‑
fection complex and the cervical cancer cells were distributed 
in the plate according to the volumes indicated in Table SIII. 
Transfection was confirmed using reverse transcription‑quan‑
titative PCR (RT‑qPCR). All subsequent experiments were 
performed after 48 h of transfection.

RNA isolation. Total RNA was extracted from the cervical 
cancer cells using the RecoverAll Total Nucleic Acid Isolation 
kit (cat. no. AM1975; Thermo Fisher Scientific, Inc) following 
the manufacturer's instructions. The purity and concentra‑
tion of the total RNA were evaluated using a NanoDrop 
Spectrophotometer v3.7 (NanoDrop Technologies; Thermo 
Fisher Scientific, Inc.).

RT‑qPCR. RT‑qPCR was performed to detect the relative tran‑
script levels of miR‑130a‑3p. Briefly, 10 ng total RNA were 
reverse transcribed into cDNA using MystiCq® microRNA 
cDNA Synthesis Mix (Sigma‑Aldrich; Merck KGaA). qPCR 
was performed using SYBR®‑Green I GoTaq® qPCR Master 
Mix (Promega Corporation) according to the manufacturer's 
instructions using the StepOnePlus™ Real‑Time PCR System 
(Thermo Fisher Scientific, Inc.). In the reaction, 0.5 µl primers 
at 10 mg/ml were used (Table SIV). The cycling conditions 
of RT and qPCR are presented in the Table SV. The relative 
expression levels of miR‑130a‑3p were quantified based on the 
2‑ΔΔCq method (26,27) and normalized to U6 (28).

Colony formation assay. Adhesion‑independent cell prolif‑
eration was evaluated using colony formation assay. The 
transfected cervical cancer cells (CaSki and C‑4I) were seeded 
in six‑well plates at a density of 1,000 cells in 2 ml and were 
incubated for 14 days in a humidified incubator with 5% CO2 
at 37˚C. The medium was replaced every 7 days. Cell colonies 
were fixed with methanol (100%) and stained with crystal 
violet (Sigma‑Aldrich; Merck KGaA) (0.1% in PBS) both for 
10 min at room temperature. Colonies containing >50 cells 
were photographed under a light microscope (Eclipse 2200; 
(Nikon Corporation), and the number of colonies was analyzed 
using open‑source software (OpenCFU; http://opencfu.source‑
forge.net/) (29). The results are presented as the mean of ≥3 
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independent experiments and their respective standard devia‑
tions.

Transwell migration and invasion assays. The cell migra‑
tory and invasive abilities were evaluated using Transwell 
assay with a 24‑well Transwell insert with an 8‑µm pore size 
membrane (Corning, Inc.). For the invasion assay, the cham‑
bers were pre‑coated with Matrigel solution (BD Biosciences). 
For the preparation of the inserts, Matrigel (BD Biosciences) 
was diluted at 1:10 in 0.01 M Tris buffer (pH 8.0) with 0.7% 
NaCl at 4˚C on ice. Subsequently, 100 µl diluted Matrigel were 
pipetted onto the membranes of each insert and incubated for 
1 h in an oven at 37˚C. The excess fluid was removed, and 
the invasion assay was then carried out. For migration assay, 
Transwell assay was used with a 24‑well Transwell insert 
with an 8‑µm pore size membrane (Corning, Inc.) without 
Matrigel solution. The transfected cells (2.5x104 CaSki cells, 
and 4x105 C‑4I and HCB‑514 cells) were seeded into the upper 
chamber in serum‑free medium, while in the lower chamber, 
a serum‑supplemented medium (DMEM culture medium + 
10% FBS) (Thermo Fisher Scientific, Inc.) was added for both 
assays. Following incubation for 24 h in a humidified incubator 
with 5% CO2 at 37˚C, those cells that had migrated or invaded 
the lower surface of the membrane were fixed with methanol 
(100%), stained with crystal violet (0.1%) both for 10 min at 
room temperature.. The Transwell inserts were photographed 
under a light microscope (Eclipse 2200; Nikon Corporation), 
and the number of cells was analyzed with the open‑source 
software CFU (http://opencfu.sourceforge.net/). The results 
are represented as the mean of ≥3 independent experiments.

Wound healing assay. The alteration of cell migration induced 
by miR‑130a‑3p inhibition was also evaluated using a wound 
healing assay. The transfected CaSki and C‑4I cells were seeded 
in six‑well plates at a density of 1x106 cells/ml. When the cells 
were confluent, a scratch was made on the monolayer using a 
sterile plastic 1,000‑µl pipette tip. The cells were washed three 
times with PBS, and complete medium with 0.5% FBS was 
then added. Supplementation with FSB was maintained due to 
transfection with the inhibitors or the negative control. Other 
studies have also used FSB supplementation in the wound 
healing assay (30,31). Images of the scratch were captured at 
x10 magnification at 0, 24, 48 and 72 h using an Olympus IX71 
inverted microscope (BioTek Instruments, Inc.). The widths of 
the scratches were measured using ImageJ Software version 
1.49 (National Institutes of Health). The relative migration 
distance was calculated as previously described (32). 

Gene expression profiling. To verify the differentially 
expressed genes in cervical cancer cells, the HCB‑514 cell 
line was selected and compared with the non‑tumorigenic 
epithelial cell line HaCat. For gene expression profiling, 
the nCounter® Analysis System (NanoString Technologies, 
Inc.) was used with nCounter® PanCancer Pathways panel, 
which comprises 730 cancer pathway‑related genes in addi‑
tion to 40 housekeeping genes curated from data in The 
Cancer Genome Atlas (TCGA), as well as six positive and 
eight negative controls. All procedures regarding sample 
preparation, hybridization, detection and scanning were 
performed according to the manufacturer's instructions 

(NanoString Technologies, Inc.) (33). Briefly, 100 ng RNA 
from HCB‑514 or HaCaT cells was incubated with reporter 
and capture probes for 21 h at 65˚C. Subsequently, the 
hybridized samples were automatically purified and loaded 
into a cartridge in nCounter® PrepStation (NanoString 
Technologies, Inc.). Finally, the cartridge containing immo‑
bilized and aligned reporter complexes was transferred to 
nCounter® Digital Analyzer (NanoString Technologies, 
Inc.), with 280 fields of view. Raw data were collected and 
pre‑processed using nSolver™ Analysis Software v4.0 
(NanoString Technologies, Inc.), and further normalization 
and differential expression analysis were performed using 
R‑project v3.6.3 (The R Foundation). Data were normalized 
using the housekeeping method with the NanoStringNorm 
package (Bioconductor) (https://www.bioconductor.org/). 
Normalized data were log2‑transformed and used as input 
for differential expression analysis. DLL1 and WNTA10A 
expression validation upon transfection of the HCB‑514 
cells with anti‑miR‑130a‑3p and the negative control was 
evaluated from counts of the expression of these genes 
using the nCounter® PanCancer Pathways panel. Data 
were normalized with the housekeeping method using the 
GPATCH3 and TRIM39 genes. The gene expression data 
are available on the National Center for Biotechnology 
Information (NCBI)‑Gene Expression Omnibus (GEO) 
platform (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi) 
under the Accession no. GSE224301.

In silico target prediction and pathways enrichment. The 
bidirectional analysis between miR‑130a‑3p and differen‑
tially expressed genes was performed using the online tool 
MicroRNA Data Integration Portal (mirDIP) v.5.1.16.1 (34) to 
predict a suitable target for miR‑130a‑3p. The top 5% of target 
genes were considered as the high score. By searching for 
potential miRNAs, the miR‑130a‑3p targeting site was identi‑
fied within the 3' untranslated region (UTR) of DLL1 and Wnt 
Family Member 10A (WNT10A), as detected using TargetScan 
version 8.0 (http://www.targetscan.org) (35). Subsequently, 
to determine the association between miRNA targets and 
cervical cancer, the plugin ReactomeFI on Cytoscape version 
3.9.1 (https://cytoscape.org/) was employed. Molecular path‑
ways enrichment was performed with a false discovery rate 
(FDR)‑corrected P‑value of P<0.001. The interaction network 
was performed using Cytoscape (36). 

External in silico validation of DLL1 and WNT10A genes. To 
evaluate the expression status of DLL1 and WNT10A genes in 
cervical squamous cell carcinoma and endocervical adenocar‑
cinoma (CESC) samples compared with 13 normal cervical 
tissues, TCGA and The Genotype‑Tissue Expression datasets 
available in the Gene Expression Profiling Interactive Analysis 
(GEPIA) 2 database (http://gepia2.cancer‑pku.cn/#index) were 
used (37). These databases provided 13 normal samples for 
comparison with 306 CESC tissue samples. For the valida‑
tion of DLL1 and WNT10A gene expression in a panel of 
cervical cancer cell lines (HeLa, SiHa, CaSki, C‑4I and 
C‑33A) compared with the HaCaT cell line, gene expression 
data available on the Gene Expression patterns across Normal 
and Tumor tissues (GENT) 2 platform (http://gent2.appex.
kr/gent2/) were used (38).
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Gene set enrichment analysis (GSEA). All expressed genes, 
regardless of whether they were differentially expressed in 
either case, were used for GSEA analysis. Gene set analysis 
was analyzed using GSEA software (http://software.broadin‑
stitute.org/gsea/index.jsp) (39,40) based on KEGG gene set 
collections (MSigDB v7.0, Broad Institute) (41,42). GSEA first 
ranked all expressed genes according to the significance of 
differential gene expression between the HCB‑514 and HaCaT 
cells. The enrichment score (ES) for each gene set is then 
calculated using the entire ranked list, which reflects how the 
genes for each set are distributed in the ranked list. Normalized 
enriched score (NES) was determined for each gene set (39). 
The significant enrichment of gene set was selected based on 
the absolute values of NES >1, nominal P‑value of NES ≤0.05 
and rate FDR ≤0.05.

Statistical analysis. Single comparisons between the condi‑
tions studied were performed using an unpaired Student's t‑test, 
while comparisons between multiple groups were performed 
using ANOVA and Tukey's post hoc. For the analysis of 
differential gene expression, the Student's t‑test was used, and 
P<0.01 corrected by FDR and FC≥2 was considered. For the 
correlation analysis, the Spearman's correlation was used. 
Significantly enriched pathways terms are shown in ‑log10 
with Benjamini‑Hochberg false discovery rate‑corrected 
P‑values. Statistical analyses were performed using GraphPad 
Prism version 9.0.0 (GraphPad Software; Dotmatics). P<0.05 
was considered to indicate a statistically significant difference. 
The results are represented as the mean of ≥3 independent 
experiments.

Results

miR‑130a‑3p is highly expressed in cervical cancer cell lines. 
The relative expression levels of miR‑130a‑3p in cervical 
cancer cell lines and a non‑tumorigenic epithelial cell line 
were determined using RT‑qPCR. Following log‑scale normal‑
ization, miR‑130a‑3p expression was found to be significantly 
higher in the cervical cancer cell lines, HeLa (P=0.0332), SiHa 
(P=0.0021), CaSki (P=0.0001), C‑4I (P=0.0002) and HCB‑514 
(P=0.0002), compared with that in the non‑tumorigenic epithe‑
lial cell line, HaCaT (Fig. 1). The CaSki, C‑4I and HCB‑514 
cell lines were further selected for subsequent functional 
analyses.

Anti‑miR‑130a‑3p knocks down the expression of miR‑130a‑3p 
in cervical cancer cells. The expression of miR‑130a‑3p was 
detected using RT‑qPCR following transfection with anti‑miR 
in the CaSki, C‑4I and HCB‑514 cells. As shown in Fig. 2, in 
the cervical cancer cell lines, miR‑130a‑3p expression was 
lower in the anti‑miR‑130a‑3p group than in the negative 
control cells (P<0.0001).

Anti‑miR‑130a‑3p inhibits the proliferation of cervical cancer 
cells. The proliferative ability of the CaSki and C‑4I cells was 
evaluated using colony formation assay. The results demon‑
strated that the ability of a single cell to form colonies was 
reduced following the inhibition of miR‑130a‑3p in the CaSki 
(81%; P=0.0100) and C‑4I (69.5%; P<0.0001) cells compared 
with that in the negative control group (Fig. 3).

Anti‑miR‑130a‑3p inhibits cervical cancer cell migration. 
To evaluate the ability of cervical cancer cells to migrate, 
Transwell assays were performed in the absence of Matrigel. 
Anti‑miR‑130a‑3p inhibited the migration of the CaSki, C‑4I 
and HCB‑514 cells by 55% (P=0.0012), 11.3% (P<0.0001) and 
33.3% (P<0.0001), respectively, compared with that of nega‑
tive control cells (Fig. 4). 

In the wound healing assay, the open wound in the control 
group was narrowed at 48 h in the CasKi cells (Fig. S1A) and 
at 24 h in the C‑4I cells (Fig. S1B). However, after knocking down 
miR‑130a‑3p in these cell lines, the scar healing rate was markedly 
attenuated. It was possible to observe the almost complete healing 
of the wound at 72 h in the negative control group, while in the 
anti‑miR‑130a‑3p group, the wound was not completely healed. 
Moreover, the distance between the wound edges decreased at 
a slower rate in the anti‑miR‑130a‑3p group than in the negative 
control group. These results indicated that anti‑miR‑130a‑3p 
suppressed the migration of cervical cancer cells.

Anti‑miR‑130a‑3p inhibits cervical cancer cell invasion. The 
present study also examined the in vitro invasiveness of CaSki, 
C‑4I and HCB‑514 cells transfected with anti‑miR‑130a‑3p or 

Figure 1. miR‑130a‑3p is highly expressed in cervical cancer cells. The HeLa, 
SiHa, CaSki, C‑4I and HCB‑514 cell lines had a significantly higher expres‑
sion of miR‑130a‑3p than the non‑tumorigenic epithelial cell line, HaCaT. 
Bars represent the standard deviation. *P<0.05, **P<0.01 and ***P<0.001, vs. 
HaCaT cells. ns, not significant; miR, microRNA.

Figure 2. Anti‑miR‑130a‑3p knocks down the expression of miR‑130a‑3p 
in cervical cancer cells. The expression of miR‑130a‑3p in CaSki, C‑4I 
and HCB‑514 cells following transfection was reduced, indicating that 
anti‑miR‑130a‑3p suppressed the expression of miR‑130a‑3p. The bars repre‑
sent the standard deviation. ****P<0.0001. miR, microRNA.
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negative control using Matrigel invasion assay. Cell invasion 
was measured by the number of cells that migrated through 
the Matrigel insert. Anti‑miR‑130a‑3p inhibited the invasion 
of the CaSki, C‑4I and HCB‑514 cells by 30.7% (P<0.0001), 
26.3% (P<0.0001) and 30.7% (P<0.0001), respectively, 
compared with that of the negative control cells (Fig. 5). These 
data suggested that miR‑130a‑3p contributed to the invasive‑
ness of cervical cancer cells.

Gene expression profile in HCB‑514 cells. Gene expression 
analysis using nCounter® PanCancer Pathways revealed a 
different gene expression profile between HCB‑514 cells 
and the HaCaT control cell line (FC≥2 and P<0.01; Fig. 6). 

The differential genes expressed were then filtered using a 
P‑value corrected by FDR <0.01. In total, 22 differentially 
expressed genes were identified. Among these 22 genes, 15 
genes (CCND2, FST, INHBA, BMP7, BMP4, CACNG4, SOX9, 
TNC, DUSP6, WNT10A, DLL1, ITGB7, CARD11, CCND1 
and CDK6) were significantly downregulated in the HCB‑514 
cells compared with the HaCaT cell line, while seven genes 
(IL12RB2, IL6R, ANGPT1, PTPRR, TLR2, PAX8 and 
COL4A3) were upregulated (Table I).

In silico analysis demonstrates that DLL1 and WNT10A 
are a decoy of miR‑130a‑3p to CESC progression. mirDIP 
v.5.1.16.1 predicted that, among the 22 differentially 

Figure 3. Anti‑miR‑130a‑3p inhibited the proliferation of cervical cancer cells. Colony formation assay was used to evaluate the proliferation of CaSki and C‑4I 
cells, which exhibited a reduced clone number in the anti‑miR‑130a‑3p group. (A) Images of the colony formation assay. (B) Bar plots of the data from panel 
A. Bars represent the standard deviation. *P<0.05 and ****P<0.0001. miR, microRNA.

Figure 4. Anti‑miR‑130a‑3p inhibits the migration of cervical cancer cells. (A) Images of Transwell assay in CaSki, C‑4I and HCB‑514 cell lines, which 
exhibited a decreased migration after miR‑130a‑3p was knocked down. (B) Bar plots of the data from panel A. Bars represent the standard deviation. **P<0.01 
and ****P<0.0001. miR, microRNA.
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expressed genes identified usin nCounter® technology 
(Table I), DLL1 and WNT10A could be targeted by 
miR‑130a‑3p (Table II). To establish whether the DLL1 and 
WNT10a genes could affect cervical cancer progression, 
TargetScan 7.1 was initially used to confirm an interaction 
site of DLL1 or WNT10A with miR‑130a‑3p. As illustrated 
in Fig. 7A, a potential binding site for miR‑130a‑3p was 
found in the 3'UTR regions of both mRNAs. The GEPIA2 
database was then used to examine the expression of DLL1 
and WNT10A genes. It was found that the DLL1 gene was 
notably expressed at low levels in CESC tissues compared 
with normal tissues (Fig. 7B). However, the WNT10A gene 
was upregulated in CESC tissues compared with normal 
tissues (Fig. 7C). In addition, using the GEPIA 2 database, 
the expression of the DLL1 and WNT10A genes in patients 
with different stages of CESC was evaluated, although no 
statistically significant differences between the groups were 
observed; however, a trend towards a decrease in expres‑
sion was observed for the DLL1 and WNT10A genes in the 
advanced stages of CESC (Fig. 7D and E).

The present study also evaluated the DLL1 and WNT10A 
expression levels in cervical cancer cell lines using data on 
gene expression available in the GENT2 platform (http://gent2.
appex.kr/gent2/). Significantly low levels of DLL1 expression 
were observed in the CaSki, SiHa, C‑4I and HeLa cells in 
comparison with those in the HaCaT cells (Fig. 7F). Similar 
results were found for the WNT10A gene, since all the cervical 
cell lines exhibited a decrease in WNT10A expression compared 
with the HaCaT cells (Fig. 7G). Although Spearman's correla‑
tion analyses did not reveal any significant differences, there 
was a tendency for a negative correlation between the levels of 
miR‑130a‑3p and the DLL1 gene (Spearman's Rho=‑0.4086, 
P=0.0659; Fig. 7H), and the WNT10A gene (Spearman's 

Rho=‑0.2589, P= 0.0.2572; Fig. 7I) in a cervical cancer cell 
line panel.

Subsequently, enrichment analysis was performed using 
Cytoscape software with the Reactome plugin of the DLL1 
and WNT10A genes to gain insights into the pathways that 
are affected in CESC progression (Fig. 7J and Table SVI). It 
was found that the downregulated DLL1 gene in CESC and 
cervical cancer cell lines was significantly enriched in the 
pathway of proteolysis and signaling pathway of Notch, path‑
ways in cancer, signaling by Notch2 and 3, presenilin action in 
Notch and Wnt signaling, Notch signaling pathway, signaling 
by NOTCH1, T helper (Th)1 and Th2 cell differentiation, and 
endocrine resistance. The WNT10A gene was significantly 
enriched in pathways in cancer, Wnt ligand biogenesis and 
trafficking, basal cell carcinoma, cadherin signaling pathway, 
signaling pathways regulating pluripotency of stem cells, 
mTOR signaling pathway, Hippo signaling pathway, Wnt 
signaling pathway, hepatocellular carcinoma, proteoglycans in 
cancer, and Wnt signaling pathway (Fig. 7J and Table SVI).

To validate whether DLL1 and WNT10A expression was 
also altered due to miR‑130a‑3p inhibition, the expression 
of DLL1 and WNT10A was evaluated in the HCB‑514 cells 
following miR‑130a‑3p inhibition. It was observed that both 
for the DLL1 gene (FC=3.03, P=0.0089) and for the WNT10A 
gene (FC=4.22, P<0.001), there was a significant increase in 
expression when the cells were subjected to the inhibition 
of miR‑130a‑3p in comparison to their respective negative 
controls (Fig. S2).

GSEA. The difference in gene expression levels between 
the HCB‑514 and HaCaT cells was further investigated 
using GSEA. GSEA was performed using a KEGG‑based 
list, including 186 gene sets. In total, 64 KEGG‑based gene 
sets, were identified as significantly enriched (FDR <0.05; 

Figure 5. Anti‑miR‑130a‑3p inhibits the invasion of cervical cancer cells. (A) Images of Transwell assay in the CaSki, C‑4I and HCB‑514 cell lines, which 
exhibited a decreased invasion after miR‑130a‑3p was knocked down. (B) Bar plots of the data from panel A. Bars represent the standard deviation. ****P<0.0001. 
miR, microRNA.
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Table III). NES indicates expression values in HCB‑514 vs. 
HaCaT cells. Of note, from the KEGG‑based list, all gene 
sets which demonstrated a high expression in the HCB‑514 
cells were mainly related to ‘gap junction’ (Fig. 8A), ‘calcium 
signaling pathway’ (Fig. 8B), ‘long‑term potentiation’ (Fig. 8C) 
and ‘apoptosis’ (Fig. 8D).

Discussion

The aberrant expression of miR‑130a‑3p in different tumor 
types suggests that this miRNA may play distinct roles in 
tumorigenesis, depending on the cell type involved. The 
role of miR‑130a‑3p in tumor development and progression 

appears to be contradictory, as it may serve as an oncogene 
or a tumor suppressor gene, regulating various canonical 
signaling pathways or target genes (43). Previous research has 
demonstrated that miR‑130a‑3p is upregulated in CIN3 (20). 
In addition, studies performing the assessment of miR‑130a‑3p 
expression in cervical cancer tissue samples identified an 
overexpression of this miRNA in comparison with that in 
normal samples (22,43,44). The findings of the present study 
demonstrated that miR‑130a‑3p was highly expressed in 
HPV‑positive cervical cancer cell lines and played a regula‑
tory role. Thus, the present study evaluated the effects of 
miR‑130a‑3p inhibition on CaSki, C‑4I and HCB‑514 cells. 
These cell lines were selected as they exhibited a significantly 

Figure 6. Gene expression profile in HCB‑514 cells using nCounter® technologies. Heatmap was used for gene expression profiling of the HCB‑514 primary cell 
line vs. HaCaT control cells. Cell lines were arranged in columns, while gene expression levels were arranged in rows, and both were hierarchically clustered 
using the Euclidean distance with the average linkage of nodes. Red shades indicate an increased relative expression, while blue shades indicate a reduced 
expression. The bars above indicate the groups used for the analysis. Purple indicates samples from the HaCaT control cells (n=3), while green refers to the 
HCB‑514 cells (n=3) (FC≥2; P<0.01).
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higher expression of miR‑130a‑3p at the basal level than 
others. Furthermore, the C‑33A cell line exhibited a low 
level of miR‑130a‑3p expression. Although previous studies 
reporting the low expression of miR‑130a‑3p in C‑33A cells 
are limited, it may be hypothesized that the high expression 
of miR‑130a‑3p may be associated with the presence of HPV, 
since C‑33A is a negative‑HPV cell line. Therefore, further 
studies are warranted to confirm this hypothesis.

The transient transfection of anti‑miR‑130a‑3p suppressed 
adhesion‑independent cell proliferation, migration and inva‑
sion in cervical cancer cells by decreasing the expression of 
miR‑130a‑3p. In agreement with the findings of a previous 
study, decreasing the expression of miR‑130a‑3p also inhibited 
cell proliferation. Furthermore, that study demonstrated that 
the inhibition of miR‑130a‑3p was responsible for the radio‑
sensitivity of non‑small cell lung cancer (45), while another 
study demonstrated that miR‑130a‑3p aggravated gastric 
cancer cell proliferation, migration and invasion by reducing 
GCNT4 expression and activating the TGF‑β1/SMAD3 
signaling pathway (46). 

The findings of the present study support the results 
identified in other studies on the contribution of miR‑130a‑3p 
to cervical tumor progression. Fan et al (23) observed that 
miR‑130a 3p expression levels were higher in cervical tumor 

tissues compared with those in healthy tissues. Moreover, that 
study verified that miR‑130a‑3p knockdown inhibited cervical 
cell proliferation and invasion in vitro and in vivo compared 
with the negative control group.

Other studies have demonstrated that miR‑130‑3p expres‑
sion levels can affect the therapeutic response. Huang et al (47) 
performed a study on 50 patients with breast cancer before 
and after epirubicin‑based neoadjuvant chemotherapy. They 
revealed that the increased expression of miR‑130a enhanced 
the sensitivity of breast cancer cells to doxorubicin, and that 
the inhibition of miR‑130a expression may be associated 
with resistance to epirubicin‑based chemotherapy in breast 
cancer tissues. It has been reported that miR‑130a‑3p regulates 
SMAD4 expression in hepatocellular carcinoma cells, and this 
regulatory axis plays a critical role in gemcitabine‑mediated 
sensitivity, in which the overexpression of miR‑130a‑3p 
leads to an increase in the sensitivity to gemcitabine of these 
cells (48). Therefore, the expression of miR‑130a‑3p is also 
associated with the treatment administered.

Furthermore, the present study investigated the role that 
miR‑130a‑3p plays in cervical cancer progression. The results 
of colony formation assay revealed that miR‑130a‑3p inhibi‑
tion significantly reduced the proliferation of CaSki and C‑4I 
cells. Wound healing and Transwell assays were performed to 
investigate the mechanisms through which anti‑miR‑130a‑3p 
affects the migration of cervical cancer cells, and it was 
found that anti‑miR‑130a‑3p inhibited cell migration. The 
results from the Transwell invasion assay demonstrated that 
anti‑miR‑130a‑3p reduced the invasion of cervical cancer cells. 
The aforementioned findings are in accordance with those of 
previous studies reporting that miR‑130a‑3p may function as a 
tumor promoter (22,45,46).

Bioinformatics analysis predicted that DLL1 and WNT10A 
may be one of the targets of miR‑130a‑3p. This observa‑
tion was supported by in silico analyses that demonstrated 
the reduced expression of DLL1 in patients with CESC and 
in a panel of cervical cancer cell lines. However, there was 
no reduction in expression in patients with CESC, although 
analyses using online databases revealed a significant reduc‑
tion in WNT10A expression in cervical cancer cells. Previous 
findings have demonstrated that both Notch1 mutation and 
inhibition induced by HPV E6 in cervical cancer can drive 
neoplastic development in stratified squamous epithelia. 
However, the contribution of Notch1 and its d‑like ligands to 
the susceptibility and progression of cervical cancer remains 
poorly understood (19). In comparison with the results of the 
present study, Liu et al (48) identified that miR‑130b inhibited 
the upstream gene, leading to a decrease in the expression of 
Notch‑DLL1, which enhanced the invasion and metastasis 
of liver cancer cells. Taken together, these results suggest 
that DLL1 may be the target gene for miR‑130a‑3p, which 
is involved in the proliferation, migration and invasion of 
cervical cancer cells in vitro. 

By contrast, herein, in silico analysis revealed that, 
although WNT10A could be a target of miR‑130a‑3p, the 
WNT10A gene exhibited increased expression in patients with 
CESC, and was expressed at low levels in cervical cancer cells, 
in which cervical cancer cells demonstrated the overexpres‑
sion of miR‑130a‑3p. In addition, the present study validated 
the differential expression of DLL1 and WNT10A between the 

Table I. Genes differentially expressed in HCB‑514 cells 
compared to the HaCaT control cell line using a NanoString 
Technologies analysis system.

 Fold   FDR
Gene change Status P‑value P‑value

CCND2 ‑8.0 Downregulated 0.0001 0.0089
FST ‑6.5 Downregulated 0.0019 0.0350
INHBA ‑5.7 Downregulated 0.0020 0.0350
BMP7 ‑5.3 Downregulated 0.0004 0.0200
BMP4 ‑5.0 Downregulated 0.0023 0.0350
CACNG4 ‑4.4 Downregulated 0.0022 0.0350
SOX9 ‑4.4 Downregulated <0.0001 0.0041
TNC ‑4.2 Downregulated 0.0038 0.0490
DUSP6 ‑4.0 Downregulated 0.0016 0.0330
WNT10A ‑4.0 Downregulated 0.0022 0.0350
DLL1 ‑3.2 Downregulated 0.0012 0.0330
ITGB7 ‑2.2 Downregulated 0.0006 0.0200
CARD11 ‑2.1 Downregulated 0.0036 0.0480
CCND1 ‑2.0 Downregulated <0.0001 0.0041
CDK6 ‑2.0 Downregulated 0.0002 0.0130
IL12RB2  2.2 Upregulated 0.0006 0.0200
IL6R  2.3 Upregulated 0.0006 0.0220
ANGPT1  3.2 Upregulated 0.0036 0.0480
PTPRR  4.1 Upregulated <0.0001 0.0041
TLR2  4.3 Upregulated 0.0002 0.0120
PAX8  4.8 Upregulated 0.0014 0.0330
COL4A3  5.2 Upregulated 0.0013 0.0330

The Student's t‑test was used for statistical analysis. FDR P‑value, 
P‑value corrected by false discovered rate.
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HCB‑514 cells with miR‑130a‑3p inhibition in comparison 
with negative control A. This result revealed that the modu‑
lation of miR‑130a‑3p expression was capable of causing a 
change in the expression of both evaluated genes. 

Thus, these results suggest that the WNT10A gene 
may not be the main target of miR‑130a‑3p. It has been 
demonstrated that miRNAs can regulate the expression of 
the WNT10A gene. Yu et al (49) reported that the WNT10A 
gene, a member of the Wnt/β‑catenin signaling pathway, was 

confirmed to be a target of miR‑378a‑3p. It has been observed 
that the inhibition of miR‑378a‑3p expression contributes to 
the activation of hepatic stellate cells, which led to increased 
cell proliferation, and the expression of α‑smooth muscle 
actin and collagen (49). Moreover, it has been demonstrated 
that miR‑361‑3p mediates tumor inhibition in lymphoma, 
and this regulation can be ascribed to the upregulation of 
WNT10A that was identified in lymphoma cell lines and 
normal lymphocytes (50).

Figure 7. In silico analysis of DLL1 and WNT10A, and their association with the progression of patients with CESC and with cervical cancer cell lines. (A) Putative 
miR‑130a‑3p binding site in the 3'untranslated regions of DLL1 and WNT10A, as predicted using TargetScan. (B,C) Expression boxplots of the genes using the 
GEPIA2 database (P<0.05; CESC tissues, n=306; normal tissues, n=13) (B) DLL1 expression; (C) WNT10A expression. (D) Association between DLL1 expres‑
sion, and pathological stage in patients with CESC using the GEPIA2 database (P<0.05). (E) Association between WNT10A expression, and pathological stage in 
patients with CESC using the GEPIA2 database (P<0.05). (F) Data from the GENT2 database regarding DLL1 expression in a cervical cancer cell line panel in 
comparison with HaCaT cells. ns, not significant. *P<0.05, **P<0.01, ***P<0.001 and ****P<0.0001. (G) Data from the GENT2 database regarding WNT10A expres‑
sion in a cervical cancer cell line panel in comparison with HaCaT cells. **P<0.01, ***P<0.001. (H,I) Spearman's pair‑wise correlation analysis of miRNA‑mRNA 
target pairs in cervical cancer cell lines paired in triplicate (n=5). (H) Correlation analysis revealed that increased miR‑130a‑p expression levels were associated 
with DLL1 downregulation in cervical cancer cell lines. In the correlation plots, the solid line represents the least square estimate, and P‑values represent global 
significance P<0.05; (I) correlation analysis revealed that increased miR‑130a‑p expression levels were associated with WNT10A downregulation in cervical 
cancer cell lines. In the correlation plots, the solid line represents the least square estimate, and P‑values represent global significance P<0.05. (J) Enrichment 
pathways using the DLL1 (right panel, red) and WNT10A (left panel, blue) genes in CESC. Significantly enriched pathways terms are shown in ‑log10 with 
Benjamini‑Hochberg false discovery rate‑corrected P‑values. The letter in parentheses after each pathway gene set name corresponds to the source of the pathway 
annotations. B, BioCarta; K Kyoto Encyclopedia of Genes and Genomes; R, Reactome; P, Panther; CESC, cervical squamous cell carcinoma and endocervical 
adenocarcinoma; miR, microRNA; GEPIA, Gene Expression Profiling Interactive Analysis; DLL1, δ‑like Notch1 ligand.
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Table III. Gene set enrichment analysis between the HCB‑514 and HaCaT cells.

Gene set NES NOM P‑value FDR P‑value Genes

Gap junction 0.0481 <0.001 0.042 PDGFD, PLCB1, PRKCA, PRKX, SOS1, NRAS,
    MAP2K1, SOS2, GNAS, MAPK3, PRKACB, RAF1,
    GRB2, PRKACA, EGFR, PDGFC, MAP2K2, GNA11,
    KRAS, MAPK1, GNAQ, HRAS, and PDGFA
Calcium 0.0470 <0.001 0.036 PLCB1, PRKCA, PRKX, PLCE1, PPP3CA, GNAS,
signaling    PPP3R1, PRKACB, PPP3CC, PRKACA, EGFR,
pathway    ERBB2, GNA11, PPP3CB, GNAQ, and PLCG2
Long‑term 0.0455 <0.001 0.033 PLCB1, PRKCA, PRKX, NRAS, PPP3CA, MAP2K1,
potentiation    EP300, MAPK3, BRAF, PPP3R1, PRKACB, RAF1,
    PPP3CC, PRKACA, MAP2K2, KRAS, MAPK1,
    PPP3CB, GNAQ, and HRAS
Apoptosis 0.0372 <0.001 0.054 IRAK3, BIRC3, IRAK2, CASP9, IL1A, TNFRSF10,
    PRKX, FAZ, TNFSF10, TNFRSF10, PIK3CA, IL1R1,
    AKT2, NFKBIA, PIK3CD, PPP3CA, PIK3R1, BAX,
    NFKB1, CASP7, IL1B, CHUK, IL1RAP, PPP3R1,
    BCL2L1, PRKACB, PPP3CC, CAPN2, PIK3R3,
    PIK3CB, PRKACA, IKBKB, CASP3, AKT1, PRKAR2A,
    RELA, PPP3CB, IKBKG, TNFRSF10, BAD, TP53,
    CASP8, PIK3R2, MAP3K14, MYD88, ATM, ENDOG,
    PRKAR1B, BID, and AKT3

NES, normalized enriched score; NOM P‑value, nominal P‑value; FDR P‑value, false discovery rate P‑value.

Table II. Bidirectional target prediction for differentially expressed genes and miR‑130a‑3p using the mirDIP tool.

Gene Uniprot Rank Source Confidence score

DLL1 O00548 0.6302500 miranda_May_2021 0.0210342
DLL1 O00548 0.8863533 mirbase 0.0417327
DLL1 O00548 0.0976322 mirzag 0.0881644
DLL1 O00548 0.2058031 miRDB_v6 0.0930805
DLL1 O00548 0.8913646 miRTar2GO 0.1264211
DLL1 O00548 0.3556803 MBStar 0.0339947
DLL1 O00548 0.0055481 MirAncesTar 0.1070419
DLL1 O00548 0.7009731 MiRNATIP 0.0196684
DLL1 O00548 0.4255360 MultiMiTar 0.1111873
DLL1 O00548 0.7303563 RNA22 0.0136887
DLL1 O00548 0.2063430 TargetScan_v7_2 0.3306254
WNT10A Q9GZT5 0.4518441 miranda_May_2021 0.0254858
WNT10A Q9GZT5 0.6573457 mirbase 0.0465710
WNT10A Q9GZT5 0.3362469 mirzag 0.0564491
WNT10A Q9GZT5 0.9904704 miRDB_v6 0.0602461
WNT10A Q9GZT5 0.4086939 miRTar2GO 0.1266619
WNT10A Q9GZT5 0.0046046 MirAncesTar 0.1103192
WNT10A Q9GZT5 0.4074708 MultiMiTar 0.1126795
WNT10A Q9GZT5 0.1128482 TargetScan_v7_2 0.3892957

DLL1, delta‑like Notch1 ligand; WNT10A, Wnt family member 10a.
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Despite the novelty of the current findings, the present 
study has several limitations. First, cell proliferation was 
not evaluated in the HCB‑514 cell line. Therefore, it should 
be emphasized that this analysis should be performed in the 
HCB‑514 cell line. Although the present study evaluated the 
expression of DLL1 and WNT10A using in silico analysis, 
and also in the HCB‑514 cell line with miR‑13a‑3p expression 
modulation, additional experiments are required to validate 
the possible regulatory targets of miR‑130a‑3p. Therefore, it 
would be beneficial to determine whether DLL1 and WNT10A 
expression are also altered in the CaSki and C‑4I cell lines 
following miR‑13a‑3p inhibition. In this sense, another limita‑
tion of this study includes the absence of western blot analyses 
in order to validate protein expression involved in the signaling 
pathways identified from the pathway enrichment analysis, and 

also the GSEA analysis. The current analyses were performed 
in vitro; thus, future in  vivo experiments are also warranted to 
further support the present conclusions. However, bearing in 
mind that the present study was a hypothesis‑generating study, 
it is considered that the data identified herein are sufficiently 
robust and can be evaluated in a more complete manner in a 
future study.

In conclusion, the present study demonstrated that 
miR‑130a‑3p was highly expressed in cervical cancer cells. 
Cervical cancer adhesion‑independent cell proliferation, 
migration and invasion may be suppressed by the inhibition 
of miR‑130a‑3p expression (Fig. 9). Thus, the results presented 
herein may provide novel insight into the role of miR‑130a‑3p 
in cervical cancer progression and its potential value for 
clinical prognosis.

Figure 8. GSEA. GSEA was performed in the HCB‑514 and HaCaT cells. The GSEA algorithm calculates an enrichment score reflecting the degree of over‑
representation at the top or bottom of the ranked list of the genes included in a gene set in a ranked list of all genes present in the nCounter PanCancer Pathways 
Panel. The analysis demonstrates that the signaling pathways (A) gap junction, (B) calcium signaling pathway, (C) long‑term potentiation and (D) apoptosis 
were enriched in HCB‑514 cells. GSEA, gene set enrichment analysis
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