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Abstract. MicroRNAs (miRs) are aberrantly expressed in 
various cancer types and have critical roles in their genesis and 
progression. miR‑144 has been identified to be involved in the 
development of hepatocellular carcinoma and rectal cancer. 
However, the roles of miR‑144 in cervical cancer and the under-
lying molecular mechanisms have remained elusive. The present 
study identified that miR‑144 was significantly decreased in 
cervical cancer tissues compared with that in matched normal 
cervical tissues as well as in metastatic vs. non‑metastatic cervical 
cancer tissues. miR‑144 downregulation was significantly 
associated with the International Federation of Gynecology 
and Obstetrics stage and lymph node metastasis. In a gain‑of 
function study, miR‑144 mimics were transfected into the Hela 
and C33A cervical cancer cell lines, which led to suppression 
of cell growth. In addition, overexpression of miR‑144 inhibited 
the migration and invasion of Hela and C33A cells. Furthermore, 
a bioinformatics analysis identified vascular endothelial growth 
factor A (VEGFA) VEGFC as two novel target genes of miR‑144. 
Of note, a dual luciferase reporter assay, reverse‑transcription 
quantitative polymerase chain reaction analysis and western blot 
analysis demonstrated that miR‑144 repressed the expression of 
VEGFA and VEGFC by directly targeting to their 3'‑untrans-
lated region. Taken together, the results suggested that miR‑144 
acts as a tumor suppressor in the proliferation and metastasis of 
cervical cancer cells by directly targeting VEGFA and VEGFC, 
suggesting that miR‑144 may be a novel promising diagnostic 
and therapeutic biomarker for cervical cancer.

Introduction

Cervical cancer is the second most frequent gynecological cancer 
type worldwide and accounts for almost 12% of all malignancies 
in women (1,2). Cervical cancer is the result of a multistep process 
involving the transformation of normal cervical epithelium to 
a cervical intraepithelial pre‑neoplasm, which is subsequently 
transformed into cervical cancer (3). Infection with high‑risk 
human papillomaviruses (HPVs) has an important role in the 
initiation of cervical cancer (4,5). However, increasing evidence 
has indicated that HPV infection alone is insufficient for the 
development and progression of cervical cancer (5). Therefore, 
there is a compelling requirement for understanding of the other 
molecular mechanisms underlying the process of the genesis 
and progression of the malignant phenotype.

MicroRNAs (miRNAs/miRs) are a class of endogenous, 
small non‑coding RNAs that are comprised of 18‑25 nucleotides 
and control gene expression via binding with complementary 
sites in the 3'‑untranslated regions (UTRs) of mRNAs (6,7). 
Accumulating evidence demonstrated that certain miRNAs 
are deregulated in a number of human cancer types and are 
involved in the regulation of numerous biological processes, 
including cell growth, differentiation, invasion, migration and 
apoptosis (8,9). miRNAs act as tumor suppressors or oncogenes 
in cancer depending on the nature of their target genes (10,11). 
Certain miRNAs have been demonstrated to be involved in the 
genesis and progression of cervical cancer (9). For instance, 
miR‑328 suppresses cervical cancer cell proliferation and 
tumorigenesis in vitro and in vivo by targeting transcription 
factor 7 like 2 expression  (12). Furthermore, miR‑486‑3p 
targeting extracellular matrix protein 1 inhibits cell prolif-
eration and metastasis in cervical cancer  (13). miR‑519d 
contributes to the progression and metastasis of cervical cancer 
by directly regulating Smad7  (14). miR‑200b was demon-
strated to suppress cell invasion and metastasis by suppressing 
epithelial‑mesenchymal transition in cervical carcinoma (15).

miR‑144 was originally identified to be an erythroid‑specific 
miRNA, which is essential for the survival and maturation of 
the erythroid lineage (16,17). Ample studies have also reported 
that miR‑144 acts as a tumor suppressor in different types of 
human cancer, including hepatocellular carcinoma (18), rectal 
cancer  (19) and B‑cell lymphoma  (20). A recent miRNA 
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microarray analysis demonstrated that miR‑144 expression was 
significantly downregulated in patients with cervical cancer 
and lymph node metastasis as compared with those without 
lymph node metastasis (21). However, the functional role of 
miR‑144 in cervical cancer has remained to be elucidated.

The present study investigated the expression of miR‑144 
in cervical cancer tissues and explored its potential effects on 
the growth, migration and invasion of cervical cancer cells. 
In addition, vascular endothelial growth factor A (VEGFA) 
and VEGFC were identified as targets of miR‑144 in cervical 
cancer cells. These findings indicated a novel molecular 
mechanism underlying in the regulatory roles of miR‑144 in 
cervical cancer. Thus, miR‑144 may be a promising thera-
peutic tool for cervical cancer in the future.

Material and methods

Cell lines and culture. The HeLa and C33A cervical cancer 
cell lines were obtained from the Cell Bank of the Chinese 
Academy of Sciences (Shanghai, China). Cells were cultured 
in RPMI1640 (Gibco; Thermo Fisher Scientific, Inc., Waltham 
MA, USA) supplemented with 10% fetal bovine serum (FBS; 
Gibco; Thermo Fisher Scientific, Inc.), 100 g/ml streptomycin 
sulfate and 100 U/ml penicillin sodium in a humidified incu-
bator with 5% CO2 at 37˚C. Cells in the logarithmic growth 
phase were used for further study.

Oligonucleotide transfection. miR‑144 mimics and scrambled 
oligonucleotide as the negative control (NC) were chemically 
synthesized and purchased from Shanghai GenePharma 
(Shanghai, China). miR‑144 mimics or NC (100 nM) in 2 ml 
RPMI1640 medium were transfected into HeLa and C33A 
cells with Lipofectamine 2000 reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) after the cells reached 60‑80% conflu-
ence, according to the manufacturer's protocol. After 6 h 
of transfection, the medium was replaced with RPMI1640 
containing 10% FBS. The cells were collected 48 h later, and 
the expression of miR‑144 in the cervical cancer cell lines was 
detected by Reverse‑transcription quantitative polymerase 
chain reaction analysis (RT‑qPCR).

Clinical samples of cervical cancer. A total of 35 cervical 
cancer tissues and matched normal tissues were collected from 
the Department of Gynecologic Tumor at Fudan University 
Shanghai Cancer Center (Shanghai, China) from January 
2010 to December 2014. The tissues that were obtained from 
surgery were immediately frozen in liquid nitrogen and 
subsequently stored at ‑80˚C for further study. Pathological 
classification and staging were performed according to 
the International Federation of Gynecology and Obstetrics 
(FIGO) criteria  (22). Based on lymph node metastasis, 
35 patients with cervical cancer were divided into two groups, 
including patients with lymph node metastasis (n=9) and those 
with no lymph node metastasis (n=26). All patients provided 
their written informed consent to be enrolled in the study. 
The present study was approved by the Ethics Committee of 
Fudan University Shanghai Cancer Center (Shanghai, China) 
and experiments were in accordance with the Declaration of 
Helsinki. The characteristics of the cervical cancer patients 
are displayed in Table I.

RT‑qPCR. Total RNA was extracted from cervical cancer 
tissues and cells by using TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) according to the manufacturer's protocol. 
For detection of miR‑144 expression, RT was performed by 
using a Super‑Script III RT kit (cat. no. 18080085; Invitrogen; 
Thermo Fisher Scientific, Inc.). To determine VEGFA and 
VEGFC expression, mRNA was converted into comple-
mentary (c)DNA by using a PrimeScript RT reagent kit (cat. 
no. RR047A; Takara, Tokyo, Japan). qPCR was performed 
by using a SYBR® Premix Ex Taq™ II kit (cat. no. RR036A; 
Takara) with analysis in an ABI 7500 Real‑Time PCR System 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The 
qPCR conditions were 95˚C for 5 min followed by 40 cycles 
of denaturation at 95˚C for 10 sec and annealing/elongation 
at 60˚C for 30 sec. U6 small nuclear RNA and GAPDH were 
assessed as endogenous controls. Primer sequences were as 
follows: miR‑144, forward, 5'‑TCA​TGT​AGT​AGA​TAT​GAC​
AT‑3' and reverse miscript universal primer (Qiagen GmbH, 
Hilden, Germany); U6 forward, 5'‑CTC​GCT​TCG​GCA​GCA​
CA‑3' and reverse, 5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'; 
VEGFA forward, 5'‑TTT​CTG​CTG​TCT​TGG​GTG​CAT​
TGG‑3' and reverse, 5'‑ACC​ACT​TCG​TGA​TGA​TTC​TGC​
CCT‑3'; VEGFC forward, 5'‑GAG​GAG​CAG​TTA​CGG​TCT​
GTG‑3' and reverse, 5'‑TCC​TTT​CCT​TAG​CTG​ACA​CTT​
GT‑3'; GAPDH forward, 5'‑CTG​GGC​TAC​ACT​GAG​CAC​C‑3' 
and reverse, 5'‑AAG​TGG​TCG​TTG​AGG​GCA​ATG‑3'. The 
RT‑qPCR was performed using the 2‑ΔΔCq method (23).

Table I. Association between miR‑144 expression and clinico-
pathological characteristics.

	 miR‑144
	 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Cases (n)	 Low	 High	 P‑value

Age (years)				    0.259
  <45 	 22	 14	 8	
  ≥45 	 13	 11	 2	
Tumor size				    0.723
  ≤4 cm	 19	 13	 6	
  >4 cm	 16	 12	 4	
Histological type				    0.661
  Squamous cell carcinoma	 27	 20	 7	
  Adenocarcinoma	 8	 5	 3	
Histological differentiation				    0.266
  Well/moderate	 15	 9	 6	
  Poor	 20	 16	 4	
FIGO stage				    0.004a

  IB	 24	 21	 3	
  >IB	 11	 4	 7	
Lymph node metastasis				    0.007a

  No	 26	 22	 4	
  Yes	 9	 3	 6	

aP<0.05. FIGO, International Federation of Gynecology and 
Obstetrics; miR, microRNA.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  15:  562-568,  2018564

MTT assay. The viability of the HeLa and C33A cells was eval-
uated by using the MTT method. The cells (5x103 cells/well) 
were seeded and cultured in 96‑well plates, and MTT solution 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) was 
added to a final concentration of 0.5 mg/ml at 48 h after trans-
fection. The cells were incubated for another 4 h at 37˚C with 
5% CO2. Subsequently, the medium was removed and 150 µl of 
dimethylsulfoxide (Sigma‑Aldrich; Merck KGaA) was added 
to each well to dissolve the formazan crystals. Finally, the 
optical density at 480 nm was measured by using an ELX‑800 
Microplate Reader (BioTeke, Winooski, VT, USA).

Migration and invasion assay. A wound healing assay was 
performed to assess the migration ability of cervical cancer 
cells. In brief, cells were seeded in 6‑well plates at a density 
of 106 cells/well and cultured to confluence. Cell monolayers 
were scraped with a sterile 10‑µl pipette tips (EMD Millipore, 
Billerica, MA, USA) to generate scratch wounds and washed 
three times with PBS (Sigma‑Aldrich; Merck KGaA) to 
remove cell debris. The cells were incubated at 37˚C with 5% 
CO2 for another 24 h. To determine the migration distances, 
wounds were observed under a CX41 inverted microscope 
(Olympus, Tokyo, Japan) at x100 magnification and images 
were captured.

A cell invasion assay was performed by using Transwell® 
chambers (BD Biosciences, Franklin Lakes, NJ, USA). In 
brief, 300 µl cell suspension was added to the upper chamber 
pre‑coated with Matrigel™ (BD Biosciences) and 500  µl 
RPMI1640 with 10% FBS as the chemoattractant was added to 
the lower chambers. The cells were incubated at 37˚C with 5% 
CO2 for 24 h. Following careful removal of cells remaining on 
the upper surface of the membrane, those on the lower surface 
of the membrane were fixed in pure methanol (Sigma‑Aldrich; 
Merck KGaA) for 20 min and stained with 0.1% crystal violet 
(Sigma‑Aldrich; Merck KGaA) for 15 min. Stained cells were 
visualized and counted in five randomly selected fields under 
a CX41 inverted microscope at x200 magnification.

Dual luciferase reporter assay. The full‑length 3'‑UTRs of 
VEGFA and VEGFA [wild type (WT)] were amplified by 
PCR from cDNA and cloned into the PGL3‑Basic Vector 
(Promega, Madison, WI, USA). The mutant (MUT) construct 
of VEGFA and VEGFA 3'‑UTRs was generated by using a 
QuickChange Site‑Directed Mutagenesis kit (cat. no. R407; 
Takara). Co‑transfection of WT or MUT VEGFA or VEGFA 
reporter vector with miR‑144 mimic or NC was performed by 
using Lipofectamine 2000. After 48 h of transfection, dual 
luciferase activity was measured by using a dual luciferase 
reporter assay system (Promega) according to the manufac-
turer's protocols.

Protein extraction and western blot analysis. Total protein was 
extracted from the cultured cells by using radioimmunopre-
cipitation assay buffer (Invitrogen; Thermo Fisher Scientific, 
Inc.) at 4˚C. The total protein concentration was determined 
by an Enhanced BCA Protein Assay kit (Beyotime Institute 
of Biotechnology, Haimen, China). Equal amounts of proteins 
(40 µg) were separated by 8‑12% SDS‑PAGE and transferred 
onto a polyvinylidene difluoride membrane (EMD Millipore). 
The membrane was incubated with Tris‑buffered saline with 

Tween‑20 containing 5% non‑fat milk for 2 h at 37˚C. The 
membrane was incubated with mouse anti‑human mono-
clonal anti‑VEGFA (dilution, 1:500; cat. no. ab1316; Abcam, 
Cambridge, MA, USA), anti‑VEGFC (dilution, 1:1,000; cat. 
no. ab191274; Abcam) and anti‑GAPDH (dilution, 1:2,000; cat. 
no. ab9482; Abcam) antibodies at 4˚C overnight, followed by 
incubation with horseradish peroxidase‑conjugated secondary 
antibodies (1:2,000; cat. no. A21010; WuHan AmyJet Scientific 
Inc., Wuhan, China) at room temperature for 1 h. Blots were 
visualized by an enhanced chemiluminescence kit (Pierce; 
Thermo Fisher Scientific, Inc., Rockford, IL, USA).

Statistical analysis. Statistical analysis was performed with 
SPSS statistical software, version 17.0 (SPSS, Inc., Chicago, IL, 
USA). Values are expressed as the mean ± standard deviation 
of at least three independent experiments. Differences between 
two groups were analyzed by a two‑tailed Student's t‑test or 
one‑way analysis of variance with a Bonferroni correction. 
Data plotting was performed with GraphPad Prism, version 
5 (GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

miR‑144 expression is downregulated in cervical cancer 
tissues. To assess the function of miR‑144 in cervical cancer, 
the present study first examined its expression in the cervical 
tissues from patients with cervical cancer. The RT‑qPCR 
results demonstrated that miR‑144 expression was significantly 
reduced in the cervical cancer tissues compared with matched 
normal cervical tissues (Fig. 1A; P<0.01).

A previous miRNA microarray analysis reported that 
miR‑144 expression was downregulated in patients with lymph 
node metastasis (21). Therefore, the present study also detected 
the expression levels of miR‑144 in patients with lymph node 
metastasis. As presented in Fig. 1B, miR‑144 expression in 
cervical cancer tissues of patients with lymph node metastasis 
was also lower than that in patients without lymph node metas-
tasis (P<0.05), implying that decreased expression of miR‑144 
may have an important role in the progression of cervical 
cancer.

Association of miR‑144 expression with clinicopathological 
features of cervical cancer patients. In order to determine 
the clinical significance of miR‑144 in cervical cancer, the 
35 patients were divided into two groups based on miR‑144 
expression levels (low vs. high) with the median expression 
level as a cut‑off point. The association of miR‑144 expres-
sion with the clinicopathological features is presented in 
Table I. The results indicated that downregulation of miR‑144 
was significantly associated with the FIGO stage (P=0.004) 
and lymph node metastasis (P=0.007), while no significant 
association with any other clinicopathological variables was 
observed.

Ectopic expression of miR‑144 inhibits the proliferation 
of cervical cancer cells. To identify the role of miR‑144 in 
cervical cancer cells, miR‑144 mimics or NC was introduced 
into HeLa and C33A cells. The proliferation of miR‑144‑over-
expressing cells was evaluated by an MTT assay. Transfection 
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with miR‑144 mimics resulted in a significantly increased 
expression of miR‑144 in HeLa and C33A (P<0.01; Fig. 2A). 
The results of the MTT assay demonstrated that at 48 and 
72 h after transfection with miR‑144 overexpression vector, 
the growth of HeLa and C33A cells was significantly inhibited 
compared with that in the NC group (P<0.05; Fig. 2B and C).

Overexpression of miR‑144 decreases the migration and 
invasion abilities of cervical cancer cells. Next, the present 
study sought to explore the effect of miR‑144 on the migration 
and invasion abilities of cervical cancer cells. As presented in 
Fig. 3A, the migration abilities of HeLa and C33A cells treated 
with miR‑144 mimics were significantly decreased compared 
with those in NC‑transfected cells (P<0.05). As presented 
in Fig.  3B, the number of invasive cells in the miR‑144 
mimics‑transfected groups was reduced compared with that in 
the NC‑transfected groups (HeLa, (75.4±17.6 vs. 267.6±44.2, 
P<0.01; C33A, 86.9±21.3 vs. 315.2±69.8, P<0.01).

miR‑144 targets the 3'‑UTRs of VEGFA and VEGFC 
mRNA to inhibit their expression. To further illustrate the 
molecular mechanisms underlying the tumor suppressor role 
of miR‑144 in cervical cancer cells, a bioinformatics analysis 
was performed to identify targets of miR‑144. A TargetScan 
(http://www.targetscan.org) search revealed the presence of a 
miR‑144 binding site in the 3'‑UTR of VEGFA mRNA as well 
as that of VEGFC mRNA (Fig. 4A). To verify this, miR‑144 
mimics or NC and the WT or MUT VEGFA or VEGFC lucif-
erase reporter vectors were co‑transfected into HeLa cells. The 
results indicated that the relative luciferase activity in miR‑144 
mimics‑treated HeLa cells was significantly lower than that in 
NC‑transfected cells (P<0.05; Fig. 4B), whereas this inhibitory 
effect was abrogated when the oligonucleotides in the binding 
sites of the 3'‑UTRs were mutated. To further confirm that 
VEGFA and VEGFC are the targets of miR‑144, RT‑qPCR 
and western blot analyses were performed. The expression of 
VEGFA and VEGFC in HeLa cells was markedly reduced 
following miR‑144 overexpression (P<0.05; Fig. 4C and D). 
These results suggested that VEGFA and VEGFC are target 
genes of miR‑144 in cervical cancer cells.

Discussion

Previous studies have indicated that 99.7% of cases with cervical 
cancer may be attributed to HPV infection (24). Emerging 
evidence has demonstrated that certain aberrantly expressed 
miRNAs are associated with tumorigenesis by upregulating 
the expression of oncogenes and serve as biomarkers for 
the diagnosis and prognosis of various human cancer types, 

Figure 1. miR‑144 expression is downregulated in cervical cancer tissues. (A) Expression of miR‑144 was detected by reverse‑transcription quantitative 
polymerase chain reaction analysis in cervical cancer tissues and matched normal tissues. (B) The levels of miR‑144 in cancer tissues from patients with 
lymph node metastasis was lower compared with patients without lymph node metastasis. *P<0.05 compared with non‑metastatic cervical cancer tissues. miR, 
microRNA.

Figure 2. Ectopic expression of miR‑144 inhibited the proliferation of 
cervical cancer cells. (A) Reverse‑transcription quantitative polymerase 
chain reaction analysis of miR‑144 levels in HeLa and C33A cells transfected 
with miR‑144 mimics or NC. (B and C) Identification of cell growth by an 
MTT assay. (B) HeLa and (C) C33A cells. *P<0.05, **P<0.01 and compared 
with NC. NC, negative control; OD, optical density; miR, microRNA.
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Figure 3. Overexpression of miR‑144 decreases the migration and invasion abilities of cervical cancer cells. (A) Wound healing assay for assessment of 
cell migration. Representative photomicrographs of HeLa and C33A cells are displayed (magnification, x100). The black lines indicate the migration front. 
(B) Transwell assay for assessment of cell invasion. Representative photomicrographs of the lower side of the Transwell membranes are displayed (magnifica-
tion, x200). Following transfection with miR‑144 mimics, the number of invasive HeLa and C33A cells was significantly reduced compared with that in the 
NC group. **P<0.01 compared with NC. NC, negative control; miR, microRNA.

Figure 4. VEGFA and VEGFC are target genes of miR‑144 in cervical cancer cells. (A) The binding sites of miR‑144 on 3'‑UTRs of VEGFA and VEGFC as 
predicted by a bioinformatics analysis. (B) The WT or MUT VEGFA or VEGFC reporter plasmids was co‑transfected with miR‑144 mimics or NC into HeLa 
cells. Luciferase activity was measured at 24 h after transfection. (C) Reverse‑transcription quantitative polymerase chain reaction analysis and (D) western 
blot analysis of VEGFA and VEGFC expression in HeLa cells after transfection with miR‑144 mimics or NC. *P<0.05 and **P<0.01 compared with NC. 
VEGFA, vascular endothelial growth factor A; NC, negative control; miR, microRNA; WT, wild‑type; MUT, mutated; UTR, untranslated region.
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including cervical cancer  (25‑27). Hence, identification of 
miRNAs and their target genes involved in tumorigenesis will 
provide key clues for the development of novel diagnostic tools 
and therapies for patients with cervical cancer.

miR‑144 is located on chromosome 17q11.2 of the human 
genome, which has been reported to be downregulated in 
esophageal squamous cell cancer (28), laryngeal squamous 
cell carcinoma (29), lung cancer (30) and bladder cancer (31). 
The present study assessed the expression levels of miR‑144 
in cervical cancer tissues and their matched normal cervical 
tissues to determine the effects of miR‑144 on the malignant 
progression of cervical cancer. The results indicated that 
miR‑144 was markedly downregulated in cervical cancer 
tissues, which was consistent with those of previous studies. 
A miRNA microarray analysis by Ding et al (21) identified 
that the expression of miR‑144 was significantly downregu-
lated in cervical cancer patients with lymph node metastasis 
as compared with that in patients without. In line with this, 
the present study also indicated that the expression of miR‑144 
was lower in cervical cancer tissues from patients with lymph 
node metastasis compared with patients without lymph node 
metastasis. The downregulation of miR‑144 was significantly 
associated with the FIGO stage and lymph node metastasis. 
These results strongly suggested that miR‑144 is involved in 
the progression of cervical cancer.

Epigenetic changes represent an important mechanism 
for the silencing of tumor suppressor genes or activation of 
oncogenes. In cervical cancer, DNA methylation‑mediated 
silencing of a rapidly growing number of coding and 
non‑coding genes has been identified and their functional 
relevance has been demonstrated (32). Increased methylation 
has been demonstrated for a number of miRNAs, including 
miR‑34b, miR‑95, miR‑124 and miR‑375 (32). The present 
study found that miR‑144 expression was also repressed, indi-
cating that DNA methylation‑mediated silencing of miR‑144 
may exist in cervical cancer.

miR‑144 has been indicated to have a tumor suppressive 
role in the progression of cancer. For instance, Wang et al (33) 
identified that miR‑144 suppressed osteosarcoma cell 
proliferation and metastasis by targeting the expression of 
Rho‑associated protein kinases 1 and 2. Matsushita et al (34) 
suggested that tumor‑suppressive miR‑144 directly targeted 
the transcripts of CCNE1/2 as potential prognostic biomarkers 
in bladder cancer. Zhang et al (30) reported that miR‑144‑3p, 
a tumor suppressive miRNA, targeted ETS‑1 in laryngeal 
squamous cell carcinoma. The present study expanded the 
current knowledge regarding the role of miR‑144 in cervical 
cancer and suggested a tumor suppressive role via inhibition 
of cellular growth, migration and invasion.

Since miRNAs usually exert their biological effects via 
inhibiting the expression of target mRNAs, a bioinformatics 
analysis was performed to predict gene targets of miR‑144. 
VEGFA and VEGFC were predicted as targets, which are 
two cancer‑associated genes containing highly evolutionarily 
conserved miR‑144 binding sites on the 3'‑UTR of their 
mRNAs. A previous study reported that VEGF contributed 
to endothelial cell proliferation, division and migration (35). 
Knockdown of hypoxia‑inducible factor‑1α was previously 
demonstrated to decrease the radiation resistance of cervical 
cancer by reducing the expression of VEGF (36). Anti‑VEGF 

treatment augments the tumor radiation response under 
normoxic or hypoxic conditions, which is a novel therapeutic 
strategy in cervical cancer (37). VEGFA and VEGFC, two 
members of the VEGF family, were recently identified as 
the predominant tumor metastasis‑driving factors in various 
human cancers types, including renal cell carcinoma (38), 
hepatocellular carcinoma (39) and cervical cancer (40‑42). 
The present study identified VEGFA and VEGFC as targets 
of miR‑144 via directly binding to the 3'‑UTRs of VEGFA 
and VEGFC mRNA in a dual luciferase reporter assay. 
Furthermore, RT‑qPCR and western blot analyses confirmed 
that ectopic expression of miR‑144 significantly downregu-
lated the expression of VEGFA and VEGFC. These findings 
suggested that downregulation of miR‑144 may contribute to 
aberrant growth and metastasis of cancer cells through loss of 
inhibition of VEGFA and VEGFC expression.

In conclusion, the present study demonstrated that miR‑144 
exerts a suppressive effect on the growth, migration and inva-
sion of cervical cancer cells by directly targeting VEGFA and 
VEGFC, indicating that miR‑144 may be a promising thera-
peutic target for cervical cancer treatment.
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