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Abstract. Micro (mi)RNAs are crucial participants in the 
progression of cervical cancer (CC). Growing evidence indi‑
cates that miRNA (miR)‑34c‑5p is a pivotal tumor suppressor 
in numerous types of cancer and its functions in CC require 
further investigating. The present study demonstrated that 
there was a decreased level of miR‑34c‑5p in CC‑associated 
cell lines compared with healthy control samples. It also 
demonstrated that miR‑34c‑5p targeted Notch1 and suppressed 
CC progression. Dual‑Luciferase reporter assays verified the 
targeted relationship of miR‑34c‑5p and Notch1. The expres‑
sion of Notch1 in HeLa cells was markedly reduced following 
miR‑34c‑5p overexpression and the proliferation, migration 
and invasion of HeLa cells were reduced although apoptosis 
was accelerated. However, overexpression of miR‑34c‑5p was 
reversed following the addition of Notch1, which supported 
the finding of the targeted relationship between miR‑34c‑5p 
and Notch1. Flow cytometry demonstrated that miR‑34c‑5p 
inhibited the proliferation of HeLa cells while accelerating 
apoptosis. The present study concluded that miR‑34c‑5p was 
a tumor suppressor in CC and may be a novel measure for the 
future treatment of CC.

Introduction

Cervical cancer (CC) is known as one of the most common 
types of gynecological cancers worldwide and it is also the 
fourth leading cause of female mortality  (1). Advances in 
early diagnosis, surgical resection and chemotherapy/radia‑
tion enable patients to receive effective treatments, however, 
CC prognosis remains poor (2). Causes of death in patients 

with CC are mainly cancer progression, metastasis and resis‑
tance (3). Therefore, investigations into the mechanism and 
progression of tumorigenesis may provide novel insights for 
the development of new treatment methods of CC.

MicroRNAs (miRNAs or miRs) are 22nt small non‑coding 
RNA molecules, which are closely implicated in gene expres‑
sion (4). miRNAs either degrade certain specific genes or 
inhibit their expression by binding to 3'‑untranslated regions 
(3'‑UTRs) of their mRNAs in a complimentary manner (5,6). 
miRNAs are widely involved in various biological processes 
including proliferation, tumor metastasis and drug toler‑
ance (7,8). miR‑34c‑5p has been reported to function as a tumor 
suppressor in numerous cancer types (9). However, whether 
the same miRNA serves as an oncogene or not is ultimately 
dependent on the characteristics of the target genes (10‑12). 
The present study aimed at investigating the effects and 
mechanism of miR‑34c‑5p in CC.

The Notch signaling pathway is an evolutionarily conserved 
signaling pathway that mediates proliferation and differen‑
tiation as well as the survival and apoptosis of cells (13). The 
Notch signaling pathway encompasses Notch transmembrane 
receptors (Notch1‑4) and their ligands (Delta‑like 1, 3 and 4 
and Jagged 1 and 2) (14). The Notch receptor features a single 
channel transmembrane protein and consists of an extracel‑
lular domain, a transmembrane domain and an intracellular 
domain. Once the Notch signaling pathway is activated by the 
ligand‑receptor of joint cells, the Notch1 receptor is cleaved 
by γ‑secretase, thereby releasing Notch1 intracellular domain 
(NICD) from the plasma membrane (15). Subsequently, NICD 
translocates into the nucleus and then participates in the tran‑
scription of other transcription factors to further regulate its 
downstream genes including members of Hes and Hey fami‑
lies (16). The Notch signaling pathway regulates the growth 
of numerous tissues and cells in a cellular context‑dependent 
way, which further affects cell specialization, proliferation and 
apoptosis (16). A dysregulated Notch signaling pathway has 
been revealed in various types of cancer including CC (17). 
However, the interaction between miR‑34c‑5p and Notch1 
remains to be elucidated. The present study was designed to 
explore the biological functions and mechanism of miR‑34c‑5p 
on CC at a molecular level, hoping to provide a novel approach 
to the current treatment of this disease.
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Materials and methods

Tissue collection. CC and adjacent tissues were collected from 
30 patients aged between 29 and 72 who underwent surgical 
resections at the Emergency General Hospital (Beijing, 
China) between December 2017 and December 2019. One of 
the patients who received anticancer treatment was excluded 
from the study. All tissues were frozen by liquid nitrogen 
immediately and stored at ‑80˚C for later use. The experi‑
mental protocol was authorized by the Ethics Committee of 
Emergency General Hospital (approval no. 2017SY1503). Prior 
written informed consent was obtained from each patient.

Hematoxylin and eosin (H&E) staining. Tissue samples were 
fixed in 4% formalin for 48 h at room temperature. The tissues 
were then paraffin‑embedded, then cut to 5‑µm‑thick sections. 
Slides were subjected to H&E stain according the manufac‑
turer's instructions (Beyotime Institute of Biotechnology).

EdU analysis. An EdU detection kit (cat.  no.  C10310; 
Guangzhou RiboBio Co., Ltd.) was used to detect cell prolif‑
eration. Briefly, cells were plated in 24‑well plates at a density 
of 5x104 cells/well and treated with 50 µM EdU solution for 
4 h at 37˚C. The cells were then fixed with 4% paraformalde‑
hyde for 10 min at room temperature and treated with 0.5% 
Triton X‑100 at room temperature for 5 min. The nuclei were 
labeled with DAPI (Guangzhou RiboBio Co., Ltd.).

Cell culture and transfection. Human CC cell lines (C33A, 
CaSki, HeLa and SiHa) and human immortalized normal 
cervical cell line (Ect1/E6E7) were acquired from the 
American Type Culture Collection (ATCC). 293T cells were 
purchased from the Cell Bank of Type Culture Collection of 
the Chinese Academy of Sciences. All cell lines were cultured 
in DMEM (HyClone; Cytiva) supplemented with 10% FBS 
(HyClone; Cytiva), 100 U/ml penicillin and 100 µg/ml strep‑
tomycin (Beyotime Institute of Biotechnology) in a humidified 
incubator containing 5% CO2 at 37˚C. The miR‑34c‑5p mimics 
(5'‑AGG​CAG​UGU​AGU​UAG​CUG​AUU​GC‑3'), miR‑34c‑5p 
mimics negative control (5'‑ACU​ACU​GAG​UGA​CAG​UAG​
A‑3'), miR‑34c‑5p inhibitors (5'‑GCA​AUC​AGC​UAA​CUA​
CAC​UGC​CU‑3') and miR‑34c‑5p inhibitors negative control 
(5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3') were synthesized 
by Guangzhou RiboBio, Co., Ltd. Full‑length Notch1 from 
human cDNA library was inserted a pcDNA3.1 vector 
(Invitrogen; Thermo Fisher Scientific, Inc.). A pcDNA3.1 
vector alone (empty plasmid) served as a negative control. 
Cells were transfected using Lipofectamine® LTX reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. HeLa cells were transfected either 
with miR‑NC (50 nM) or miR‑34c‑5p mimics (50 nM) and/or 
pcDNA3.1/Notch1 vector (100 nM) or pcDNA3.1 (100 nM). In 
addition, CaSki cells were transfected with anti‑NC (50 nM) 
or miR‑34c‑5p inhibitors (50 nM). Following transfection for 
48 h, cells were harvested for subsequent experiments and 
repeated 4 times.

Cell Counting Kit‑8 (CCK‑8) assay. HeLa cell viability 
was detected by CCK‑8 assay (Beyotime Institute of 
Biotechnology). HeLa cells (1x103 cells/well) were cultured in 

96‑well plates for 0, 24, 48 and 72 h, four times in each time 
group. At a fixed time, 10 µl of CCK‑8 was added into each 
well and incubated for 3 h. The optical density and 450 nm of 
each well was determined in quadruplicate using Multiskan 
MK3 (Thermo Fisher Scientific, Inc.).

Transwell assay. Migration and invasion abilities of cells were 
determined through Corning Transwell chambers (Corning, 
Inc.). For the detection of invasion capability, an 8‑µm pore 
size Transwell membrane filter was precoated with 30 µl 
Matrigel™ (BD Biosciences) at 37˚C for 4 h. In the migration 
and invasion detection, HeLa cells (5x104 cells) were resus‑
pended in 100 µl DMEM without the addition of FBS before 
being transferred to the upper chamber. A total of 600 µl of 
DMEM supplemented with 10% FBS was added to the lower 
chamber. Cells were incubated for 12 h before being fixed 
with 4% paraformaldehyde for 10 min at room temperature 
and stained with 0.5% crystal violet at room temperature for 
20 min. The number of stained cells randomly selected from 
six fields were counted with images captured under a light 
microscope (Olympus Corporation; magnification, x100) and 
repeated four times.

Western blotting. Tissue samples and treated cells were lysed 
by radioimmunoprecipitation assay buffer (Beyotime Institute 
of Biotechnology). Protein concentrations were determined 
by BCA Protein Assay kit (Pierce; Thermo Fisher Scientific, 
Inc.). A quantity of protein extract (30 µg total protein/lane) 
was resolved via 10% SDS‑PAGE and transferred onto PVDF 
membranes and blocked with 5%  dried skimmed milk at 
room temperature for 1  h. The PVDF membranes were 
incubated with primary antibody (Notch1; dilution 1:500; 
cat.  no.  ab52627; Abcam) and β‑actin antibody (dilution 
1:1,000; cat. no. ab8227; Abcam) with gentle agitation at 4˚C 
overnight and then treated with secondary antibody (horse‑
radish peroxidase‑labeled goat anti‑rabbit; dilution 1:1,000; 
cat. no. ab150077; Abcam) at room temperature for 2 h. β‑actin 
served as a loading control. Protein bands were visualized via 
an enhanced chemiluminescence system (Beyotime Institute 
of Biotechnology) and repeated four times. Western blots were 
quantified by ImageJ software (V 1.46; National Institutes of 
Health).

RNA extraction and reverse transcription‑quantitative (RT‑q) 
PCR. A total of 2 µl RNA (at a concentration of 200 ng/µl) was 
extracted from 2x106 cells and tissues with TRIzol® reagent 
(Thermo Fisher Scientific, Inc.). cDNA was synthesized by 
TaqMan® MicroRNA Reverse Transcription kit (Thermo 
Fisher Scientific, Inc.) according to the manufacturer's proto‑
cols. To quantify miRNA and mRNA, a qPCR assay was 
performed with iQ™ SYBR® Green Supermix (Bio‑Rad 
Laboratories, Inc.) on the platform of an iCycler iQ™ qPCR 
detection system (Bio‑Rad Laboratories, Inc.). Relative levels 
of miR‑34c‑5p and Notch1 were calculated as an inverse 
log of 2‑ΔΔCq and normalized to the reference gene (18), 
repeated four times. Conditions of the thermocycling were 
as follows: 95˚C for 10 min; followed by 40 cycles at 95˚C 
for 15 sec and 60˚C for 1 min; annealed at 55˚C for 30 sec; 
and elongated at 72˚C for 3 min. β‑actin was considered as 
an internal reference and employed to analyze the expression 
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of Notch 1 gene. U6 was regarded as an internal control for 
the detection of miR‑34c‑5p expression. Primers were as 
follows: Notch1‑forward (F), 5'‑GAG​GCG​TGG​CAG​ACT​
ATG​C‑3' and Notch1‑reverse (R), 5'‑CTT​GTA​CTC​CGT​CAG​
CGT​GA‑3'; miR‑34c‑5p RT primer, 5'‑GTT​GGC​TCT​GGT​
GCA​GGG​TCC​GAG​GTA​TTC​GCA​CCA​GAG​CCA​ACG​CAA​
TC; miR‑34c‑5p‑F, 5'‑CGG​AGG​CAG​TGT​AGT​TAG​CT‑3' 
and miR‑34c‑5p‑R, 5'‑GTG​CAG​GGT​CCG​AGG​T‑3'; U6 RT 
primer, 5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'; U6‑F, 5'‑CTC​
GCT​TCG​GCA​GCA​CA‑3' and U6‑R, 5'‑AAC​GCT​TCA​CGA​
ATT​TGC​GT‑3'; β‑actin‑F, 5'‑CAT​GTA​CGT​TGC​TAT​CCA​
GGC‑3' and β‑actin‑R, 5'‑CTC​CTT​AAT​GTC​ACG​CAC​
GAT‑3'.

Flow cytometry. According to the manufacturer's protocol, esti‑
mation of the apoptosis rate was performed with Annexin V‑PI 
detection kit (Beyotime Biotechnology Institute). Cell cycles, 
proliferation and apoptosis rate of each sample were analyzed 
by flow cytometry (Cytomics Fc500 MPL Flow Cytometer; 
Beckman Coulter, Inc.) and repeated four times. All data were 
analyzed with ModFit LT 3.0 (Verity Software House, Inc.).

Luciferase reporter assay. Wild‑type (WT) or mutant 
(MUT) Notch1‑3'UTR with the miR‑34c‑5p binding site 
was loaded into psicheck2 vector (Promega Corporation). 
The 293T cells (1x105  cells/well) were co‑transfected 
with 0.1  mg psiCHECK2‑WT Notch1‑3'‑UTR or 0.1  mg 
psiCHECK2‑MUT Notch1‑3'‑UTR and 10 nM miR‑34c‑5p 
mimics or 10 nM miR‑34c‑5p inhibitors using Lipofectamine® 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol. Cells were cultured at 37˚C 
for 48 h and then analyzed for luciferase activity according 
to the manufacturer's protocol (GeneCopoeia, Inc.) and the 
experiment was repeated four times. Luciferase activity was 
standardized by comparison with Renilla luciferase activity.

Bioinformatics prediction. Potential target genes of 
miR‑34c‑5p were identified by using the online prediction 
system TargetScan 7.1 (http://www.targetscan.org).

Statistical analysis. Data were presented as the mean ± stan‑
dard error of the mean. SPSS 13.0 software (SPSS, Inc.) was 
used for statistical processing. Unpaired Student's t‑test or 
one‑way ANOVA was used for data analysis. Assays of signifi‑
cant difference were subjected to Tukey's post hoc test. P<0.05 
was considered to indicate a statistically significant difference.

Results

miR‑34c‑5p expression is downregulated in human CC tissues 
and related cells. The morphology of CC and adjacent tissues 
(control group) was observed using H&E staining (Fig. S1). 
To verify the role of miR‑34c‑5p in CC, miR‑34c‑5p expres‑
sion was initially determined in 30 pairs of CC tissues and 
adjacent tissues by RT‑qPCR, which indicated that the 
miR‑34c‑5p expression was significantly reduced in tumor 
tissues compared with normal tissues (Fig. 1A). The level of 
miR‑34c‑5p expression was detected in four types of CC cells 
(C33A, SiHa, HeLa and CaSki) by RT‑qPCR and the results 
indicated that the expression of miR‑34c‑5p was significantly 

decreased in CC cell lines when compared with that in 
Ect1/E6E7 cells (Fig. 1B).

miR‑34c‑5p inhibits CC cell proliferation and enhances 
cell apoptosis. miR‑34c‑5p was overexpressed or silenced 
in HeLa cells to ascertain its role in the development of CC 
(Fig. 2A). CCK‑8 (Fig. 2B) and EdU analysis (Fig. 2C‑D) 
indicated that the proliferation of HeLa cells was inhibited in 
the miR‑34c‑5p‑mimics group, while an increase was revealed 
in miR‑34c‑5p‑inhibitor‑transfected HeLa cells (Fig. 2B‑D). 
Flow cytometry was employed to detect cell proliferation, cell 
cycle and apoptosis with results revealing that miR‑34c‑5p 
mimics inhibited cell proliferation and promoted cell 
apoptosis (Fig. 3).

miR‑34c‑5p inhibits the migration and invasion capacities 
of CC cells. Transwell assays demonstrated that the both the 
migration and invasion abilities in miR‑34c‑5p‑mimic‑trans‑
fected HeLa cells were significantly reduced compared with 
the miR‑NC group; however, that of miR‑34c‑5p‑silenced 
HeLa cells exhibited an increase in migration and invasion 
abilities (Fig. 4).

Notch1 acts as a target of miR‑34c‑5p. The underlying mecha‑
nism of miR‑34c‑5p was investigated in CC progression, the 
potential targets of which were predicted using TargetScan. 
The results demonstrated that Notch1 mRNA 3'‑UTR possesses 
highly conserved binding sites for miR‑34c‑5p to bind with 
(Fig. 5A). Correlations between Notch1 and miR‑34c‑5p were 
analyzed through luciferase reporter assay. Luciferase reporter 
plasmid containing wt/mut 3'‑UTR human Notch1 binding 
site was co‑transfected with miR‑34c‑5p mimics into the 293T 
cells. miR‑34c‑5p mimics efficiently reduced the luciferase 
activity of Notch1 wt 3'‑UTR in the 293T cells but no effects 
were observed in the cells transfected with the mut Notch1 
3'‑UTR (Fig. 5B). As it was identified as a specific target of 
miR‑34c‑5p (Fig. 3B), Notch1was highly expressed in CC 
(Fig. S2). The results of RT‑qPCR and western blot analysis 
demonstrated that overexpression of miR‑34c‑5p disabled 

Figure 1. miR‑34c‑5p expression is downregulated in human cervical carci‑
noma tissues and cells. (A) RT‑qPCR assay was used to detect the miR‑34c‑5p 
expression in 30 pairs of human cervical carcinoma tissues and control. 
(B) The miR‑34c‑5p expression in cervical carcinoma cell lines and normal 
cervical cell line were determined via RT‑qPCR. ##P<0.01. miR, microRNA; 
RT‑qPCR, reverse transcription‑quantitative PCR.
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Figure 2. miR‑34c‑5p inhibits the capacities of cervical carcinoma cell proliferation. (A) miR‑34c‑5p expression levels in mimics/miR‑NC and inhibitors/anti‑NC 
transfected cells were determined by reverse transcription‑quantitative PCR. (B) HeLa cell viability was assessed with a CCK‑8 assay. (C and D) An EdU assay 
was used to analyze the proliferation rates of HeLa cells. Magnification, x200. #P<0.05, ##P<0.01. miR, microRNA; NC, negative control; OD, optical density.

Figure 3. Cell proliferation, apoptosis and cell cycle were detected by flow cytometry. #P<0.05. NC, negative control; miR, microRNA.
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Figure 4. miR‑34c‑5p inhibits the capacities of cervical carcinoma cell migration and invasion. (A) Transwell assays were performed to analyze the migration 
and the invasion capabilities of HeLa cells. Magnification, x200. (B and C) Statistical results of the Transwell assays. #P<0.05, ##P<0.01. NC, negative control; 
miR, microRNA; OD, optical density.

Figure 5. Notch1 is a target of miR‑34c‑5p. (A) The 3'‑UTR of Notch1 mRNA encompasses a highly conserved binding site for miR‑34c‑5p matching. (B) 293T 
cells were co‑transfected with miR‑34c‑5p mimics and WT Notch1 mRNA 3'‑UTR/mut Notch1 mRNA 3'‑UTR. Luciferase activity was analyzed after 24 h of 
transfection. (C) mRNA expression levels of Notch1 were determined in HeLa cells (D and E) The protein expression levels of Notch1 were detected in HeLa 
cells. ##P<0.01. miR, microRNA; UTR, untranslated regions; WT, wild‑type; hsa, Homo sapiens; MUT, mutant; NC, negative control.
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Notch1 expression in HeLa cells at mRNA and protein levels 
(Fig. 5C‑E) in contrast to the miR‑NC cells; the opposite 
results obtained from miR‑34c‑5p silencing in HeLa cells 
further demonstrated Notch 1 to be the target of miR‑34c‑5p.

Discussion

Previous studies have validated the relationship between cancer 
progression and dysregulated miRNA expression. Several 
miRNAs have been demonstrated to serve as either tumor 
suppressors or oncogenes in the development of CC (19‑21). 
Despite numerous miRNAs acting as tumor suppressors 
and inhibitors of their target gene expression at a low level, 
they may also elicit an intense oncogene translation, thereby 
facilitating the development of tumors (22). Overexpressed 
oncogenic miRNAs may also result in an inhibitory effect on 
tumor suppressor genes (23).

miR‑34c‑5p has been revealed to be downregulated 
in types of cancer  (10‑12), although the mechanism in 
CC remains unclear. The present study revealed that the 
miR‑34c‑5p expression exhibited a significant decrease in CC 
and relevant cell lines, indicating that miR‑34c‑5p served an 
essential role in cell proliferation, metastasis and apoptosis of 
CC. The aforementioned findings suggested that miR‑34c‑5p 
overexpression hindered the viability, proliferation, migration 
and invasion of different types of cancer cells and accelerated 
apoptosis in vitro.

miRNAs inhibit the expression of specific target genes, 
resulting in regulation of a variety of biological changes (24). 
miR‑34c‑5p is expressed at a low level in gliomas compared 
with normal brain tissues and normal glial cell lines  (12). 
Overexpression of miR‑34c‑5p was revealed to inhibit U251 cell 
proliferation and result in S‑phase arrest, G0/G1 reduction and 
cell apoptosis (12). In gastric cancer, miR‑34c‑5p was revealed 
to directly bind to the 3'UTR of the microtubule‑associated 
protein tau (MAPT) and inhibit the expression of MAPT (25). 
The present study determined that miR‑34c‑5p directly 
targeted Notch1 mRNA and downregulated Notch1 expression, 
thereby inhibiting the progression of CC. Notch1 has also been 
reported to dissociate from the fused negative inhibitor in the 
primary cilium and then converts into an activated form and 
migrates to the nucleus (26,27). Notch1 translocation enhances 
the expression of downstream target oncogenes including 
cyclin D1 and homeobox protein NANOG (28,29). Notch1 has 
been revealed to be highly expressed as an oncogene in various 
cancers including non‑small cell lung, breast, liver and gastric 
cancer (30‑33). The present study confirmed that miR‑34c‑5p 
impaired Notch1 expression by directly binding to the 3'‑UTR 
of Notch1 mRNA. It also demonstrated a negative correlation 
between the level of miR‑34c‑5p and Notch1 mRNA in CC. 
In addition, it was observed that the overexpression of Notch1 
in CC hindered the effect of miR‑34c‑5p on cell survival and 
metastasis. All the aforementioned underpin the hypothesis 
that Notch1 is the direct target of miR‑34c‑5p.

In conclusion, the present study demonstrated that 
miR‑34c‑5p was significantly downregulated in human CC 
and related cell lines and that overexpressed miR‑34c‑5p 
accelerated cell apoptosis and inhibited proliferation, invasion 
and migration of CC cells. The present study elucidated the 
biological traits of miR‑34c‑5p and Notch1 so as to further 

study their correlation, which may provide novel approaches 
for the treatment of CC.
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