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Abstract. Increasing evidence has indicated that microRNAs 
(miRNAs/miRs) play an important role in the occurrence 
and development of various types of cancer. The aim of 
the present study was to investigate the role and underlying 
molecular mechanisms of miR‑195‑5p in laryngeal cancer 
cell proliferation, migration and invasion. Reverse transcrip‑
tion‑quantitative PCR (RT‑qPCR) was performed to measure 
the expression levels of miR‑195‑5p in laryngeal carcinoma 
cell lines. The expression levels of miR‑195‑5p and E2F 
transcription factor 3 (E2F3) were modified by transfection 
with miR‑195‑5p mimics and pcDNA3.1‑E2F3. A luciferase 
reporter assay was used to verify the association between 
miR‑195a‑5p and E2F3. Cell Counting Kit‑8, cell wound 
healing and Transwell invasion assays were used to detect the 
biological functions of laryngeal cancer cells. The expression 
of epithelial‑mesenchymal transition (EMT)‑associated genes 
was evaluated by western blotting and RT‑qPCR. The results 
revealed that the expression of miR‑195‑5p was decreased in 
laryngeal cancer cell lines. The overexpression of miR‑195‑5p 
inhibited the proliferation, migration, invasion and EMT of 
laryngeal cancer cells. Dual‑luciferase reporter assays revealed 
that miR‑195‑5p could directly target E2F3 and that there was 
a negative association between them. E2F3 overexpression 
significantly attenuated the inhibitory effects of the overexpres‑
sion of miR‑195‑5p on the proliferation, migration, invasion 
and EMT of laryngeal cancer cells. Collectively, the findings 
of the present study demonstrated that the overexpression of 

miR‑195‑5p significantly inhibited the progression of laryn‑
geal cancer cells, and these effects may be mediated via the 
downregulation of the expression of E2F3.

Introduction

Laryngeal cancer is a common tumour type with the highest 
degree of malignancy of head and neck tumours and is 
associated with high mortality and morbidity rates (1). The 
occurrence and development of laryngeal cancer is a multifac‑
torial and multistep complex process, and may be associated 
with several complications, including dyspnoea, coughing 
and dysphagia, which severely affect the quality of life of the 
patients and render perioperative intervention difficult (2,3). 
At present, surgery and radiotherapy are the main treatment 
strategies for laryngeal cancer, despite major advances in 
therapeutic techniques. However, as the early symptoms of 
laryngeal cancer are not obvious, early diagnosis and treatment 
remain a challenge (4,5). Therefore, elucidating the molecular 
pathogenesis of laryngeal cancer is of utmost importance for 
the development of novel treatment strategies.

Studying the genome of laryngeal cancer is helpful for 
identifying novel therapeutic targets and understanding 
the molecular pathology of the disease. MicroRNAs 
(miRNAs/miRs) are a type of small single‑stranded 
non‑coding RNA molecules that regulate the proliferation, 
differentiation and apoptosis of multiple types of cells, and 
play an important role in the development of multiple tumours, 
such as esophageal squamous cell carcinoma, breast cancer, 
pancreatic cancer and laryngeal cancer (6‑9). It has been 
reported that a variety of miRNAs are abnormally expressed 
in laryngeal cancer cells and serve as important biomarkers 
in laryngeal cancer and other head and neck tumours (10‑12). 
For example, the expression of miR‑21‑5p is upregulated in 
laryngeal cancer cells, and promotes the proliferation, migra‑
tion and invasion of laryngeal cancer cells by inhibiting the 
expression of laryngeal oncogene laryngeal carcinoma‑related 
gene 1 (13). Moreover, miR‑34a and miR‑34c have been 
shown to inhibit the proliferation of laryngeal cancer cells by 
negatively regulating polypeptide N‑acetylgalactosaminyltra
nsferase 7 in HEp‑2 cells (14). In addition, the upregulation 
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of miR‑375 can suppress the proliferation and invasion of 
squamous cell laryngeal carcinoma (15). miR‑195 is one of 
the most important members of the miR‑15/16 family and 
is widely considered to exert antitumor effects. Studies have 
demonstrated that miR‑195‑5p is expressed at low levels in 
several types of cancer, such as melanoma, cervical cancer 
and colorectal cancer, which may be associated with tumour 
resistance, metabolism and proliferation (16‑18). However, 
the role and mechanisms of miR‑195‑5p in laryngeal cancer 
remain unclear.

The present study confirmed the role of miR‑195‑5p in 
laryngeal cancer by detecting the expression of miR‑195‑5p 
in laryngeal cancer cell lines, as well as its effects on the 
proliferation, migration and invasion of laryngeal cancer 
cells. In addition, through database search, it was found that 
E2F3 may be a potential target gene of miR‑195‑5p and the 
effects of miR‑195‑5p on the biological function of laryngeal 
cancer cells via the regulation of E2F3 were analysed. The 
results may provide a theoretical basis for the important role of 
miR‑195‑5p/E2F3 in the diagnosis and treatment of laryngeal 
cancer.

Materials and methods

Cells and cell culture. A normal immortalized nasopharyn‑
geal epithelial cell line (NP‑69), laryngeal carcinoma cell lines 
(AMC‑HN‑8 and SNU‑899) and oropharyngeal squamous cell 
line (M4E) were purchased from the The Cell Bank of Type 
Culture Collection of The Chinese Academy of Sciences. 
NP‑69, AMC‑HN‑8 and M4E cells were cultured in DMEM 
(HyClone; Cytiva) supplemented with 10% fetal bovine serum 
(FBS; Gibco; Thermo Fisher Scientific, Inc.). SNU‑899 cells 
were cultured in RPMI‑1640 medium containing 10% FBS 
and 2% glutamine (Gibco; Thermo Fisher Scientific, Inc.). 
All cells were cultured in a 37˚C humidified incubator with 
5% CO2. Cells in the logarithmic growth phase were used in 
subsequent experiments.

Reverse transcription‑quantitative PCR (RT‑qPCR). TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used 
to extract total RNA from the cells according to the manu‑
facturer's instructions. RNA (2 µg) was transcribed into 
cDNA using the PrimeScript RT Reagent kit with gDNA 
Eraser (Takara Biotechnology Co., Ltd.). The RT conditions 
were as follows: 70˚C for 5 min, 37˚C for 5 min and 42˚C 
for 1 h. qPCR was conducted using an ABI 7300 Real‑Time 
PCR system (Applied Biosystems; Thermo Fisher Scientific, 
Inc.). The miRNA expression levels were quantified using the 
miScript SYBR‑Green PCR kit (Toyobo Life Science). The 
qPCR reaction conditions were as follows: Pre‑denaturation 
at 95˚C for 5 min, followed by 36 cycles of denaturation at 
95˚C for 15 sec, annealing at 60˚C for 30 sec and extension 
72˚C for 30 sec. Relative expression was calculated using 
the 2‑ΔΔCq method (19). U6 or GAPDH were used as the 
internal references. The primer sequences were: miR‑195‑5p 
forward, 5'‑GAA TTC GCC TCA AGA GAA CAA AGT GGA 
G‑3'; miR‑195‑5p reverse, 5'‑AGA TCT CCC ATG GGG GCT 
CAG CCC CT‑3'; E2F3 forward, 5'‑CCC TAA ACC CGC TTC 
C‑3'; E2F3 reverse, 5'‑GTT CAC AAA CGG TCC TTC TA‑3'; 
E‑cadherin forward 5'‑CGA GAG CTA CAC GTT CAC GG‑3'; 

E‑cadherin reverse 5'‑GGG TGT CGA GGG AAA AAT AGG‑3'; 
vimentin forward, 5'‑GAC GCC ATC AAC ACC GAG TT‑3'; 
vimentin reverse, 5'‑CTT TGT CGT TGG TTA GCT GGT‑3'; 
N‑cadherin forward, 5'‑AGC TCC ATT CCG ACT TA GAC A‑3'; 
N‑cadherin reverse, 5'‑CAG CCT GAG CAC GAA GAG TG‑3'; 
matrix metalloproteinase (MMP)2 forward, 5'‑GGC CAG GTG 
GTA TCT TAG GC‑3'; MMP2 reverse, 5'‑AGC TGA CCA GTG 
TTC ATT CTT G‑3'; MMP9 forward, 5'‑GGG ACG CAG ACA 
TCG TCA TC‑3'; MMP9 reverse, 5'‑TCG TCA TCG TCG AAA 
TGG GC‑3'; snail forward, 5'‑TCG GAA GCC TAA CTA CAG 
CGA‑3'; snail reverse, 5'‑AGA TGA GCA TTG GCA GCG AG‑3'; 
GAPDH forward, 5'‑AGG TGG TCT CCT CTG ACT TCA A‑3'; 
GAPDH reverse, 5'‑TTC GTT GTC ATA CCA GGA AAT G‑3'; 
U6 forward, 5'‑GCT TCG GCA GCA CAT ATA CTA AAA T‑3'; 
and U6 reverse, 5'‑CGC TTC ACG AAT TTG CGT GTC AT‑3'.

Cell transfection. miR‑195‑5p mimic and the negative control 
miRNA (miRNA‑NC) were obtained from Guangzhou RiboBio 
Co., Ltd. The E2F3 overexpression vector pcDNA‑E2F3 
and empty control vector pcDNA‑NC were constructed by 
Shanghai GenePharma Co., Ltd. The sequences were as 
follows: miR‑195‑5p mimic sense, 5'‑UAG CAG CAC AGA AAU 
AUU GGC‑3'; miR‑195‑5p mimic antisense, 5'‑CAA UAU UUC 
UGU GCU GCU AUU‑3'; mimics negative control (miR‑NC) 
sense, 5'‑UUC UCC GAA CGU GUC ACG UTT‑3'; miR‑NC 
antisense, 5'‑ACG UGA CAC GUU CGG AGA ATT‑3'. Cells were 
plated into 6‑well plates (1x106 cells per well), and transfection 
was performed when cells at the logarithmic growth phase 
reached 80% confluence. According to the product instruc‑
tions, AMC‑HN‑8 cells were transfected with miR‑195‑5p 
mimic (50 nM), miR‑NC (50 nM), pcDNA‑E2F3 (100 nM) and 
pcDNA‑NC (100 nM) using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.). The transfection efficiencies 
were assessed by RT‑qPCR at 48 h after transfection.

Cell counting kit‑8 (CCK‑8) assay. Cell proliferation 
was detected using a CCK‑8 assay (Dojindo Molecular 
Technologies, Inc.) according to the manufacturer's instruc‑
tions. AMC‑HN‑8 cells in each group were inoculated into the 
96‑well plate at a density of 2x104 cells/ml and then cultured 
for 24, 48 and 72 h. Subsequently, 10 µl CCK‑8 solution were 
added to each well followed by routine culture for 2 h at 37˚C. 
The optical density at a 480 nm wavelength was measured 
using a microplate reader (BioTek Instruments, Inc.).

Wound‑healing assay. AMC‑HN‑8 cells were inoculated in 
6‑well plates at a density of 2x105 cells/well. A linear scratch 
was created on the surface of the cell monolayer using a 
sterile 20‑µl pipette tip perpendicular to the 6‑well plate after 
the cell growth density had reached ~100%. The surface of 
cell culture plate was washed twice with phosphate buffered 
solution (PBS). The cells were then routinely cultured in 
serum‑free DMEM. After 24 h, the cell migration rate was 
calculated under an inverted light microscope (magnification, 
x100; Olympus Corporation). Quantitative analysis of the 
wound healing area was performed using ImageJ software 
(version 1.52r; National Institutes of Health). The relative cell 
migration rate of each group (distance at 24 h‑initial distance) 
was normalized according to the average migrated distance of 
the control.
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Transwell assay. A Transwell chamber (8 µm; BD Biosciences) 
was used to detect the invasive ability of the AMC‑HN‑8 
cells. Cells (1x105 cells/ml) were added to the upper Transwell 
chamber coated with Matrigel (BD Biosciences) and cultured 
in serum‑free DMEM. DMEM (800 µl) containing 10% FBS 
was added to the lower chamber. Following culture at room 
temperature for 24 h, the cells were fixed with 4% formalde‑
hyde for 40 min at room temperature and then stained with 
0.5% crystal violet for 1 h at room temperature. The number of 
invading cells were observed and counted in four representative 
fields using an inverted light microscope (magnification, x100; 
Olympus Corporation).

Luciferase reporter assay. E2F3 was predicted to be the target 
gene of miR‑195‑5p by TargetScan (www.targetscan.org) 
and ENCORI (http://starbase.sysu.edu.cn/), which was in 
accordance with the previous study (20). Firstly, wild‑type 
(WT) and mutant (MUT) E2F3 3'untranslated region (UTR) 
luciferase reporter vectors were constructed by Shanghai 
GenePharma Co., Ltd.. The AMC‑HN‑8 cells were inoculated 
in 24‑well plates at a density of 2x105 cells/well. miR‑195‑5p 
mimics or negative control and the WT and MUT 3'UTR of 
E2F3 were co‑transfected into the AMC‑HN‑8 cells using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). At 48 h following transfection, the luciferase activity was 
detected strictly according to the instructions provided with 
the Dual‑Luciferase reporter assay kit (Promega Corporation). 
Firefly luciferase activity was normalized to Renilla luciferase 
activity.

Western blot analysis. Cells were lysed with RIPA lysis 
buffer (Beyotime Institute of Biotechnology) and the protein 
concentration was determined using a BCA protein assay kit 
(Thermo Fisher Scientific, Inc.). The proteins (40 µg/lane) 
were separated by 10% SDS‑PAGE and then transferred to 
PVDF membranes (EMD Millipore). Skimmed milk (5%, 
dissolved in PBS) was used to block the PVDF membranes for 
2 h at 37˚C. The membranes were then incubated with primary 
antibodies against E‑cadherin (1:1,000; cat. no. 14472), 
vimentin (1:1,000; cat. no. 5741), N‑cadherin (1:1,000; cat. 
no. 13116), snail (1:1,000; cat. no. 3879T), MMP‑2 (1:1,000; 
cat. no. 40994), MMP‑9 (1:1,000; cat. no. 13667) and GAPDH 
(1:1,000; cat. no. 5174) (all from Cell Signaling Technology, 
Inc.) at 4˚C overnight. After washing the membranes twice 
with PBS for 10 min each time, they were incubated with 
HRP‑conjugated secondary antibody (1:5,000; cat. no. sc‑2357; 
Santa Cruz Biotechnology, Inc.) for 1.5 h at room temperature. 
The protein bands were detected using ECL detection reagent 
(Cytiva). GAPDH was used as an internal reference. The inten‑
sity of the bands was semi‑quantified using ImageJ software 
(version 1.52r; National Institutes of Health). Experiments 
were performed in triplicate followed by statistical analysis.

Statistical analysis. All experiments were repeated at least 
three times. SPSS software 20.0 (IMB Corp.) was used for the 
statistical analysis of data and all the experimental data are 
expressed as the mean ± standard deviation (SD). An unpaired 
Student's t‑test was used for comparison between two groups, 
and comparisons among more than two groups were analyzed 
using the one‑way analysis of variance followed by Tukey's 

post hoc test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

miR‑195‑5p expression is downregulated in laryngeal cancer 
cell lines. Firstly, the expression of miR‑195‑5p in laryngeal 
carcinoma cell lines was detected by RT‑qPCR. As shown in 
Fig. 1, the expression of miR‑195‑5p in the laryngeal cancer 
cell lines was significantly lower compared with that in the 
normal cell line. Of note, the expression of miR‑195‑5p was 
the lowest in the AMC‑HN‑8 cells. Therefore, the AMC‑HN‑8 
cells were used in the subsequent experiments. These results 
indicated that miR‑195‑5p was expressed at low levels in 
laryngeal cancer cell lines.

miR‑195‑5p overexpression inhibits the proliferation, 
migration and invasion of AMC‑HN‑8 cells. Due to the low 
expression of miR‑195‑5p in the AMC‑HN‑8 laryngeal cancer 
cell line, the expression of miR‑195‑5p was modified by trans‑
fection with miR‑195‑5p overexpression plasmid. As shown 
in Fig. 2A, the expression of miR‑195‑5p in the miR‑195‑5p 
mimic group was significantly higher compared with that 
of the miR‑NC group. The aforementioned results indicated 
that the miR‑195‑5p overexpression plasmid was success‑
fully constructed. Subsequently, CCK‑8, wound healing 
and Transwell assays, and western blot analysis, were used 
to examine the effects of miR‑195‑5p overexpression on the 
proliferation, migration and invasion of laryngeal cancer cells. 
Pang et al (21) reported that miR‑195 is associated with the cell 
viability of the AMC‑HN‑8 cell line. In the present study, the 
results of CCK‑8 assay revealed that miR‑195‑5p overexpres‑
sion significantly inhibited the proliferation of AMC‑HN‑8 
cells compared with the control group (Fig. 2B). The 
wound‑healing assay revealed that miR‑195‑5p overexpression 
significantly inhibited the migration of the AMC‑HN‑8 cells 
compared with the control group (Fig. 2C and D). Similar 
results were obtained by Transwell assay; miR‑195‑5p over‑
expression significantly lowered the invasive ability of the 
AMC‑HN‑8 cells (Fig. 2E and F). In addition, the results of 

Figure 1. miR‑195‑5p expression is downregulated in laryngeal cancer 
cell lines. The expression of miR‑195‑5p in laryngeal carcinoma cell lines 
(AMC‑HN‑8 and SNU‑899), oropharyngeal squamous cell line (M4E) and 
one normal immortalized nasopharyngeal epithelial cell line (NP‑69) was 
determined with reverse transcription‑quantitative PCR. Data are presented 
as the mean ± standard deviation. ***P<0.001. miR, microRNA.
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western blot analysis and RT‑qPCR assay demonstrated that, 
compared with the control group, miR‑195‑5p overexpression 
significantly increased the expression of E‑cadherin, while it 

inhibited the expression levels of vimentin, N‑cadherin, snail, 
MMP‑2 and MMP‑9, indicating that miR‑195‑5p overexpres‑
sion can significantly suppress the epithelial‑mesenchymal 

Figure 2. miR‑195‑5p overexpression inhibits the proliferation, migration and invasion of AMC‑HN‑8 cells. (A) miR‑195‑5p overexpression efficiency was 
detected by RT‑qPCR. (B) Cell proliferation in each group following transfection was detected by the Cell Counting Kit‑8 assay. (C and D) Cell migration in 
each group following transfection was detected by wound‑healing assays. Magnification, x100. (E and F) Cell invasion in each group following transfection was 
detected by Transwell assays. Magnification, x100. The levels of the epithelial‑mesenchymal transition‑associated proteins (E‑cadherin, vimentin, N‑cadherin 
and snail) and MMP‑2 and ‑9 were respectively examined by (G) western blot analysis and (H) RT‑qPCR assay. **P<0.01; and ***P<0.001. miR, microRNA; 
RT‑qPCR, reverse transcription‑quantitative; NC, negative control; MMP, matrix metalloprotease.
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transition (EMT) of AMC‑HN‑8 cells (Fig. 2G and H). Taken 
together, these results suggest that miR‑195‑5p overexpression 
inhibits the proliferation, migration and invasion of laryngeal 
cancer cells.

E2F3 is the direct target gene of miR‑195‑5p. Subsequently, 
the target gene of miR‑195‑5p was predicted through the 
TargetScan and ENCORI website. As shown in Fig. 3A, E2F3 
has potential sites for binding to miR‑195‑5p. Therefore, the 
association between miR‑195‑5p and E2F3 was determined 
using the dual‑luciferase reporter assay. As shown in Fig. 3B, 
compared with the miR‑NC group, the luciferase activity 
of the cells co‑transfected with MUT E2F3 3'UTR reporter 
plasmid and miR‑195‑5p mimic was not altered; however, that 
of the cells transfected with the WT E2F3 3'UTR reporter 
plasmid and miR‑195‑5p mimic was significantly decreased. 
In addition, as exhibited in Fig. 3C, E2F3 expression was 
notably downregulated in AMC‑HN‑8 cells after transfection 
with miR‑195‑5p mimic compared with the miR‑NC group. 
The results of Fig. 3D indicated that E2F3 level was mark‑
edly enhanced in AMC‑HN‑8 cells compared with that in the 
NP‑69 cells. Collectively, the results indicate that E2F3 is a 
direct target of miR‑195‑5p.

miR‑195‑5p suppresses the proliferation, migration and 
invasion of AMC‑HN‑8 cells by regulating E2F3 expression. 
Based on the aforementioned results, it was suggested that 
miR‑195‑5p can affect the biological function of AMC‑HN‑8 
cells by regulating E2F3. As shown in Fig. 4A, compared with 
the pcDNA‑NC group, the expression of E2F3 in the cells 
transfected with pcDNA‑E2F3 was significantly increased. 
Remarkably, cells co‑transfected with miR‑195‑5p mimic 
and pcDNA‑E2F3 displayed upregulated E2F3 expression 
compared with the miR‑195‑5p mimic + pcDNA‑NC group. The 
results of the CCK‑8 assay revealed that the overexpression of 
E2F3 in AMC‑HN‑8 cells transfected with miR‑195‑5p mimic 
reversed the inhibitory effect of miR‑195‑5p overexpression 
on the proliferation of AMC‑HN‑8 cells (Fig. 4B). The results 
of wound healing and Transwell assays demonstrated that the 
co‑transfection with pcDNA‑E2F3 and miR‑195‑5p mimic 
reversed the blocking effects of miR‑195‑5p overexpression 

alone on the migration and invasion of AMC‑HN‑8 cells 
(Fig. 4C‑F). Similarly, the E2F3 upregulation attenuated the 
inhibitory effects of miR‑195‑5p overexpression on EMT 
of AMC‑HN‑8 cells transfected with miR‑195‑5p mimic, 
obtained by downregulated expression of E‑cadherin, upregu‑
lated expression of vimentin, N‑cadherin, snail, MMP‑2 and 
MMP‑9 (Fig. 4G and H). In general, the results suggest that 
miR‑195‑5p may suppress the progression of laryngeal cancer 
by downregulating E2F3.

Discussion

It is well known that the occurrence and development of 
laryngeal cancer is closely associated with a number of factors, 
and its pathogenesis is complex, affected and restricted by a 
variety of regulatory networks (22‑25). miRNAs are a type of 
gene expression regulators in laryngeal cancer cells and play an 
important role in the occurrence and development of laryngeal 
cancer (26). Therefore, the study of miRNAs may provide new 
insights into the research and development of drugs for the 
targeted treatment of laryngeal cancer. The results of the present 
study revealed that the expression of miR‑195‑5p in laryngeal 
cancer cells was lower compared with that in normal cells. In 
addition, miR‑195‑5p overexpression significantly inhibited 
the proliferation, migration and invasion of AMC‑HN‑8 cells, 
suggesting that miR‑195‑5p may be a potential target for the 
diagnosis and treatment of laryngeal cancer.

miR‑195, located on chromosome 17, is unanimously 
considered as an inhibitor of tumour proliferation and 
has broad prospects as a tumour suppressor (27). It has 
been demonstrated that miR‑195‑5p is downregulated in 
breast, ovarian, colorectal and liver cancer, indicating that 
miR‑195‑5p is associated with tumour cell invasion and 
metastasis (28). In non‑small cell lung cancer, the low expres‑
sion of miR‑195‑5p inhibited cell migration and invasion (29). 
Moreover, miR‑195‑5p overexpression has been shown to 
suppress the proliferation of lung cancer cells, and to induce 
apoptosis and G0/G1 phase arrest (30). Importantly, miR‑195 is 
reported to be associated with regulating the pathophysiologic 
process of human laryngeal squamous cell carcinoma (21). In 
the present study, the expression of miR‑195‑5p in laryngeal 

Figure 3. E2F3 is a direct target gene of miR‑195‑5p. (A) TargetScan and ENCORI databases were used to predict the binding sequence between miR‑195‑5p 
and E2F3. (B) Dual‑luciferase reporter assay was used to analyze the association between miR‑195‑5p and E2F3. (C) RT‑qPCR was used to evaluate the effect of 
miR‑195‑5p overexpression on E2F3 expression. (D) RT‑qPCR was used to evaluate the expression of E2F3 in AMC‑HC‑8 cells. *P<0.05; **P<0.01; and ***P<0.001. 
miR, microRNA; E2F3, E2F transcription factor 3; RT‑qPCR, reverse transcription‑quantitative PCR; NC, negative control; WT, wild type; MUT mutant.
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cancer cells was found to be significantly lower compared with 
that in normal cells, which was consistent with the expression 

of miR‑195‑5p in other types of tumours. The proliferation, 
migration and invasion of AMC‑HN‑8 cells were significantly 

Figure 4. miR‑195‑5p suppresses the proliferation, migration and invasion of AMC‑HN‑8 cells by regulating E2F3 expression. (A) E2F3 overexpression 
efficiency was detected by western blot analysis. (B) miR‑195‑p mimic and pcDNA‑E2F3 were co‑transfected into AMC‑HN‑8 cells and cell proliferation 
was detected by Cell Counting Kit‑8 assays. (C and D) Cell migration in each group following transfection with miR‑195‑5p and pcDNA‑E2F3 was detected 
by wound‑healing assays. Magnification, x100. (E and F) Cell invasion in each group following transfection with miR‑195‑5p and pcDNA‑E2F3 was detected 
by Transwell assays. Magnification, x100. (G) Western blot analysis and (H) RT‑qPCR assay were respectively used to measure the protein and mRNA 
levels of the epithelial‑mesenchymal transition‑associated proteins (E‑cadherin, vimentin, N‑cadherin and snail) and MMP‑2 and ‑9. **P<0.01; ***P<0.001. 
miR, microRNA; E2F3, E2F transcription factor 3; miR, microRNA; NC, negative control; MMP, matrix metalloprotease.
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suppressed upon miR‑195‑5p mimic transfection. It is thus 
suggested that miR‑195‑5p mainly functions as a tumour 
suppressor, and can inhibit the proliferation, migration and 
invasion of laryngeal cancer cells.

EMT is the process through which the cell phenotype 
changes from an epithelial to a stromal phenotype, accom‑
panied by the decreased expression of epithelial cell markers 
(E‑cadherin) and the increased expression of stromal 
cell markers (N‑cadherin, vimentin and snail) (31). EMT 
decreases cell‑cell and cell‑matrix adhesion, so as to enhance 
the ability of cell migration, invasion and metastasis (32). 
MMP‑2 and MMP‑9 are the most extensively investigated 
members of the MMP family, which can degrade the base‑
ment membrane and the extracellular matrix, and promote 
tumour cell migration and invasion (33‑35). In the present 
study, it was demonstrated that miR‑195‑5p overexpression 
significantly promoted the expression of E‑cadherin, and 
inhibited the expression of N‑cadherin, vimentin and snail, 
while MMP‑2 and MMP‑9 were also suppressed, suggesting 
that miR‑195‑5p overexpression inhibited the EMT process 
in laryngeal cancer cells.

E2F3 was predicted to be the target gene of miR‑195‑5p 
by the bioinformatics algorithms miRTarBase, DIANA‑tools 
and miRDB in the previous study (20). The transcription 
factor E2F3 plays an important role in cell cycle progression, 
tumorigenesis and cancer development. E2F3 is involved 
in the regulation of the cell cycle by forming dimers with 
cyclin D1, and is associated with a variety of carcinogenic 
and tumour suppressor genes (36,37). Previous studies have 
found that miR‑449a and miR‑125b decrease cell proliferation 
and induce apoptosis by inhibiting E2F3 (38,39). Although 
E2F3 showed no differential expression in colorectal cancer 
cells after transfection with miR‑195‑5p mimic (20), E2F3 
was the downstream target gene of miR‑195‑5p and the func‑
tional mediator of miR‑195‑5p in laryngeal cancer cells in 
the present study. Further analysis indicated that miR‑195‑5p 
overexpression inhibited the proliferation, migration and inva‑
sion of laryngeal cancer cells by downregulating E2F3. The 
mechanism of miR‑195‑5p downregulation in laryngeal cancer 
might be associated with the regulatory effects of competing 
endogenous RNAs.

miR‑195‑5p is a type of inhibitory miRNA of laryngeal 
cancer. The overexpression of miR‑195‑5p can inhibit the 
proliferation, migration and invasion of laryngeal cancer cells. 
Further analyses revealed that miR‑195‑5p suppressed the 
activity of laryngeal cancer cells by negatively regulating E2F3. 
However, the present study had certain limitations. miRNAs 
can regulate multiple genes and one gene can also be regulated 
by multiple miRNAs. Therefore, there may be other genes 
regulated by miR‑195‑5p that are involved in the proliferation, 
migration and invasion of laryngeal cancer cells. Thus, these 
issues need to be resolved progressively in future research, in 
order to provide further in‑depth knowledge of the regulatory 
pathway(s) of miR‑195‑5p. Moreover, the effect of miR‑195‑5p 
on apoptosis and cell cycle of laryngeal cancer cells will be 
investigated in the following studies. Furthermore, whether 
miR‑195‑5p can regulate the progression of laryngeal cancer 
in vivo remains to be elucidated in the next investigation.

In conclusion, the findings of the present study demon‑
strated that the upregulation of miR‑195‑5p decreases the 

expression of E2F3, and inhibits the proliferation, migration 
and invasion of laryngeal cancer cells, suggesting that the 
miR‑195‑5p/E2F3 axis may be used as a potential target for 
the treatment of laryngeal cancer.
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