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Abstract. – OBJECTIVE: To study the influ-
ences of micro ribonucleic acid (miR)-214 on 
the proliferation and apoptosis of oral cancer 
cells through the mitogen-activated protein ki-
nase (MAPK)/extracellular signal-regulated ki-
nase (ERK) pathway.

MATERIALS AND METHODS: In this work, 
human oral cancer HB cell lines were cultured 
in vitro and then treated with phosphate-buff-
ered saline (PBS) as Control group, with miR-
214 mimics as miR-214 mimics group or with 
miR-214 mimics + ERK inhibitor U0126 as miR-
214 mimics + U0126 group. The messenger RNA 
(mRNA) levels of miR-214 and ERK were de-
termined using quantitative Reverse Transcrip-
tion-Polymerase Chain Reaction (qRT-PCR), and 
the protein expression levels of phosphorylated 
ERK (p-ERK), ERK, proliferating cell nuclear an-
tigen (PCNA), p21, and tubulin were measured 
via Western blotting (WB). Besides, the prolifer-
ation and apoptosis of cells in each group were 
evaluated via methyl thiazolyl tetrazolium (MTT) 
assay and Hoechst staining, respectively.

RESULTS: Compared with Control group, miR-
214 mimics group exhibited increased expres-
sion of miR-214 in oral cancer cells (p<0.01), ex-
tremely raised expression levels of p-ERK and 
PCNA, but an extremely decreased protein ex-
pression level of p21 (p<0.01), whereas miR-214 
mimics + U0126 group had remarkably lower 
levels of p-ERK and PCNA, and a considerably 
higher protein level of p21 than miR-214 mimics 
group (p<0.05). The qRT-PCR results showed 
no significant differences in the mRNA level of 
ERK among the three groups (p>0.05). In addi-
tion, the proliferation ability was enhanced suc-
cessively in Control group, miR-214 mimics + 
U0126 group and miR-214 mimics group, and 
the increase was more notable in miR-214 mim-
ics group, with statistically significant differ-
ences (p<0.05). Finally, it was found through the 
Hoechst apoptosis assay that compared with 
that in Control group, the cell apoptosis was no-
tably inhibited in miR-214 mimics group, and 
it was greatly increased in miR-214 mimics + 
U0126 group. 

CONCLUSIONS: MiR-214 increases p-ERK 
level and p-ERK/ERK to activate the MAPK/ERK 
signaling pathway, raise PCNA level, and de-
crease p21 level, thereby promoting cell prolif-
eration and inhibiting cell apoptosis.
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Introduction

Micro ribonucleic acids (miRNAs) are a 
kind of endogenous non-coding single-stranded 
small-molecule RNAs, generally measuring 19-
22 nt in length, and they regulate the expression of 
target genes at the transcription level1,2. MiRNA 
molecules were first discovered in Caenorhabdi-
tis elegans in the 1920s, and as the research has 
been deepened, various miRNA molecules have 
also been found in drosophila, zebrafish, mam-
mals, and human body3. Besides, these molecules 
directly degrade messenger RNAs (mRNAs) or 
inhibit translation mainly through complementa-
ry base pairing with the 3’ un-translated region 
(3’UTR) of the target gene, thereby modulating 
the gene expression at the transcription level. 
MiRNAs play vital roles not only in the multiple 
processes in organisms, such as cell proliferation, 
differentiation, apoptosis, and aging, but also in 
the development and progression of tumors4-6.

MiR-214, an osteoclast-derived miRNA mole-
cule, can suppress bone formation7. According to 
the study findings, miR-214 is associated with the 
formation of such tumors as breast cancer, ovar-
ian cancer, gastric cancer, and colon cancer and 
involved in tumor cell proliferation, apoptosis, 
and migration. MiR-214 can regulate the develop-
ment of lung cancer through the miR-214-FGFR1-
Wnt/mitogen-activated protein kinase (MAPK)/
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Akt signaling pathway8. However, there have 
been no relevant reports on whether miR-214 is 
related to the development of oral cancer now.

MAPK mainly involves phosphorylated c-Jun 
N-terminal kinase (p-JNK), p-p38, and p-extra-
cellular signal-regulated kinase (ERK) signaling 
pathways. The MAPK/ERK signaling pathway is 
important and ubiquitous in inferior and superior 
creatures and participates in regulating cell pro-
liferation, differentiation, and migration. It has 
been found in studies that the aberrantly active 
ERK signaling pathway increases cell prolifera-
tion and migration, but inhibits cell apoptosis9-11. 
Therefore, the present study explored whether 
miR-214 can affect the proliferation and apopto-
sis of oral cancer cells through the MAPK/ERK 
signaling pathway.

Materials and Methods

Materials
Human oral cancer HB cell lines (China Cell 

Resource Seed Bank, Shanghai, China), cell ra-
dioimmunoprecipitation assay (RIPA) lysis buf-
fer (Beyotime Biotechnology, Shanghai, China), 
bicinchoninic acid (BCA) protein assay kit (Ther-
mo Fisher Scientific, Waltham, MA, USA), poly-
vinylidene difluoride (PVDF) membranes (Mil-
lipore, Billerica, MA, USA), p-ERK, ERK, p21, 
cell nuclear antigen (PCNA) and tubulin mono-
clonal primary antibodies and horseradish per-
oxidase (HRP)-conjugated secondary antibodies 
(CST, Danvers, MA, USA), TRIzol (Invitrogen, 
Carlsbad, CA, USA) and complementary deoxy-
ribonucleic acid (cDNA, TaKaRa, Otsu, Shiga, 
Japan).

Cell Culture, Treatment and Grouping
The human oral cancer HB cell line was 

cultured using Roswell Park Memorial Insti-
tute-1640 (RPMI-1640) complete medium (Hy-
Clone, South Logan, UT, USA) supplemented 
with 10% fetal bovine serum (FBS; Gibco, Rock-
ville, MD, USA), 0.1% P/S double antibodies and 
0.1% glutamine in an incubator with 5% CO2 at 
37°C in accordance with the standard operation 
manual, in which aseptic operation was required 
to avoid contamination. Then, HB cells were 
sub-cultured in a 6-well plate, and when growing 
to 75% density, the cells in 3 wells were added 
with phosphate-buffered saline (PBS), miR-214 
mimics and miR-24 mimics + U0126 separately 
to harvest cells in Control group, miR-214 mimics 

group and miR-214 mimics + U0126 group. Then, 
the three groups of cells were used for detection 
in subsequent experiments.

Detection of Protein Expression Via 
Western Blotting (WB)

The three groups of cells in the 6-well plate 
were added with lysis buffer, lysed on a shaking 
table at 4°C for 30 min, and centrifuged at 12,000 
g and 4°C for 10 min. Next, the supernatant was 
collected. The concentration of total proteins was 
determined with reference to the instructions of 
the BCA protein assay kit. Then, 10 μg of protein 
samples were added into loading buffer, and the 
mixture was boiled at 98°C for 10 min, followed 
by sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE). Then, the proteins 
were transferred onto a PVDF membrane, and the 
membrane was washed using Tris-Buffered Sa-
line with Tween-20 (TBST) for 10 min × 3 times. 
After that, the membrane was incubated with 
p-ERK, ERK, p21, PCNA, and tubulin mono-
clonal primary antibodies overnight at 4°C, and 
washed again using TBST for 10 min × 3 times, 
followed by incubation with the horseradish per-
oxidase-conjugated secondary antibodies for 1 h. 
Subsequently, the resulting membrane was rinsed 
using TBST as above. Finally, enhanced chemilu-
minescence (ECL) mixture was added, and pro-
tein bands were acquired using the fluorescence 
development technique.

Determination of MiR-214 Expression 
Level Via Quantitative Reverse 
Transcription-Polymerase Chain 
Reaction (qRT-PCR)

Total RNAs were extracted from the cells 
in Control group, miR-214 mimics group, and 
miR-214 mimics + U0126 group using TRIzol 
and then reversely transcribed into complemen-
tary deoxyribose nucleic acids (cDNAs). The 
primer sequences of miR-214 and the internal 
reference gene U6 are listed as follows: miR-214: 
5’-GTCGTATCCAGTGCAGGGTCCGAGG-
TATTCGCACTGGATACGACACTGCC-3’ and 
U6: 5’-GTCGTATCCAGTGCAGGGTCCGAG-
GTATTCGCACTGGATACGACAAAA TAT-
GGAAC-3’. Subsequently, real-time PCR was 
performed using SYBR Green dye (TaKaRa, 
Otsu, Shiga, Japan). Reaction procedures: pre-de-
naturalization at 95°C × 10 min, denaturalization 
at 95°C × 1 min, annealing at 60°C × 34 s, and 
extension at 74°C × 30 s, using the primer se-
quences shown in Table I. Finally, the relative 
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expression level of miRNAs was calculated based 
on the amplification cycle threshold (Ct). 

Measurement of ERK MRNA Expression 
Level Via QRT-PCR

Total RNAs were extracted from the three 
groups of cells using TRIzol. Then, the concen-
tration of the total RNAs was measured. Subse-
quently, the mRNAs were reversely transcribed 
into cDNAs according to TaKaRa’s specifica-
tions. Specifically, 500 ng of RNAs were added 
into the mixture of 2 μL of 5 × PrimeScript RT 
Master Mix, 0.5 μL of OligodT, and 0.5 μL of re-
verse transcriptases to obtain an overall reaction 
system (10 μL), followed by PCR amplification. 
According to the instructions, the reaction system 
consisted of 2 μL of cDNAs , 10 μL of SYBR 
Premix Ex TaqII (2×), 0.8 μL each of forward and 
reverse primers, and 0.4 μL of ROX reference dye 
II (50×). Finally, ddH2O was added to make the 
system reach 20 μL. The relative expression level 
of mRNAs was calculated based on the Ct value, 
with β-actin as an internal reference. The primer 
sequences are shown in Table II.

Detection of Cell Proliferation Via Methyl 
Thiazolyl Tetrazolium (MTT) Assay

The three groups of cells in the 6-well plate 
were digested using 0.25% trypsin, and paved 
onto a 96-well plate. At 24 and 48 h after the 
cells covered the whole plate, they were added 
with MTT powder and reacted for 3 h. Then, with 
the medium removed, the cells in each well were 
added with 200 μL of dimethyl sulfoxide (DM-
SO) and placed at 37°C. After 30 min, the optical 
density (OD) of cells at the wavelength of 490 nm 
was read using a microplate reader. The OD value 
is positively correlated with the number of cells. 

In other words, the larger OD indicates more cells 
and vice versa. The proliferation ability of cells in 
the three groups was determined using the above 
method.

Evaluation of Cell Apoptosis Using 
Hoechst Staining 

The human oral cancer HB cells were fixed in 
paraformaldehyde and stained with 1 μg/mL of 
Hoechst 33342, a cell membrane-permeable dye. 
Then, the cells were observed under an Olym-
pus fluorescence microscope. Next, the apoptotic 
cells were identified based on nuclear condensa-
tion and fragmentation, and their percentage in 
the total was calculated. Five stained cell fields 
at least were randomly selected for each sample.

Statistical Analysis
GraphPad Prism 6.0 software (La Jolla, CA, 

USA) was used for statistical analysis of data, and 
all the results were expressed as mean ± standard 
error of the mean (SEM), and analyzed using 
two-tailed t-test. p<0.05 denoted a statistically 
significant difference.

Results

Overexpression of MiR-214 in Human 
Oral Cancer HB Cell Lines Detected

The human oral cancer HB cell lines were 
first treated with PBS or miR-214 mimics to form 
Control group and miR-214 mimics group. It was 
found through qRT-PCR that miR-214 mimics 
group exhibited increased expression of miR-214 
in the HB cell lines compared with Control group 
(Figure 1), suggesting that the miR-214 overex-
pression model was established successfully.

Table I. List of real-time PCR primer sequences.

 Name of gene Forward (5’-3’) Reverse (5’-3’) 

MiR-214 GGACAGCAGGCACAGACA CAGTGCAGGGTCCGAGGT
U6 TGCGGGTGCTCCGCTTCGGCAGC CAGTGCAGGGTCCGAGGT

Table II. List of gene primer sequences

 Name of gene Forward (5’-3’) Reverse (5’-3’) 

ERK AGAGTTGAAGGATGATGACT CACTCATGCAGCACCTGCAG
β-actin GCAGAAGGAGATTACTGCCCT GCTGATCCACATCTGCTGGAA
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Influence of MiR-214 on the MAPK/ERK 
Signaling Pathway

HB cells in miR-214 mimics group were 
treated using the MAPK/ERK pathway inhibitor 
U0126 as miR-214 mimics + U0126 group. The 
protein expression levels of p-ERK, ERK, and 
tubulin in each group of cells were measured 
via WB. The results revealed that the p-ERK 
or p-ERK/ERK was extremely raised in miR-
214 mimics group compared with that in Con-
trol group (p<0.01), whereas miR-214 mimics 
+ U0126 group exhibited a significant decline 
in p-ERK or p-ERK/ERK in comparison with 
miR-214 mimics group (Figure 2), implying that 
miR-214 mimics can activate the MAPK/ERK 
signaling pathway, and such activation can be 
suppressed by U0126.

Effect of MiR-214 on ERK mRNA Level
Subsequently, mRNAs were extracted from 

each group, and detected using qRT-PCR. The 
results revealed that there were no statistically 
significant differences (N.S.) in ERK mRNA lev-
el among the three groups (Figure 3), illustrating 
that miR-214 mimics decrease the level of p-ERK 
to suppress the MAPK/ERK signaling pathway, 
while miR-214 mimics can activate this pathway, 
not due to the differential expression of ERK 
mRNA.

Influences of MiR-214 on the 
Proliferation-Associated Protein Levels

The protein expression levels of p21 and 
PCNA in each group of cells were measured 
using WB, and the results showed that miR-214 
mimics group had an extremely lower level of 
p21 and an extremely higher level of PCNA than 
Control group (p<0.01), while compared with 
those in miR-214 mimics group, the levels of 
p21 and PCNA were considerably elevated and 
decreased, respectively, in miR-214 mimics + 
U0126 group (p<0.05; Figure 4). These suggest 
that miR-214 mimics promote the proliferation 
of oral cancer cells, which is suppressed by 
U0126.

Impact of MiR-214 on Cell Proliferation
The proliferation of the differently treated cells 

in each group was evaluated via MTT assay in 
this study. It was discovered that the number 
of proliferating cells at 24 and 48 h in miR-214 
mimics group was remarkably larger than that in 
Control group. Compared with that in miR-214 
mimics group, the proliferation ability of cells 
was weakened at 48 and 72 h in miR-214 mimics 

Figure 1. Detection of miR-214 lentivirus-mediated over-
expression. The expression of miR-214 is detected via qRT-
PCR, and data are presented as mean ± SEM. *p<0.01: miR-
214 mimics group vs. Control group.

Figure 2. Influence of miR-214 on the MAPK/ERK signaling pathway. A, Protein levels of p-ERK, ERK and tubulin 
determined via WB. B, P-ERK/ERK value. Data are presented as mean ± SEM. *p<0.01: miR-214 mimics group vs. Control 
group. ∆p<0.05: miR-214 mimics + U0126 group vs. miR-214 mimics group.
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+ U0126 group (Figure 5), implying that miR-214 
mimics can enhance the proliferation ability of 
oral cancer cells, which can be repressed by the 
MAPK/ERK pathway inhibitor U0126, consis-
tent with the WB results.

Influence of MiR-214 on Oral Cancer 
Cell Apoptosis

The cell apoptosis was evaluated using 
Hoechst staining, and it was found that miR-214 
mimics group exhibited an extremely consid-
erable decline in the number of apoptotic cells 
compared with Control group, whereas the cell 
proliferation was increased in miR-214 mimics 
+ U0126 group compared with that in miR-214 
mimics group (Figure 6). It can be seen that 
miR-214 mimics can inhibit the apoptosis of oral 
cancer cells, and such an anti-apoptosis effect 
can be repressed by the MAPK/ERK pathway 
inhibitor U0126.

Discussion

MiRNAs, a kind of endogenous non-coding 
single-stranded small-molecule RNAs with a 
length of 19-22 nt12, are mainly involved in 
regulating transcription and suppressing the ex-
pression of the target gene by binding to the 
3’UTR of the target gene. The current studies 
have reported that the maturation of miRNAs 
involves the following two steps: Drosha and 
DGCR8 proteins first process nuclear pri-RNA 
molecules to 70 nt-long pre-miRNAs, and then 
the pre-miRNAs are transported by the expor-
tin5/RanGTP complex from the nucleus to the 
cytoplasm, in which they are further processed 
into mature miRNA molecules with a length of 
about 21 nt under the action of Dicer enzyme13,14. 
Later, miRNA molecules form a silencing com-
plex with the mRNA of the target gene to inhibit 
or degrade the protein expression of the target 
gene15,16.

MiR-214, a widely studied miRNA molecule, 
is derived from osteoclasts and can suppress 
bone formation. According to the findings in 
the current studies, miR-214 is associated with 
the formation of several human tumors. Nota-
bly, miR-214 inhibits the epithelial-mesenchy-
mal transition by down-regulating RNF8 in 
breast cancer17, and it targets PDK2 and PHF6 
to repress cell proliferation, migration, and me-
tabolism in liver cancer18. All the above reports 
suggest that miR-214 is negatively correlated 
with the development of cancers, but studies 
have also demonstrated that miR-214 is positive-
ly associated with the development of cancers. 
MiR-214 activates the MAPK signaling pathway 
to induce drug resistance to radiotherapy for 
non-small cell lung cancer. However, there have 

Figure 3. Effect of miR-214 on ERK mRNA level. The 
expression level of ERK mRNA is determined using qRT-
PCR, and data are presented as mean ± SEM. N.S.: there 
are no statistically significant differences among the three 
groups.

Figure 4. Influences of miR-214 on the pro∆∆liferation-associated expression. A, Protein expressions of p21 and PCNA in 
each group determined using WB. B, Quantification of results in Figure a. Data are presented as mean ± SEM. *p<0.01: miR-
214 mimics group vs. Control group. ∆p<0.05: miR-214 mimics + U0126 group vs. miR-214 mimics group.
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been no relevant reports that verify whether 
miR-214 is related to the development of oral 
cancer now.

MAPKs belong to a class of Ser/Thr protein 
kinases in cells19. Multiple parallel MAPK signal-

ing pathways have been discovered in the cells of 
inferior prokaryotes, and superior mammalians 
through studies, mainly including the p-JNK, 
p-p38, and p-ERK signaling pathways, and they 
mediate different cellular biological responses. 
The MAPK/ERK signaling pathway is an im-
portant one that plays a vital role in various cell 
processes, such as proliferation, migration, and 
apoptosis20.

Therefore, the present study explored the in-
fluences of miR-214 on the proliferation and 
apoptosis of oral cancer cells through the MAPK/
ERK signaling pathway. Human oral cancer HB 
cell lines were cultured in vitro and treated with 
PBS as Control group, miR-214 mimics as miR-
214 mimics group or miR-214 mimics + ERK 
inhibitor U0126 as miR-214 mimics + U0126 
group. In this study, the overexpression of miR-
214 in oral cancer HB cells was first analyzed 
via qRT-PCR, and the results suggest that miR-
214 mimics can overexpress miR-214. Then, the 
WB results showed that compared with those in 
Control group, the level of p-ERK in miR-214 
mimics group was increased, and the MAPK/
ERK signaling pathway was activated in miR-214 
mimics group, but the activation was repressed 
by U0126. This study only investigated the influ-
ence of miR-214 on the ERK signaling pathway, 

Figure 5. Impact of miR-214 on cell proliferation in each 
group. The number of cells at 0, 24, and 48 h is measured via 
MTT assay in each group, and the proliferation is compared. 
Data are presented as mean ± SEM. *p<0.01: miR-214 
mimics group vs. Control group. ∆p<0.05: miR-214 mimics 
+ U0126 group vs. miR-214 mimics group.

Figure 6. Influence of miR-214 on oral cancer cell apoptosis in each group. A, Cell apoptosis detected via Hoechst staining 
(magnification: 100×). B, Quantification of results in Figure A. Data are presented as mean ± SEM. *p<0.01: miR-214 mimics 
group vs. Control group. ∆p<0.05: miR-214 mimics + U0126 group vs. miR-214 mimics group.
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not on the p-JNK and p38 signaling pathways. 
Moreover, it was found through the mRNA assay 
that different treatments had no significant influ-
ences on ERK mRNA. Besides, based on the WB 
results, miR-214 mimics group had an extremely 
higher level of PCNA protein and an extremely 
lower level of P21 protein than Control group, 
whereas PCNA protein was decreased and p21 
protein was increased to inhibit cell proliferation 
in miR-214 mimics + U0126 group. Afterwards, 
the proliferation ability of cells in each group was 
detected via MTT assay, and the results showed 
that the proliferation ability of cells in miR-214 
mimics group was enhanced compared with that 
in Control group, while the cell proliferation was 
inhibited in miR-214 mimics + U0126 group, 
which accorded with the WB results. Finally, it 
was found through the apoptosis assay that com-
pared with that in Control group, the cell apopto-
sis was inhibited in miR-214 mimics group, but 
promoted in miR-214 mimics + U0126 group.

Conclusions

In summary, miR-214 increases p-ERK level 
and p-ERK/ERK to activate the MAPK/ERK 
signaling pathway, raises PCNA level, and de-
creases p21 level, thereby promoting cell prolif-
eration and inhibiting cell apoptosis.
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