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Abstract. – OBJECTIVE: To investigate the 
effect of MiR-221 on proliferation and apoptosis 
of laryngeal carcinoma cells through the PI3K/
AKT signaling pathway. 

MATERIALS AND METHODS: Lipofectami-
neTM 2000 liposomes were used to transfer MiR-
221 analogue, MiR-221 NC into Hep-2 cells of la-
ryngeal carcinoma. Real-time fluorescence quan-
titative polymerase chain reaction (PCR) meth-
od was used to detect the expression of MiR-221, 
MTT method was used to detect the proliferation 
of cells, flow cytometry was used to detect cell 
cycle, Western blotting was used to detect the ex-
pression of apoptosis proteinase-1 (Apaf-1) and 
cyclin-dependent kinase (CDK1, CDK2) protein 
and the activation of phosphatidylinositol 3 ki-
nase (PI3K)/protein kinase B (AKT). 

RESULTS: Compared with MiR-221 NC group, 
the expression of MiR-221 in MiR-221 analogue 
group was up-regulated (p<0.01), the cell pro-
liferation rate was decreased (p<0.01), the cell 
cycle was stagnated in the G1 phase (p<0.01), 
the expression levels of Cyclin A, CDK1, CDK2, 
PI3K, and p-AKT were significantly down-reg-
ulated (p<0.01), and the expression levels of 
Bax and Apaf-1 were significantly up-regulat-
ed (p<0.01). 

CONCLUSIONS: MiR-221 analogues can sig-
nificantly inhibit the proliferation and induce 
apoptosis of Hep-2 cells in laryngeal cancer, 
and this is achieved by blocking the PI3K/AKT 
signaling pathway, which also indicates that 
MiR-221 affects the proliferation and apoptosis 
of laryngeal cancer cells through the PI3K/AKT 
signaling pathway.
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Introduction

Laryngeal cancer is one of the most common 
malignant tumors in the head and neck area1. It 

ranks second in the incidence of head and neck 
cancer and ranks 11th among all human cancers. 
Patients increased 5-year survival rate by receiv-
ing treatments such as chemotherapy, radiothera-
py, and surgery2. However, recurrence after treat-
ment is common. Therefore, it is important to 
identify new therapeutic targets for laryngeal can-
cer. MicroRNAs (miRNAs) are short, non-coding 
RNA molecules that, after transcription, regulate 
the expression of target genes and play a role in a 
variety of cellular, physiological, and pathophys-
iological processes3,4. MiR-221 is encoded from 
the X chromosome and acts as a carcinogenic 
MiRNA involved in various types of cancers5. 
It has been reported to be up-regulated in many 
types of tumors, including glioblastoma, bladder 
cancer, and papillary thyroid tumors6,7. MiR-221 
has been shown to affect several cancer pathways 
by regulating multiple genes, such as estrogen re-
ceptor-αp27, p57, and receptor tyrosine kinases8. 
To the best of our knowledge, there have been 
no previous researches showing a link between 
MiR-221 and laryngeal squamous cell carcinoma 
(LSCC). This study aimed to elucidate the role of 
MiR-221 in laryngeal carcinoma cell line Hep-2. 
In addition, we focused on the effect of MiR-
221 on PI3K/AKT signaling pathway-associated 
proteins, and initially explored the underlying 
mechanism of MiR-221 in Hep-2 cells.

Materials and Methods

Reagents and Instruments 
Apoptotic protease activating factor-1 (Apaf-1), 

cyclin-dependent kinase (CDK) 1, CDK2, phos-
phatidylinositol 3-kinase (PI3K), GAPDH mono-
clonal antibody (CST; Danvers, MA,USA); 
Rabbit anti-human AKT and p-AKT polyclonal 
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antibody (Abcam, Cambridge, MA, USA); meth-
yl thiazolyl tetrazolium (MTT) and Dulbecco’s 
Modified Eagle’s Medium (DMEM) media were 
purchased from Gibco (Thermo Fisher Scientif-
ic, Waltham, MA, USA); protein concentration 
detection kit and cell cycle detection kit were 
purchased from Tiangen Biotechnology Co., Ltd. 
(Beijing, China); Total RNA extraction kit (QIA-
GEN, Germantown, USA), reverse transcription 
kit (Biotechnology Co., Ltd., Beijing, China), 
LipofectamineTM 2000 (Thermo Fisher Sientif-
ic, Waltham, USA) flow cytometry (Beckman 
Coulter Biotechnology Co., Ltd., Atlanta, GA, 
USA); inverted fluorescence microscope (Nikon, 
Tokyo, Japan). 

Cell Culture
The human Hep-2 laryngeal cancer cell line 

was purchased from the Shanghai Institute of Bi-
ological Sciences, Chinese Academy of Sciences. 
Exponentially growing cells were used during 
the experiment. The specific culture method is 
referred to the literature9.

MTT Assay for the Proliferation of 
Hep-2 Laryngeal Carcinoma Cells

1×104 Hep-2 laryngeal carcinoma cells were 
inoculated into 48-well plates, and after 24 h of 
culture, miR-221 analog and miR-221 NC were 
transfected into laryngeal carcinoma Hep-2 cells 
using LipofectamineTM 2000 liposome. After con-
tinuing to culture for 48 h, MTT solution (final 
concentration 5 mg/ml) was added, and the cells 
were incubated in an incubator (37°C) for 4 h, and 
the supernatant was aspirated, followed by add-
ing an appropriate amount of dimethyl sulphox-
ide (DMSO). The plate was gently shaken on a 
shaker for 10 min to dissolve the crystals, and the 
OD value was measured at a wavelength of 492 
nm (detection of cell proliferation) using a mi-
croplate reader (Wellscan MKII type microplate 
reader, Labsystem, Shanghai, China), 3 multiple 
holes were set in each group. Cell proliferation 
was expressed as relative inhibition rate, and the 
relative inhibition rate was calculated.

Detection of the Cycle of Laryngeal 
Carcinoma Hep-2 Cells by 
Flow Cytometry

1.5×104 Hep-2 cells were seeded into 6-well 
plates, and after 24 h of culture, miR-221 analog 
and miR-221 NC were transfected into the la-
ryngeal carcinoma Hep-2 cells, the culture was 
continued for 48 h, and were operated under 

aseptic conditions. When the cells were grown 
to log phase, 1×106/ml cells were collected in 
each group, appropriate amount of RNase (final 
concentration 10 mg/ml) was added, and gently 
pipetted with a pipette (non-contaminated pipette 
tip) to mix well, incubated for 1 h at room tem-
perature. Then, PI staining solution was added, 
mixed by the same method as above, incubated at 
room temperature for 20 min in the dark, and cell 
cycle detection and analysis was performed by 
flow cytometry, each group repeated for 3 times.

Western Blotting Detection of 
Protein Expression in Hep-2 Cells 

1.5×105 laryngeal carcinoma Hep-2 cells were 
seeded into 6-well plates, and after 24 h of cul-
ture, miR-221 analogues and miR-221 NC were 
transfected into laryngeal carcinoma Hep-2 cells, 
culture was continued for 48 h, and all were op-
erated under aseptic conditions. When the cells 
grew to the log phase, the cells were collected, 
operated in a low temperature environment (ice 
bath), centrifuged, and finally the cell lysate was 
added to fully lyse the cells, and the supernatant 
was obtained by centrifugation (i.e., extraction 
of total protein), the protein concentration was 
determined using the purchased kit. After de-
termining the protein concentration, proceed to 
the next step: the sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) was 
configured, sample processing was performed, 
and the extracted protein was subjected to high 
temperature denaturation (100°C), the loading 
buffer was added, mixed and load. Firstly, gel 
electrophoresis was performed for about 1-2 h, 
the film was transferred at low temperature for 
45 min, then 5% skim milk powder was used for 
blocking for 1 h, and washed with Tris-Buffered 
Saline and Tween (TBST). Finally, the primary 
antibody solution was added, the antibody was 
diluted in a certain proportion (rabbit anti-hu-
man monoclonal antibody dilution 1:2000; rabbit 
anti-human polyclonal antibody dilution 1:500), 
incubated overnight at 4°C. On the next day, the 
primary antibody was recovered and washed, the 
secondary antibody solution was added (1:1000) 
and incubated for 1-2 h at room temperature. 
Finally, color exposure was performed, and each 
group was repeated 3 times.

Statistical Analysis 
The data were processed using SPSS 20.0 sta-

tistical software (IBM, Armonk, NY, USA). The 
measurement data were expressed by x ± s. The 
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difference between the two groups was statisti-
cally processed by the Student’s t-test. p-value 
was considered statistically significant if p<0.05.

Results

Verification of MiR-221 
Analogue Transfection

MiR-221 NC and MiR-221 analogs were trans-
fected into Hep-2 cells, respectively. After 48 h of 
culture, the expression of MiR-221 was detected 
in the two groups. The results showed that the ex-
pression of MiR-221 in MiR-221 analogue group 
was significantly higher than that in MiR-221NC 
group (p<0.01), indicating that the MiR-221 ana-
log was successfully transfected (Figure 1).

Effects of MiR-221 Analogues on 
Viability, Proliferation, and 
Cell Cycle of Hep-2 Cells

After transfection of Hep-2 cells with MiR-221 
NC and MiR-221 analogs for 48 h, the relative 
inhibition rate of MiR-221 analogues was sig-
nificantly lower than that of MiR-221 NC group 
(p<0.01), revealing that the proliferation of cells 
in MiR-221 analogue group was reduced, as 
shown in Figure 2. After transfection of Hep-2 
cells with MiR-221 NC and MiR-221 analogs 
for 48 h, the cell cycle G1 of MiR-221 analogue 
group was significantly longer than that of MiR-
221NC group, indicating that MiR-221 analogues 
make Hep-2 cell cycle blocked in the G1 phase 
(Table I).

Effects of MiR-221 Analogues on the 
Expression of Cyclin A, CDK1 and CDK2, 
and Other Related Proteins in Hep-2 Cells

MiR-221 NC and MiR-221 analogues were 
transfected into laryngeal carcinoma Hep-2 cells 
for 48 h, and the expression of related proteins 
was detected. Compared with MiR-221 NC group, 
the Cyclin A, CDK1 and CDK2 protein bands in 
MiR-221 analogue group were significantly shal-
lower, indicating that the expression levels were 
significantly down-regulated (p<0.01). The pro-
tein bands of Bax and Apaf-1 were significantly 
deeper, showing that the expression of protein 
was significantly up-regulated (p<0.01), as shown 
in Table II.

Effect of MiR-221 on PI3K/AKT 
Signaling Pathway in Hep-2 Cells

After MiR-221 NC and MiR-221 analogues 
were transfected into laryngeal carcinoma Hep-2 
cells for 48 h, the gray bands of PI3K and p-AKT 
in MiR-221 analogue group were significantly 
lower than those in MiR-221 NC group. Com-

Figure 1. The expression of MiR-221 in cells transfected 
with MiR-221 NC and its analogues, **: p< 0.01.

Figure 2. MTT assay of the effect of MiR-221 analogues 
on the proliferation of Hep-2 cells. **: p < 0.01.
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pared with MiR-221 NC group, the expression 
levels of PI3K and p-AKT protein in MiR-221 
analogue group were significantly down-regulat-
ed, and the difference was statistically significant 
(p<0.01; Table III).

Discussion

MicroRNAs (miRNAs) are small, non-coding 
RNAs that regulate gene expression by base-pair 
messenger RNA10. The current research results 
show that MiRNA plays an important role in key 
biological processes such as cell proliferation, 
apoptosis, development, and differentiation11,12. 
Among them, the association of MiRNA with 
diseases, especially the relationship between 
MiRNA and human cancer, has aroused great 
interest in both science and business. MiRNAs 
have been shown to play a crucial role in tumor 
formation, and many miRNAs have been iden-
tified as tumor suppressor genes or oncogenes13. 
Studies14 have shown that miR-221 can induce 
cell apoptosis in vitro and in vivo in Hep-2 cells, 
which may be closely related to the development 

of laryngeal carcinoma and prognosis of patients. 
The results of this study referred that inhibition 
of miR-221 in Hep-2 cells induces apoptosis. 
MiR-221 is upregulated in a variety of malig-
nancies. In addition, studies have shown that 
miR-221 can silence a variety of potential target 
genes to regulate cell life activities15. However, 
the specific mechanism of action of miR-221 in 
laryngeal cancer is not known16,17. The results of 
this study pointed that increased expression of 
miR-221 attenuated the proliferation of larynge-
al carcinoma Hep-2 cells and arrested the cell 
cycle in the G1 phase, leading to cell replication 
failure, thereby inhibiting the malignant prolifer-
ation of laryngeal carcinoma Hep-2 cells. Apaf-1 
is a constituent protein of apoptotic bodies, and 
apoptosis is caused by exogenous and endog-
enous factors18. In the intrinsic apoptotic path-
way, cytochrome C, AP-1 interact with caspase-9 
precursor, and caspase-9 precursor is activated. 
Studies have shown that Apaf-1 down-regulation 
is related with decreased apoptosis of colorectal 
cancer cells and poor prognosis, overexpression 
of Apaf-1 in U87 cells has the effect of inhibit-
ing cell proliferation and promoting apoptosis19,20. 

Note: Compared with the MiR-221 NC group: #p<0.01.

Table I. The effect of MiR-221 analogues on Hep-2 cell cycle (x– ± s, n=3, %).

 Group MiR-221 NC group MiR-221 analogue group

G1 39.85 ± 3.58 53.79 ± 4.68#

S 34.61 ± 3.16 31.38 ± 2.93
G2 17.54 ± 1.60 13.83 ± 1.10

Note: Compared with the MiR-221 NC group: #p<0.01.

Table II. The effect of MiR-221 analogues on the expression level of marc-related proteins in Hep-2 cells of laryngeal 
carcinoma (x– ± s, n = 3).

 Group Bax Apaf-1 CyclinA CDK1  CDK2 

MiR-221 NC group 0.23 ± 0.02 0.16 ± 0.03 0.88 ± 0.08 0.89 ± 0.07 0.087 ± 0.06
MiR-221 analogue group 1.19 ± 0.12# 1.21 ± 0.09# 0.24 ± 0.02# 0.18 ± 0.02# 0.24 ± 0.01#

Note: Compared with the MiR-221 NC group: #p<0.01.

Table III. The influence of MiR-221 analogues on expression levels of PI3K/AKT signaling pathway related proteins in Hep-2 
cells of laryngeal carcinoma (x– ± s, n = 3).

 Group PI3K P-AKT/AKT

MiR-221 NC group 1.23 ± 0.10 1.09 ± 0.05
MiR-221 analogue group 0.18 ± 0.02# 0.19 ± 0.02#
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The results of this study also reveal that Apaf-1 
expression can induce apoptosis and cell cycle 
arrest in Hep-2 cells, which is consistent with 
previous studies. In addition, BAX is a pro-apop-
totic protein, and Bax forms a heterodimer, which 
blocks the transmission of apoptotic signals and 
prolongs cell survival. In addition, the results of 
this study show that up-regulation of miR-221 
leads to an increase in tyrosine kinase activity, 
thereby activating downstream related signals, 
promoting cell deterioration, and the PI3K/AKT 
signaling pathway is an important pathway. PI3K 
is a phosphokinase phosphorylated by phosphati-
dylinositol and similar compounds that produc-
es important second messengers in the growth 
signaling pathway21. PI3K is a heterodimer of 
the regulatory unit p85 and the catalytic subunit 
p110, and P85 is activated (phosphorylated) by a 
protein tyrosine kinase that mediates the associ-
ation of the p110 catalytic unit with the plasma 
membrane through its SH2 domain. PIK3R2 is a 
member of the PI3K p85 subunit family. PIK3R2 
is an inhibitor of PI3K/Akt signaling pathway 
activation, which promotes phosphorylation of 
AKT protein. Phosphorylated AKT activates 
downstream target genes and is involved in cell 
life activities22,23. This study found that increased 
expression of miR-221 in laryngeal cancer cells 
significantly reduced the expression of PI3K and 
p-AKT.

Conclusions

Summarily, miR-221 inhibits the proliferation 
of laryngeal carcinoma Hep-2 cells and induces 
apoptosis, and it acts through the PI3K/AKT sig-
naling pathway, but it is not ruled out that multi-
ple signaling pathways also play a role at the same 
time, the occurrence of cancer involves a variety 
of signaling pathways, which can be followed for 
further research.
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