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Abstract. MicroRNAs (miRNAs) are increasingly recognized 
as oncogenes or tumor suppressors in laryngeal squamous 
cell carcinoma (LSCC). In this study, we analyzed the roles 
of miR-365a-3p, miR-143-5p, and miR-494-3p in LSCC using 
Annexin V/propidium iodide double staining and flow cyto-
metry, along with a Transwell migration and invasion assay. 
The results showed that miR-365a-3p inhibitor significantly 
facilitated cell apoptosis and suppressed cell cycle progression, 
migration, and invasion in Hep-2 cells. However, miR-143-5p 
and miR-494-3p had no such influences. We then investigated 
the role of miR-365a-3p in LSCC in vivo and found that 
miR-365a-3p inhibitor suppressed LSCC xenograft tumor 
growth and metastasis in xenograft mouse models. Moreover, 
miR-365a-3p inhibitor significantly decreased the expres-
sion of p-AKT (Ser473), which indicated that miR-365a-3p 
can mediate PI3K/AKT signaling pathway transduction via 
p-AKT (Ser473) in LSCC. The data suggest that miR-365a-3p 
may act as an oncomiR and may promote growth and metas-
tasis in LSCC via the PI3K/AKT signaling pathway, and thus 
miR-365a-3p may be a potential therapeutic target for treat-
ment of LSCC.

Introduction

Laryngeal squamous cell carcinoma (LSCC) is the most 
common type of laryngeal carcinoma (LC) and accounts for 
more than 90% of LC cases. In 2015, the estimated number of 
new cases of LC was 13,560 in the United States, and about 
3,640 Americans were likely to die from LC (1). During the 
past 2 decades, clinicians have seen a worrying decline in 
the survival rate of LC patients, partly due to lymph node 
metastases (LNM). Recent studies showed that the 5-year 
overall survival was 39-44% in patients with advanced LC, 
and the 2-year local relapse rate was 27.5% in stage III 
LC (2,3). Although a variety molecules associated with the 
oncogenesis and the treatment of LSCC have been identified, 
the potential therapeutic targets and the precise molecular 
mechanisms of LSCC proliferation and metastasis remain to 
be elucidated.

In  the past  few years, miRNAs have been  identified  in 
most carcinomas and have become potential biomarkers for 
cancer diagnosis and treatment (4-6). miRNAs are small, 
single-stranded non-coding RNA molecules that regulate 
gene expression by binding to miRNA at the 3'-untranslated 
region (7). As of May 2014, 2,578 miRNAs have been iden-
tified in the human genome (4). Deregulated miRNAs have 
been shown to play pivotal roles in the multistep process of 
carcinogenesis via regulated oncogenes or tumor suppressor 
genes. For example, miR-10b and miR-320b enhance cell 
proliferation and invasion in pancreatic cancer and colorectal 
cancer, respectively (8,9), and miR-218 and miR-195 inhibit 
cell proliferation, migration, and invasion in gliomas and 
non-small cell lung cancer (10,11).

miRNAs also play important roles in LSCC (12,13). miR-27a 
was significantly upregulated in LSCC, promoted cell viability 
and colony formation, and repressed apoptosis by targeting 
PLK2 in Hep-2 cells (13). Our previous study (14) reported 
the identification via miRNA microarray and verification by 
real-time PCR (RT-PCR) of 10 miRNAs that were expressed 
differentially in LSCC patients with vs. those without LNM, 
including 9 upregulated miRNAs (miR-365a-3p, miR-143-5p, 
miR-634, miR-223-3p, miR-409-5p, miR-1224-3p, miR-192-5p, 
miR-30d-5p, and miR-1249-3p) and 1 downregulated miRNA 
(miR-494-3p).
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Based in part on findings from our previous study, we analyzed 
the effects of miR-365a-3p, miR-143-5p, and miR-494-3p in 
LSCC in vitro. However, only miR-365a-3p can affect cell 
apoptosis, mitosis, migration, and invasion. We also found that 
miR-365a-3p promoted LSCC xenograft tumor growth and 
metastases in liver and hepatic lymph nodes in mouse models. 
Moreover, miR-365a-3p was demonstrated to mediate the 
PI3K/AKT signaling pathway via p-AKT (Ser473) in LSCC.

Materials and methods

Cell culture and transient infection. Human Hep-2 cell lines 
(American Type Culture Collection, ATCC; Manassas, VA, 
USA) were cultured in RPMI-1640 medium (Gibco-Life 
Technologies, Carlsbad, CA, USA) with 10% fetal bovine 
serum  at  37˚C  and  5% CO2 in a humidified-atmosphere 
incubator. For overexpression and inhibition of miRNAs 
(all from GE Healthcare Dharmacon, Lafayette, CO, 
USA), miR-365a-3p inhibitor (IH-300666-05-0002), 
miR-143-5p inhibitor (IH-301057-02-0002), miR-494-3p 
mimic (C-300761-05-0002), normal control (NC)-inhibitor 
(IN-001005-01-05), and NC-mimic (CN-001000-01-05) were 
transiently transfected in Hep-2 cells by Lipofectamine 2000 
(Invitrogen-Life Technologies, Carlsbad, CA, USA) following 
the manufacturer's protocol.

RNA extraction and real-time PCR analysis. Total RNAs of 
the transfected Hep-2 cells were extracted with TRIzol 
(Invitrogen-Life Technologies) according to the manufacturer's 
protocol. Single-stranded cDNA of the miRNAs was synthe-
sized by reverse transcription using the miScript Reverse 
Transcription kit (Qiagen, Valencia, CA, USA). The expression 
level of transfected miRNAs was assessed with RT-PCR 
(TaqMan MicroRNA Assay; Life Technologies). The PCR 
primers for miR-365a-3p (sense, GCCCCTAAAAATCCTT 
and antisense, GTGCAGGGTCCGAGGT); miR-143-5p 
(sense, AAAAGAAAGAAAACACCC and antisense, GTGC 
AGGGTCCGAGGT); miR-494-3p (sense, GAAACATACAC 
GGGAAACC and antisense, GTGCAGGGTCCGAGGT); 
and U6 (sense, TGCGGGTGCTCGCTTCGCAGC and anti-
sense, CCAGTGCAGGGTCCGAGGT) were obtained from 
Life Technologies. U6 served as an internal reference. The 
relative expression levels of miR-365a-3p, miR-143-5p, and 
miR-494-3p in Hep-2 cells were calculated using the 2-ΔΔCt 
method.

Cell apoptosis assay. Hep-2 cells were seeded in 6-well plates, 
grown to about 80% confluence, and transiently transfected 
with the prepared miRNA inhibitors and mimics. NC-mimic 
and NC-inhibitor were used as controls. The transfected cells 
were trypsinized, washed twice in prechilled phosphate-buff-
ered saline (PBS), and collected after transfection at 48 and 
72 h. Subsequently, the cells were resuspended with 300 µl of 
1X binding buffer. Then, 5 µl of Annexin V-FITC conjugate 
and 5 µl of propidium iodide (PI) solution (both from BD 
Biosciences, San Diego, CA, USA) were added, and cells were 
incubated at room temperature for 15 min in the dark. Flow 
cytometric analysis for cell apoptosis was performed with a 
FACSCalibur flow cytometer (BD Biosciences) according to 
the manufacturer's instructions.

Cell cycle assay. The Hep-2 cells were treated according 
to the procedures for cell apoptosis assay. NC-mimic and 
NC-inhibitor were used as controls. Subsequently, the trans-
fected cells were resuspended with 400 µl PBS and fixed with 
prechilled 80% ethanol at 4˚C for 24 to 48 h for cell cycle 
analysis. Then, the fixed cells were washed with PBS and 
resuspended in staining solution (Boehringer Mannheim, 
Mannheim, Germany) containing 50 µg/ml of RNase A and 
65 µg/ml of PI solution and incubated at 37˚C for 30 min. 
Cell cycle flow cytometric analysis was performed with a 
FACSCalibur flow cytometer.

Transwell migration and invasion assay. For the migration 
assay, the transiently transfected Hep-2 cells with the miRNA 
inhibitors and mimics described above were seeded in the 
upper Transwell chamber (Sigma-Aldrich, St. Louis, MO, 
USA) coated with 8-µm pore Transwells (Millipore, Billerica, 
MA, USA). After incubation for 24 h, the non-migrated cells 
in the upper chamber were removed. The invaded cells were 
fixed with methanal, stained with Giemsa staining solution, 
and then counted by an inverted light microscope. The Hep-2 
cells invasion assays were performed using the Matrigel inva-
sion chamber (Sigma-Aldrich) according to the manufacturer's 
protocol. The seeding, staining, and counting of Hep-2 cells 
were performed as the migration assay. In the above two assays, 
the medium of upper Transwell chamber contains serum-free 
culture, and of the lower chamber contains 10% fetal bovine 
serum served as the chemoattractant.

Lentivirus-mediated inhibition of miR-365a-3p. To establish 
the stable miR-365a-3p and miR-365a-3p inhibitor cell lines, 
Hep-2 cells were transfected with NC-pLenti6/TR inhibitor 
(Lv-NC-inhibitor) and pLenti6/TR miR-365a-3p inhibitor 
(Lv-miR-365a-3p inhibitor), respectively, followed by selec-
tion for 42 days in fresh complete medium supplemented with 
3 µg/ml puromycin (Invitrogen-Life Technologies). Single 
colonies were selected and amplified, and the expression level 
of miR-365a-3p was detected by RT-PCR.

Analysis of tumorigenesis and metastatic potential of 
miR-365a-3p in vivo. For the in vivo tumorigenesis assay, 
2x106 stable transfected Hep-2 cells with Lv-NC-inhibitor were 
injected into the enterocoelia of 10 nude mice (Laboratory 
Animal Center of the Capital Medical University, Beijing, 
China), aged 6 weeks, so were the 2x106 stable transfected 
Hep-2 cells with Lv-miR-365a-3p inhibitor. The mice were 
sacrificed on the day 42 after injection, and the final tumors 
were isolated. Tumor size was measured with a digital 
caliper, and tumor volume was calculated with the formula: 
tumor volume = (length x width2) x 0.5. For the tumor-metas-
tasis assay in vivo, all the organs of the sacrificed mice were 
examined at necropsy. Lungs, livers, and the corresponding 
lymph nodes were stained with hematoxylin and eosin and 
were examined by two pathologists.

All mice used in this experiment were bred and main-
tained in sterile cages and were handled according to the 
National Institutes of Health Animal Care and Use Committee 
Regulations. All experimental procedures were approved by 
the Animal Care and Use Committee of Capital Medical 
University (Beijing, China).
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Protein extraction and western blot analysis. Cells were lysed 
in RIPA buffer with a protease inhibitor cocktail (both from 
Millipore). Protein was extracted and analyzed by standard 
western blot analyses. The primary antibodies, including 
total ERK, p-ERK1/2, total AKT, p-Akt (Ser473), and p-Akt 
(Thr308) were obtained from Life Technologies. GAPDH 
was used as an endogenous normalizer. The membrane was 
incubated with alkaline phosphatase secondary antibodies 

(Thermo Fisher Scientific, Waltham, MA, USA). Then  the 
intensities of enhanced bands of immunoreactive protein was 
quantified (Image-Pro Plus 6.0; Media Cybernetics, Rockville, 
MD, USA).

Statistical analyses. All of the experiments were repeated in 
triplicate, and one representative experiment was selected for 
data analysis. The statistical analyses were performed with 

Figure 1. The expression level of miRNAs in Hep-2 cells was measured using RT-PCR. (A and B) The expression levels of miR-365a-3p and miR-143-5p in 
Hep-2 cells transfected with NC-inhibitor, miR-365a-3p inhibitor, and miR-143-5p inhibitor, respectively. (C) The levels of 494-3p in Hep-2 cells transfected 
with NC-mimic and miR-494-3p mimics. ***P<0.001 vs. the control.

Figure 2. The effects of miR-365a-3p inhibitor on regulating LSCC cell apoptosis and mitosis measured by flow cytometry. (A) miR-365a-3p inhibitor facili-
tated the apoptosis of Hep-2 cells after transfection with NC-inhibitor and miR-365a-3p inhibitor. (B) The apoptosis percentages of infected Hep-2 cells at 
48 and 72 h were counted and are shown in the histogram. ***P<0.001 vs. the control. (C) Fewer Hep-2 cells infected with miR-365a-3p inhibitor were in S phase 
at 24 and 48 h. (D) The percentages of infected Hep-2 cells in S1 phase at 24 and 48 h were counted and are shown in the histogram. **P<0.01 vs. the control.
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SPSS 17.0 (IBM, Chicago, IL, USA). The statistical signifi-
cance was tested using two-tailed Student's t-test. A p-value of 
<0.05 was considered statistically significant.

Results

miR-365a-3p inhibitor facilitates apoptosis and suppresses 
mitosis in Hep-2 cells. Our previous study determined 
that miR-365a-3p and miR-143-5p were upregulated and 
miR-494-3p was downregulated in LSCC patients with LNM. 
In the present study, we successfully transfected Hep-2 cells 
with miR-365a-3p inhibitor (P<0.001, Fig. 1A), miR-143-5p 
inhibitor (P<0.001, Fig. 1B), and miR-494-3p mimics 
(P<0.001, Fig. 1C) for 48 and 72 h.

We  first  assessed  the  roles  of  these  miRNAs  in 
apoptosis in Hep-2 cells by flow cytometric analysis. At 
48 and 72 h after transient transfection, analyses based on 
Annexin V-FITC/PI apoptosis revealed that with the decreased 
expression of miR-365a-3p, the number of Hep-2 cells that 
expressed apoptotic protein Annexin V was elevated (repre-
sentative data are shown in Fig. 2A). The result indicates that 
miR-365a-3p inhibitor significantly facilitated the apoptosis 
of Hep-2 cells at 48 and 72 h (P<0.001, Fig. 2B). In contrast, 

miR-143-5p inhibitor and miR-494-3p mimics had no effect on 
Hep-2 cells (Fig. 3).

To characterize the influences of these miRNAs on the cell 
cycle, we used flow cytometry with PI staining to measure the 
DNA content in order to analyze the cell cycle distribution in 
Hep-2 cells. The percentages of cells in the S1 phase infected 
with the NC-inhibitor at 24 and 48 h after transfection were 
36.2 and 37.7% and with the miR-365a-3p inhibitor were 
28.6 and 30.6%, respectively (representative data are shown 
in Fig. 2C). These findings suggest that the miR-365a-3p 
inhibitor significantly suppressed cell cycle progression  in 
Hep-2 cells, as shown by the histogram in Fig. 2D(P=0.002). 
However, Hep-2 cells infected with the miR-143-5p inhibitor 
and the miR-494-3p mimics showed no significant differences 
compared with the homologous controls (Fig. 4).

miRNA-365 promotes migration and invasion of Hep-2 
cells. To determine the biological functions of these miRNA 
mimics and inhibitors in LSCC metastasis, we performed 
Transwell migration and invasion assays on Hep-2 cells 
transfected with miR-365a-3p inhibitor, miR-143-5p inhibitor, 
and miR-494-3p mimics at 24 h after transfection. As shown 
in Fig. 5A, transfection of the miR-365a-3p inhibitor led to 

Figure 3. The apoptosis assay of infected Hep-2 cells with miR-143-5p inhibitor and miR-494-3p mimic based on flow cytometry analyses. (A and B) The 
apoptosis assay of infected Hep-2 cells with miR-143-5p inhibitor and miR-494-3p mimic was performed at 48 and 72 h using flow cytometry analyses. 
(C and D) The apoptosis ratios of homologous Hep-2 cells infected with miR-143-5p inhibitor and miR-494-3p mimic at 48 and 72 h were counted and are 
shown in the histograms.
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Figure 4. The mitosis assay of infected Hep-2 cells with miR-143-5p inhibitor and miR-494-3p mimic based on flow cytometry analyses. (A and B) The 
percentage of Hep-2 cells infected with miR-143-5p inhibitor and miR-494-3p mimic in S1 phase at 24 and 48 h later. (C and D) The numbers of infected 
homologous Hep-2 cells in S1 phase were counted and are shown in the histograms.

Figure 5. The migration and invasion of Hep-2 cells transfected with miR-365a-3p were measured by the Transwell assay. (A) The migration and (C) invasion 
of infected Hep-2 cells were measured by the Transwell assay without and with Matrigel, respectively. (B and D) The numbers of Hep-2 cells migrating to and 
invading the lower chamber were quantified and are shown in histograms B and D, respectively. *P<0.05 vs. the control; **P<0.01 vs. the control.
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significantly decreased cell migration of Hep-2 cells, as shown 
in the histogram in Fig. 5C (P=0.023). Similarly, Transwell 
invasion assays using Matrigel further demonstrated that 
only Hep-2 cells transfected with the miR-365a-3p inhibitor 
were significantly reduced compared to the parental control 
cells (P=0.0024) (Fig. 5B and D). As shown in Fig. 6, the 

miR-143-5p inhibitor and the miR-494-3p mimics had no 
significant influence on the cell migration and invasion of 
Hep-2 cells.

miR-365a-3p promotes LSCC tumor growth and metastasis 
in vivo. To further view the potential effects of miR-365a-3p, 

Figure 6. The migration and invasion of Hep-2 cells transfected with miR-143-5p inhibitor and miR-494-3p mimics. (A) The migration and invasion of Hep-2 
cells transfected with miR-143-5p inhibitor and (B) miR-494-3p mimics were measured by the Transwell assay without (migration) and with (invasion) 
Matrigel. (C and D) The numbers of infected Hep-2 cells migrating and invading the lower chamber were quantified and are shown in the histograms.

Figure 7. Lv-miR-365a-3p inhibitor suppresses LSCC tumor growth in vivo. (A) Stably transfected Hep-2 cells with Lv-NC-inhibitor and Lv-miR-365a-3p 
inhibitor. (B) Representative images of nude mice and xenograft tumors after implantation of Hep-2 cells infected with Lv-NC-inhibitor and Lv-miR-365a-3p 
inhibitor. (C) Scatter plot of the Hep-2 cell tumor volumes following implantation with Lv-NC-inhibitor and Lv-miR-365a-3p inhibitor measured on the day 42 
after injection. ***P<0.001 vs. the control.
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we established stably transfected Hep-2 cells containing an 
Lv-NC-inhibitor and an Lv-miR-365a-3p inhibitor (Fig. 7A) 
and injected the inhibitors into the enterocoelia of nude mice. 
The mice were euthanized, and the tumors were harvested on 
day 42 after injection. Tumors formed from Hep-2 cells stably 
transfected with the Lv-NC-inhibitor grew much faster than 
tumors from the cells that stably expressed the Lv-miR-365a-3p 
inhibitor (Fig. 7B). Accordingly, the final tumor volumes in the 
two groups were calculated and compared, as shown in Fig. 7C 
(P<0.0001 for the difference).

We further explored the metastasis in vivo using a body 
vision microscope. We found that tumors were metastasized 
in the livers (Fig. 8A) and hepatic lymph nodes (Fig. 8B). In 
particular, metastases to the livers in the Lv-NC-inhibitor group 
occurred at a significantly higher frequency than those in the 
Lv-miR-365a-3p inhibitor group. As shown in the stacked bars 
of Fig. 8C, 9 of 10 mice in the Lv-NC-inhibitor group showed 
liver metastases, but in the Lv-miR-365a-3p inhibitor group 
only 2 of 10 mice showed liver metastases. As expected, there 
was a similar trend of metastases in the hepatic lymph nodes in 
the Lv-NC-inhibitor and the Lv-miR-365a-3p inhibitor groups: 
7 in 10 mice and only 1 in 10 mice showed hepatic lymph node 
metastases, respectively (Fig. 8D). These findings indicate that 
miR-365a-3p promotes LSCC tumor growth and metastases 
in vivo.

miR-365a-3p inhibitor downregulates p-AKT (Ser473). ERK 
and AKT play key roles in proliferation, migration, and inva-

sion in malignant tumor cells. Accordingly, we performed 
western blotting to examine the protein levels of p-ERK1/2, 
p-AKT (Thr308), and p-AKT (Ser473). The results showed 
that the levels of p-ERK1/2 have no significant difference after 
miR-365a-3p inhibitor transfection compared with the levels 
of NC-inhibitor (P=0.082, Fig. 9A). Interestingly, miR-365a-3p 
inhibitor significantly decreased the expression of p-AKT 
(Ser473) but not p-AKT (Thr308) compared to the expression 
in the Hep-2 cells transfected with matched NC-inhibitor 
miRNA (Ser473, P<0.001; Thr308, P<0.245, Fig. 9B).

Discussion

Aberrant expression of miRNAs has been demonstrated to 
contribute to LSCC tumorigenesis and progression (13,15). For 
the first time, this study analyzed the roles of miR-365a-3p, 
miR-143-5p, and miR-494-3p in Hep-2 cells. Because of the 
overexpression of miR-365a-3p and miR-143-5p and the lower 
expression of miR-494-3p in LSCC patients with LNM (14), 
we transfected Hep-2 cells with miR-365a-3p inhibitor, miR-
143-5p inhibitor, and miR-494-3p mimics. Interestingly, the 
loss-of-function results demonstrated that only the miR-365a-3p 
inhibitor significantly facilitated apoptosis and suppressed 
mitosis, migration, and invasion of Hep-2 cells, and we found 
that miR-365a-3p promotes LSCC xenograft tumor growth and 
metastasis in vivo. These data suggest that miR-365a-3p may be 
an oncomiR in LCSS, and miR-365a-3p inhibition may have 
potential in the treatment of laryngeal carcinoma.

Figure 8. Lv-miR-365a-3p inhibitor suppresses LSCC metastasis in vivo. (A) Liver metastasis and (B) hepatic lymph node (HLN) metastasis in LSCC cells. 
Hematoxylin and eosin staining with original magnification x200; scale bar, 50 µm. (C) The percentages of mice with or without liver metastasis were 
calculated and are shown in the stacked bars. (D) The percentages of mice with or without HLN metastasis were calculated and are shown in the stacked bars.
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The mature miR-365 is derived from two separate RNA 
precursors, hsa-miR-365a (previously named hsa-miR-365-1, 
MI0000767) and hsa-miR-365b (previously named 
hsa-miR-365-2, MI0000769), and mature hsa-miR-365a-3p 
(MIMAT0000710) is sheared from hsa-miR-365a (www.
mirbase.org). miR-365 has been confirmed to act as an onco-
gene or tumor suppressor in different carcinomas (16,17), 
although this finding has not previously been reported in 
LSCC. Gastaldi et al (18) found that the expression of miR-365a 
was decreased in chemically-induced mouse skin carcinomas, 
which suggests a tumor suppressor role of miR-365a although 
miR-365a-3p has been found to be an oncogene (19). A recent 
study revealed that miR-365b was upregulated in cutaneous 
squamous cell carcinoma and induced subcutaneous tumors 
in vivo (16). The study also found that anti-miR-365b oligo-
nucleotide inhibited cutaneous tumor formation in nude mice, 
along with apoptosis and G1 phase arrest in cancer cells. 
Hamada et al also found that miR-365 was highly expressed 
in ductal adenocarcinoma of the pancreas and contributed to 
the epithelial-mesenchymal transition. miR-365 can target 
apoptosis-promoting protein BAX and adaptor protein 
Src homology 2 domain containing 1, and then influences 
the survival of pancreatic cancer cells (20). Obviously, the 
expression levels of miR-365 are diverse in different malig-
nant tumors. For example, in human gastric cancer the low 
expression of miR-365 correlated with poorly differentiated 
histology, advanced stage, and deep invasion, as well as the 

deregulation of phosphorylated Akt, p53, and cyclin D1. In 
mouse gastric cancers, the activation of Akt led to downregu-
lated transcription of miR-365 and promoted gastric cancer 
cell proliferation (17). These data demonstrate that miR-365 
was downregulated in gastric cancer. In addition, miR-365 
was also found to be downregulated and accompanied the 
overexpression of NKX2-1 protein in lung cancer tissues. 
Furthermore, the miR-365 mimic significantly reduced the 
proliferation of lung cancer cells (21). The discrepancy of 
these findings may be due to the dynamic tumor microenvi-
ronment, stages of progression, and different types of cancers 
studied.

PI3K/AKT and MAPK signaling pathways are often 
hyperactivated in many malignant tumors, including LSCC, 
and the dependence of carcinoma cells on the two activated 
pathways has been used successfully in the clinic (22-25). 
AKT and ERK play key roles in the PI3K/AKT pathway and 
MAPK pathway, respectively (26,27). Recent studies have 
also found that AKT and ERK are highly correlated with 
miRNAs in various human malignancies (28-30). Therefore, 
to explore the underlying signaling pathways of miR-365a-3p-
induced LCSS cell proliferation, migration, and invasion, we 
examined the expression of p-AKT (Thr308), p-AKT (Ser473), 
and p-ERK1/2. The data showed that only the expression of 
p-AKT (Ser473) was significantly influenced by the miR-
365a-3p inhibitor. The serine/threonine kinase Akt encoded 
by the protein kinase B gene is a downstream effector of 

Figure 9. miR-365a-3p inhibitor downregulates the expression of p-AKT (Ser473) as determined using western blot analyses. (A) miR-365a-3p inhibitor did 
not affect p-ERK1/2 or total ERK expression. (B) miR-365a-3p inhibitor downregulated p-AKT (Ser473) protein levels but did not affect p-AKT (Thr308) or 
total AKT expression. GAPDH was the endogenous normalizer. ***P<0.001 vs. the control.
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PI3K. Studies have shown that activation of Akt signaling 
is responsible for cancer cell proliferation, invasiveness, and 
metastasis (17,31). AKT activation is initiated by docking of 
the PH domain of AKT to PIP3 on the cellular membrane, 
exposing two critical amino acid residues for phosphoryla-
tion (32). Both phosphorylation events, of Ser473 by the 
protein kinase PDK1 and of Thr308 by the mTORC2 complex, 
are required for full activation of AKT (33). However, the 
levels of AKT phosphorylation on either Ser473 or Thr308 
correlate differently with tumor cell growth and proliferation 
in distinct carcinomas (34-37). In our study, p-AKT (Ser473) 
was significantly decreased by the miR-365a-3p inhibitor, but 
p-AKT (Ser308) had no such influence. The data suggested 
that miR-365a-3p can mediate the PI3K/AKT signaling 
pathway by upregulating p-AKT (Ser473) to promote growth 
and metastasis in LSCC. This result is consistent with a recent 
study that showed that patients with head and neck squamous 
cell carcinomas with higher levels of p-AKT (Ser473) had 
worse survival, but the survival of patients with higher levels 
of p-AKT (Thr308) was not affected (25).

Dysregulated miR-143 and miR-494 have important roles 
in many carcinomas (38,39), although this association has not 
been reported in LSCC patients. A recent study of epithelial 
cancers, including esophagus and lung cancer, indicated that 
downregulation of miR-143 contributes to epithelial cancer 
development, and its re-expression suppresses cellular prolif-
eration and triggers apoptosis of epithelial cancer cells (38). 
miR-494 was reported to be significantly upregulated and to 
negatively modulate the expression of its target gene PTEN, 
in human cervical cancer cell lines and tumor samples (39). 
These findings identified the essential roles that miR-143 and 
miR-494 play in many carcinomas. However, our experiment 
shows that the two miRNAs did not have significant influence  
on Hep-2 cell apoptosis, mitosis, migration, and invasion 
in vitro. This is partly explained by the observation that 
miRNAs may have different roles cancer type-dependently.

In view of the low 5-year survival rate and the limited 
improvements in the treatment of LSCC during the past 
20 years (1,2), finding novel molecular therapeutic targets 
for treating LSCC is essential. Because miRNAs play pivotal 
roles in the development of carcinoma, it is conceivable that 
miRNA mimics or inhibitors may become a new class of 
molecular target-based therapies for various cancers (40-42). 
Their effects and regulatory mechanisms in LSCC remain 
uncertain, but the present study revealed that miR-365a-3p, 
a novel oncomiR, activates the PI3K/AKT signaling pathway 
via p-AKT (Ser473) and can promote LSCC growth and 
metastasis. Therefore, miR-365a-3p may become a potential 
therapeutic target for the treatment of LSCC.
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