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Abstract. Laryngeal carcinoma is one of the most common 
tumors concerning otorhinolaryngology head and neck 
surgery, however, the pathogenesis of laryngeal carcinoma 
remains unclear. MicroRNAs (miRNAs) have been reported 
to play vital roles in the pathogenesis of laryngeal carci-
noma Herein, the present study was designed to explore the 
function and mechanism of miRNA‑98 in hypopharyngeal 
carcinoma. In brief, qRT‑PCR, MTT assay, western blot 
analysis, Transwell assay and luciferase reporter assay were 
performed. Based on the results, miRNA‑98 expression was 
downregulated in patients with hypopharyngeal carcinoma. 
Downregulation of miRNA‑98 promoted cell growth and 
migration, and decreased the apoptotic rate of hypopharyn-
geal carcinoma cells. Overexpression of miRNA‑98 increased 
the apoptotic rate, and inhibited cell growth and migration of 
hypopharyngeal carcinoma cells. Moreover, luciferase reporter 
assays revealed that MTDH is a direct target of miRNA‑98 
and overexpression of miRNA‑98 induced the protein 
expression of PTEN and suppressed that of PI3K and p‑Akt. 
si‑MTDH attenuated the anticancer effects of miRNA‑98 on 
hypopharyngeal carcinoma via the PTEN/AKT pathway. To 
the best of our knowledge, the present study confirmed for the 
first time that miRNA‑98 inhibits hypopharyngeal carcinoma 
cell proliferation and induces apoptosis via the PTEN/AKT 
pathway by MTDH.

Introduction

Head and neck tumors are major cancers threatening human 
life, whose morbidity ranks sixth among all cancer types (1). 
Laryngeal carcinoma is also one of the most common head 
and neck tumors, with the morbidity ranking second among 

all respiratory tract tumors (1). The most common subtype 
of laryngeal carcinoma is squamous cell carcinoma, which 
accounts for about 95% of all cases. Industrial development and 
increased air pollution have resulted in the increasing morbidity 
of laryngeal carcinoma (2). Research suggests an annual rate of 
increase of 25% of the incidence of this tumor (2). Laryngeal 
carcinoma is commonly diagnosed in middle‑aged and elderly 
males. The global morbidity of laryngeal carcinoma in males 
was estimated to be 5.1/100,000 in 2008, and the mortality in 
males is about 2.2/100,000 (3). New surgical methods, chemo-
therapeutics and more advanced radiotherapy strategies have 
been applied for the treatment of laryngeal carcinoma in the 
recent 30 years (3). However, according to the latest research, 
the overall survival of laryngeal carcinoma patients has not 
improved (4). Unfortunately, the overall survival has shown 
a decreasing trend, which reaches only approximately 50%. 
Moreover, the survival rate for advanced laryngeal carcinoma 
is even as low as 30‑40% (4).

Laryngeal carcinoma is one of the common tumors 
concerning otorhinolaryngology head and neck surgery. 
Its genesis and development are associated with aberrantly 
expressed microRNAs (miRs or miRNAs)  (5). Existing 
research results have indicated the aberrant expression of 
multiple miRNAs in laryngeal carcinoma tissues. Moreover, 
the number of downregulated miRNAs is greater than that of 
upregulated ones (5). miRNA‑related research suggests that, 
miRNAs will serve as novel molecular markers for diagnosing 
laryngeal carcinoma, similar to other molecular markers for 
laryngeal carcinoma (6). They may aid in the early diagnosis, 
prediction of prognosis and recurrence and follow‑up of laryn-
geal carcinoma. In addition, miRNAs are potential targets 
for laryngeal carcinoma treatment (5). Notably, they present 
new application prospects for designing drugs for the targeted 
treatment of laryngeal carcinoma. Therefore, they will bring 
hope to laryngeal carcinoma patients (5).

The PI3K/Akt pathway is an important growth factor 
pathway in vivo. It can activate the anti‑cell apoptosis mecha-
nism, glucose metabolism and protein synthesis  (7), thus, 
promoting cell growth and proliferation  (8). Abnormality 
of such a signal transduction pathway can lead to abnormal 
cell proliferation and induce tumor growth. This is common 
in malignant tumor tissues, such as human ovarian, breast, 
pancreatic, lung and colon cancer. The PI3K/Akt pathway is 
verified to be involved in the genesis and development of most 
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tumors (9). Therefore, the PI3K/Akt pathway is considered 
to be the primary pathway for cancer cell survival. It is also 
named the anti‑apoptosis pathway (9).

MTDH is also called stellate cell upregulated gene  1, 
3D3 and lysine‑rich CEACAM 1‑related protein (10). It is a 
newly discovered oncogene. Research indicates that MTDH 
is markedly upregulated in numerous tumor cells and can 
activate multiple signaling pathways. These cancer types 
include breast, prostate, esophageal, lung cancer, melanoma 
and glioblastoma (10). Thus, it participates in tumor growth 
and proliferation, angiogenesis, invasion and metastasis and 
drug resistance. Meanwhile, it is closely related to tumor 
progression (10).

PTEN is a tumor‑suppressor gene with phosphatase activity. 
The protein encoded by PTEN possesses the features and 
functions of phosphoesterase (11). Meanwhile, it shows exten-
sive homology to cytoskeletal protein, and is highly expressed 
in epithelial cells. PTEN expression product can neutralize 
the protein tyrosine kinases (PTKs) and can inhibit tumor 
cell growth. Moreover, it can regulate tumor cell invasion and 
metastasis through interaction with local adhesion (11). The 
present study aimed to explore the function and mechanism of 
miRNA‑98 in hypopharyngeal carcinoma.

Materials and methods

Clinical specimens. A total of 42 patients with hypopharyngeal 
carcinoma (male=40 and female=42) and 12 healthy volunteers 
(male=6 and female=6) were enrolled at The First Affiliated 
Hospital of Harbin Medical University for participation in this 
study from May 2012 to September 2012. The study protocol 
was approved by the Human Research Ethics Committee of 
The First Affiliated Hospital of Harbin Medical University, 
and all patients provided written informed consent prior to 
participation in the study. Peripheral blood was collected and 
centrifuged at 2,000 x g for 10 min at 4˚C. Serum was stored 
at ‑80˚C.

qRT‑PCR analysis. Total RNA was extracted from serum or 
cell samples with TRIzol reagent (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). RNA (1 µg) was reverse tran-
scribed into cDNA using SuperScript II reverse transcriptase 
(code DRR037A; Takara Biotechnology Co., Ltd., Dalian, 
China). qRT‑PCR was performed using the 7500 Real‑Time 
PCR system (Applied Biosystems, Mannheim, Germany) at 
conditions of 95˚C for 10 min; 40 cycles of denaturation at 
95˚C for 30 sec, annealing at 58˚C for 30 sec and extension at 
72˚C for 70 sec. Primer sequences for RT‑qPCR: miRNA‑98: 
F, 5'‑GGG​GTG​AGG​TAG​TAA​GTT​GT‑3' and R, 5'‑TGG​GTG​
TCG​TGG​AGT​C‑3'; U6: F, 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' 
and R, 5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'. Relative expres-
sion of the miRNA was calculated using the comparative Ct 
method (12). The high expression of miRNA‑98 in patients with 
hypopharyngeal carcinoma was ≥0.4 of healthy volunteers; 
low expression of miRNA‑98 in patients with hypopharyngeal 
carcinoma was <0.4 of healthy volunteers.

Gene expression profiling. Total RNA was reverse transcribed 
into cDNA and hybridized to Affymetrix HG‑U133 Plus 2.0 
GeneChip arrays (Affymetrix GeneChip; Affymetrix; Thermo 

Fisher Scientific, Inc.). Data were analyzed through the use of 
the Database for Annotation, Visualization and Integrated 
Discovery (DAVID Database; https://david.ncifcrf.gov/) and 
Qiagen's Ingenuity Pathway Analysis (IPA; Qiagen, Redwood 
City, CA, USA).

Cell lines and culture conditions. The hypopharyngeal carci-
noma cell line FaDu was obtained from the Shanghai Cell 
Bank of the Chinese Academy of Sciences. The cells were 
cultured in Dulbecco's modified Eagle's medium (DMEM, 
Thermo Fisher Scientific, Inc.) containing 10% fetal calf 
serum (FCS, Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml 
penicillin and 100 mg/ml streptomycin, at 37˚C in 5% CO2.

Transfection. MTDH plasmid, microRNA‑98, anti‑mi
croRNA‑98 and negative control mimics were transfected 
into the cells using Lipofectamine 2000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) at 37˚C. After transfection for 
4 h, old medium was removed and new DMEM was added 
into the cells. Next, after transfection for 4 h, PTEN inhibitor 
(20 nM, VO‑Ohpic trihydrate) was added into cells for 44 h.

MTT assay. MTT (5 mg/ml, 20 µl) was added into the cells for 
4 h at 37˚C. Old medium was replaced with dimethyl sulfoxide 
(DMSO) (150 µl) which was added into the cells for 20 min 
at 37˚C. The absorbance was measured by spectrophotometry 
with a microplate reader (model 680; Bio‑Rad Laboratories, 
Hercules, CA, USA) at 490 nm.

LDH assay. Cells were assessed for LDH activity using LDH 
activity kit (C0016; Beyotime Institute of Biotechnology, 
Haimen, China). The absorbance was measured by spectro-
photometry with a microplate reader (model 680; Bio‑Rad 
Laboratories) at 450 nm.

Transwell assay. The Transwell assay was used to measure 
the invasion capability of the transfected FaDu cells. FaDu 
cells (1x105 cells/well) were added to the upper chambers 
of Transwell inserts (BD Biosciences, Franklin Lakes, NJ, 
USA; 8‑µm pore size). DMEM with 10% FBS was added to 
the lower chambers. After 48 h of incubation, cells were fixed 
with 100% methanol for 10 min and stained with 0.2% crystal 
violet for 20 min at room temperature. Image was captured 
using a Leica microscope image system at x100 magnification 
(Leica Microsystems, Mannheim, Germany).

Determination of apoptosis by flow cytometry. Cells were 
washed with phosphate-buffered saline (PBS) and fixed 
using 4% paraformaldehyde for 15  min and stained with 
Annexin V/PI assay (cat. no. 88‑8007; eBioscience, Inc., San 
Diego, CA, USA) for 15 min in darkness. The apoptosis rate 
was determined using FACSCalibur flow cytometer (BD 
Biosciences, Sydney, Australia).

Western blot analysis. Cells were collected and lysed in radioim-
munoprecipitation assay buffer (RIPA) and the protein samples 
(50 µg) were separated by electrophoresis using 10% SDS‑PAGE 
and then transferred to a polyvinylidene difluoride (PVDF) 
membrane. The membrane was blocking with Tris‑buffered 
saline (TBS) containing 5% non‑fat milk and 0.1% Tween‑20 at 
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37˚C for 1 h and subsequently incubated with the primary anti-
bodies at 4˚C overnight: Bax (dilution 1:1,000; cat. no. sc‑6236), 
PTEN (dilution 1:1,000; cat.  no.  sc‑133197), p‑AKT (dilu-
tion 1:500; cat. no. sc‑7985‑R), MTDH (dilution 1:1,000; cat. 
no. sc‑517220) and GAPDH (dilution 1:5,000; cat. no. sc‑51631; 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA). Horseradish 
peroxidase‑linked IgG was used as the secondary antibody 
(dilution 1:5,000; cat. no. sc‑2004; Santa Cruz Biotechnology) 
for incubation for 1 h at 37˚C. Protein blots were visualized by 
chemiluminescence (NEN Life Science Products, Boston, MA, 
USA) and analyzed using Image‑Pro Plus 6.0 software (Media 
Cybernetics, Inc., Rockville, MD, USA).

Immunofluorescence staining. FaDu cells were fixed with 
4% paraformaldehyde for 15 min at room temperature and 
permeabilized with 0.25% Triton X‑100 for 10 min at room 
temperature. Cell was blocked with 5% BSA in PBS for 1 h 
at 37˚C and incubated overnight at 4˚C with the antibody 
for MTDH (dilution 1:100; cat. no.  sc‑517220; Santa Cruz 
Biotechnology). Cells were incubated with 555 secondary 
antibody (dilution 1:1,000; cat. no.  sc‑362271; Santa Cruz 
Biotechnology) for 1 h at 37˚C and stained with DAPI assay 
for 15 min in darkness. Image was captured using a Leica 
microscope image system (Leica Microsystems).

Luciferase reporter. The 3'‑untranslated region (3'‑UTR) of 
MTDH and microRNA‑98 mimics were co‑transfected using 
Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). After 48 h, Renilla luciferase activity was 
measured using a Dual‑Luciferase reporter system (Promega, 
Madison, WI, USA). Luciferase activity was detected using an 
Orion II microplate luminometer (Berthold Technologies, Bad 
Wildbad, Germany).

Statistical analysis. Data are expressed as the mean ± SEM 
(n=3). The difference between two independent groups was 
assessed using the Student's t‑test or one‑way analysis of vari-
ance (ANOVA) and Tukey's post hoc test. Statistical analyses 
were conducted using SPSS 20.0 software (IBM Corp., 
Armonk, NY, USA). P<0.05 was considered to indicate a 
statistically significant result.

Results

Expression of miRNA‑98 in hypopharyngeal carcinoma. Both 
GeneChip and qPCR were used to detect the expression of 
microRNAs in the normal and cancer tissues. The expression 
of miRNA‑98 was significantly downregulated in patients with 
hypopharyngeal carcinoma, compared with that noted in the 

Figure 1. MicroRNA‑98 (miR‑98) expression in hypopharyngeal carcinoma. (A) Heat map of the gene chip for microRNA expression in hypopharyngeal 
carcinoma. (B and C) miR‑98 expression in hypopharyngeal carcinoma and normal tissues. (D and E) OS and DFS of hypopharyngeal carcinoma patients 
with low and high expression of miR‑98. Normal, normal tissues from 12 healthy volunteers; Cancer, hypopharyngeal carcinoma tissues from 12 patients; I‑II, 
I‑II stage hypopharyngeal carcinoma tissues; III‑IV, III‑IV stage hypopharyngeal carcinoma tissues. ##P<0.01 compared with the normal tissues; ###P<0.01 
compared with the normal tissues.
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control group (Fig. 1A and B). Meanwhile, the expression of 
miRNA‑98 in patients with stage III‑IV hypopharyngeal carci-
noma was significantly lower than that in patients with stage I‑II 
hypopharyngeal carcinoma (Fig. 1C). Then, we analyzed the 
relationship between miRNA‑98 expression and the survival 
rate of patients with hypopharyngeal carcinoma. To this end, 
Kaplan‑Meier survival analysis was carried out to evaluate the 
relationship of miRNA‑98 expression with overall survival (OS) 
and disease‑free survival (DFS) in patients with hypopharyngeal 
carcinoma. As a result, the OS of patients with hypopharyngeal 
carcinoma with high expression of miRNA‑98 was increased 
when compared with the OS of patients with hypopharyngeal 
carcinoma with low expression of miRNA‑98 (Fig. 1D). In 
other words, patients with hypopharyngeal carcinoma with high 
expression of miRNA‑98 harbored obviously prolonged DFS 
than those with low expression of miRNA‑98 (Fig. 1E).

Downregulation of miRNA‑98 increases cell growth and 
migration, and decreases the apoptotic rate of hypopharyn‑
geal carcinoma cells. In order to study the role of miRNA‑98 
in the proliferation of hypopharyngeal carcinoma cells, 
FaDu cells were transiently transfected with anti‑miRNA‑98 
mimics. miRNA‑98 expression was substantially decreased 
in the FaDu cells, compared with the negative control‑trans-
fected cells (Fig.  2A). Moreover, downregulation of 
miRNA‑98 increased cell viability and promoted migration, 
and decreased the apoptotic rate of hypopharyngeal carci-
noma cells, compared with the negative control‑transfected 
cells (Fig. 2B‑H).

Overexpression of miRNA‑98 increases the apoptotic rate 
and inhibits the cell growth and migration of hypopharyngeal 
carcinoma cells. Next, we studied the function of miRNA‑98 

Figure 2. Downregulation of microRNA‑98 promotes cell growth and migration, and decreased the apoptosis rate of hypopharyngeal carcinoma cells. 
(A) MicroRNA‑98 expression, (B) cell proliferation, (C and D) cell migratory, (E and F) the apoptosis rate, (G) LDH activity and (H) DAPI assay. Control, 
negative control group; anti‑98, microRNA‑98 downregulated expression group. ##P<0.01 compared with the negative control group.
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in hypopharyngeal carcinoma. FaDu cells were transiently 
transfected with micRNA‑98 mimics, and miRNA‑98 
expression was substantially increased in the FaDu cells, 
compared with that noted in the negative control‑transfected 
cells (Fig. 3A). Overexpression of miRNA‑98 enhanced the 
apoptotic rate and inhibited cell growth and migration of 
hypopharyngeal carcinoma cells, compared with the nega-
tive control‑transfected cells (Fig. 3B‑H).

miRNA‑98 regulates the PTEN/AKT pathway by MTDH. 
To measure the mechanism of miRNA‑98 in regards to 
the apoptosis of hypopharyngeal carcinoma, we analyzed 
the changes in the pathways in hypopharyngeal carcinoma 
cell lines with overexpression of miRNA‑98. Heat map 
showed that MTDH expression was suppressed, while PTEN 

expression was increased in the hypopharyngeal carcinoma 
cell line following overexpression of miRNA‑98 (Fig. 4A). 
Then, the reporter assay showed that MTDH is a target of 
miRNA‑98, and overexpression of miRNA‑98 decreased the 
activity of reporter assay levels, compared with the negative 
group (Fig. 4B and C). Moreover, immunofluorescence (IF) 
showed that overexpression of miRNA‑98 suppressed the 
protein expression of MTDH in hypopharyngeal carcinoma 
cells, compared with that noted in the negative control‑trans-
fected cells (Fig.  4D). Overexpression of miRNA‑98 
suppressed the protein expression of MTDH and p‑Akt while 
it induced that of PTEN and Bax in hypopharyngeal carci-
noma cells, compared with the negative control‑transfected 
cells (Fig. 4E‑I). Additionally, overexpression of miRNA‑98 
promoted caspase‑3/9 activity levels in the hypopharyngeal 

Figure 3. Overexpression of microRNA‑98 increased the apoptosis rate and inhibits cell growth and migration of hypopharyngeal carcinoma cells. 
(A) MicroRNA‑98 expression, (B) cell proliferation, (C and D) cell migratory, (E and F) the apoptosis rate, (G) LDH activity and (H) DAPI assay. Control, 
negative control group; miRNA‑98, microRNA‑98 overexpression group. ##P<0.01 compared with the negative control group.
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Figure 4. Overexpression of miRNA‑98 regulates the PTEN/AKT pathway by MTDH. (A) Heat map. (B) MTDH is a target of microRNA‑98. (C) Activity of 
reporter assay levels. (D) Immunofluorescence for MTDH protein expression. (E) MTDH, (G) p‑Akt, (F) PTEN and (H) Bax protein expression as determined 
by statistical analysis. (I) Western blot assays for MTDH, p‑Akt, PTEN and Bax protein expression. (J and K) Caspase‑3 and caspase‑9 activity levels. Control, 
negative control group; miRNA‑98, of microRNA‑98 overexpression group. ##P<0.01 compared with the negative control group.
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carcinoma cells, compared with the negative control‑trans-
fected cells (Fig. 4J and K). However, downregulation of 
miRNA‑98 induced the protein expression of MTDH and 
p‑Akt protein (Fig. 5A, C and E), while inhibited that of 
PTEN and Bax (Fig. 5B, D and E), and reduced caspase‑3/9 
activity levels (Fig.  5F and G)  in hypopharyngeal carci-
noma cells, compared with the negative control‑transfected 
cells. These results showed that miRNA‑98 induced 
apoptosis of hypopharyngeal carcinoma by regulating the 
PTEN/AKT/caspase‑3/9 pathway via MTDH.

MTDH attenuates the anticancer function of miRNA‑98 in 
hypopharyngeal carcinoma via the PTEN/AKT pathway. We 
further studied the role of MTDH in the anticancer function of 
miRNA‑98 in hypopharyngeal carcinoma via the PTEN/AKT 
pathway. As shown in Fig. 6, the MTDH plasmid induced the 
protein expression of MTDH and p‑Akt, while suppressing 

that of PTEN and Bax, inhibited caspase‑3/9 activity levels in 
hypopharyngeal carcinoma by miRNA‑98, compared with the 
miRNA‑98 group without MTDH plasmid treatment. Then, 
the activation of MTDH attenuated the anticancer effects of 
miRNA‑98 on the inhibition of cell viability and migration, 
and the promotion of the apoptotic rate and LDH activity 
levels in hypopharyngeal carcinoma by miRNA‑98, compared 
with the miRNA‑98 group without the activation of MTDH 
(Fig. 7). These results indicate that MTDH attenuated the anti-
cancer effects of miRNA‑98 in hypopharyngeal carcinoma via 
the PTEN/AKT pathway.

Inhibition of PTEN attenuates the anticancer effects of 
miRNA‑98 in hypopharyngeal carcinoma via the PTEN/AKT 
pathway. Finally, we investigated the function of PTEN in 
the anticancer effects of miRNA‑98 in hypopharyngeal 
carcinoma via the PTEN/AKT pathway. The administration 

Figure 5. Downregulation of miRNA‑98 regulates the PTEN/AKT pathway by MTDH. (A‑D) MTDH, p‑Akt, PTEN and Bax protein expression as determined 
by statistical analysis. (E) Western blot assays for MTDH, p‑Akt, PTEN and Bax protein expression. (F and G) Caspase‑3 and caspase‑9 activity levels. Control, 
negative control group; Anti‑98, microRNA‑98 downregulated expression group. ##P<0.01 compared with the negative control group.
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of PTEN inhibitor (20 nM, VO‑Ohpic trihydrate) suppressed 
the protein expression of PTEN and Bax, inhibited 
caspase‑3/9 activity levels, and promoted p‑AKT protein 
expression in hypopharyngeal carcinoma by miRNA‑98, 
compared with the miRNA‑98 group without PTEN inhibitor 
treatment (Fig. 8). Then, the inhibition of PTEN attenuated 
the anticancer effects of miRNA‑98 on the inhibition of cell 
viability and migration, and the promotion of the apoptotic 
rate and LDH activity levels in hypopharyngeal carcinoma 
by miRNA‑98, compared with the miRNA‑98 group without 
PTEN inhibition (Fig.  9). These results indicated that 
miRNA‑98 inhibited the proliferation and induced apoptosis 
in hypopharyngeal carcinoma cells via the PTEN/AKT 
pathway by MTDH.

Discussion

Early diagnosis of laryngeal carcinoma and improvement of 
treatment efficacy for laryngeal carcinoma is vital. In addi-
tion, the further understanding of the mechanisms underlying 
the genesis and development of laryngeal carcinoma are 

needed (13). This will contribute to the identification of novel 
treatment methods or early diagnosis and treatment  (13). 
Epidemiological investigation has confirmed that smoking, 
alcohol abuse, air pollution and occupational factors are the 
causes of laryngeal carcinoma  (14). Molecular biological 
research has been intensively carried out. Basic research on 
laryngeal carcinoma‑related miRNAs has displayed their 
valuable application prospect as laryngeal carcinoma treat-
ment targets (15). On the one hand, an in vitro study verify 
that some miRNAs can suppress laryngeal carcinoma cell 
proliferation. For instance, increasing the miR‑34c expression 
level can effectively suppress laryngeal carcinoma cell prolif-
eration (16). This reveals that miR‑34c a promising potential 
target for treating laryngeal carcinoma. On the other hand, 
an in vivo study confirmed that injection of miR‑21 antisense 
nucleotide chain lentiviral vector in xenografts of squamous 
carcinoma of the larynx can effectively suppress laryngeal 
carcinoma cell growth (16). The present study showed that OS 
and DFS of patients with hypopharyngeal carcinoma in a high 
microRNA‑98 expression were prolonged when compared 
with that of patients with hypopharyngeal carcinoma in a 

Figure 6. MTDH decreases the anticancer function of miRNA‑98 in hypopharyngeal carcinoma via the PTEN/AKT pathway. (A‑D) MTDH, p‑Akt, PTEN and 
Bax protein expression as determined by statistical analysis. (E) Western blot assays of MTDH, p‑Akt, PTEN and Bax protein expression. (F and G) Caspase‑3 
and caspase‑9 activity levels. Control, negative control group; miRNA‑98, microRNA‑98 overexpression group; MTDH, microRNA‑98 overexpression and 
MTDH group. ##P<0.01 compared with the negative control group, **P<0.01 compared with the microRNA‑98 overexpression group.
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low microRNA‑98 expression group. Downregulation of 
microRNA‑98 promoted cell growth and migratory, and 
decreased the apoptosis rate of hypopharyngeal carcinoma 
cells. Wang et al showed that let‑7/miR‑98 regulate Fas and 
Fas‑mediated apoptosis (17).

It was reported that MTDH is expressed in almost all 
malignant tumor cells. MTDH overexpression can enhance 
the proliferation, differentiation, metastasis and invasion 
capacity of endometrial cancer, prostate cancer, breast 
cancer and human glioma cells  (18). In addition, MTDH 
plays a key role in upregulating tumor genesis mediated by 
the Ha‑as oncogene (19). Blocking MTDH expression can 
upregulate (FOXO)3A activity to induce apoptosis  (20). 
MTDH silencing was found to notably restrain human 
neuroblastoma cell proliferation and induce apoptosis. As 
a result, cells were arrested at the G0/G1 stage of the cell 
cycle (20). MTDH silencing was found to enhance cancer 
cell sensitivity to chemotherapeutics such as cisplatin and 

doxorubicin. Thus, it can effectively inhibit tumor cell 
proliferation and promote cell apoptosis (20). In the present 
study, it was found that MTDH decreased the anticancer 
function of microRNA‑98 in hypopharyngeal carcinoma 
via the PTEN/AKT pathway. Wang et al reported that the 
upregulation of miR‑98 inhibited apoptosis in cartilage cells 
in osteoarthritis (21).

The PI3K/Akt pathway is a major branch of the receptor 
tyrosine kinase pathway. It is an important growth factor 
pathway  in vivo  (7). It can activate the anti‑cell apoptosis 
mechanism, glucose metabolism and protein synthesis and 
thus enhance cell proliferation and growth (22). The PDK/Akt 
signal transduction pathway is abnormally activated in multiple 
malignant tumors (7). The following two mechanisms have been 
extensively studied. One is tyrosine kinase‑mediated PI3K acti-
vation. For instance, the phosphorylated tyrosine kinase binds 
with subunit p85, or the mutant Ras directly binds with EBK 
to activate PI3K. The other one is somatic gene mutation (22). 

Figure 7. MTDH decreases the anticancer function of miRNA‑98 in hypopharyngeal carcinoma cell growth. (A) Cell growth, (B and C) cell migration, 
(D and E) apoptosis rate, (F) LDH activity and (G) DAPI assay. Control, negative control group; miRNA‑98, microRNA‑98 overexpression group; MTDH, 
microRNA‑98 overexpression and MTDH group. ##P<0.01 compared with the negative control group, **P<0.01 compared with the microRNA‑98 overexpres-
sion group.
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For instance, PTEN tumor‑suppressor gene mutation makes 
it impossible to block the PI3K pathway. It was recently 
discovered that the PIK3CA gene mutation occurs in over 
30% of epithelial tumors (23). The above‑mentioned tyrosine 
kinase‑mediated abnormal PI3K activation and somatic gene 
mutation can induce abnormal cell proliferation. In this way, it 
can induce the genesis and development of malignant tumors 
such as ovarian, breast, pancreatic, lung and colon cancer (23). 
The present study showed that overexpression of miRNA‑98 
suppressed MTDH and p‑Akt protein expression and induced 
PTEN protein expression in hypopharyngeal carcinoma cells. 
Chen et al showed that miRNA‑98 rescues proliferation and 
alleviates ox‑LDL‑induced apoptosis in human umbilical vein 
ECs (HUVECs) by targeting LOX‑1 (24).

PTEN is the first tumor‑suppressor gene discovered to date 
to possess phosphatase activity. The major tumor‑suppressing 
effect of PTEN is to promote apoptosis  (25). PTEN gene 

mutations render loss of all gene functions (25). Thus, cell 
growth is out of control, and apoptosis cannot be carried out in 
time. Low PTEN expression in laryngeal carcinoma suggests 
reduced apoptosis, enhanced growth and improved invasion. 
The PTEN gene can suppress tumor transcription. Moreover, 
it is related to tumor pathological differentiation and prog-
nosis  (26). Notably, in the present study, the promotion of 
MTDH or the inhibition of PTEN reduced the anticancer 
effects of miRNA‑98 in hypopharyngeal carcinoma via the 
PTEN/AKT pathway. This study only analyzed one cell line, 
and it is a limitation of this study. We will use more cell models 
or a mouse model in further studies.

In conclusion, the function of miRNA‑98 inhibits hypo-
pharyngeal carcinoma cell proliferation and induces apoptosis 
via the PTEN/AKT pathway by MTDH. Moreover, the 
miRNA‑98/ PTEN/AKT signaling pathway may serve a key 
role in the anticancer effects of hypopharyngeal carcinoma.

Figure 8. Inhibition of PTEN reduces the anticancer effects of miRNA‑98 in hypopharyngeal carcinoma via the PTEN/AKT pathway. (A‑C) p‑Akt, PTEN 
and Bax protein expression as determined by statistical analysis. (D) Western blot assays of p‑Akt, PTEN and Bax protein expression. (E and F) Caspase‑3 
and caspase‑9 activity levels. Control, negative control group; miRNA‑98, microRNA‑98 overexpression group; PTEN in, microRNA‑98 overexpression and 
PTEN inhibitor group. ##P<0.01 compared with the negative control group, **P<0.01 compared with the microRNA‑98 overexpression group.
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