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Abstract. Laryngeal cancer is a common head and neck cancer 
that effects the quality of life of those affected. Early diagnosis 
and treatment are vital to minimize the harmful effects of laryn‑
geal cancer, which can improve the survival rate of patients 
following surgery and retain the voice function of the larynx. 
The purpose of the present study was to explore the molecular 
mechanism of the development of laryngeal cancer and to deter‑
mine the biomarker for the diagnosis and treatment of laryngeal 
cancer. Reverse transcription‑quantitative PCR (RT‑qPCR) 
and The Cancer Genome Atlas database analysis were used to 
confirm high expression of TMEM158 in laryngeal cancer. The 
effects of TMEM158 and miR‑548ac was investigated through 
in vitro and in vivo assays (MTT assay, colony‑formation assay, 
flow cytometry assay, western blotting and tumor xenograft 
assay). Luciferase reporter assay, western blotting and RTq‑PCR 
were used to confirm that miR‑548 directly targeted the 
3'‑untranslated region of TMEM158 and inhibited TMEM158 
expression. Taken together, the present results suggest that 
miR‑548ac functions as a crucial cancer suppressor in laryngeal 
cancer, which induces apoptosis in laryngeal cancer cells by 
suppressing TMEM158. Thus, miR‑548ac may be a potential 
target for the treatment of laryngeal cancer.

Introduction

Laryngeal cancer is a common primary malignant tumor in 
the head and neck (1). The incidence of laryngeal cancer is 
5.7‑7.6% of total body tumors (2). It is estimated that there 
were 177,422 cases of laryngeal cancer and 94,711 mortali‑
ties worldwide in 2012 (3). Currently, there is no exact cause 
of laryngeal cancer, which may be caused by several factors, 
including smoking, alcohol consumption, air pollution and viral 
infection (4,5). Thus, the key to improving the prognosis of 

laryngeal cancer is to determine the biological characteristics 
of laryngeal cancer cells.

Transmembrane protein 158 (TMEM158), also known as 
RIS‑1 protein, is recognized for its increased expression when 
Ras protein induces senescence of haploid fibroblasts infected 
with RAS V12 lentivirus (6). The expression and biological 
function of TMEM158 have been reported in different types 
of cancer (7‑9); however, its role in laryngeal cancer remains 
unknown, thus, the present study aimed to investigate the 
regulatory mechanism and biological function of TMEM158 
in laryngeal cancer.

MicroRNAs (miRNAs/miRs) are small non‑coding RNA 
molecules that play key roles in the regulation of gene expres‑
sion (10). Translation inhibition or silencing of target mRNAs is 
induced following complementary binding to the 3'‑untranslated 
region (UTR) (11,12). miR‑548 is a large and poorly conserved 
primate‑specific miRNA gene family that consists of 68 
members, and several members of this family have been reported 
to be associated with cancer (13). For example, miR‑548b‑3p 
functions as a tumor suppressor in lung cancer (14) and as an 
antioncogenic regulator in breast cancer (15).

The purpose of the present study is to explore the 
molecular mechanism of the development of laryngeal cancer 
and to identify the biomarker for diagnosis and treatment of 
laryngeal cancer. Reverse transcription‑quantitative PCR 
(RT‑qPCR) and the analysis of The Cancer Genome Atlas 
(TCGA) database were used to demonstrate overexpression 
of TMEM158 in laryngeal cancer. The carcinogenic effect 
of TMEM158 and the anticancer effect of miR‑548ac was 
investigated through in vitro and in vivo assays (MTT assay, 
colony formation assay, flow cytometry assay, western blotting 
and tumor xenograft assay). Luciferase reporter assay, western 
blotting and RT‑qPCR were used to demonstrate miR‑548 
directly targeted the 3'‑untranslated region of TMEM158 and 
inhibited TMEM158 expression. These results suggest that 
miR‑548ac functions as a crucial cancer suppressor in laryn‑
geal cancer, which induces apoptosis in laryngeal cancer cells 
by suppressing TMEM158. The present findings enrich the 
pathogenesis of laryngeal cancer and provide a new target and 
new ideas for the treatment on laryngeal cancer.

Materials and methods

Cell lines and culture. Human LSC‑1 cells and NP69 naso‑
pharyngeal epithelial cells were purchased from the Institute 
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of Oncology, Chinese Academy of Medical Sciences. Cells 
were maintained in DMEM medium (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% fetal bovine serum 
(cat. no. 10100147; Thermo Fisher Scientific, Inc.), penicillin 
(100 IU/ml) and streptomycin (100 mg/ml) at 37˚C in 5% CO2. 
LSC‑1 cells were transfected with 10 µM miR‑548ac agomir 
(LSC‑1‑miR‑548ac) or 10 µM miR‑548ac agomir negative 
control (NC; LSC‑1‑NC; Guangzhou RiboBio Co., Ltd.) 
using Lipofectamine® RNAiMAX reagent (cat. no. 13778030; 
Thermo Fisher Scientific, Inc.). The short hairpin (sh)RNA 
targeting positions 1520‑1540 (5'‑AAA​TGA​CCA​AAT​CCT​
GTG​TAT‑3'; Sangon Biotech Co. Ltd.) of human TMEM158 
mRNA was cloned into a lentiviral vector (PLKO.1). A 
non‑specific scrambled shRNA sequence (5'‑CCT​AAG​GTT​
AAG​TCG​CCC​TCG‑3'; Sangon Biotech Co. Ltd.) was used as 
the NC. 1 µg (50 pmol) shRNA was added into Opti‑MEM 
(cat. no. 31985062; Thermo Fisher Scientific, Inc.) to prepare 
RNA diluent, and the final volume was 25 µl. LSC‑1 cells were 
subsequently transfected with lentiviral packaging vectors 
(LSC‑1‑NC or LSC‑1‑shTMEM158) using Lipofectamine® 
3000 reagent (cat. no. L3000001; Thermo Fisher Scientific, 
Inc.), according to the manufacturer's instructions. Subsequent 
experiments began at 24 h after transfection of LSC‑1 cells 
with shRNA. The LSC‑1 cells stably transfected with NC, 
miR‑548ac and shTMEM158 were constructed respectively.

Tumor xenograft model. A total of 30 4‑week‑old BALB/cA 
female nude mice (14‑18 g) were purchased from the Beijing 
Vital River Laboratory Animal Technologies Co. Ltd. The 
present study was approved by the Ethics Committee of 
Tianjin Union Medical Center (Tianjin, China; approval 
no. 2018‑269). All nude mice were kept at 28˚C and SPF level 
with light/dark cycle. Mice received pathogen‑free food and 
water. All food and water were sterilized and then sent into the 
animal isolator through a sterile entrance chamber to ensure 
that the nude mice were in a sterile living state. All animal 
experiments were performed in accordance with the National 
Institutes of Health Guide for the Care and Use of Laboratory 
Animals (NIH Publications no. 8023, revised in 1978).

LSC‑1 cells (2x106  cells/mouse) were inoculated into 
the back of the nude mice following light anesthesia with 
350 mg/kg chloral hydrate. The mice were randomly divided 
into four groups (6 mice/group), as follows: i) LSC‑1 cells with 
a blank vector; ii) LSC‑1 cells with shTMEM158; ii) LSC‑1 
cells with miR‑548ac NC and iv) LSC‑1 cells with miR‑548ac 
agomir. The experimental procedures lasted for 3 weeks. The 
health and behavior of all animals were monitored every day 
and the individuals with poor health were terminated in time. 
The nude mice were free from stress, discomfort, pain and 
injury. All mice were sacrificed via intraperitoneal injec‑
tion with 200 mg/kg pentobarbital sodium. Mortality was 
confirmed by checking for a heartbeat and examining the 
pupil dilation of the nude mice. The maximum diameter of the 
tumor was 0.87 cm. The tumors were subsequently removed 
using resection, photographed using a camera (model, 
D3600; Nikon Corporation) and weighed. Tumor volume was 
calculated using the following formula: V=(length x width2)/2.

MTT assay. The cell suspensions (LSC‑1‑NC, LSC‑1‑​
miR‑548ac; LSC‑1‑NC or LSC‑1‑shTMEM158) were added 

into 96‑well plates at a density of 6,000 cells/well. After 24 h 
of cell attachment, the culture medium was discarded. Cells 
were subsequently incubated with serum‑free DMEM (100 µl) 
and 10 µl MTT (5 mg/ml; cat. no. ST316; Beyotime Institute 
of Biotechnology, Inc.) for 4 h at 37˚C. Following the MTT 
incubation, the purple formazan crystals were dissolved using 
100 µl dimethyl sulfoxide and shaking vigorously for 10 min 
using a vortex oscillator (model, MixMax; AIBENSEN, Co. 
Ltd.). Cell viability was subsequently analyzed at a wavelength 
of 570 nm. All experiments were performed in triplicate and 
three biological repeats were conducted.

Colony formation assay. The cell suspensions (LSC‑1‑NC, 
LSC‑1‑miR‑548ac; LSC‑1‑NC or LSC‑1‑shTMEM158) were 
added into 6‑well plates at a density of 300 cells/well. Cells 
were maintained in DMEM medium supplemented with 10% 
fetal bovine serum (cat. no. 10100147; Thermo Fisher Scientific, 
Inc.) for 7‑10 days at 37˚C. After ~70 cells appeared in each 
colony, each pore was fixed with 1 ml methanol for 15 min 
at room temperature. Cell colonies were subsequently stained 
with 0.5% crystal violet for 10 min at room temperature, and 
excess stain was discarded using ultrapure water. Cell colonies 
were observed and recorded using a camera (model, D3600; 
Nikon Corporation).

Annexin V‑propidium iodide (PI) assay. Cells (LSC‑1‑NC, 
LSC‑1‑miR‑548ac; LSC‑1‑NC or LSC‑1‑shTMEM158) were 
digested with trypsin‑EDTA solution (0.05% trypsin and 0.02% 
EDTA; cat. no. C0202; Beyotime Institute of Biotechnology, 
Inc.) and collected by centrifugation at 161 x g and room 
temperature. Cells were washed three times with sterile PBS 
and subsequently resuspended in 500 µl Annexin V‑PI binding 
solution. PI (10 µl) and annexin V‑fluorescein isothiocyanate 
(5 µl) (cat. no. C1062S; Beyotime Institute of Biotechnology, 
Inc.) were added to the cell suspensions of each group and 
manually gently mixed. The whole reaction was 515 µl at 
room temperature and dark for 30 min. Apoptotic cells were 
subsequently detected using a flow cytometer.

Flow cytometric analysis of cell cycle distribution. 
Cells (LSC‑1‑NC, LSC‑1‑miR‑548ac; LSC‑1‑NC or 
LSC‑1‑shTMEM158) at 1x106 cells/ml were collected following 
digestion with trypsin‑EDTA solution (cat.  no.  C0202; 
Beyotime, Inc.), washed twice with PBS, and resuspended and 
fixed with 70% ethanol overnight at ‑20˚C. The cell suspen‑
sion was re‑washed twice with PBS and stained with 400 µl 
PI at 4˚C for 30 min in the dark. Cell cycle distribution was 
subsequently detected via flow cytometric analysis.

Western blotting. Total protein from cells (LSC‑1‑NC, 
LSC‑1‑miR‑548ac; LSC‑1‑NC or LSC‑1‑shTMEM158) was 
extracted using RIPA lysis buffer (cat. no. R0010; Beijing 
Solarbio Science & Technology Co., Ltd.). Detection of protein 
concentration was used BCA assay. Equal amounts (15 µg) 
of protein were separated via SDS‑PAGE (12% separating 
gel and 5% concentrating gel) and subsequently transferred 
onto polyvinylidene difluoride (PVDF) membranes. The 
PVDF membrane was blocked in 5% skimmed milk at room 
temperature for 2 h. The membranes were incubated with 
primary antibodies against: Bax (1:1,000; cat. no. ab32503), 
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B‑cell lymphoma‑2 (Bcl‑2; 1:1,000; cat.  no.  ab8227), 
TMEM158 (1:1,000; cat. no. ab98335) and β‑actin (1:2,000; 
cat.  no.  ab98335) (all purchased from Abcam) at room 
temperature for 2  h. Following the primary incubation, 
membranes were incubated with secondary antibodies (HRP 
goat anti‑Rabbit; 1:5,000; cat. no. A0208; Beyotime Institute 
of Biotechnology, Inc.) at room temperature for 1 h. Protein 
bands were visualized using enhanced chemiluminescence 
buffer and detected using the multifunctional gel imaging 
system (model, Gel Doc XR+; Bio‑Rad Laboratories, Inc.). 
Protein expression was calculated via the gray value.

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA 
was extracted from cells (LSC‑1‑NC, LSC‑1‑miR‑548ac; 
LSC‑1‑NC or LSC‑1‑shTMEM158) using TRIzol® reagent 
(cat. no. 5301100; SIMGEN) according to the manufacturer's 
instructions, and quantified using a NanoDrop 2000 spec‑
trophotometer (Thermo Fisher Scientific, Inc.). Total RNA 
was reverse transcribed into cDNA using the TransScript 
RT Reagent kit (cat. no. AH411‑02; TransGen Biotech Co., 
Ltd.). The reverse transcription reaction conditions were 
25˚C, 10  min (miRNA skip); 42˚C, 30  min; 85˚C, 5  min. 
qPCR was subsequently performed using the 2xSYBR Green 
qPCR mix (cat. no. 153301; Beijing BLKW Biotechnology 
Co. Ltd.) and a ABI 7500 system (Thermo Fisher Scientific, 
Inc.). The qPCR reaction conditions were 1 cycle at 94˚C 
for 2 min; 40 cycles (94˚C for 15 sec; 55˚C for 15 sec; and 
72˚C for 20 sec). The following primer sequences were used 
for qPCR: TMEM158 forward, 5'‑TGC​CCA​ACG​GCA​TGG​
AAC​A‑3' and reverse, 5'‑AGG​AGC​GGA​GCG​GGT​CAC​TT‑3'; 
GAPDH forward, 5'‑ATG​ACA​TCA​AGA​AGG​TGG​TGA​AGC​
AGG‑3' and reverse, GCG​TCA​AAG​GTG​GAG​GAG​TGG​GT; 
miR‑548ac forward, 5'‑CAA​AAA​CCG​GCA​ATT​ACT​TTT​
G‑3' and reverse, 5'‑CTC​AAC​TGG​TGT​CGT​GGA‑3'; and 
U6 forward, 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' andreverse, 
5'‑CTC​AAC​TGG​TGT​CGT​GGA‑3'. Relative expression levels 
were calculated using the 2‑ΔΔCq method (16) and normalized 
to the internal reference genes GAPDH and U6, respectively.

Dual‑luciferase reporter assay. The wild (WT)/mutant 
(MUT) 3'‑UTR fragments of TMEME158 were amplified via 
PCR using 2X PCR Master mix (cat. no. D7228; Beyotime 
Institute of Biotechnology, Inc.). The PCR reaction conditions 
were: 1 cycle at 94˚C for 5 min; 35 cycles (94˚C for 30 sec; 
60˚C for 1 min; 72˚C at 1 min); and 1 cycle (72˚Cfor 10 min). 
Th fragments were cloned into the Dual‑Luciferase miRNA 
targeted expression vector (Promega Corporation) to synthe‑
size WT/MUT‑TMEM158‑3'‑UTR. LSC‑1 cells with 70% 
confluence were transfected with WT‑TMEM158‑3'‑UTR 
or MUT‑TMEM158‑3'‑UTR and miR‑548ac agomirs or 
miR‑548ac agomirs NC/miR‑548ac antagonists or miR‑548ac 
antagonists NC(Guangzhou RiboBio Co., Ltd.) usingLi‑
pofectamine®3000 reagent (cat.  no.  L3000008; Thermo 
Fisher Scientific, Inc.). Following incubation at 37˚Cfor 48 h, 
Luciferase activity was measured using a multimode micro‑
plate reader (BioTek Instruments, Inc.) and normalized with 
Renilla luciferase activity.

Bioinformatics analysis. The mRNA and miRNA sequencing 
data and the corresponding clinical information of the patients 

with laryngeal cancer were downloaded from the TCGA data 
portal (http://cancergenome.nih.gov). The data were screened 
and laryngeal cancer samples and non‑tumor samples, 
which had detailed clinical information (laryngeal cancer, 
116  cases; normal, 11  cases), were selected. The clinical 
features of the patients are shown in Table I. Patients with 
head and neck cancer were divided into four stages, according 
to tumor‑node‑metastasis (TNM)  (17) and differences in 
TMEM158 expression at different Tumor‑Node‑Metastasis 
stages were analyzed. RNAInter software (http://www.
rna‑society.org/raid/; Department of Bioinformatics, Southern 
Medical University) was used to predict the target association 
between miR‑548ac and TMEM158. Univariate Cox propor‑
tional hazards regression analysis was performed to determine 
the association between TMEM158 expression and overall 
survival rate. Kaplan‑Meier survival analysis and log‑rank 
test were used to assess the association between TMEM158 
expression and overall survival time. A total of 38 cases of 
TMEM158 with high or low expression were selected.

Statistical analysis. Statistical analyses were performed 
using SPSS 18.0 software (SPSS, Inc.). All experiments 
were performed in triplicate and data are presented as the 
mean ± standard deviation. Unpaired Student's two‑tailed t‑test 
was used to compare differences between two independent 
samples, whilst one‑way analysis of variance and Bonferroni's 
correction were used to compare differences between multiple 
groups (Figs. 1B, 2F, 3G, 4D and 5B and C). P<0.05 was 
considered to indicate a statistically significant difference.

Results

TMEM158 is upregulated in laryngeal cancer tissues and 
cell lines. The Cancer Genome Atlas (TCGA) database was 
used to compare mRNA sequencing data between laryngeal 
carcinoma tissues and adjacent normal tissues. The results 
demonstrated that TMEM158 expression was significantly 
higher in laryngeal carcinoma tissues compared with adjacent 
normal tissues (Fig. 1A). TMEM158 expression according 
to different tumor‑node‑metastasis (TNM) stages was also 
assessed. The results demonstrated that TMEM158 expression 
increased in accordance with the increase of the TNM stage 
(Fig. 1B). The prognostic value of TMEM158 in laryngeal 
carcinoma was determined via overall survival analysis. The 
results demonstrated that patients with low TMEM158 expres‑
sion had a significantly longer survival time than that of patients 
with high TMEM158 expression (Fig. 1C). TMEM158 mRNA 
expression was further assessed in NP69 and LSC‑1 cells. The 
results demonstrated that TMEM158mRNA expression was 
4.35±0.56 times greater in LSC‑1 cells compared with NP69 
cells (P=0.0052; Fig. 1D). Taken together, these results suggest 
that upregulated TMEM158 expression may play a critical role 
in the development and progression of laryngeal cancer.

Effect of TMEM158 on the viability of laryngeal cancer cells. 
Normal LSC‑1 cells were used as the control group, while cells 
transfected with sh‑TMEM158 were used as the experimental 
group. RT‑qPCR analysis demonstrated that TMEM158 
mRNA expression was significantly lower in LSC‑1 cells 
transfected with sh‑TMEM158 compared with LSC‑1 cells 
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transfected with NC (14.67±2.07% of the control; P<0.001; 
Fig. 2A). The results of western blot analysis were consistent 
with these findings (Fig. 2B). Similarly, the results of the MTT 
assay demonstrated that cell viability was significantly lower 
in LSC‑1 cells transfected with sh‑TMEM158 compared with 
the control group (51.49±4.51% of the control; P<0.0001; 
Fig. 2C). The results of the colony formation assay demon‑
strated that the number of cell colonies was significantly lower 
in the experimental group compared with the control group 
(67.62±4.72% of the control; P=0.025; Fig. 2D). The results 
of the Annexin V‑PI assay indicated that the apoptotic rate 
was significantly higher in the experimental group compared 
with the control group (7.3±1.33 of the control; P=0.00062; 
Fig. 2E). The cell cycle distribution assay demonstrated a 
higher proportion of cells transfected with sh‑TMEM158 in 
the G1 phase compared with the control group (Fig. 2F). The 
protein expression levels of Bax and Bcl‑2 were determined 
via western blot analysis, and the gray value was used for 
relative quantification. The results demonstrated that Bax and 
Bcl‑2 expression levels were significantly higher in the experi‑
mental group compared with the control group (4.53±0.03 of 
the control; P=0.00072; Fig. 2G). Collectively, these results 

indicate that silencing TMEM158 significantly inhibits the 
viability of laryngeal cancer cells.

miR‑548ac is downregulated in laryngeal cancer tissues 
and cell lines. RNAInter software analysis demonstrated that 
miR‑548ac has a high probability of binding to TMEM158. 
TCGA database was used to compare miRNA sequencing 
data between laryngeal carcinoma tissues and adjacent normal 
tissues. The results demonstrated that miR‑548ac expres‑
sion was significantly lower in laryngeal carcinoma tissues 
compared with adjacent normal tissues (Fig. 3A). miR‑548ac 
expression was further assessed inNP69 and LSC‑1 cells. 
The results demonstrated that miR‑548ac expression was 
significantly lower in LSC‑1 cells compared with NP69 cells 
(68.67±10.21% of NP69 cells; P=0.027; Fig. 3B). Taken together, 
these results suggest that downregulation of miR‑548ac may 
play a critical role in the progression of laryngeal cancer.

Association between miR‑548ac and TMEM158. miR‑548ac 
agomir (experimental group) or miR‑548ac agomir NC 
(control group) were transfected into LSC‑1 cells, respectively. 
RT‑qPCR analysis demonstrated that miR‑548ac expression 

Figure 1. TMEM158 expression using data downloaded from TCGA database. (A) TMEM158 expression was assessed in laryngeal carcinoma tissues and adja‑
cent normal tissues using mRNA sequencing data from the TCGA database. Red represents cancer tissues and blue represents adjacent normal tissues. ***P<0.001, 
normal tissue vs. laryngeal cancer. (B) TMEM158 expression at different tumor‑node‑metastasis stages. *P<0.05 and ***P<0.001, stage I/II/III/IV vs. normal. 
(C) Kaplan‑Meier survival analysis of patients with laryngeal cancer based on TMEM158 expression. ***P<0.001, lowTMEM158 group vs. highTMEM158 
group. (D) Reverse transcription‑quantitative PCR was performed to assess TMEM158 mRNA expression in human laryngeal squamous cell carcinoma cells 
and NP69 nasopharyngeal epithelial cells. **P<0.01, LSC‑1 cells vs. NP69 cells. TMEM158, transmembrane protein 158; TCGA, The Cancer Genome Atlas.
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Figure 2. TMEM158 affects viability, formation of colonies, cell cycle distribution and apoptosis of laryngeal cancer cells. (A) Reverse transcription‑quantita‑
tive PCR and (B) Western blot analyses were performed to assess mRNA and protein expression of TMEM158 in LSC‑1 cells transfected with sh‑TMEM158 
or NC, respectively. ***P<0.001, shTMEM158 vs. NC. (C) The MTT assay was performed to assess cell viability in LSC‑1 cells transfected with sh‑TMEM158 
or NC. ***P<0.001, shTMEM158 vs. NC. (D) Effect of TMEM158 on colony formation of laryngeal cancer cells. Representative photos (left) and relative 
quantification analysis of colonies (right). *P<0.05, shTMEM158 vs. NC. (E) Flow cytometric analysis of apoptosis. ***P<0.001, shTMEM158 vs. NC. (F) Flow 
cytometric analysis of cell cycle distribution. Histograms depict the proportion of LSC‑1 cells in the G1, S and G2 phases. ***P<0.001, shTMEM158 (G1) vs. NC 
(G1); **P<0.01, shTMEM158 (G2) vs. NC (G2). (G) Western blot analysis was performed to assess protein expression levels of Bax and Bcl‑2. Histograms depict 
the gray value of Bax/Bcl‑2. ***P<0.001, shTMEM158 vs. NC. TMEM158, transmembrane protein 158; LSC‑1, laryngeal squamous cell carcinoma; sh, short 
hairpin; NC, negative control; Bcl‑2, B‑cell lymphoma 2; PI, propidium iodide.
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was significantly higher in the experimental group compared 
with the control group (7.76±1.1‑fold of the control; P<0.001; 
Fig. 3C). Furthermore, TMEM158 mRNA expression was 
significantly lower in the experimental group compared with 
the control group (39.33±6.34% of the control; P=0.00071; 
Fig. 3D). The results of western blot analysis were consistent 
with these findings (Fig. 3E). The results of the dual‑luciferase 
reporter assay demonstrated that luciferase activity decreased 
in LSC‑1 cells transfected with WT‑TMEM158‑3'‑UTR and 
miR‑548ac agomir compared with WT‑TMEM158‑3'‑UTR 
alone (59.58±6.78% of WT‑TMEM158‑3'‑UTR alone; 
P<0.001). However, the luciferase activity remained 
unchanged whenLSC‑1 cells were transfected with 
MUT‑TMEM158‑3'‑UTR and miR‑548ac agomir. Luciferase 
activity increased whenLSC‑1 cells were transfected 

withWT‑TMEM158‑3'‑UTR and anti‑miR‑548ac agomir 
compared with WT‑TMEM158‑3'‑UTR alone (1.32±0.07 of 
WT‑TMEM158‑3'‑UTR alone; P=0.03). However, the lucif‑
erase activity remained unchanged whenLSC‑1 cells were 
transfected with MUT‑TMEM158‑3'‑UTR and anti‑miR‑548ac 
agomir compared with MUT‑TMEM158‑3'‑UTR alone 
(Fig. 3G). Collectively, these results indicate that TMEM158 
is a direct target gene of miR‑548ac.

Effect of miR‑548ac on the viability of laryngeal cancer cells. 
Normal LSC‑1 cells were used as the control group, while cells 
transfected with miR‑548ac agomir were used as the experi‑
mental group. The results of the MTT assay demonstrated that 
cell viability significantly decreased in the experimental group 
compared with the control group (51.86±3.11% of the control; 

Figure 3. miR‑548ac suppresses TMEM158 expression by directly binding to its 3'‑UTR. (A) miR‑548ac expression was assessed in laryngeal carcinoma 
tissues and adjacent normal tissues using miRNA sequencing data from TCGA database. *P<0.05 normal group vs. tumor group. (B) RT‑qPCR analysis 
was performed to assess miR‑548ac expression in NP69 and LSC‑1 cells. *P<0.05, LSC‑1 cells vs. NP69 cells. (C) RT‑qPCR assay was performed to 
assessmiR‑548ac expression in LSC‑1 cells transfected with miR‑548ac agomir or NC. ***P<0.001, miR‑548ac agomirs vs. NC. (D) RT‑qPCR analysis was 
performed to assess TMEM158 expression in LSC‑1 cells transfected with miR‑548ac agomir or NC. ***P<0.001, miR‑548ac agomirs vs. NC. (E) Western blot 
analysis was performed to assess TMEM158 protein expression in LSC‑1 cells transfected with miR‑548ac agomir or NC. Histograms depict the gray value of 
TMEM158/GAPDH. **P<0.01, miR‑548ac agomirs vs. NC. (F) Sequence alignment of miR‑548ac and its predicted binding sites (red) in TMEM158 3'‑UTR. 
(G) Luciferase reporter assay. ***P<0.001, 3'UTR‑WT (+miR‑548ac) vs. 3'UTR‑WT; *P<0.05, 3'UTR‑WT (+Anti‑miR‑548ac) vs. 3'UTR‑WT. miR, microRNA; 
TMEM158, transmembrane protein 158; UTR, untranslated region; TCGA, The Cancer Genome Atlas; RT‑qPCR, reverse transcription‑quantitative PCR; 
LSC‑1, laryngeal squamous cell carcinoma; NC, negative control.
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P<0.0001; Fig. 4A). The results of the colony formation assay 
demonstrated that the number of cell colonies was significantly 
lower in the experimental group compared with the control 
group (65.44±4.34% of the control; P=0.0094; Fig. 4B). The 
results of the Annexin V‑PI assay demonstrated that the apop‑
totic rate was significantly higher in the experimental compared 
with the control group (7.27±1.22‑fold of the control; P=0.003; 

Fig. 4C). The cell cycle distribution assay demonstrated a 
higher proportion of cells transfected with miR‑548ac agomir 
in the G1 phase compared with the control group (Fig. 4D). The 
protein expression levels of Bax and Bcl‑2 were detected via 
western blot analysis, and the gray value was used for relative 
quantification. The western blots showed that Bcl‑2 protein 
expression was higher and Bax protein expression was lower in 

Figure 4. miR‑548ac affects viability, formation of colonies, cell cycle distribution and apoptosis of laryngeal cancer cells. (A) MTT assay was performed to 
assess cell viability in LSC‑1 cells transfected with miR‑548ac antagomir or NC. ***P<0.001, miR‑548ac agomir vs. NC. (B) Effect of miR‑548ac on colony 
formation of laryngeal cancer cells. Representative micrographs (left) and relative quantification analysis of colonies (right). **P<0.01, miR‑548ac agomir vs. NC. 
(C) Flow cytometric analysis of apoptosis. **P<0.01, miR‑548ac agomir vs. NC. (D) Flow cytometric analysis of cell cycle distribution. Histograms depict the 
proportion of LSC‑1 cells in the G1, S and G2 phases. ***P<0.001, miR‑548ac agomir (G1) vs. NC (G1); **P<0.01, miR‑548ac agomir (G2) vs. NC (G2). (E) Western 
blot analysis was performed to assess protein expression levels of Bax and Bcl‑2. Histograms depict the gray value of Bax/Bcl‑2. ***P<0.001, miR‑548ac agomir 
vs. NC. miR, microRNA; LSC‑1, laryngeal squamous cell carcinoma; NC, negative control; Bcl‑2, B‑cell lymphoma 2; PI, propidium iodide.
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NC group compared with the experimental group. Gray value 
ratio of Bax and Bcl‑2 was significantly higher in the experi‑
mental group compared with the control group (6.19±0.46 fold 
of the control; P=0.00045; Fig. 4E). Collectively, these results 
indicate that overexpressing miR‑548ac significantly inhibits 
the viability of laryngeal cancer cells. Thus, it is speculated 
that miR‑548ac plays a cancer suppressive role in laryngeal 
cancer.

Effect of TMEM158 and miR‑548ac on tumor growth 
in vivo. A xenograft model was used to determine the effects 
of TMEM158 and miR‑548ac on tumor growth in  vivo. 
As presented in Fig.  5A, the tumors were smaller in the 
shTMEM158 and miR‑548ac agomir groups compared with 
the corresponding control groups. The tumor volume in the 
shTMEM158 group was 49.05±9.78% that of the blank vector 
group (P<0.001), while the tumor volume in the miR‑548ac 
group was 45.36±10.54% that of the miR‑548ac NC group 
(P<0.001) (Fig.  5B). The tumor mass in the shTMEM158 
group was 42.21±11.47% that of the blank vector group 
(P<0.0001), while the tumor mass in the miR‑548ac group 
was 37.49±4.43% that of the miR‑548ac NC group (P<0.001) 
(Fig. 5C).

Discussion

miRNAs function in repressing translation of target mRNAs 
or degrading it, thus negatively regulating the expression 
of target genes following transcription (18). The regulatory 

mechanism of miRNAs to their target genes has been exten‑
sively studied and demonstrated to be involved in biological 
events, such as cell proliferation, apoptosis, differentiation, 
exercise and angiogenesis (19,20). It has been reported that 
the miR‑548 family can inhibit the growth of several tumors. 
For example, Shi et al (15) reported that mir‑548‑3p inhibits 
the proliferation of breast cancer cells by regulating ECHS1 
expression, suggesting its potential as a therapeutic target for 
breast cancer. Furthermore, Wang et al (14) demonstrated 
that mir‑548‑3p can effectively inhibit the proliferation 
of lung cancer cells by inhibiting the PI3K/Akt signaling 
pathway, indicating that miR‑548b‑3p has the potential to 
be developed as an antitumor target of lung cancer. The 
results of the present study demonstrated that LSC‑1 cell 
viability significantly decreased following overexpression 
of miR‑548ac, whereby some cells exhibited early apoptosis 
accompanied by activation of the apoptosis factor, Bax, and 
further cell cycle arrest at the G1 phase. Thus, it was specu‑
lated that overexpression of miR‑548ac in laryngeal cancer 
cells significantly inhibits cell proliferation and induces 
apoptosis. Collectively, the results of the present study 
suggest that miR‑548ac may function as a tumor suppressor 
in laryngeal cancer.

The expression and molecular mechanism of TMEM158 
have been reported in different types of tumor. For example, 
Iglesias  et  al  (21) suggested that TMEM158 acts as an 
oncogene in the development of colon cancer. In addition, 
Mohamed et al (8) demonstrated that TMEM158 interference 
significantly decreases the toxic effect exerted by cisplatin 

Figure 5. Effects of TMEM158 and miR‑548ac on tumor growth in vivo. (A) Representative images of tumors derived from nude mice in the blank vector, 
shTMEM158, miR‑548ac NC and miR‑548ac agomir groups. (B) Tumor volumes in the different groups. (C) Tumor masses in the different groups. ***P<0.001 
vs. blank vector group and miR‑548ac NC group. TMEM158, transmembrane protein 158; miR, microRNA; sh, short hairpin; NC, negative control.
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on NSCLC cells, suggesting that TMEM158 is associated 
with the sensitivity of chemotherapy drugs. Zirn et al  (22) 
reported that TMEM158 is highly expressed in CTNNB1 
mutant nephroblastoma, which may be associated with the 
Ras and Wnt signaling pathways. Furthermore, Liu et al (23) 
demonstrated that TMEM158 is a key regulatory factor of 
colorectal carcinogenesis and drug resistance, and thus may be 
a promising target for colorectal cancer treatment. The results 
of the present study demonstrated that TMEM158 was highly 
expressed in laryngeal carcinoma tissues from the TCGA 
database, which was verified via cell line experiments. The 
results demonstrated that LSC‑1 cell viability significantly 
decreased following TMEM158 silencing, which induced 
early apoptosis, accompanied by activation of the apoptotic 
factors (Bax). Simultaneously, TMEM158 silencing resulted 
in cell arrest in the G1 phase. Collectively, these results suggest 
that TMEM158 may act as an oncogene, affecting the viability 
of laryngeal cancer cells.

miRNAs regulate the expression of ~30% of human 
protein‑coding genes. Each miRNA can regulate hundreds 
of mRNA genes, and the same target gene can be regulated 
by multiple miRNAs, to regulate the expression of thousands 
of proteins directly or indirectly (24). miRNAs regulate gene 
expression by specifically pairing with the 3'‑UTR region of 
their target gene, resulting in the degradation of the target 
mRNA or post transcriptional silencing, thus inhibiting 
protein synthesis  (25,26). The results of the present study 
demonstrated that TMEM158 mRNA and protein expression 
levels significantly decreased following overexpression of 
miR‑548ac in LSC‑1 cells. The results of the dual‑luciferase 
reporter assay confirmed that miR‑548ac directly binds to the 
3'‑UTR of TMEM158, thus inhibiting TMEM158 expression. 
Consistent with previous findings, the results of the present 
study demonstrated that miR‑548ac induces apoptosis in 
LSC‑1 cells by targeting TMEM158.

The present results suggest that miR‑548ac functions as a 
crucial cancer suppressor in laryngeal cancer, which induces 
apoptosis in laryngeal cancer cells by suppressing TMEM158. 
The present findings enrich the pathogenesis of laryngeal 
cancer and provide a new target and new insights for the treat‑
ment of laryngeal cancer. The limitation of this study is that 
there is no biological detection of TMEM158 and miR‑548ac 
in clinical samples. At the same time, there is no detection on 
the influence of the follow‑up signal pathway. These limitations 
will be addressed in future studies.
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