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Abstract. In this study, we compared the expression of epithe-
lial membrane protein 1 (EMP1) on the steady-state mRNA 
level (by quantitative real-time PCR) and on the protein 
level (by western immunoblot and immunohistochemistry) 
in 51  pairs of laryngeal carcinoma tissues and matched 
cancer-free peritumor tissues, and we analyzed the correlation 
between EMP1 expression and different clinicopathological 
factors. Furthermore, we ectopically expressed EMP1 in 
human laryngeal carcinoma Hep-2 cells and examined the 
effects on cell viability, apoptosis, colonogenicity, and motility, 
by MTT assay, flow cytometry, colony formation assay and 
Transwell migration assay, respectively. EMP1 expression (on 
both the mRNA and protein levels) was significantly lower in 
the cancer tissues than in matched peritumor tissues (P<0.05). 
In laryngeal cancers, the level of EMP1 protein was correlated 
with histological grade (P<0.05), but not with age, gender, 
clinical stage, cancer subtype or lymph node metastasis 
(P>0.05). Functionally, ectopic expression of EMP1 in Hep-2 
cells significantly reduced cell viability, colony formation, 
and migration, but enhanced apoptosis. Therefore, EMP1 is 
a tumor suppressor in laryngeal carcinoma. Boosting EMP1 
expression in laryngeal carcinoma initiates multiple anticancer 
phenotypes and thus presents a promising therapeutic strategy 
for laryngeal cancer.

Introduction

Laryngeal carcinoma is the second most malignant tumor 
of the upper respiratory tract (after lung cancer), accounting 

for 2.4% of all new cases of malignancy worldwide annu-
ally  (1,2). According to the regions affected, laryngeal 
carcinoma is divided into supraglottis, glottis and subglottis 
carcinoma. Based on histology, >95% of laryngeal carcinomas 
are squamous cell carcinoma (3). Surgery (with concomitant 
chemotherapy) and radiotherapy represent the mainstream 
treatments for laryngeal cancer. Function preservation has 
significant weight in the selection of therapeutic approaches. 
Therefore, there is a pressing need to identify new biological 
indicators for predicting prognosis, help selecting treatment 
strategies, and facilitate the development of novel therapeutic 
approaches.

Several studies have shown the downregulation of the 
epithelial membrane protein 1 (EMP1), also known as RAP, 
CL-20 and B4B, in head and neck carcinomas (4-7). EMP1 
was first cloned from the fetal rat intestinal cDNA library 
and is considered to form a gene family with the peripheral 
myelin protein and the lens-specific membrane protein 20, 
due to the sequence homology of these three proteins (8). The 
EMP1 gene is located on human chromosome 12p12.3 (9,10). 
It encodes a glycoprotein of 157 amino acids that contains four 
transmembrane domains (11). As indicated by its name, EMP1 
is primarily expressed in squamous epithelium and presents 
different levels of expression in a variety of normal tissues, 
such as the gastrointestinal tract of the gastric bottom, ileum 
and colon (8), liver (12) and prostate (13). EMP1 is associ-
ated with a collection of biological activities, including cell 
proliferation, differentiation, and apoptosis (14). It is therefore 
not surprising that EMP1 may play a role in cancer develop-
ment. However, the significance of EMP1 in cancer seems 
to vary with different tumor types: the overexpression of 
EMP1 was detected in leiomyoma uteri (15), lung cancer (16), 
leukemia (17), and brain glioma (18), whereas the downregu-
lation of EMP1 was reported in esophageal carcinoma (19), 
gastric cancer (20), prostate cancer (21), oral squamous cell 
carcinoma (22), breast cancer (23) and nasopharyngeal carci-
noma (24).

No studies have systemically examined the status and 
explored the biological activities of EMP1 in laryngeal cancer 
or come close to doing this. We tackled this task in this study. 
By comparing EMP1 expression in 51 laryngeal carcinoma 
tissues with that of matched cancer-free peritumor tissues, we 
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assessed the expression and clinical correlation of EMP1 in 
laryngeal carcinoma. Furthermore, using a gain-of-function 
approach, we examined the biological activities of EMP1 in 
laryngeal cancer cells.

Materials and methods

Human tissue samples and cell lines. This study was approved 
by the Institutional Bioethics Committee of China Medical 
University (Shenyang, China) and informed consent was 
obtained from all participating individuals. A total of 51 pairs 
of samples, including a tumor sample  (T) and a matched, 
cancer-free peritumor tissue sample (N), were examined in 
this study. All tissues were obtained from patients diagnosed 
with laryngeal carcinoma and receiving surgery (including 
partial laryngectomy in 29 patients and total laryngectomy 
in  22) at the First Hospital of China Medical University 
from 2011 to 2012. Immediately after surgical removal from 
the patients, 24 pairs of tissue samples were snap-frozen in 
liquid nitrogen and then transferred to -80˚C until further use 
(for western immunoblot); another 27 pairs of tissue samples 
were fixed in formalin before being embedded into paraffin 
and processed into 4-µm thick sections (for immunohisto-
chemistry).

Human laryngeal carcinoma cell line, Hep-2, was purchased 
from the Cell Bank, Chinese Academy of Sciences (Shanghai, 
China) and cultured in RPMI-1640 medium (Gibco, Carlsbad, 
CA, USA) containing 10% fetal bovine serum (FBS; HyClone, 
Logan, UT, USA).

Immunohistochemical (IHC) staining and scoring. IHC 
staining was performed using the IHC staining kit (Maxim, 
Fuzhou, China), following the manufacturer's instructions. 
Briefly, the tissue sections were blocked with H2O2 (to block 
endogenous peroxidase) followed by nonimmune serum 
(reagent A) for 20 min, and then incubated with mouse anti-
human EMP1 polyclonal antibody (Abnova, Taiwan, China) at 
4˚C overnight. After being washed with phosphate‑buffered 
saline (PBS) 3 times, the sections were incubated with bioti-
nylated secondary antibody (reagent B) at room temperature 
for 15 min, followed by streptavidin-horseradish peroxidase 
(reagent  C) for 15  min. The signals were detected using 
3,3'-diaminobenzidine tetrahydrochloride (DAB; Maxim) and 
counter stained with hematoxylin.

The tissue sections were scored by two independent pathol-
ogists blinded to the study, as detailed below. The ‘positive 
rate’ (P) was defined as follows: 0 means <10% of the tissues 
showed positive staining; 1, 10-25%; 2, 26-50%; 3, 51-75%; 
and 4, 76-100%. The ‘intensity of staining’ (I) was defined as: 
0 indicated negative staining; 1, light yellow; 2, brown; and 
3, dark brown. The total staining score (S) was calculated as 
P x I.

Reverse transcription quantitative real-time PCR (RT-PCR). 
Total RNA was isolated from frozen tissues (~100 mg each) 
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) following 
the manufacturer's instructions. Reverse transcription into 
cDNA was then performed on total RNA, using the Reverse 
Transcription system (A3500; Promega, Madison, WI, USA) per 
the manufacturer's instructions. Real-time PCR was performed 

using the following primers: EMP1 forward, 5'-AGGGAATACA 
TGGTTTACTCCA-3' and reverse, 5'-AGAGAGATTGGCCAG 
CAAAA-3'; GAPDH (internal control), forward, 5'-ACGGAT 
TTGGTCGTATTGGG-3', reverse, 5'-CGCTCCTGGAAGATG 
GTGAT-3'. The thermal cycling conditions were 95˚C for 30 sec, 
followed by 40 cycles of 95˚C for 5 sec and 60˚C for 34 sec.

Western blot analysis. To measure the protein level of EMP1 
in tissues, 24 pairs of samples (~200 mg each) were individu-
ally packaged in sterilized tinfoil, frozen in liquid nitrogen for 
10 min, and broken into powder with a pulverizer. The tissue 
powder was then homogenized in PBS at 0˚C followed by 
digestion in lysis buffer on ice for 30 min. After centrifugation 
at 14,000 x g for 5 min, protein-containing supernatant was 
collected and the protein concentration was measured using the 
BCA protein assay kit (Beyotime, Jiangsu, China), according to 
the manufacturer's instructions. A total of 80 µg protein from 
each sample was separated on SDS-PAGE gel, transferred onto 
PVDF membrane, blocked in Tris-HCl and Tween-20 (TBST) 
buffer containing 5% fat-free milk, and incubated with either 
rabbit anti-human EMP1 antibody (1:500; Abcam, Cambridge, 
MA, USA) or anti-β-actin antibody (internal control; Beyotime) 
at 4˚C overnight. After being washed with TBST 3  times 
(5 min each), the membrane was incubated with a horseradish 
peroxidase (HRP)-conjugated goat anti-rabbit-IgG (1:2,000, 
ZSGB-Bio Origene, Beijing, China) at 37˚C for 90  min. 
Detection was achieved using enhanced chemiluminescence 
(ECL) substrate (Thermo Fisher Scientific, Waltham, MA, 
USA) by ECL, and the images were acquired and quantified by 
the Gel Imaging system (Chishun, Nanjing, China).

Transfection. For transient transfection of EMP1 into Hep-2 
cells, the mammalian expression vector pcDNA3.1 expressing 
no proteins (control, pcDNA3.1-empty) and that expressing 
human EMP1 (pcDNA3.1-EMP1; GenScript, Nanjing, China) 
were transfected into Hep-2 cells using Lipofectamine 2000 
(Invitrogen), according to the manufacturer's instructions.

MTT assay. Hep-2 cells in log phase were seeded into a 96-well 
plate at 5x103/ml, with each condition set up in quintuplicate. 
Then cells were transfected with either pcDNA3.1-empty 
or pcDNA3.1-EMP1 for 24, 48, 72, 96 or 120 h. Then MTT 
(5 mg/ml, 10 µl/well; Sigma, St. Louis, MO, USA) reagent was 
added into each well and incubated with cells for a further 
4 h, after which, DMSO (150 µl/well) was added to the cells 
and the plate was gently shaken for 15 min. Absorbance was 
measured at 490 nm.

Colony formation assay. Colony formation assay was 
performed as previously described  (25). Briefly, at 24  h, 
after transfecting Hep-2 cells with either pcDNA3.1-empty 
or pcDNA3.1-EMP1, 4,000 cells were seeded into the 6-well 
tissue culture plate and cultured at 37˚C for two weeks. The 
colonies were fixed in 95% ethanol, stained with crystal violet 
(0.1% w/v), and counted under a microscope.

Transwell migration assay. For the Transwell migration 
assay, Hep-2 cells at 24 h after transfection (8x104/ml) were 
seeded into the upper chamber of the Transwell insert (pore 
size 8 µm; Corning, Lowell, MA, USA). RPMI-1640 medium 
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with 10% FBS was added into the lower chamber. After 24 h 
migration at 37˚C, the insert was fixed with 10% methanol and 
washed 3 times with PBS. The cells remaining on the upper 
surface of the insert membrane were gently removed by wiping 
with cotton swabs. The insert was stained with hematoxylin 
for 40 sec, washed with PBS 3 times, and stained with eosin 
for 3 min. After another three washes with PBS, the cells were 
re-stained with hematoxylin for 30 sec. Each experimental 
condition was set up in quintuplicate. The migrated cells were 
imaged under a light microscope and the number of migrated 
cells was averaged from five fields (upper, lower, left, right and 
center) in each image.

Apoptosis assay. At 24 h and 48 h after transfection of Hep-2 
cells with either pcDNA3.1-empty or pcDNA3.1-EMP1, the 
cells were detached with trypsin, washed with PBS 3 times, and 
stained with 5 µl fluorescein isothiocyanate (FITC)‑conjugated 
Annexin V and 10 µl propidium iodide (PI) (both from Keygen, 
Jiangsu, China) staining solution at room temperature for 
15 min. After staining, the cells were analyzed by a FACScan 
flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA).

Statistical analysis. All experiments were independently 
repeated at least 3 times. Data were presented as mean ± SD. A 
χ2 test was used to examine the possible associations between 
EMP1 expression and clinicopathological factors. Student's t‑test 
was used to compare differences between control and treatment 
cells. SPSS 16.0 for Windows was used for statistical analyses. 
P<0.05 was considered statistically significant.

Results

EMP1 is downregulated on both the mRNA and protein level 
in laryngeal carcinoma tissues compared to in peritumor 

tissues. To assess the status of EMP1 in laryngeal carcinoma, 
we first compared its expression on both the steady-state 
mRNA and the protein levels in laryngeal carcinoma tissues 
to that in matched cancer-free peritumor tissues. As shown in 
Fig. 1A, out of the 51 sample pairs examined, in only 3 pairs 
was the EMP1 mRNA level more than twice as high in T than 
in N tissues; while in 24 pairs, the level was reduced by >50% 
in the T sample than in the matched N sample. The differences 
between the T and N samples were statistically significant 
(P<0.05) (Fig. 1B). Consistently, the EMP1 protein was signifi-
cantly lower in the T samples than in matched N samples 
(P<0.05) (Fig. 1C and D).

EMP1 expression in laryngeal carcinoma tissues correlate 
with histological grading. IHC in tissues revealed strong EMP1 
expression in peritumor normal epithelium, predominantly on 
the cell membrane and in the cytoplasm (Fig. 2A, left panel), 
where the average total staining score (S) was 11.60±1.26. In 
contrast, EMP1 staining was markedly reduced in the matched 
laryngeal carcinoma tissue (Fig. 2A, right panel), which was 
associated with a significantly lower S  score (7.55±3.87; 
P<0.05). In addition, we observed that staining of EMP1 
decreased with the histological grading of the tumor, with the 
highest S appearing in well-differentiated tumors, followed 
by intermediately differentiated tumors, and the lowest in 
poorly differentiated tumors (Fig. 2B). Further correlation 
analysis confirmed a significant correlation between the EMP1 
S score and pathological grade (P<0.05) (Table I), but did not 
confirm a correlation with other clinicopathological features, 
including age, gender, TNM stage or lymph node metastasis 
(P>0.05) (Table I).

Ectopic EMP1 expression in laryngeal carcinoma cells 
reduced cell viability. The significant reduction of EMP1 

Figure 1. Epithelial membrane protein 1 (EMP1) expression in laryngeal carcinoma and peritumor tissues. (A) Steady-state mRNA level of EMP1 in 51 pairs 
of cancer and matched peritumor tissues was examined by quantitative RT-PCR, and presented as a ratio of the former to the latter. (B) Comparison of 
EMP1 mRNA in cancer tissue (T) and matched peritumor tissue normal (N) was performed using Student's t-test, with level in N sample from each pair 
arbitrarily defined as 1. (C) Representative western blot images of EMP1 expression in 8 pairs of T and N samples. Actin was determined as internal control. 
(D) Quantifications of EMP1 protein level in 24 pairs of R and T samples, with level in R sample from each pair arbitrarily defined as 1. *P<0.05: **P<0.01, 
compared to the R samples.
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expression in the laryngeal carcinoma tissues compared to that 
in the matching peritumor laryngeal epithelia and its corre-
lation with the differentiation status of the tumors suggest 
the tumor suppressor activity of EMP1. To characterize the 
functional significance of EMP1 in laryngeal carcinoma 
cells, we applied a gain-of-function approach and ectopically 
expressed EMP1 in laryngeal carcinoma Hep-2 cells. As 
shown in Fig. 3A, the transient transfection of Hep-2 cells 
with pcDNA3.1-EMP1 significantly boosted the expression 
of EMP1 in the cells, compared to cells transfected with 
the control vector pcDNA3.1-empty. Quantification analysis 
confirmed significant upregulation of EMP1 expression in 
pcDNA3.1-EMP1 cells compared to that in pcDNA3.1-empty 
cells at 24, 48 and 72 h after transfection (Fig. 3B).

Upon the overexpression of EMP1 in Hep-2 cells, we first 
examined the cell viability by MTT assay. As shown in Fig. 3C, 
both the mock-transfected (MOCK) and pcDNA3.1-empty-
transfected (control) cells presented similar viability over 120 h 
after the transfection, suggesting that the control vector did 
not generate an obviously unfavorable effect on cell viability. 
In contrast, starting from 48 h after transfection, viability in 
EMP1-expressing cells was significantly lower than in the 
other two groups (P<0.05).

EMP1 overexpression promotes the apoptosis of laryngeal 
carcinoma cells. Cell viability results from a balance between 
cell proliferation and apoptosis. The marked decrease in cell 
viability following EMP1 ectopic expression prompted us to 
assess its effect on cellular apoptosis. By staining cells with 
Annexin V and PI, we found that at 48 h after EMP1 over-
expression, there was a marked increase in the percentage of 

Annexin V+ and PI+ apoptotic cells (11.63±0.40%), compared 
to cells undergoing mock transfection (3.77±0.31%) or trans-
fected with the control vector (2.53±0.11%) (P<0.05) (Fig. 4).

EMP1 overexpression reduces colony formation and decreases 
the migratory capacity of laryngeal carcinoma cells. The capa-
bility of tumor cells to generate a large number of clonogenic 
progeny (clonogenicity/cancer stemness) is an important feature 
of cancer stem cells (26). To measure the effects of EMP1 on 
cancer clonogenic capacity, we performed colony formation 
assay. EMP1 overexpression in Hep-2 cells significantly reduced 
the number of colonies (675.00±43.66) formed, compared to 
mock-transfected cells (1055.67±161.55) or cells transfected with 
the control vector (1161.67±139.08) (P<0.05) (Fig. 5A and B).

Migration is another important feature for cancer cells, 
closely related to tumor metastasis, the most lethal phenotype 
of cancers. Using Transwell migration assay, we revealed 
that EMP1 overexpression significantly reduced the number 
of migrated cells (13.67±0.33/field), compared to mock‑trans-
fected cells (37.67±3.84/field), or cells transfected with the 
control vector (34.33±2.40/field; P<0.05) (Fig. 5C and D).

Discussion

We systematically analyzed the expression of EMP1 on the 
mRNA and protein levels from 51 pairs of laryngeal carcinoma 
and matched cancer-free peritumor tissues. We corroborated 
previous findings that EMP1 is downregulated in laryngeal 
carcinomas (5), and its level was significantly correlated with 
the differentiation status of the tumor: the worse the differen-
tiation, the lower EMP1 expression. Furthermore, we explored 

Figure 2. Epithelial membrane protein 1 (EMP1) expression was significantly lower in laryngeal carcinoma tissues than in matched cancer-free peritumor tis-
sues, and was correlated with differentiation status of the tumor. EMP1 expression in 51 pairs of peritumor (N) and matched laryngeal carcinoma (T) samples 
were examined by immunohistochemistry (IHC). (A) Representative IHC images of EMP1 expression in a pair of R and T samples (x200). (B) Representative 
IHC images of EMP1 expression in a well-differentiated (left), an intermediately differentiated (middle), and a poorly differentiated (right) laryngeal carci-
noma tissue (x200).
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the biological activities of EMP1 in laryngeal carcinoma 
Hep-2 cells. We showed, for the first time, that ectopic expres-
sion EMP1 in Hep-2 cells significantly reduced cell viability, 
which was associated with an increase in cellular apoptosis. In 
addition, EMP1 inhibited the colonogenic capacity and migra-
tion of Hep-2 cells. This study supports the notion that EMP1 
is a tumor suppressor in laryngeal carcinoma. Upregulating 
EMP1 initiates multiple anticancer effects and thus provides a 
promising therapeutic strategy for laryngeal carcinoma.

In an early study exploring differentially expressed genes 
between laryngeal carcinoma cells and matched primary 
normal epithelial cells, Liu et al identified 35 significantly 
altered genes, and EMP1 was among those downregulated 
in the cancer cells, presenting a 20-fold difference between 
normal and cancer cells  (5). Consistently, EMP1 is down-
regulated in other head and neck tumors (4,27) all supporting 
tumor suppressive activity of EMP1. However, no study has 
systemically looked into the clinical significance of EMP1 
and its biological activities in human laryngeal carcinoma. 
In this study, we examined 51 paired samples of laryngeal 
carcinomas and matched cancer-free peritumor laryngeal 
tissues. On the mRNA level, we showed that 24  pairs of 
samples presented a >50% reduction of EMP1 mRNA in the 
tumor tissues compared to that in the peritumor tissues; yet 
three pairs showed a >2-fold increase in EMP1 mRNA in the 
former over in the latter. The difference in EMP1 expression 
on the mRNA level also translates to the protein level, an 

~50% reduction in the average protein level of EMP1 from the 
tumor tissues than from the peritumor tissues. In contrast to 
the ~2-fold difference for EMP1 expression from the present 
study, Liu et al reported >20-fold difference in EMP1 mRNA 
between normal and cancerous laryngeal cells (5). We noted 
that the study of Liu et al focused on EMP1 levels in epithelial 
cells, while we used the cancer and peritumor tissues, which 
contained other cell types in addition to epithelial cells. The 
presence of non-epithelial components in our source materials 
may dilute EMP1 signals from epithelial cells, which also 
suggests that EMP1 is expressed in non-epithelial compo-
nents in laryngeal carcinoma. When it comes to the clinical 
significance of EMP1 in laryngeal carcinoma, Liu et al (5)

Table I. Correlations between EMP1 total staining score  (S) 
and different clinicopathological parameters of patients.

	 No. of	 EMP1 low	 EMP1 high
Characteristics	 patients	 expression	 expression	 P-value

Age (years)
  <60	 22	 9	 13	 0.973
  ≥60	 29	 12	 17

Gender
  Female	 6	 4	 2	 0.087
  Male	 45	 14	 31

TNM stage
  I+II	 14	 7	 7	 0.431
  III+IV	 37	 14	 23

T stage
  1+2	 21	 9	 12	 0.227
  3+4	 30	 8	 22

Lymph node
metastasis
  Negative	 36	 15	 21	 0.912
  Positive	 15	 6	 9

Pathological
grade
  Low	 29	 16	 13	 0.020
  High	 22	 5	 17

Figure 3. The effect of epithelial membrane protein 1 (EMP1) expression 
on cell viability in laryngeal carcinoma cells. The EMP1-expressing vector 
(pcDNA3.1-EMP1) or the blank control vector (pcDNA3.1-empty) was tran-
siently transfected into Hep-2 cells. The expression of EMP1 at indicated 
time after transfection was determined by (A) western blotting and quanti-
fied as ratio to the signal intensity of the internal control, (B) β-actin. (C) At 
indicated time points after transient transfection of Hep-2 cells with mock, 
pcDNA3.1-empty (CTRL), or pcDNA3.1-EMP1 (EMP1), cell viability was 
determined by MTT assay. *P<0.05 compared to the other two groups.
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failed to show a correlation between EMP1 expression and 
other clinical factors, while Zhang et al showed that in oral 
squamous cell carcinoma, low EMP1 expression correlated 
with lymphatic metastasis (7). Our analysis showed that the 
EMP1 level, as determined by IHC, only correlates with the 
differentiation status of laryngeal carcinoma, but does not 
correlate with the other clinicopathological parameters exam-
ined, including age, gender, clinical stages, cancer subtypes or 
lymph node metastasis. Although further studies involving a 
larger number of clinical samples should be performed on the 
correlation of EMP1 expression with other clinicopathological 
factors, including patient survival, available data suggest that 
EMP1 may not be a strong clinical indicator for laryngeal 
carcinoma. However, the findings from this study and the 
study of Liu et al (5) prompted us to further explore the poten-
tial biological activities of EMP1 in laryngeal carcinoma cells.

Before this study, several groups have examined the 
biological activities of EMP1 in different types of cancer. 
In breast cancer MCF-7 cells, nasopharyngeal cancer CNE2 
cells, colorectal cancer SW-480 cells, gastric cancer SGC-7901 
cells, and prostate cancer PC-3 cells, EMP1 transfection 
reduced cell survival, increased cellular apoptosis, and inhib-
ited cell migration and invasion, which was associated with 
an increased expression of caspase-9 and a decreased expres-
sion of vascular endothelial growth factor C (20,21,23,24,28). 
Consistent with these anticancer biological activities, the 
expression of EMP1 was downregulated in these cancers, 
compared to normal tissues. In contrast, Lai et al showed 
that EMP1 was upregulated in non-small cell lung cancers 

compared to in benign lung diseases, and the overexpression 
of EMP1 in the lung cancer PC9 cells stimulated xenograft 
tumor growth in nude mice, which was associated with the 
activation of PI3K/AKT pathway (16). These findings suggest 
that EMP1 may function either as a tumor suppressor or as 
an oncoprotein in different human cancers. Given the relative 
low level of EMP1 expression in laryngeal carcinoma cells, we 
applied a gain-of-function approach, overexpressing EMP1, to 
study its effects. EMP1 expression was significantly upregu-
lated in Hep-2 cells through transient transfection. Then we 
examined the biological behavior of the cancer cells, including 
cell viability, apoptosis, clonogenicity and migration, all 
closely associated with the development of laryngeal carci-
noma (29). Our findings, that EMP1 reduced cell viability, 
increased cellular apoptosis, inhibited colonogenicity, and 
decreased cell migration, support tumor suppressor activities 
of EMP1 in laryngeal carcinoma.

Several mechanisms have been reported for the control by 
EMP1 of cell viability, a phenotype resulting from the balance 
of cell proliferation and apoptosis. For cell proliferation, when 
overexpressed in esophageal cancer EC9706  cells, EMP1 
resulted in cell cycle arrest at S phase (30). In several leukemia 
cell lines, however, silencing EMP1 leads to G1 arrest (17). 
Apoptosis regulated by EMP1 has been mainly linked to the 
mitochondrial pathway. Li et  al  (31) transfected HEK293 
cells with EMP-1 overexpression vectors and observed a 
higher activity of caspase-3 and caspase-9. Furthermore, 
they increased mitochondrial membrane potential and found 
no obvious difference in caspase-8 activity. It is important 

Figure 4. Epithelial membrane protein 1 (EMP1) overexpression promoted apoptosis of laryngeal carcinoma cells. At 48 h after transient transfection of Hep-2 
cells with mock (Mock), pcDNA3.1-empty (control), or pcDNA3.1‑EMP1 (EMP1), cellular apoptosis was determined by staining cells with fluorescein isothiocya-
nate (FITC)-conjugated Annexin V and propidium iodide (PI), and analyzed by flow cytometry. (A) Representative flow data from each group. (B) Quantitative 
analysis on percentage of Annexin V+ and PI+ apoptotic cells from at least three independent experiments. ***P<0.001 compared to other two groups.
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for future studies to explore the downstream mechanisms 
mediating EMP1 regulation on cell viability and apoptosis in 
laryngeal carcinoma.

Cancer is composed of a heterogeneous population of cells, 
of which small parts present the capability of self-renewal and 
differentiation, mimicking normal stem cells, and thus are 
termed cancer stem cells. Colony formation assay is a method 
to measure the ‘stemness’ of the cancer cells  (25). Cancer 
stem cells play critical and significant roles in the initiation, 
progression, metastasis, recurrence and drug resistance of 
cancer. Therefore, targeting these cells provides a promising 

strategy for cancer therapy (32). In this study, we showed for 
the first time that overexpressing EMP1 in laryngeal carci-
noma cells reduced colony formation, suggesting that EMP1 
may also regulate cancer stem cells in laryngeal carcinoma, 
which should be further evaluated using more comprehensive 
assays, both in vitro and in vivo, for cancer stem cells (33).

Migration is critical for local invasion as well as the distant 
metastasis of cancer cells. Consistent with multiple studies 
showing the effects of EMP1 in modulating cancer cell migra-
tion and/or invasion (20,21,23,24,28) we showed that EMP1 
expression in laryngeal carcinoma cells inhibited cell migration.

Figure 5. Epithelial membrane protein 1 (EMP1) overexpression reduced colony formation capability and decreased migratory capacity of laryngeal carcinoma 
cells. Colonogenic capacity of Hep-2 cells transfected with mock (Mock), pcDNA3.1-empty (CTRL), or pcDNA3.1-EMP1 (EMP1) was determined by colony 
formation assay. (A) Representative images of colonies formed from each group of cells. (B) Quantification of colonies from at least three independent 
experiments. The migratory capability of Hep-2 cells transfected with mock, pcDNA3.1-empty (CTRL), or pcDNA3.1-EMP1 (EMP1) was determined by the 
Transwell migration assay. (C) Representative images of migrated cells from each experimental group (x40). (B) Quantification of number of migrated cells 
from at least three independent experiments. *P<0.05 and ***P<0.001 compared to the other two groups.

https://www.spandidos-publications.com/10.3892/ijo.2016.3782
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In conclusion, previous studies showed that EMP1 may 
function either as a tumor suppressor or an oncoprotein, 
depending on the type of cancer. Here we reported tumor 
suppressor roles of EMP1 in laryngeal carcinoma. From 
51 laryngeal carcinoma tissues, EMP1 does not seem to be 
a strong indicator for the progression or metastasis of laryn-
geal cancer, which may be limited by the small sample size 
and should be examined in future studies involving a greater 
number of samples. However, its pleotropic anticancer activi-
ties, specifically the newly identified effect of suppressing 
cancer stemness, together with membrane localization (thus 
allowing easy access for small molecules or other treatment 
reagents), present EMP1 as an ideal therapeutic target for 
laryngeal carcinoma. Although the molecular mechanisms 
underlying EMP1 activities should be further explored, it 
is expected that treatments that can stabilize or accumulate 
membrane EMP1 would benefit patients with laryngeal carci-
noma.
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