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Abstract. The autophagy-related gene Beclin-1 is critical 
in the regulation of tumourigenesis and progression, but 
its role in oral tongue squamous cell carcinoma (OTSCC) 
has not yet been reported. This study aimed to investigate 
Beclin‑1 expression and its significance in OTSCC. Beclin‑1 
expression was assessed by reverse transcription-quantitative 
polymerase chain reaction or western blot analysis in 14 
OTSCC tissues and matched adjacent noncancerous tissues 
as well as in 5 OTSCC cell lines and a normal tongue epithe-
lial cell line. Beclin-1 protein expression was examined by 
immunohistochemistry in 133 OTSCC specimens, and the 
correlation between Beclin-1 expression and clinicopatho-
logical features was investigated. Furthermore, MTT and 
colony formation assays were performed to investigate the 
effect of Beclin-1 on the proliferation and clonogenicity of 
OTSCC cells. It was demonstrated that Beclin-1 expression 
was significantly decreased in the majority of the 14 OTSCC 
tissues and the 5 OTSCC cell lines relative to the matched 
non-cancerous tissues and the normal tongue epithelial cell 
line, respectively. Immunohistochemistry analysis revealed 
that decreased Beclin‑1 expression was significantly corre-
lated with poor differentiation, lymph node metastasis, 
advanced clinical tumour-node-metastasis stage, and a 
poor prognosis in patients with OTSCC. The in vitro assays 
indicated that the overexpression of Beclin‑1 significantly 

inhibits the proliferation and clonogenicity of OTSCC cells. 
These results demonstrate that Beclin-1 acts as a tumour 
suppressor in the development or progression of OTSCC and 
that Beclin-1 may represent a novel prognostic marker for 
patients with OTSCC.

Introduction

Oral carcinoma, which falls in the head and neck cancer 
category, represents one of the six most common types of 
cancer worldwide (1). Oral tongue squamous cell carcinoma 
(OTSCC) is the most common type of oral cancer, and the 
incidence of OTSCC has increased by 1.9% annually between 
1975 and 2007, particularly among young adults (2). In the 
United States, an estimated 16,100 novel cases of OTSCC 
and 2,290 OTSCC-related fatalities are expected in 2014 (3). 
Even with the combination of surgery, chemotherapy and 
radiation, the overall five‑year survival rate of OTSCC is only 
50-60% (2). Thus, the identification of novel biomarkers is 
critical to OTSCC diagnosis and targeted treatment.

Autophagy is a bulk degradation process in which 
cytosolic misfolded proteins and damaged organelles are 
sequestered into autophagosomes and degraded by lysosomes 
to maintain organelle function and protein quality (4). 
Increased autophagy is a primary response to cellular stress 
that is an attempt to survive unfavourable conditions, such 
as nutrient depletion or hypoxia (5-7). Notably, autophagy 
is also involved in an array of biological and pathophysi-
ological conditions, including tumourigenesis, immunity 
and embryonic development (8). Beclin‑1 is the first identi-
fied mammalian autophagy gene (8). Previous studies have 
demonstrated that Beclin-1 is a haploinsufficient tumour 
suppressor; early embryonic lethality is observed in mice 
with biallelic loss of Beclin-1, and an increased rate of malig-
nant tumours is observed in Beclin1+/- mice (9,10). Decreased 
Beclin-1 protein expression was confirmed in a series of 
human tumours, including hepatocellular carcinoma, ovarian 
carcinoma and laryngeal squamous cell carcinoma (11-13). 
By contrast, other studies have demonstrated that increased 
Beclin-1 expression is more frequently detected in colorectal 
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carcinoma, gastric carcinoma, cutaneous squamous cell 
carcinoma and pancreatic ductal adenocarcinoma compared 
with the matched non-cancerous tissue of the same 
patient (14-18), which suggests that the function of Beclin-1 
in tumourigenesis may vary among different tumour 
types (19,20). Furthermore, whether Beclin-1 possesses 
autophagy-independent functions during tumourigenesis is 
now under investigation (5,21).

OTSCC is a type of solid tumour; thus, OTSCC cancer 
cells often face nutrient deprivation and hypoxia, which 
leads to metabolic stress (2). Therefore, it was hypothesised 
that Beclin-1 is involved in the development and progression 
of OTSCC. The present study aimed to investigate Beclin-1 
expression and its significance in OTSCC.

Materials and methods

Tissue specimens and patients. For reverse transcrip-
tion-quantitiative polymerase chain reaction (RT-qPCR) 
and western blot analysis, 14 OTSCC tissues and matched 
adjacent non-cancerous tongue tissues (at a distance >2 cm 
from the tumour) were collected from patients who underwent 
half-tongue resection between May and July 2010. In addi-
tion, 133 paraffin‑embedded samples of OTSCC specimens 
were collected between January 2000 and December 2002 
for immunohistochemical assay. All tissue samples were 
collected prior to chemotherapy or radiotherapy and were 
histologically and clinically diagnosed at the Third Affiliated 
Hospital of Kunming Medical University (Kunming, China). 
The tumour stage of each patient was classified according to 
the 2010 AJCC staging system (22). The median follow-up 
time of patients whose tissues were subjected to an immu-
nohistochemical assay was 67 months at the time of analysis 
and ranged from 12 to 124 months. This study was approved 
by the Ethics Committee of the Third Affiliated Hospital of 
Kunming Medical University. The samples were collected 
after receiving informed consent from the patients.

RT‑qPCR. The mRNA of OTSCC (NTEC1, TCA8113, 
TSCCA, SCC-9, SCC-25 and CAL-27 cells) and matched 
adjacent noncancerous tissues was purified using TRIzol 
Reagent (Invitrogen, Thermo Fisher Scientific, Inc., Waltham, 
MA, USA), and 2 µg of each sample was reverse transcribed 
using a TIAN Script kit (Invitrogen, Thermo Fisher Scientific, 
Inc.). The following primers were used: Sense: 5'‑GGT GTC 
TCT CGC AGA TTC ATC‑3' and antisense: 5'‑TCA GTC TTC 
GGC TGA GGT TCT‑3' for Beclin‑1; and sense: 5'‑TGT TGC 
CAT CAA TGA CCC CTT‑3' and antisense 5'‑CTC CAC GAC 
GTA CTC AGC G‑3' for glyceraldehyde 3‑phosphate dehydro-
genase (GAPDH), which was used as an endogenous control. 
All reactions were run in triplicate in three independent 
experiments. All primers were synthesized by Invitrogen, 
Thermo Fisher Scientific, Inc. PCR reactions were performed 
on a PTC-200 PCR system (Bio-Rad Laboratories, Hercules, 
CA, USA) using the following cyclical procedure: 10 min 
at 94˚C, followed by 45 cycles of 15 sec at 94˚C, 30 sec at 
54˚C, 30 sec at 72˚C, and a final cycle at 72˚C for 10 min. For 
OTSCC cells, RT-qPCR and data collection were performed 
using an ABI PRISM 7900 HT sequence detection system 
(Applied Biosystems, Thermo Fisher Scientific, Inc.).

Western blot analysis. Cells (NTEC1, TCA8113, TSCCA, 
SCC-9, SCC-25 and CAL-27 cells, and patients paired tissue 
cells) were lysed with 1X sodium dodecyl sulphate (SDS) 
sample buffer (62.5 mmol/l Tris-HCl, 2% SDS, 10% glyc-
erol and 5% 2-mercaptoethanol). The protein concentration 
was determined using a bicinchoninic acid protein assay. 
A total of 25 µg protein was separated electrophoretically 
in 9% SDS-polyacrylamide gel electrophoresis, transferred 
to polyvinylidene f luoride membranes and incubated 
sequentially with primary rabbit monoclonal anti-Beclin-1 
(cat. no. 2026-1; 1:4,000, Epitomics Inc., Burlingame, CA, 
USA), mouse monoclonal anti-LC3 (cat. no. AM1800a; 
1:500, Abgent, San Diego, CA, USA), mouse monoclonal 
anti-p62/SQSTM1 (cat. no. sc-28359; 1:1,000, Santa Cruz 
Biotechnologies Inc., Santa Cruz, CA, USA), for 2 h at room 
temperature. After washing with TBS-T (Bio Basic Inc., 
Markham, ON, Canada), the membrane was incubated with a 
goat anti-mouse IgG (cat. no. 31430; 1:4,000) and goat-anti-
rabbit IgG (cat. no. 31460; 1:3,000) secondary antibodies 
(Thermo Fisher Scientific, Inc. The membrane was washed 
and protein was detected using enhanced chemilumines-
cence reagent (Cell Signaling Technology, Beverly, MA, 
USA) and XAR film (Eastman Kodak Company, Rochester, 
NY, USA) according to the manufacturer's instructions. The 
membranes were then stripped and probed with an anti-
GAPDH mouse monoclonal antibody (1:3,000, Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) to confirm equal 
loading of the samples. The western blot bands were scanned 
and were analyzed using the Quantity One 4.6.7 program 
(Bio-Rad Laboratories).

Immunohistochemistry assay. In brief, paraffin‑embedded 
OTSCC specimens were cut into 4-µm sections and incubated 
at 65˚C for 30 min. The sections were washed with xylene 
and rehydrated. Sections were submerged for 2 min into an 
EDTA buffer at 95˚C and 90 kPa for antigen retrieval and 
treated with 3% hydrogen peroxide in methanol, followed by 
incubation with 1% rabbit serum albumin (Zhongshan Golden 
Bridge Biotechnology, Co., Ltd.). The specimens were incu-
bated overnight at 4˚C with anti‑Beclin‑1 (1:200, Epitomics 
Inc.). For the negative control, the primary antibody was 
replaced with the non-immune rabbit IgG (Zhongshan 
Golden Bridge Biotechnology, Co., Ltd.). of the same isotype. 
Immunohistochemical staining to determine the expression 
of Beclin-1 revealed diffuse, fine, granular cytoplasmic 
staining under an XSZ-H microscope (Chongqing Optical 
& Electrical Instrument Co., Ltd., Chongqing, China). 
The proportion of cells expressing Beclin-1 was scored as 
follows: 0, no expression; 1, 0-25%; 2, 26-50%; and 3, >50%. 
The intensity of cell staining was scored as either 0 (no 
expression), 1 (yellow) or 2 (brown). The intensity score and 
proportion score were added to yield the total score, which 
was divided into no/low expression (0 to 2) or high expres-
sion (3 to 5).

Cell lines and cell culture. The NTEC1 normal tongue 
epithelial cell line was established by culturing normal 
tongue squamous epithelium from a healthy patient in kera-
tinocyte/serum-free medium (Invitrogen, Thermo Fisher 
Scientific, Inc.). This cell line was a gift from Professor 
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Musheng Zeng (Sun Yat-sen University Cancer Centre, 
Guangzhou, China). CAL-27, SCC-25 and SCC-9 OTSCC 
cell lines were purchased from the American Type Culture 
Collection (Manassas, VA, USA) and Tca8113 and TSCCA 
cells were obtained from the Committee of the Type Culture 
Collection of the Chinese Academy of Sciences (Shanghai, 
China). With the exception of CAL-27, which was cultured 
in Dulbecco's modified Eagle's medium (Thermo Scientific, 
Inc.) supplemented with 10% foetal bovine serum (FBS, 
Thermo Fisher Scientific, Inc.), all cell lines were cultured 
in RPMI-1640 (Thermo Scientific, Inc.) supplemented with 
5% FBS. All cells were cultured in penicillin (100 U/ml) and 
streptomycin (100 U/ml) at 37˚C in a humidified 5% CO2 
incubator.

Plasmids and transfection. For the Beclin-1 expression 
plasmid, the full-length coding region of Beclin-1 cDNA 
was amplified by RT-qPCR, and the digested and purified 
PCR products were directly cloned into a lentivirus vehicle 
sinhcmv-mcs (r)-pre-cppt-IG (a gift from Professor Erik Zheng, 
Sun Yat-sen University Cancer Centre). The same method 
was used to construct a full-length LC3 expression plasmid 
using a pEGF vector (Invitrogen, Thermo Fisher Scientific, 
Inc.) to generate pEGF-C2-LC3. The primer sequences of the 
full‑length coding region were as follows: Sense: 5'‑CGC GGA 
TCC ATG GAA GGG TCT AAG ACG T‑3' and antisense: 5'‑CGG 
AAT TCT CAT TTG TTA TAA AAT TGT GA for Beclin‑1'; and 
sense: 5'‑GAA GAT CTT CAT GCC CTC AGA CCG GCC‑3' and 
antisense: 5'‑CGG AAT TCT CAG AAG CCG AAG GTT TCC 
T‑3' for LC3. All plasmids expressed enhanced green fluo-
rescent protein (GFP) and were verified by sequencing. For 
the Beclin-1 overexpression plasmid, stably transfected cell 
lines were generated by lentivirus infection and selected using 
flow cytometry according to the manufacturer's instructions. 
The LC3 expression plasmid was transfected into OTSCC 
cell lines (TCA8113 and TSCCA) using Lipofectamine 2000 
(Invitrogen, Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions.

MTT assay. The cell growth and viability of the stable 
OTSCC cell lines (TCA8113 and TSCCA cells) were assessed 
by using an MTT assay. Approximately 3,000 cells/well were 
seeded in a 96-well plate for 6 duplicate wells with different 
drug concentrations. The MTT assay was performed on days 
1-5. After incubation, 20 µl of 5 mg/ml MTT (Sigma-Aldrich, 
St. Louis, MO, USA) was added to each well, followed by 
incubation for 4 h. After discarding the medium carefully, 
formazan crystals were dissolved in 150 µl dimethyl sulf-
oxide. The optical density was measured with a microplate 
spectrophotometer (Bio-Rad Laboratories) at 490 nm. 
Absorbance values were normalised to the percentage 
survival. Each experiment was performed in triplicate.

GFP LC3 puncta analysis. For analysis of GFP LC3 puncta 
in cells overexpressing Beclin-1 and control cells, the cells 
were observed under a fluorescence microscope (x400) and 
representative cells were selected and photographed. The 
number of GFP-LC3 puncta per cell was quantified, and 
presented as the mean ± standard error of the mean from 50 
randomly selected cells.

Colony formation assay. Cells (200/well; TCA8113 and 
TSCCA) were counted and plated in triplicate in six-well 
plates and were cultured with RPMI-1640 culture medium 
for ~10 days until the majority of the colonies had expanded 
to >50 cells. The plates were triple washed with cold 
phosphate‑buffered saline, fixed in pre‑chilled methanol for 
10 min, and dyed with 0.5% crystal violet for 5 min at room 
temperature. After washing to remove excess stain, the plates 
were photographed. Images were analysed using Image J 
1.42 software (National Institutes of Health, Bethesda, MD, 
USA), according to the manufacturer's instructions. At least 
three independent experiments were performed for each 
assay.

Soft‑agar anchorage‑independent growth assay. For the 
bottom layer, six-well plates were coated with a 0.6% agar 
in medium supplemented with 20% FBS. For the top layer, 
5,000 cells were prepared in 0.3% agar with 10% FBS 
and seeded in triplicate. The plates were then incubated at 
37˚C in a humidified 5% CO2 incubator for two weeks until 
colonies had formed. Each experiment was repeated at least 
three times. Colonies were photographed (final magnifica-
tion x200) under a phase-contrast microscope, and colonies 
>50 mm in diameter were counted under a light microscope.

Statistical analysis. All statistical analyses were performed 
using SPSS 16.0 statistical software package (SPSS Inc., 
Chicago, IL, USA). The χ2 test for proportions was used to 
analyse the correlation between Beclin-1 expression and the 
clinicopathologic features of OTSCC. Survival curves were 
plotted using the Kaplan‑Meier method and compared using 
the log-rank test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Decreased expression of Beclin‑1 in fresh OTSCC tissues and 
cell lines. The mRNA and protein expression of Beclin-1 were 
decreased in 78.6% of OTSCC tissues and cell lines relative 
to the matched adjacent noncancerous tissues and the NTEC1 
normal tongue epithelial cell line, respectively (Fig. 1).

Correlation between Beclin‑1 expression and the clinico‑
pathological features and prognosis of patients with OTSCC. 
To further verify the expression of Beclin-1, an immunohis-
tochemical assay was performed on 133 OTSCC specimens. 
As shown in Fig. 2, Beclin-1 protein was expressed in the 
cytoplasm. The decrease in Beclin-1 expression was closely 
correlated with poor differentiation, lymph node metastasis, 
and advanced clinical tumour-node-metastasis (TNM) stage 
of OTSCC (Table I). Notably, the five‑year overall survival 
rate in the patients with no or low Beclin-1 expression was 
47.5%, significantly shorter than that of the patients with high 
Beclin-1 expression (70.8%) (Fig. 3, P<0.01).

Beclin‑1 overexpression did not affect the level of autophagy 
but did inhibit cell proliferation. Beclin-1 is a pivotal gene in 
the process of autophagy. Therefore, the influence of Beclin-1 
overexpression on autophagy upon starvation of OTSCC cells 
was investigated. As normal culture medium contains serum 
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which may influence autophagy level, the cells were cultured 
in Earle's balanced salts (EBSS) to observe autophagy level. 
No significant difference in the expression levels of LC3‑II 
and p62 was identified between the Beclin‑1 overexpression 
cell line and the vehicle cell line subjected to starvation by 
culturing in EBSS for 1, 2, 4 or 8 h. The number of GFP-LC3 
puncta was also counted in at least 50 cells after transient 
transfection of pEGF‑C2‑LC3, and no significant difference 
was observed between the cells overexpressing Beclin-1 and 
the vehicle group (12.66±0.32 vs. 11.98±0.34; P=0.7996) 
(Fig. 4). To determine whether Beclin-1 inhibited OTSCC 
cell proliferation, an MTT assay was performed, and the 
results suggested that Beclin‑1 overexpression significantly 
inhibited the proliferation of OTSCC cell lines (Fig. 5A).

Beclin‑1 inhibits the transformation of OTSCC cells lines. 
To further investigate whether Beclin-1 can inhibit the trans-
formation of OTSCC cells, colony formation and soft-agar 
anchorage-independent growth assays were performed. In 
total, 200 cells were plated in triplicate wells of six-well 
plates. After 10 days of culture, the number of colonies 
formed by Beclin‑1‑expressing cells was significantly lower 
than that formed by negative-control cells or vehicle-control 
groups (Fig. 5B). Furthermore, Beclin-1-expressing cells 
formed significantly smaller and fewer colonies compared 
with the vector cells in the soft-agar assay (Fig. 5C).

Discussion

In the present study, Beclin-1 expression was decreased in 
78.6% OTSCC tissues when compared with matched adja-
cent non-cancerous tissues, which implied that Beclin-1 
may be important in carcinogenesis, consistent with other 
findings (12,13,15-18,23,24). Similarly, it was observed 
that the mRNA and protein levels of Beclin-1 in a normal 
tongue squamous cell line were higher than those of OTSCC 
cell lines. Although Beclin-1 is an important autophagy 
gene, in the present study, Beclin-1 overexpression did not 
significantly change the autophagy level of OTSCC cells 
upon starvation. As shown for Atg6 in yeast, Beclin-1 
may exhibit a non-autophagic role in specific cell types 
and environmental contexts (5,25). For this reason, MTT, 
colony formation, and soft-agar anchorage-independent 
growth assays were conducted. These assays demonstrated 
that Beclin-1 overexpression significantly inhibits the 
proliferation and clonogenicity of OTSCC cells. Similarly, 
Koneri et al (26) reported that knockdown of Beclin-1 in a 
colon cancer cell line resulted in growth inhibition. In addi-
tion, Liang et al (9) also reported that Beclin-1 expression 
in the MCF‑7 human breast carcinoma cell line significantly 
inhibited clonogenicity in vitro and tumourigenesis in nude 
mice. These results demonstrate that Beclin-1 can inhibit 
tumourigenesis by non-autophagic methods (7,27). In the 

Table I. Correlation between Beclin-1 expression and clinicopathological features of the patients with OTSCC.

 Beclin-1 expression 
 -----------------------------------------------------------------
Characteristic N No/low (%) High (%) χ2 P-value

Gender    0.170 0.680
  Male    74 34 (45.9) 40 (54.1)
  Female   59 25 (42.4) 34 (57.6)  
Age (years)     2.844 0.092
  <50   50 17 (34.0) 33 (66.0)
  ≥50   83 42 (50.6) 41 (49.4)  
Clinical T phase    2.425 0.119
  T1-2 117 49 (41.9) 68 (58.1)
  T3-4   16 10 (62.5)   6 (37.5)  
Clinical N phase    10.035 0.002
  N0   99 36 (36.4) 63 (63.6) 
  N1-2   34 23 (67.6) 11 (32.4)  
cTNM stage    8.718 0.003 
  I-II   92 33 (35.9) 59 (64.1) 
  III-IV   41 26 (63.4) 15 (36.6)  
Histological differentiation     9.950 0.002
  Well   97 35 (36.1) 62 (63.9) 
  Moderately or poorly   36 24 (66.7) 12 (33.3)  
Recurrence     0.847 0.357
  Yes   44 22 (50.0) 22 (50.0)
  No   89 37 (41.6) 52 (58.4)  

OTSCC, oral tongue squamous cell carcinoma; T, tumour; N, node; TNM, tumour-node-metastasis.
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present study, decreased Beclin-1 expression by immuno-
histochemistry was associated with poor differentiation, 
lymph node metastasis, and advanced clinical TNM stage 
of OTSCC, indicating that Beclin-1 may be involved in 
the tumourigenesis and progression, consistent with the 
results of several studies (8,13,15,18,27-29). Accordingly, 
increased Beclin-1 expression was associated with the 
absence of lymphatic invasion and a low rate of distant 
metastasis in pancreatic ductal adenocarcinoma or laryngeal 

squamous cell carcinoma (11,18), reduced cell proliferation 
in glioma (30), and reduced invasiveness and metastasis 
of oesophageal squamous cell carcinoma (31). However, 
the autophagy-related genes are also known to exhibit 
conflicting roles in tumourigenesis (7,25,32). Consistent with 
this dual role, certain studies reports have demonstrated that 
the increased expression of Beclin-1 is correlated with poor 
differentiation of ovarian carcinoma (8) and endometrial 
adenocarcinomas (33). Similarly, the prognostic relevance of 

Figure 1. Beclin-1 expression in OTSCC tissues and cell lines. (A) Protein expression of Beclin-1 in 5 OTSCC cell lines and a normal tongue epithelial 
cell line (NTEC1) by western blot analysis. (B) mRNA expression of Beclin-1 in 5 OTSCC cell lines and a normal tongue epithelial cell line (NTEC1) by 
reverse transcription-quantitative polymerase chain reaction. (C) Protein expression of Beclin-1 in 14 paired OTSCC (T) tissues and adjacent noncancerous 
tissues (N) by western blot analysis. (D) mRNA expression of Beclin-1 in 14 paired OTSCC (T) tissues and adjacent noncancerous tissues (N) by reverse 
transcription-quantitative polymerase chain reaction. OTSCC, oral tongue squamous cell carcinoma.

Figure 2. Protein expression of Beclin‑1 by immunohistochemistry (magnification, x200). (A) Beclin‑1 expression in the normal tongue epithelium. 
(B) Intermediate expression of Beclin-1 in OTSCC tissue. (C) Low expression of Beclin-1 in OTSCC tissue. (D) High expression of Beclin-1 in OTSCC tissue. 
OTSCC, oral tongue squamous cell carcinoma.
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  D  C

  B  A
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Beclin-1 expression has been discussed in various malignan-
cies, but the results are controversial (8-15,18,28,31,33-35). In 
the present study, a positive link between the Beclin-1 expres-
sion level and favourable survival was revealed in OTSCC, 
which was similar to the results in several other types of 
cancer, including gastric carcinoma (14,15), pancreatic 
ductal adenocarcinoma (18), intrahepatic cholangiocellular 
carcinoma (28), hepatocellular carcinoma (12), oesophageal 

squamous cell carcinoma (31), colon carcinoma (10), 

lymphoma (35), ovarian carcinoma (13), and laryngeal squa-
mous cell carcinoma (11). By contrast, several studies have 
reported that patients with lower Beclin-1 expression exhibit 
a significant overall survival advantage compared with those 
with higher expression in nasopharyngeal carcinoma (34), 

ovarian carcinoma (8) and endometrial adenocarcinoma (33). 

These discrepant results indicate that Beclin-1 maybe 
perform different functions in different carcinomas (36), and 
the methodological differences in immunohistochemistry 
evaluation and the small sample size may represent addi-
tional reasons for these discrepant findings.

In conclusion, the present study demonstrated that 
decreased Beclin-1 expression is closely associated with 
poor differentiation and advanced TNM stage in OTSCC, 
and that Beclin-1 overexpression inhibited the proliferation 
and clonogenic formation of OTSCC cells. This indicated 
that Beclin-1 functioned as a tumour suppressor in OTSCC at 
least partly by non-autophagic mechanisms. Beclin-1 expres-
sion may therefore represent a favourable prognostic marker 
or a novel therapeutic target for OTSCC.
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Figure 5. Beclin-1 overexpression inhibits the proliferation and transforma- overexpression inhibits the proliferation and transforma-
tion of OTSCC cells. (A) Beclin-1 inhibits the cell proliferation of OTSCC 
as demonstrated by an MTT assay. (B) Beclin-1 inhibits the transformation 
of OTSCC cells as demonstrated by a colony formation assay. (C) Beclin-1 
inhibits the transformation of OTSCC cells as demonstrated by the soft-agar 
anchorage-independent growth assay. OTSCC, oral tongue squamous cell 
carcinoma. Magnification, x200. ***P<0.001 compared with the control.

Figure 4. Beclin-1 overexpression did not change the level of autophagy in 
OTSCC cells upon starvation. (A) No significant difference in the expression 
level of LC3-II or p62 occurred between the Beclin-1-expressing cell line and 
the vehicle group detected upon starvation by culturing in EBSS medium for 
1, 2, 4 or 8 h. (B) The number of GFP-LC3 puncta was counted in at least 
50 cells after transient transfection with pEGF‑C2‑LC3, and no significant 
difference was detected between the two groups. EBSS, Earle's balanced salt 
solution; OTSCC, oral tongue squamous cell carcinoma.

Figure 3. Overall survival curves of patients with oral tongue squamous cell 
carcinoma subdivided according to Beclin-1 protein expression.
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