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Abstract. In recent years, researchers have found the critical 
role of telomerase in cellular transformation, proliferation, 
stemness and cell survival. High levels of telomerase reverse 
transcriptase (TERT) expression and telomerase activation 
have been reported in most cancer cells. Moreover, overex-
pression of human TERT (hTERT) is reported to be correlated 
with advanced invasive stage of the tumor progression and 
poor prognosis. Epithelial-mesenchymal transition (EMT), 
characterized by the loss of the cell-cell contact of epithelial 
cells and the acquisition of migratory and motile properties, 
is known to be a central mechanism responsible for invasive-
ness and metastasis of various cancers. Thus, we investigated 
whether hTERT plays a potential role in the development of 
EMT. As we expected, our clinical results showed that hTERT 
is overexpressed in oral epithelial dysplasia (OED) and OSCC 
tissues and correlates with clinical aggressiveness of oral squa-
mous cell carcinoma (OSCC) patients. We then overexpressed 
hTERT in primary human oral epithelial cells (HOECS) and 
found that hTERT has the potential to prolong the lifespan, a 
process confering the characteristics of EMT by activating the 
Wnt/β-catenin pathway. Our findings provided an explanation 
for the aggressive nature of human tumors overexpressing 
hTERT and the possibly mechanism that links hTERT to 

EMT property, which represents a possible therapeutic target 
in highly metastatic cancers.

Introduction

Oral squamous cell carcinoma (OSCC), one of the most 
common malignant tumors of head and neck, is a leading 
cause of cancer-related mortality worldwide (1,2). As a multi-
stage process, accumulation of numerous genetic alterations 
may be involved in the development and progression of OSCC 
over a long period of time. However, these precise changes 
that are responsible for OSCC progression are still largely 
unknown.

Telomerase is an enzyme best known for its role in 
telomere maintenance (3). Somatic cells lacking telomerase 
activity lose telomere repeats during cell division, eventually 
resulting in senescence and apoptosis. Telomerase reverse 
transcriptase (TERT), as the catalytic subunit of telomerase, 
has the capacity to limit the activity of telomerase to avoid 
the erosion of telomere. In recent years, high levels of TERT 
expression and telomerase activation have been reported in 
most cancer cells, germ cells and embryonic stem cells, it is 
well established that hTERT overexpression is a critical step 
for transformed cells to trigger infinite proliferation during 
oncogenesis, and that introduction of hTERT into fibroblasts 
and some epithelial cells confers unlimited replicative poten-
tial (4-6). The telomere length-independent effect has also 
been found for telomerase in cellular transformation (7), 
proliferation (8), stemness (9) and cell survival (10). Moreover, 
overexpression of hTERT is reported to be correlated with 
advanced invasive stage of the tumor progression and poor 
prognosis (11-14).

Epithelial-mesenchymal transition (EMT), characterized 
by the loss of the cell-cell contacts of epithelial cells and the 
acquisition of migratory and motile properties, is known to be a 
central mechanism responsible for invasiveness and metastasis 
of various cancers (15). In addition, a recent study revealed that 
hTERT had a novel role of promoting EMT in gastric cancer 
cells (16). However, these commonly used carcinoma cell lines 
also displayed genomic abnormalities unrelated to the devel-
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opment of OSCC, the precise role of hTERT alone is still 
urgent to clarify in carcinogenesis and cancer progression. 
We probed into the action mechanisms by overexpression 
of hTERT in human normal oral epithelial cells (HOECs). 
Most importantly, we found that hTERT is sufficient to cause 
EMT, which consequently activates the GSK-3β/β-catenin 
pathway, stabilizes Slug and Twist, ultimately, leading to 
enhanced mitigation and invasiveness of epithelial cells. 
Taken together, our findings provided an explanation for the 
aggressive nature of human tumors overexpressing hTERT 
and the possibly mechanism that links hTERT to EMT.

Materials and methods

Ethics statements. The study protocol was approved by the 
institutional ethics board of the Hospital of Stomatology, 
Sun Yat-sen University, Guangzhou, China. The participants 
provided their written informed consent before entry into 
this study. It is recognized that the rights and the welfare of 
the subjects are adequately protected; the potential risks are 
outweighed by potential benefits.

Clinical samples and clinical staging system. Paraffin-
embedded 37 OSCC and 15 oral epithelial dysplasia (OED) 
samples were obtained from the archives of the Department 
of Pathology of the Hospital of Stomatology, Sun Yat-sen 
University, Guangzhou, China. Of the 37 OSCC samples, 
there were 32 (86%) well- and 5 (14%) moderately differenti-
ated OSCCs, 10 matched adjacent non-cancerous oral mucosa 
(NOM) were obtained from the above-mentioned patients. All 
of the samples were treated by surgical excision. For the use 
of these clinical materials for research purposes, prior patient 
consent and approval from the Institute Research Ethics 
Committee was obtained. The disease stages of all the patients 
were classified according to Union for International Cancer 
Control (UICC 2002).

Cell culture. Primary cultures of HOECS were established 
as described previously (17). Briefly, fresh biopsies were 
obtained from a healthy human adult undergoing third molar 
extraction. Following rinsing tissues with phosphate-buffered 
saline (PBS) without calcium and magnesium (containing 
1% penicillin/streptomycin) three times; 0.3-cm2 pieces of 
tissue were incubated in 2 µg/ml Dispase solution (Roche, 
Germany) for 16-18 h at 4˚C. The epidermis were gently 
separated from the dermis using sterile forceps and cut into 
small pieces, then trpsinized for 5 min at 37˚C in 0.125% 
trypsin/0.01 mM EDTA. After vigorous pipetting, the cell 
suspension was centrifuged for 5 min at 1,000 g and the 
cell pellet resuspended in keratinocyte serum-free medium 
(K-SFM, Invitrogen, USA) supplemented with 25  µg/ml 
bovine pituitary extract and 0.2 ng/ml epidermal growth 
factor. The cells grown were characterized with an anti-cyto-
keratin antibody (pan ZM-0069, ZSGB-BIO, China). Human 
oral squamous cell carcinoma Cal27 cells (purchased from 
ATCC, USA) were maintained in DMEM supplemented with 
10% fetal bovine serum.

Lentiviral vector constructs and siRNA synthesis. Full-length 
hTERT was amplified from HOEC cDNA and cloned under 

the control of a CMV promoter into the pEZ-Lv201 lentiviral 
backbone (Gene Copoeia, Guangzhou, China), containing an 
eGFP and puromycin-sequence as reporter and selective 
marker separately. Lentiviruses were generated by transient 
transfection from HEK  293T cells. Chemically-modified 
pre‑designed siRNAs were purchased from Invitrogen 
(Carlsbad, CA, USA). The hTERT-specific RNAi target 
sequences: hTERT siRNA  #1 (4617): 5-GGUCUUUCU 
UUUAUGUCACtt-3; hTERT siRNA #2 (42863): 5-GGUGUC 
CUGCCUGAAGGACtt-3; hTERT siRNA#3 (263232): 5-CCA 
AGCACUU CCUCUACUCtt-3.

Establishment of hTERT-overexpressing HOECs with lenti-
viral infection. The hTERT gene was introduced into HOEC 
cells by infecting cells with a lentiviral vector pCMV-hTERT. 
Control cells were infected with the empty lentiviral vector 
pCMV. Infected cells were subcultured in K-SFM and 
subjected to drug selection (0.5 µg/ml puromycin) for 3-5 days. 
Cells were serially passaged to determine the replicative 
lifespan as described (18).

Immunohistochemical analysis. Immunohistochemistry 
was done to examine hTERT expression in 37 human OSCC 
tissue specimens, 15 human OED tissue specimens and 
10 non-OSCC tissue specimens, hTERT was detected using 
a rabbit polyclonal antibody against hTERT (Santa Cruz, 
USA). Briefly, a paraffin section of the tissue from the patient 
was deparaffinized with xylene, rehydrated and treated with 
3% hydrogen peroxide in methanol to quench the endogenous 
peroxidase activity. Antigenic retrieval was then processed 
by submerging the sample in citrate buffer (pH  6.0) and 
microwaving followed by incubation with 1% goat serum 
albumin to block the nonspecific binding. The sections were 
then stained with anti-hTERT antibody (1:25) overnight at 
4˚C. After washing, the tissue sections were incubated with 
the goat anti-rabbit/mouse secondary antibody (Gene Tech, 
Shanghai Co. Ltd., China), then immersed in 3-amino-
9-ethyl carbazole (DAB) and counterstained with 10% 
Mayer's hematoxylin, dehydrated, and mounted in crystal 
mount. The degree of immunohistochemical staining of 
formalin-fixed, paraffin-embedded sections was evaluated 
by two independent observers, and the mean cytoplasmic 
and nuclear hTERT staining intensity (SI; 0, no staining; 1, 
weak; 2, moderate; 3, strong), labeling indices (LIs, defined 
as the percentage of positive cells in total cells), and mean 
labeling scores (LSs, defined as LIxSI) in OSCC, OED 
and NOM samples were calculated and compared among 
groups.

Confocal immunofluorescence microscopy. Cells were 
seeded onto the glass slides for 24 h, washed with PBS, fixed 
in 4% paraformaldehyde for 20 min and permeabilized with 
0.3% Triton X-100 for 10 min. After blocking with BSA, 
cells were stained with the following primary antibodies: 
rabbit anti-E-cadherin, rabbit anti-vimentin and rabbit anti-
β-catenin (1:100, Cell Signaling Technology, MA, USA). The 
secondary antibody was goat anti-rabbit Alexa Fluor 549 
(Earth, USA). Nuclear staining was observed using DAPI. 
Immunofluorescence was detected by fluorescence micros-
copy (Olympus, Tokyo, Japan).
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Migration assay. Cells infected with pCMV vector, hTERT 
was EGF starved for 24 h, then 5x104 cells were seeded in 
medium deprived of EGF into the upper chamber of a poly-
carbonate transwell filter chamber coated with Matrigel 
(BD  Pharmingen), whereas medium containing EGF was 
added to the lower chamber. After incubating for 24 h, cells 
inside the chamber were removed with cotton swabs and 
migratory cells on the lower membrane surface were fixed in 
1% paraformaldehyde, stained with crystal violet and counted 
(10 random x100 fields per well). Cell counts are expressed as 
the mean number of cells per field of view. Three independent 
experiments were performed and the data are presented as the 
mean ± SD.

Wound healing assay. Cells infected with pCMV vector hTERT 
were seeded in six-well plates and grown under permissive 
conditions until reaching 90% confluence. After starving 
the cells for 24 h in medium without EGF, the confluent cell 
monolayer was lightly and quickly scratched with a pipette tip 
to create a linear wound, and the debris was removed. Wounds 
were observed and photographed at various times as indicated 
in the figure legends. Wound size was measured randomly at 
five sites perpendicular to the wound. Each experiment was 
repeated at least three times.

Western blot analyses. Total cellular proteins were extracted 
with RIPA lysis buffer. BCA method was used for protein 
quantification. The aliquots were separated on SDS-PAGE 
(10%) and transferred to a nitrocellulose membrane. The 
following primary antibodies were used: rabbit anti-hTERT 
(1:1,000, Epitomics, MA, USA); mouse anti-Slug (1:2,000), 
mouse anti-Twist1 (1:250) (Abcam, Cambridge, MA, USA); 
mouse anti-p53, rabbit anti-E-cadherin, rabbit anti-vimentin, 
rabbit anti-β-catenin, rabbit anti-p-GSK3β, rabbit anti-
GSK3α/β (1:1,000, Cell Signaling Technology); anti-GAPDH 
(1:2,000, KangChen Bio-tech, Shanghai, China). The protein-
antibody complexes were detected by horseradish-conjugated 
secondary antibodies followed by the enhanced chemilumi-
nescence (ECL) western blotting detection reagents (Pierce, 
Rockford, IL, USA). Quantification of bands was performed 
using the Gel-Pro Analyzer.

Statistical analysis. The mean hTERT labeling score (LS) 
for OSCC, OED, and NOM samples was compared among 
the three groups by analysis of variance (ANOVA) by using 
the SPSS 10.0 software package. The correlation between 
cytoplasmic or nuclear hTERT LSs in OSCCs and clinico-
pathological characteristics of OSCC patients was analyzed by 
Student's t-test. P<0.05 was considered statistically significant.

Results

hTERT is overexpressed in OED and OSCC tissues and 
correlates with clinical aggressiveness of OSCC patients. 
To assess the potential role of hTERT in OSCC transforma-
tion, immunohistochemical staining was performed to detect 
whether hTERT is overexpressed in OED and OSCC tissues. 
As expected, we found that the expression of hTERT increases 
from NOM to OED and OSCC. In NOE, weak cytoplasmic 
and moderate nuclear hTERT staining was shown in nearly all 

epithelial cells, the cytoplasmic and nuclear staining intensity 
of basal layers was much denser than that of upper epithelial 
cells; in OED, moderate cytoplasmic and strong nuclear hTERT 
staining was exhibited in nearly all epithelial cells, basal layers 
with mitotic figures showed a stronger staining intensity than 
other cells without mitotic figures, and in OSCC, moderate to 
strong cytoplasmic and nuclear hTERT staining was exhibited 
in nearly all epithelial cells. Combined with pathological 
analysis, these results suggested that the distribution of acti-
vated hTERT in epithelium at different stages may represent 
a biomarker of the degree of malignant transformation in oral 
carcinogenesis. Representative microphotographs of hTERT 
staining for NOM, OED and OSCC are shown in Fig. 1A. 
The mean cytoplasmic hTERT LS increased significantly 
from NOM (53.80±8.677%) through OED (141.40±16.115%) 
to OSCC samples (187.65±10.698%) (Table I). A significant 
difference in the mean cytoplasmic hTERT LS was found 
between OSCC and OED (P=0.000) or NOM samples 
(P=0.000). The mean nuclear hTERT LS increased from 
NOM (123.80±14.771%) to OED (217.60±35.944%), and then 
decreased to OSCC samples (215.03±42.502%), there was no 
significant difference in the mean nuclear hTERT LS among 
the 3 groups.

We further analyzed the correlation between cytoplasmic 
and nuclear hTERT LS, respectively, in OSCC samples and 
clinical characteristics of OSCC patients (Fig. 1B). There 
was no difference correlation between the cytoplasmic or 
nuclear expression of hTERT and age, gender, location and N 
classification. However, there was a significant difference of 
the cytoplasmic hTERT expression from well to moderately- 
differentiated OSCCs according to histology classification 
(P=0.003). In addition, OSCCS with larger tumor sizes (T3 
and T4) had a significantly higher mean nuclear hTERT LS 
than OSCCs with smaller tumor sizes (T1 and T2, P=0.005) 
(Table II). Thus, our findings indicated that hTERT is corre-
lated with clinical aggressiveness of OSCC patients.

Establishment of hTERT-overexpressing human OEC cell 
line. To exclude the involvement of other mutant genes, and 
further investigate the role of hTERT alone in the develop-
ment of oral squamous cell carcinoma. We firstly established 
hTERT-overexpressing cells in primary HOEC, by which 
we investigated its action mechanism. We observed that 
the primary adherent cells were flat, and polygonal in low 

Table I. The mean hTERT LS in NOM, OED and OSCC samples.

Groups	 Mean cytoplasmic	 Mean nuclear
	 hTERT LS ± SD (%)	 hTERT LS ± SD (%)

NOM	 53.80±8.677	 123.80±14.771
OED	 141.40±16.115	 217.60±35.944
OSCC	 187.65±10.698	 215.03±42.502

A significant difference in the mean cytoplasmic hTERT LS was 
found among NOM, OED and OSCC groups (P=0.000). LS, labeling 
scores; NOM, non-cancerous oral mucosa; OED, oral epithelial dys-
plasia; OSCC, oral squamous cell carcinoma.
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Figure 1. Immunohistochemical staining for hTERT in oral epithelium (A) and tumor nests (B). (A) (a) Normal oral epithelium showed weak cytoplasmic 
hTERT staining and moderate nuclear hTERT staining in nearly all epithelial cells. The cytoplasmic and nuclear staining intensity of basal layers (arrow, 
x200) was much denser than that of upper epithelial cells. (b) Oral epithelial dysplasia exhibited moderate cytoplasmic hTERT staining and strong nuclear 
hTERT staining in nearly all epithelial cells. Basal layers with mitotic figures (arrow, x200) showed a stronger staining intensity than other cells without 
mitotic figures. (c) Oral squamous cell carcinoma exhibited moderate to strong cytoplasmic and nuclear hTERT staining in nearly all epithelial cells (arrow, 
x200). (B) (a and b) Cells from central parts of the nests from well- to moderately-differentiated squamous tumor showed moderate to strong cytoplasmic 
and nuclear hTERT staining and overexpression of hTERT was associated with tumor differentiation [(A) (a, b and c) x40 magnification; (B) (a and b) x200 
magnification)].

Table II. Correlation between cytoplasmic or nuclear hTERT LS in OSCC samples and clinical characteristics of OSCC patients.

Characteristics	 Mean cytoplasmic	 P-value	 Mean nuclear 	 P-value
		  hTERT LS ± SD (%)		  hTERT LS ± SD (%)

Age
	 <50 (n=11)	 1.8636±0.11944		  1.9909±0.38524	
	 ≥50 (n=26)	 1.8819±0.10331	 0.703	 2.2177±0.42995	 0.537
Gender
	 Male (n=24)	 1.8867±0.11761		  2.2142±0.43902
	 Female (n=13)	 1.8577±0.08506	 0.083	 2.0323±0.38635	 0.255
Location
	 Bucca (n=21)	 1.8781±0.10221		  2.1052±0.39878
	 Other sites (n=16)	 1.8744±0.11633	 0.245	 2.2094±0.46362	 0.283
T status
	 T1+T2 (n=29)	 1.8621±0.10016		  2.0607±0.42705
	 T3+T4 (n=8)	 1.9288±0.12147	 0.584	 2.4750±0.21394	 0.005
N status
	 N0 (n=26)	 1.8612±0.10025		  2.0585±0.40896
	 N1+N2+N3 (n=11)	 1.9127±0.11841	 0.375	 2.3673±0.39810	 0.463
Histology of OSCC
	 WD OSCC (n=32)	 1.8500±0.08861		  2.1341±0.43108
	 MD OSCC (n=5)	 2.0460±0.02510	 0.003	 2.2540±0.41956	 0.415

Comparison between groups was performed by Student's t-test. LS, labeling scores; WD, well-differentiated; MD, moderately differentiated.
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density, then grew attached to form a typical cobblestone-like 
morphology, which is a characteristic of epithelial cells grown 
in culture (Fig. 2A). To identify the origin of these cells, the 
expression of pan-cytokeratin (AE1/AE3) was detected. The 
result showed green-positive staining for cytokeratin in the 
cytoplasm of each cell, indicating that they were of epithelial 
origin (Fig. 2B).

Next, we overexpressed hTERT in HOECs by infecting 
with a lentiviral vector expressing hTERT or control vector 
at the 12th PDS of the best activity of cellular proliferation. 
After puromycin selection, the eGFP fluorescence of stable 
infection with hTERT cells was visualized under a fluorescent 
microscope and overexpression of hTERT was confirmed by 
western blot analysis (Fig. 3A and B).

Overexpression of hTERT prolongs the lifespan and down-
regulates p53 expression of HOECs. It is known that the 
primary keratinocytes, as terminally differentiated cells, have 
a finite lifespan and quickly undergo obvious senescence. As 
expected, HOECs infected with the control lentivirus prolif-
erated for a limited number of passages (nearly 20 population 
doublings after selection) and then underwent senescence, 
while hTERT-overexpressing cells had an extended lifespan 
and were able to proliferate for over 150 population doublings 
(Fig. 3C). We assessed the expression of p53, a pro-apoptosis 
molecular downstream of hTERT, in control and hTERT-

Figure 2. Establishment and identification of a HOEC cell line. (A) The 
primary culture of HOECs showed polygonal morphology and a flagstone 
arrangement at different cell densities. (B) Identification was by confocal 
microscopy, green indicates positive staining of cytokeratin in the HOEC 
cytoplasm, while the blue signal signifies nuclear DNA staining with DAPI. 
Scale bar, 100 µm.

Figure 3. Overexpression of hTERT prolongs the lifespan and downregulates p53 expression of HOECs primary HOECs. (A) The expression of eGFP reporter 
of hTERT-HOECs was checked with a fluorescence microscope 3 days post-selection. (B) Total cell lysates of control (pCMV) and hTERT-overexpressing 
(pCMV-hTERT) cells were analyzed by western blot analysis using anti-hTERT antibodies. Anti-GAPDH was used as loading control. (C) Population dou-
blings (PDS) was achieved by hTERT and control lentiviral-infected HOECs at an early stage of their respective lifespans. Downward arrow indicates the time 
of transduction. (D) Repression of P53 pathway in hTERT-overexpressing HOECs (at 35 PDS) and pCMV vector control cells were analyzed by western blot 
analysis using antibodies against P53. Anti-GAPDH was used as a loading control.
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Figure 4. Overexpression of hTERT promotes EMT-like molecular alterations in HOECs. (A) The cellular morphology of HOECS expressing either the 
control vector pCMV or pCMV/hTERT was shown by phase contrast microscopy. Scale bar, 100 µm. (B) Expression of the epithelial proteins E-cadherin, the 
mesenchymal proteins vimentin and EMT transcription factors Slug and Twist1 in HOECs expressing control vector pCMV or pCMV/hTERT were detected 
by western blot analysis. GAPDH was used as a loading control. (C) HOECs expressing control vector pCMV or pCMV/hTERT was replated on K-SFM-
precoated coverslips. After an additional 24 h, cells were stained for E-cadherin, vimentin, and analyzed by confocal microscopy. The red signal represents 
staining for the corresponding protein, while the blue signal signifies nuclear DNA staining with DAPI. Scale bar, 100 µm.
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overexpressing cells by western blot analysis. The result 
showed that the expression of p53 was significantly reduced in 
hTERT-overexpressing cells (Fig. 3D).

Ectopic expression of hTERT induces a mesenchymal 
phenotype and enhances the invasiveness of HOECs. During 
the process of several serial passages after cell transfection, 
a slight morphological change was observed in hTERT-
overexpressing HOECs at nearly 20 PDS, in which the 
typical cobblestone-like appearance of normal epithelium 
was replaced by a spindle-like morphology (Fig. 4A), which 
suggested that hTERT-HOECs might have undergone EMT. 
In order to determine whether hTERT promotes EMT, we 

analyzed the cells with a panel of epithelial and mesenchymal 
markers. As shown in Fig. 4B, there was a slight reduction 
in E-cadherin expression, whereas vimentin expression was 
enforced, the upregulated expression of EMT transcrip-
tion factors Slug and Twist1 were also readily observed in 
hTERT-HOECs. The EMT phenotype was further confirmed 
by immunofluorescent staining (Fig. 4C). Because the EMT 
program activation contributes to cancer cell mobility and 
consequent invasion, we next examined the effect of hTERT 
on cell motility and invasive potential using wound healing 
and transwell assay coated with Matrigel. As shown in Fig. 5A, 
the scratch wound-healing assay also indicated that HOECs 
overexpressing hTERT exhibited significantly enhanced 

Figure 5. Overexpression of the hTERT enhances cell motility and invasiveness in HOECs. (A) A wound was introduced in subconfluent cultures of 
hTERT‑overexpressing or control vector cells. The rate of wound closure was monitored at different times as indicated. A representative image from three 
independent experiments is shown. Scale bar, 100 µm. (B) The invasive properties of the cells were analyzed in by an invasion assay using a Matrigel-coated 
Boyden chamber. Migrated cells were plotted as the average number of cells per field of view from 3 different experiments, as described in Materials and 
methods. Scale bar, 100 µm. Error bars represent SEM. **P<0.01.



Zhao et al:  Effect of TERT in the progression of EMT2212

mobility compared with vector control cells. Moreover, 
hTERT-HOECs displayed significantly increased invasive-
ness in comparison with vector control cells (Fig. 5B).

Upregulation of hTERT activates the Wnt/β-catenin pathway 
and induces cytoplasmic accumulation of β-catenin. 
Aberrant activation of the Wnt/β-catenin has a critical 
role in promoting EMT during human tumorigenesis (19). 
Furthermore, it is established that TERT is the direct 
modulator of the wnt/β-catenin pathway (20). We thus 
asked whether EMT promoted by hTERT is associated with 
activation of β-catenin in HOECs. As shown in Fig. 6A, 
overexpression of hTERT decreased the phosphorylation of 
GSK-3β and contributed to slight upregulation of β-catenin 
expression, thus we further examined the subcellular loca-
tion of β-catenin. Compared with control vector HOECS, the 
cytoplasmic accumulation of β-catenin increased, parts of 
which entered into nuclear in hTERT-overexpressed HOECS 
(Fig. 6B), suggesting that upregulation of hTERT activates 
the GSK-3β/β-catenin pathway, stabilizes Slug and Twist, 
and upregulates vimentin, ultimately leading to enhanced 
migration and invasiveness in hTERT-HOECS.

Silencing endogenous hTERT represses mesenchymal 
phenotype and inhibits the Wnt/β-catenin pathway in 
OSCC cells. To test and verify the impact of hTERT on 
EMT, we knocked down endogenous hTERT in oral squa-
mous cancer cell line Cal27 using hTERT-specific small 
interfering RNA (siRNA) and examined the resulting 
phenotype. These three siRNAs all specifically knocked 
down endogenous hTERT protein in the Cal27 cell line, 
siRNA  #3 was more efficient compared with the other 
siRNAs, and was therefore chosen for subsequent studies 
(Fig. 7A). As shown in Fig. 7B, silencing endogenous hTERT 
in Cal27 cells led to enhanced expression of epithelial 
markers E-cadherin and concomitant decreased expres-
sion of the mesenchymal marker vimentin. Moreover, the 
expression of EMT transcription factors Slug and Twist1 
were also markedly downregulated. We next examined 
whether depletion of hTERT could inhibit the Wnt/β-
catenin pathway. As shown in Fig. 7C, depletion of hTERT 
increased the phosphorylation of GSK-3β and markedly 
downregulated β-catenin expression, which suggested that 
depletion of endogenous hTERT inhibits the Wnt/β-catenin 
pathway and leads to reverse EMT in OSCC cells.

Figure 6. Upregulation of hTERT activates the Wnt/β-catenin pathway 
and induces cytoplasmic accumulation of β-catenin. (A) Expression of the 
β-catenin, p-GSK3β and GSK3β proteins in HOEC cells expressing control 
vector pCMV or pCMV/hTERT were detected by western blot analysis. 
GAPDH was used as a loading control. (B) Subcellular location of β-catenin 
in HOECs expressing control vector pCMV or pCMV/hTERT was examined 
by confocal microscopy. The red signal represents staining for the β-catenin 
protein, while the blue signal signifies nuclear DNA staining with DAPI. 
Scale bar, 100 µm.
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Discussion

OSCC, as the most frequent malignant tumor of the oral 
cavity, has highly metastatic characteristics (21). Recent 
observations suggest that EMT is involved in oncogenesis, 
invasion and metastasis (22,23). Efforts to elucidate the 
underlying molecular mechanism of these oral malignant 
transformation processes are therefore warranted in order to 
develop novel therapeutic approaches. In the present study, 
we provide  evidence that hTERT confers the characteristics 
of EMT by activating the Wnt/β-catenin pathway.

Numerous studies have revealed that the accumulation 
of multiple genetic alterations over a long period of time 
may be involved in the development and progression of 
cancer. Higher levels of expression of hTERT are associ-
ated with almost all human malignant tumors but not in 
benign or normal tissues with the exception of germ cells, 
stem cells, and activated lymphocytes. Ectopic expression 
of hTERT has been demonstrated in diseases arising from 
lung cancer (24), gastric cancer (25), hepatocellular cancer 
(26), breast cancer (27) and bronchial mucosa of heavy 
smokers (28). In addition, it has been suggested that hTERT 
was a prognostic marker for human malignancies (29,30). 
Our clinical results showed that hTERT is overexpressed in 
OED and OSCC tissues and correlates with clinical aggres-
siveness of OSCC patients, which proved its important role 
in the development of oral carcinomas. Furthermore, the 
typical distribution of activated hTERT in epithelium might 
suggest hTERT is a valuable molecular marker to diagnose 
the early stage of malignant transformation in the develop-
ment of OSCC.

Over the past years, various OSCC-derived cell lines have 
been established. However, its specific molecular mechanism 
of oral carcinoma is far from being fully understood, the main 
fact is that such cell lines also display genomic abnormalities 
unrelated to OSCC development. In our study, to overcome the 
above drawback and to be able to investigate the potential role 
of hTERT in promoting the development of oral carcinogen-
esis and progression in a defined genetic elements manner, we 
first established an hTERT-overexpressing HOECS cell line 
with a single cellular hTERT gene, which is always ectopically 
expressed in OSCC tumor. As shown in our study, excluded 
from other undefined genetic lesions, the hTERT gene could 
possess the capacity to promote EMT.

EMT is well known for its major role in embryogenesis 
and development, in which epithelial cells acquire properties 
reminiscent of those of mesenchymal cells. As an important 
cancer-related process, EMT is often involved in invasion 
and metastasis during tumor progression. Herein, we demon-
strated that hTERT possesses the capacity to promote the 
characteristics of EMT in HOECs. In hTERT-HOECs, a slight 
spindle-like morphology was observed at nearly 20 PDS. 
Further analysis proved that there was a slight reduction in 
E-cadherin expression and enforced expression of vimentin, 
the expression of EMT transcription factors Slug and Twist1 
were also upregulated. Moreover, silencing endogenous 
hTERT led to the reverse trend in Cal27 cells. However, unlike 
other cancer cell lines, the primary HOECs exhibiting partial 
mesenchymal phenotype changes require several passages 
under selection after introduction of hTERT (often after 15 
PDS). The degree of change in the EMT transcription factors 
were less than that in Cal27 cells. Probing deeper into the 

Figure 7. Silencing endogenous hTERT expression represses mesenchymal phenotype and inhibits the Wnt/β-catenin pathway in Cal27 cells. (A) Expression 
of hTERT in control and hTERT-silenced Cal27 cells were analyzed by western blot analysis using anti-hTERT antibodies. Anti-GAPDH was used as loading 
control. (B) Expression of the epithelial protein E-cadherin, the mesenchymal protein vimentin and EMT transcription factors Slug and Twist1 in Cal27 cells 
was detected by western blot analysis. GAPDH was used as a loading control. (C) Expression of the β-catenin, p-GSK3β and GSK3β proteins in control and 
hTERT-silenced Cal27 cells was detected by western blot analysis. Anti-GAPDH was used as a loading control.
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reason, one of the putative explanations for this discrepancy 
is that this htert-overexpressing HOEC cell line might have 
a stronger self-defense ability to resist these reverse reactions 
and lack of the involvement of other oncogenes to affect EMT 
compared with the cancer cells.

Recent reports have shown that multiple effectors 
including the PI3 and MAP kinases (31,32) and Wnt (33,34), 
Notch (35) and NF-κB (36) pathways can be activated to be 
involved in EMT regulation. With respect to the molecular 
link between TERT and Wnt/β-catenin signaling, evidence 
showed that TERT and Wnt/β-catenin pathway activation are 
bidirectional regulation in embryonic stem (ES) cells and 
cancer, β-catenin could regulate TERT expression through 
the interaction with the pluripotent transcription factor Klf4 
(37), while TERT directly interacts with β-catenin (16) or its 
target gene BRG1 (20) to activate Wnt/β-catenin pathway. In 
the present study, our results revealed that hTERT promotes 
the EMT program through activation of Wnt/β-catenin 
pathway, overexpression of hTERT decreased the phosphory-
lation of GSK-3β and translocated β-catenin into nucleus, 
while depletion of hTERT inhibited the GSK-3β/β-catenin 
pathway. Thus, hTERT potentially promotes EMT by acti-
vation of Wnt signaling, which suggested a unique status in 
carcinogenesis and progression.

In conclusion, hTERT plays a pivotal role in the devel-
opment and progression of OSCC. Our results provide an 
explanation for the aggressive nature of human tumors over-
expressing hTERT and the possibly mechanism that links 
hTERT to EMT property, which may partially by targeting 
activation of the Wnt/β-catenin pathway. Hence, we believe 
that hTERT can be a therapeutic target for high-metastasis 
cancers and further uncovering the exact function and 
molecular mechanism for hTERT overexpression in cancer 
would provide important insight into understanding tumor 
progression and metastasis.
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