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Telomerase reverse transcriptase (TERT), the catalytic 
subunit of the enzyme telomerase, is robustly expressed 
in cancer cells. TERT enables cells to avoid chromosome 
shortening during repeated replication by maintaining 
telomere length. However, several lines of evidence indi-
cate that many cancer cells exhibit shorter telomere length 
than normal tissues, implying an additional function of 
TERT in tumor formation and progression. Here, we report 
a telomerase activity-independent function of TERT that 
induces cancer stemness in glioma cells. Overexpression 
of TERT712, a telomerase activity-deficient form of TERT, 
in U87MG cells promoted cell self-renewal in vitro, and 
induced EGFR expression and formation of gliomas exhib-
iting cellular heterogeneity in vivo. In patients with gliobla-
stoma multiforme, TERT expression showed a high corre-
lation with EGFR expression, which is closely linked to the 
stemness gene signature. Induction of differentiation and 
TERT-knockdown in glioma stem cells led to a marked 
reduction in EGFR expression, cancer stemness, and anti-
cancer drug resistance. Together, our findings indicate 
that TERT plays a crucial role in tumor progression by 
promoting cancer stemness through expression of EGFR. 
 
 
INTRODUCTION 
 
Glioblastoma multiforme (GBM), one of the most incurable 
malignancies with extremely short median survival after diag-
nosis, shows intensive infiltration toward surrounding normal 
tissue and a high recurrence rate (Holland, 2001). Several ge-
netic changes are commonly observed in GBM, including loss 
of INK4A, p53, and PTEN, and gain of function of the EGFR 
and PDGF signaling pathways. In particular, amplification or 
activating mutations of EGFR (EGFRvIII) have been detected 
in 30 to 50% of GBMs (Cancer Genome Atlas Research Net-
work, 2008). One of the most important properties of GBM is 
the heterogeneity of cells in the tumor tissue, which includes all 

brain cell types - neurons, astrocytes, and oligodendrocytes 
(Vescovi et al., 2006). This cellular heterogeneity may be ex-
plained by the presence of a small population of cells in glioma 
tumor tissue (cancer stem cells) that possess the development-
tal capacity to generate differentiated subpopulations with di-
verse lineages (Lee et al., 2006; Park and Rich, 2009; Vescovi 
et al., 2006). In addition to the potential for differentiation, can-
cer stem cells display a robust drug resistance, in part by trans-
porting drugs out of the cells using specialized ATP binding 
cassette (ABC) transporters; thus, cancer stem cells are the 
major cause of tumor recurrence after chemotherapy (Hirsch-
mann-Jax et al., 2004).  

Recent studies have shown that in vitro establishment and 
self-renewing growth of cancer stem cells, including glioma 
stem cells, requires defined growth factors such as EGF and 
bFGF (Lee et al., 2006); in particular, EGF has been shown to 
play a crucial role in mitogenic regulation of brain cancer stem 
cells.  

Several lines of evidence indicate that telomerase activity 
and TERT expression are associated with clinical aggressive-
ness in many types of malignancies (Lin et al., 2006; Tabori et 
al., 2006); therefore, TERT is considered a critical therapeutic 
target (Shay and Wright, 2006). In this respect, our previous 
study has demonstrated that induction of TERT could acceler-
ate tumorigenesis in normal fibroblast and is indispensible for 
tumorigenesis in advanced cancer cells (Jin et al., 2010). How-
ever, a growing body of evidence shows that telomeres are 
shorter in malignant tumor cells such as colorectal cancer, 
hepatoma, and gastric carcinoma compared with the surround-
ing stromal cells, independent of telomerase activity (Engel-
hardt et al., 1997; Furugori et al., 2000; Ohashi et al., 1998). 
Furthermore, recent data have also demonstrated that the tu-
morigenic effect of telomerase is independent of telomere 
length (Stewart et al., 2002). These findings suggest that TERT 
may play additional roles in tumor progression; however, little is 
known about the mechanisms underlying tumorigenesis driven 
by telomere elongation-independent functions of TERT. In this 
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study, we investigated the role of a telomerase activity-deficient 
form of TERT in tumor progression and aggressiveness. 
 
MATERIALS AND METHODS 

 
Cell culture and gene transduction 
U87MG glioma cells were maintained in DMEM supplemented 
with 10% FBS, and glioma stem cells were cultured as de-
scribed previously (Jeon et al., 2008; Lee et al., 2006). Cells 
were transfected with plasmid vectors encoding a variety of 
genes using Lipofectamine 2000 (Invitrogen, USA). 
 
Neurosphere formation assay 
GIC3 glioma stem cells (Joo et al., 2008) and U87MG cells 
were cultured in a suspension (without laminin-coating) or in 
adherent (with laminin- coating, Sigma) culture conditions using 
neurobasal medium (NBE; Invitrogen) enriched with modified 
N2, 1X B27, EGF (R&D Systems), and bFGF (R&D Systems). 
For neurosphere formation, 400 cells were plated in a 24-well 
plate (1 cell/mm2) and maintained in NBE medium for 7-10 
days.  
 
Plasmids, shRNA construction, and transfection 
Cells were transfected with pCI-hTERT-Neo, pcDNA3.1-T712-
Puro, pcDNA3.1-bFGF(FL)-myc-his, pcDNA3.1-bFGF(SF)-myc-
his, and pcDNA3.1-EGFR (4 μg each) using Lipofectamine 
2000 (Invitrogen) according to the manufacturer’s instructions. 
Twenty-four hours after transfection, cells were subjected to 
drug selection for 2 weeks.  

Cells were infected with retrovirus expressing control Scram-
ble-shRNA or hTERT-shRNA cloned into the constitutive RNAi 
expression vectors pSuperRetro-Puro or pMKO-Puro, respec-
tively. The target sequences were tttcatcagcaagtttgga for hu-
man hTERT-shRNA, and agacggaggcttacagtctgg for Scramble-
shRNA. 
 
RNA and protein analysis 
Total RNA was isolated from cells using TRIzol (Gibco BRL) 
according to the manufacturer’s instructions. For semi-quan-

titative RT-PCR, 3 μg DNase I-treated RNA was converted to 
cDNA with Superscript II reverse transcriptase (Invitrogen) ac-
cording to the manufacturer’s instructions. For semi-quanti-
tative and real-time reverse transcriptase-polymerase chain 
reaction (RT-PCR), 1 μl of the RT reaction was used to amplify 
TERT, bFGF, EGFR, CD133, CD15, Nestin, GFAP, S100B, 
Tuj1, 18S rRNA, and GAPDH fragments using the correspon-
ding gene-specific primer sets (details available upon request). 
Real-time RT-PCR was conducted using the iCycler IQ (Bio-
Rad) and IQ Supermix with SYBR-Green (Bio-Rad).  

For Western blot analysis, whole cell extracts were prepared 
using RIPA lysis buffer [150 mM NaCl, 1% NP-40, 0.1% SDS, 
and 50 mM Tris (pH 7.4)] containing 1 mM β-glycerophosphate, 
2.5 mM sodium pyrophosphate, 1 mM NaF, 1 mM Na3VO4, and 
protease inhibitor (Roche). Proteins in the extracts were quanti-
tated using the Bradford assay reagent (Bio-Rad) according to 
the manufacturer’s instructions. Protein (30-100 μg) was sepa-
rated by a 4-12% gradient or 10% SDS-PAGE NuPAGE gel 
(Invitrogen) and transferred to a PVDF membrane (Millipore). 
Membranes were blocked with 5% non-fat milk and incubated 
with antibodies specific for EGFR (1005), bFGF (both from 
Santa Cruz Biotechnology), and α-tubulin (Sigma). Membranes 
were then incubated with horseradish peroxidase-conjugated 
anti-IgG secondary antibody (Pierce) and visualized with Su-
perSignal West Pico Chemiluminescent Substrate (Pierce). 
 

In vivo tumor formation assay 
Cells (2 × 106) were subcutaneously transplanted into nude 
mice (BALB/c nu/nu) and the mice were kept under observation 
for 8 weeks. All mouse experiments were approved by the 
Animal Care Committee at the College of Life Sciences and 
Biotechnology, Korea University, and were performed in accor-
dance with government and institutional guidelines and regula-
tions.  
 
Immunofluorescence and immunohistochemistry assays 
Mice harboring various U87MG-driven tumors were perfused 
with PBS and 4% paraformaldehyde. Dissected tumor tissues 
were paraffinized and sliced into 5-μm sections. Tumor sections 

Fig. 1. TERT accelerates tumorigenesis and

gives rise to heterogeneous tumors in a te-

lomerase activity-indepen-dent manner. (A)

U87MG glioma cells were ectopically trans-

duced with a telomerase activity-deficient

TERT mu-tant (TERT712), or with TERT-

specific shRNA (shTERT) to repress endoge-

nous TERT expression. Nonspecific Scram-

ble shRNA was also transduced into U87MG

glioma cells as a negative control for the

shRNA study. TERT mRNA expression was

analyzed by real-time RT-PCR. *p < 0.05. (B)

Representative photographs of tumors and

graph showing tumor volumes at 8 weeks

after subcutaneous injection of the cells de-

scribed in (A) into nude mice (n = 6). *p <

0.05. (C) Immunofluorescence analysis show-

ing the expression of markers specific for

glioma stem cells (CD133 and Nestin), astro-

cytes (GFAP), and neurons (Tuj1) in tumors

derived from U87MG-control and U87MG-

TERT712 cells. 
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were incubated with primary antibodies against EGFR, bFGF, 
Ki67 (BD Biosciences), CD133 (AC133, MACS), Nestin (Che-
micon), S100β (Sigma), Tuj1 (Chemicon), O4 (Chemicon), and 
GFAP (DAKO) and examined using optical and confocal mi-
croscopy (Zeiss). 
 
Bioinformatics expression profile analysis of patients with  
glioblastoma multiforme (GBM) 
Raw data from the REMBRANDT (Repository of Molecular 
Brain Neoplasia Data) database of the National Cancer Institute 
(https://caintegrator.nci.nih.gov/rembrandt/, National Cancer In-
stitute. 2005) were gathered and analyzed with the R Software 
Package. To minimize problems associated with high RNA 
degradation in GBM tissues, 33 datasets showing low RNA 
degradation (RNAdeg < 2.5) were chosen and normalized with 
the Robust Multiarray Averaging (RMA) method. Probe-set 
correlation was determined with Pearson Correlation Coeffici-

ent and depicted as a heatmap with Heatmap Builder 1.1 
(Heatmap development team). 
 
Statistics  
Data were analyzed using the two-tailed Student’s t-test. P < 
0.05 (*) and P < 0.01(**) were considered statistically significant. 
Data are presented as mean ± standard deviation. 
 
RESULTS AND DISCUSSION 

 
TERT accelerates tumorigenesis and gives rise to tumor  
heterogeneity independent of its enzymatic activity 
Accumulating evidence has demonstrated that TERT plays a 
crucial role in cell survival and proliferation independent of its 
telomere lengthening enzymatic activity (Cao et al., 2002; Lee 
et al., 2008; Rahman et al., 2005; Stewart et al., 2002). However, 
these telomerase activity-independent functions of TERT and 

Fig. 2. Induction of EGFR and bFGF ex-

pression by TERT in vitro and in vivo, and

correlation of TERT expression with EGFR

and bFGF expression in GBM patients. (A)

bFGF and EGFR mRNA levels in U87MG-

control, U87MG-Scramble, U87MG-shTERT

and U87MG-TERT712 cells determined by

real-time RT-PCR. *p < 0.05; **p < 0.01.

(B) bFGF and EGFR protein levels in the

cells described in (A) determined by West-

ern blot analysis. α-tubulin was used for an

equal loading control. (C) Heatmap show-

ing correlation of TERT expression with

expression of EGFR, bFGF and GAPDH

mRNA in GBM patients from the REM-

BRANDT database. The color of each

rectangle indicates the Pearson Correla-

tion Coefficient value (ρ) between probe

sets. (D) Representative plots showing

correlation of TERT levels with EGFR,

bFGF and GAPDH mRNA expression for

the data shown in (C). Each axis shows

log2 signal value of mRNA expression, and

the corresponding Pearson Correlation

Coefficient value (ρ) is indicated in each

plot. (E) Immunohistochemistry analysis

showing EGFR and bFGF protein levels

and the Ki67
+
 proliferating cell population

in tumors derived from transplantation of

U87MG-control and U87MG-TERT712

cells into nude mice. 



12 Stemness Function of TERT-EGFR Axis in GBM 

 

 

 

 

A             B 
 
 
 
 
 
 
 
 
 
 
 
 
C 
 
 
 
 
 
 
 
 
 
 
 
 
D 
 
 
 
 
 
 
 
 
 
 
 
E 
 
 
 
 
 
 
 
 
 
 
 
 
 
their role in tumor initiation and progression are not well 
characterized. Therefore, to investigate the telomere elongation- 
independent role of human TERT in tumor progression, we 
performed in vivo tumor formation assays with U87MG glioma 
cells that were transduced with a telomerase activity-deficient 
mutant of TERT (TERT-D712A, hereafter referred to as TERT712) 
(Beattie et al., 2001) or with TERT-specific shRNA (Fig. 1A). 
Repression of endogenous TERT expression by TERT-shRNA 
dramatically reduced the tumor formation ability of U87MG cells. 
In contrast, ectopic expression of TERT712 in U87MG cells 
accelerated in vivo tumor formation (Fig. 1B). These results 
indicate that the telomerase activity-independent function of 
TERT is associated with tumor progression (Cao et al., 2002; 

Lee et al., 2008; Rahman et al., 2005; Stewart et al., 2002). 
  A recent study demonstrated that TERT functions as a potent 
developmental regulator by modulating the Myc and Wnt 
signaling pathways that are pivotal drivers of stemness in many 
types of normal and cancer stem cells (Choi et al., 2008; Park 
et al., 2009). Cancer stem cells are known to give rise to tumor 
heterogeneity; therefore, we determined whether tumors derived 
from U87MG-TERT712 cells possess heterogeneous cell po-
pulations containing neural stem cells, astrocytes, and neurons. 
Notably, U87MG-driven tumors were composed primarily of 
GFAP+ astrocytic cells with a few Nestin+ and CD133+ glioma 
stem cells and rare Tuj1+ neuronal cells indicating cellular homo- 
geneity, whereas U87MG-TERT712-driven tumors appeared to 

Fig. 3. Reduction of EGFR and bFGF expression by

downregu-lation of TERT in glioma stem cells, and

correlation of EGFR expression with Nestin and Sox2

expression in GBM patients. (A) Representative pho-

tographs showing GIC3 glioma stem cells grown in

suspension neurobasal medium with bFGF and EGF

(NBE) or in differentiation culture (DC; DMEM + 10%

FBS), and normal human astrocytes (NHA) cells

grown in DC. (B) Real-time RT-PCR showing re-

duced expression levels of TERT, bFGF, and EGFR

in GIC3 cells grown in DC adherent culture, com-

pared with NBE culture. Gene expression in GIC3

cells was normalized to expression in NHA cells. *p <

0.05; **p < 0.01. (C) Immunofluorescence analysis of

cells positive for lineage-specific markers in GIC3

grown in suspension in NBE or adherent in DC cul-

tures. Nestin and CD15, glioma stem cell markers;

GFAP and S100β, astrocyte markers; O4, oligoden-

drocyte marker. Nuclei were stained with DAPI. (D)

Heatmap showing correlation of EGFR, bFGF, and

GAPDH levels with Sox2 and Nestin mRNA expres-

sion in GBM patients from the REMBRANDT data-

base. The color of each rectangle indicates the Pear-

son Correlation Coefficient value between probe sets.

(E) Representative plots showing correlation of EGFR,

bFGF, and GAPDH with Nestin (left graph) and Sox2

(right graph) for the data shown in (D). Each axis

shows log2 signal value of mRNA expression, and the

corresponding Pearson Correlation Coefficient value

is indicated in each plot. 
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consist of a mixture of CD133+, Nestin+, GFAP+, and Tuj1+ cells, 
indicative of heterogeneous tumors composed of various cell 
lineages including neural stem cells, astrocytes, and neurons 
(Fig. 1C) (Singh et al., 2004; Vescovi et al., 2006). These 
results suggest that ectopic expression of TERT allows cancer 
cells to acquire properties of stem cells and ultimately become 
cancer stem cells, resulting in tumor heterogeneity, a common 
histopathological feature of human GBMs (Singh et al., 2004). 

 
TERT induces expression of EGFR and bFGF in glioma  
cells in vitro and in vivo and expression of TERT correlates  
with expression of EGFR and bFGF in patients with GBM  
A previous study demonstrated that overexpression of wild-type 
TERT in human mammary epithelial cells results in a robust 
increase in expression of EGFR and bFGF (Singh et al., 2004). 
Moreover, EGF and bFGF signaling is sufficient to enhance 
self-renewal of glioma stem cells (Jeon et al., 2008; Lee et al., 
2006). Therefore, we examined whether expression of EGFR 
and bFGF is induced in telomerase activity deficient TERT-
overexpressing U87MG cells to address the potential mecha-
nism underlying the acquisition of stemness characteristics 
following ectopic TERT712 expression. Indeed, we found that 
both mRNA and protein levels of EGFR and bFGF (expressed 
as a 18-kDa secreted form and 34-kDa non-secreted form) 
were markedly elevated in U87MG-TERT712 cells, and signi-
ficantly diminished in U87MG-shTERT cells (Figs. 2A and 2B). 
Next, we analyzed mRNA expression patterns of EGFR, bFGF 
and TERT in patients with GBM using the REMBRANDT data-
base (National Cancer Institute, 2005) to validate a possible 

correlation in their expressions in brain malignancies, although 
this database did not discriminate expressions of wild-type and 
telomerase activity-deficient mutant TERT. TERT displayed a 
high correlation with expression of EGFR and bFGF, but not 
control GAPDH (Figs. 2C and 2D). Consistent with these 
findings, we also observed that tumors derived from mouse 
xenografts of U87MG-TERT712 cells showed higher levels of 
EGFR and bFGF expression, and possessed increased num-
bers of Ki67+ proliferating cells compared with tumors derived 
from U87MG-control cells (Fig. 2E). Our findings suggest that, 
independent of its enzymatic activity, ectopic expression of 
TERT leads to activation of EGF and bFGF signaling through 
induction of EGFR and bFGF expression, which might be 
sufficient to drive the generation of cancer stem cells and give 
rise to heterogeneous tumors.  
 
Decreased TERT expression in glioma stem cells leads to  
reduced expression of EGFR and bFGF, and promotes  
loss of glioma stem cell properties 
To further validate our findings in a more clinically relevant 
model, we used GIC3 glioma stem cells generated from a 
patient with glioma. GIC3 cells grown in a differentiation culture 
(DC) medium (DMEM + 5% FBS) appea-red to attach to the 
culture dish substrate without neurosphere formation; however, 
they were capable of forming neuros-pheres in a suspension 
NBE culture (not laminin-coated) (Fig. 3A). Expression of TERT, 
bFGF, and EGFR was lower in GIC3 cells grown in DC 
medium compared with those grown in NBE culture (Fig. 3B). 
Furthermore, in adherent culture (laminin-coated) (Pollard et al., 

Fig. 4. Loss of TERT expression in

glioma stem cells leads to reduced

expression of EGFR and bFGF and

diminished glioma stem cell prope-

rties. (A) Neurosphere formation of

U87MG-control-Scramble, U87MG-

shTERT-control, U87MG-shTERT-

EGFR, U87MG-shTERT-bFGF-SF,

and U87MG-shTERT-bFGF-FL cells

grown in NBE culture for 10 days. **p

< 0.01. (B) Neurosphere formation of

U87MG-control, U87MG-TERT, and

U87MG-TERT712 cells grown in NBE

culture medium with or without the

EGFR inhibitor AG1478. *p < 0.05;

**p < 0.01. (C) Relative gene expres-

sion levels in GIC3-shTERT and GIC3-

Scramble cells determined by real-

time RT-PCR analysis. *p < 0.05. (D)

Cell viability of GIC3-shTERT and

GIC3-scramble cells grown in the

presence of doxorubicin (1 µM) for 24

h determined by a trypan blue exclu-

sion assay. **p < 0.01. (E) Neuro-

sphere formation of glioma stem cells

(GIC1, GIC2, and GIC3) grown in a

defined culture medium supplemen-

ted with EGF or bFGF alone, or with

both EGF and bFGF. *p < 0.05; **p <

0.01. 
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2009), most of the cells grown in NBE were positive for the 
glioma stem cell markers Nestin and CD15 (SSEA-1) (Lee et al., 
2006; Pollard et al., 2009), whereas cells grown in DC medium 
appeared to differentiate into astrocytes (GFAP+ and S100β+) 
and oligodendrocytes (O4+) (Fig. 3C). Therefore, we wondered 
whether elevated expression of TERT might directly regulate 
cancer stemness through induction of EGFR and bFGF. Before 
testing this hypothesis, we first used the REMBRANDT 
database to compare expression levels of EGFR and bFGF 
with those of the two best-characterized glioma stem cell 
markers, Nestin and Sox2, in patients with GBM. As shown in 
Figs. 3D and 3E, expression levels of Nestin and Sox2 were 
highly correlated with expression levels of EGFR, but not bFGF 
or GAPDH. Although TERT expression showed a high 
correlation with expression of both EGFR and bFGF, these 
findings suggest that upregulation of EGFR, rather than bFGF, 
by TERT might be the critical factor in the regulation of self-
renewal and maintenance of glioma stem cells. 

 
Upregulation of EGFR by TERT plays a critical role in  
promoting stem cell-like features in glioma cells and  
maintaining glioma stem cell properties 
To directly address the importance of the TERT-EGFR axis in 
controlling cancer stemness properties, we used U87MG cells 
that are known to retain a subpopulation of glioma stem-like 
cells when grown in a defined culture medium supplemented 
with EGF and bFGF (Qiang et al., 2009). We first established 
several cell lines: control U87MG cells transduced with a nons-
pecific scramble shRNA (U87MG-Scr); TERT-depleted U87MG 
cells transduced with TERT-specific shRNA (U87MG-shTERT); 
and U87MG-shTERT cells transduced with EGFR, a secreted 
form of bFGF (SF), or full length bFGF (FL). Next, we conduc-
ted a neurosphere formation assay using these cell lines. As 
shown in Fig. 4A, the neurosphere formation ability of U87MG 
cells was markedly diminished by depletion of TERT, but was 
significantly recovered by ectopic expression of EGFR in U87MG- 
shTERT cells. However, ectopic expression of bFGF-SF and 
bFGF-FL in U87MG-shTERT failed to rescue the neurosphere 
forming ability. These results indicate that TERT is capable of 
regulating self-renewal of glioma stem-like cells through induc-
tion of EGFR expression. To further understand the role of the 
TERT-EGFR axis in self-renewal of glioma stem-like cells, we 
inhibited EGFR signaling in control U87MG cells and in U87MG 
cells that overexpress wild-type TERT or telomerase activity-
deficient TERT712 by treatment with an EGFR inhibitor, 
AG1478. As shown in Fig. 4B, ectopic expression of TERT and 
TERT712 in U87MG cells significantly promoted neurosphere 
formation compared with control U87MG cells. Inhibition of 
EGFR signaling by AG1478 markedly reduced neurosphere 
formation in U87MG-TERT and U87MG-TERT712 cells to a 
level similar to that of control U87MG cells (Fig. 4B).  

To determine the direct effects of TERT on the expression of 
EGFR, bFGF, and lineage-specific markers specific for glioma 
stem cells (CD133, CD15, and Nestin) and differentiation (GFAP, 
S100β, and Tuj1), as well as on anticancer drug resistance 
(one of the hallmarks of cancer stem cells) in glioma stem cells 
derived from GBM patient (Hirschmann-Jax et al., 2004; Vescovi 
et al., 2006), we transduced TERT-specific shRNA into GIC3 
cells. Depletion of TERT in these cells resulted in a significant 
decrease in expression of TERT, EGFR, bFGF, and glioma 
stem cell marker mRNAs, but a relative increase in GFAP, 
S100β, and Tuj1 mRNA levels (Fig. 4C). In addition, these cells 
displayed significantly reduced cell viability when treated with 
doxorubicin (Fig. 4D). These results indicate that persistent 
TERT expression in glioma stem cells is required to maintain 

their undifferentiated status and resistance to certain anticancer 
drugs.  

Many types of cancer stem cells, including glioma stem cells, 
preferentially retain their stemness when grown in a defined 
culture medium supplemented with EGF and bFGF (Lee et al., 
2006), indicating that EGF and bFGF signaling are crucial dri-
ving forces for maintaining stem cell character in vitro. There-
fore, we compared neurosphere formation capacity of three 
glioma stem cells derived from patients with GBM (GIC1, GIC2, 
and GIC3; Joo et al., 2008) by growing the cells in a defined 
culture medium supplemented with EGF or bFGF alone, or with 
both EGF and bFGF. As shown in Fig. 4E, EGF promoted 
neuros-phere formation in all three glioma stem cells more 
effectively than bFGF, further suggesting that upregulation of 
EGFR by TERT plays a crucial role in maintaining self-
renewing growth of glioma stem-like cells. 

In conclusion, we have delineated a functional link between 
telomere elongation-independent function of TERT and the 
acquisition of cancer stem cell properties and anticancer drug 
resistance. These findings are supported by recent data indi-
cating that most cancer stem cells require EGFR signaling to 
maintain their stemness (Lee et al., 2006; Singh et al., 2004; 
Vescovi et al., 2006), and are much more resistant to chemo-
therapy and radiotherapy than other cancer cells (Bao et al., 
2006). Further investigation of the mechanisms underlying 
TERT-driven EGFR expression will be particularly valuable in 
the development of new therapeutic agents and modalities that 
target cancer stem cells.  
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