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Background. Expression of the telomerase reverse transcriptase (TERT) might be altered by activating mutations of the rs2853669
polymorphism within the promoter region. Here we investigate the impact of these genomic alterations on telomerase activation
and dissect their prognostic potential in glioblastoma (GBM).

Methods. The respective TERT promoter region was sequenced in 126 GBM tissues and compared with clinical parameters and
glioma biomarkers MGMT promoter methylation and IDH1 mutation. TERT mRNA expression, telomerase activity, and telomere
lengths were determined by reverse transcriptase PCR, TRAP assay, and real-time PCR, respectively.

Results. Seventy-three percent of GBM patients harbored TERT promoter mutations associated with enhanced telomerase activity
and TERT mRNA expression but reduced telomere lengths (P , .001 for all). Patients with mutated tumors exhibited significantly
shorter overall survival in the entire cohort (11.5 vs 23.1 months; P , .0001) and in the primary GBM patient subgroup lacking IDH1
mutations (n¼ 120; P¼ .0084). This prognostic impact was confined to younger patients (aged ,65 years), while the negative
prognostic power of enhanced age at diagnosis was limited to those patients lacking TERT promoter mutations. Presence of the
common single nucleotide polymorphism rs2853669, disrupting an endogenous Ets2 transcription factor-binding site, was asso-
ciated with improved survival exclusively in patients with a wild-type TERT promoter. On the contrary, the shortest mean overall
survival was detected in those patients harboring both an activating TERT promoter mutation and homozygous rs2853669 alleles.

Conclusion. In summary, TERT promoter mutations are powerful prognosticators for worse course of disease in human GBM
patients but their prognostic value is influenced by the rs2853669 polymorphism and age at diagnosis.
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Human telomerase is a ribonucleoprotein enzyme complex
that requires a catalytic component (ie, the telomerase reverse
transcriptase [TERT]) and an RNA template for elongation of
telomeres by adding hexameric 5′-TTAGGG-3′ tandem repeats
at chromosomal ends.1,2 In normal somatic cells, with the ex-
ception of stem and germ cells, the length of telomeres short-
ens at each cycle of cell division.3,4 When the chromosome

ends reach a critical length, cells are directed towards senes-
cence and apoptosis.5 However, the majority of malignant
tumors, including glioblastoma (GBM), are able to escape
from telomere shortening by reactivation of telomerase allow-
ing indefinite proliferation and cell immortalization.6 – 9 The reg-
ulatory mechanisms behind telomerase reactivation in cancer
cells are complex and multifaceted,10 and expression of the
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TERT mRNA is regulated at the epigenetic level as well as tran-
scriptionally by a magnitude of transcription factors including
E-twenty-six/ternary complex transcription factors (Ets/TCF),
c-myc, Mad1, AP1, Sp1, Sp3, and CTCF.11,12

GBM represents the most aggressive form of brain tumor
with a poor median survival time of about 15 months,13 and
reliable prognostic and predictive biomarkers are still scarce.14

Currently, only promoter methylation of the O6-methylguanine
DNA methyltransferase (MGMT) repair gene predicts enhanced
therapy response to the alkylating agent temozolomide,13,15,16

especially in elderly patients.17 Additionally, IDH1 or IDH2 mu-
tations, characteristics of low-grade astrocytoma and conse-
quently secondary GBM, depict validated markers associated
with a better survival for GBM patients.18 In accordance with
other groups, we have recently revealed that several markers
of telomerase reactivation are clearly connected with short pa-
tient survival, which suggests that this telomere maintenance
mechanism is a negative prognostic biomarker in GBM.19 – 22

This correlation, however, was strongly dependent on patient
age at diagnosis in our GBM cohort, meaning that the better
prognosis of telomerase-negative tumors was solely confined
to the subgroup aged ,60 years at diagnosis.20

Interestingly, recent whole genome-sequencing data from
human melanoma samples revealed 2 cytosine-to-thymine
transition mutations in the promoter of the TERT gene (C228T
and C250T) that correspond to the positions 2124 bp and
2146 bp upstream of the start codon, respectively.23,24 Both
of these point-mutations generate a novel binding site for
Ets/TCF transcription factors, which are known to play an im-
portant role in maintenance of TERT gene expression.12 Consec-
utive analyses also uncovered high frequencies of TERT
promoter mutations in other tumor types8,25,26 including astro-
cytic brain tumors.8,27 – 34 With respect to primary and second-
ary GBM, these studies delivered contradictory results about the
impact of activating TERT promoter mutations on patient prog-
nosis.8,27 – 33 This suggests the existence of interacting factors
like the rs2853669 TERT promoter polymorphic variant within
an endogenous Ets2 transcription factor binding site,35 which
has been associated with reduced telomerase reactivation in
human lung cancer.36 Two studies have recently analyzed the
interaction of this polymorphism with activating TERT promoter
mutations in GBM, again with conflicting outcome regarding
patient prognosis.30,31 Consequently, in the present study we
investigated the impact of TERT promoter mutations on telo-
merase reactivation in an extended GBM patient cohort. More-
over, we dissected the interaction with the TERT promoter
polymorphism rs2853669. The potential quality of these
telomerase-associated parameters as prognostic markers and
their impact on known factors influencing GBM patient survival
including patient age at diagnosis are elaborated.

Material and Methods

Glioblastoma Tumor Samples

Out of a collection of GBM specimens derived from a consecu-
tive series of patients operated at the Wagner-Jauregg Hospital
in Linz, Austria, between 1998 and 2013, sufficient high-quality
snap-frozen tumor tissue was available from 126 cases. The
cohort consisted of 118 primary GBMs, one giant cell GBM,

one gliosarcoma, and 6 IDH1-mutated tumors defined as sec-
ondary GBM.37 Out of the latter cases, 3 developed from a clin-
ically proven low-grade astrocytoma precursor lesion. With
respect to therapy, all patients underwent surgical tumor re-
section. Forty-four patients (35%) had gross total resection,
78 (62%) had a partial resection, and 4 patients (3%) had an
extended biopsy. Subsequent to surgery, 8 patients received
radiotherapy only. Systemic treatments conformed to the
guidelines at the time of surgery: 16 patients were treated
with chemotherapy subsequent to radiotherapy before 2005,
while afterwards 69 patients were treated with combined
radio-chemotherapy with temozolomide according to Stupp
et al.38 MGMT promoter methylation was determined by
methylation-specific PCR (MSP) as published.39 For unmethy-
lated copies, an 81 bp product (primers: forward 5′-TTTGT
GTTTTGATGTTTGTAGGTTTTTGT-3′; reverse 5′-AACTCCACACTC
TTCCAAAAACA AAACA-3′) and for methylated sequences a
93 bp product (forward 5′-TTTCGACGTTCGTAGGTTTTCGC-3′;
reverse 5′-GCACTCTTCCGAAAACGAAACG-3′) were amplified.
IDH1 mutation status was determined by Sanger sequencing
as published.20 Tumor tissue and clinical information were
obtained with written informed consent, and the study was
approved by the local ethics committee.

Telomere-associated Parameters

Analyses of telomerase activity, TERT mRNA expression, and
telomere lengths were performed as recently published.20

Briefly, telomerase activity was investigated using the TRAPeze
Telomerase Detection Kit (Chemicon International Inc), and
TERT mRNA expression was determined by a semiquantitative
RT-PCR approach with GAPDH serving as housekeeping gene.
The telomere lengths were measured by a quantitative PCR ap-
proach. DNA from the osteosarcoma cell lines SA-OS and
U2-OS, both positive for the alternative lengthening of telomere
(ALT) mechanism, were used as long telomere controls. U2-OS
telomeres were 10.7-fold longer compared with those from
SA-OS cells. Telomere lengths of all GBM samples were
distinctly shorter compared with U2-OS but up to 3-fold longer
when compared with SA-OS cells. Consequently, data for
telomere lengths are given in relation to the SA-OS cells set
arbitrarily as 1.

DNA Extraction and TERT Promoter Mutation Analysis

The TERT promoter region of interest containing C228T,
C250T,23,24 and C229A8 mutation sites, as well as the single
nucleotide polymorphism (SNP) rs2853669 (-245 T.C), was
amplified using 25 ng genomic DNA, HotStar Taq Mastermix
Kit (Qiagen), the additive Q-solution (Qiagen), and primers S
5′-AGTGGATTCGCGGGCACAGA-3′ and AS 5′-CAGCGCTGCCTG
AAACTC-3′, resulting in a 235 bp PCR product. Quality confirma-
tion was performed by polyacrylamid gelelectrophoresis,
followed by PCR cleanup using Illustra ExoProStar 1-Step Kit
(GE Healthcare Life Sciences). PCR products were sequenced
using BigDye Terminator v1.1 Cycle Sequencing Kit (Applied
Biosystems) and a 3130 Genetic Analyzer (Applied Biosystems)
following standard procedures. All samples were checked in for-
ward and reverse directions, and SeqScape (R) software3 v3.0
(Applied Biosystems) was utilized for mutation analysis and
fragment assembly.
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Statistical Analysis

Associations of TERT promoter mutation as well as rs2853669
SNP status and clinicopathological parameters were estab-
lished by Fisher’s exact test. Overall survival was defined as
the period between the time of surgery and death. Living pa-
tients were censored with the date of their last follow-up. Sur-
vival probabilities were estimated using the Kaplan-Meier
method, and survival rates were compared using the log-rank
test. To determine the effects of covariates on patient survival,
univariate Cox proportional hazard regression models were
used. For multivariate survival analyses, the Cox regression
models were adjusted for age (dichotomized by mean, 65
years at diagnosis), sex (female or male), KPS (dichotomized
by mean, 80%), therapy (surgery vs surgery plus any therapy),
IDH1 mutation status, and the corresponding telomerase-
associated parameters. P values were always given as 2 sided
and were considered statistically significant , .05. With respect
to multiple testing, q values according to Storey et al40 were
calculated. A q value , .05 was considered to be statistically sig-
nificant. All analyses were performed using PASW Statistics 18.0
package (Predictive Analytics Software, SPSS Inc).

Results

Activating Mutations and the rs2853669 Polymorphism
Within the TERT Promoter of Glioblastoma Patients

A total of 126 surgical specimens from patients with GBM were
included in the study. Frequency of the TERT promoter mutations
(C228T, C229A, and C250T) and the allelic variant rs2853669
were compared with patient characteristics (Table 1). In total,
we identified 92 mutations (73%) in the TERT promoter region
with 66 (72%) harboring the C228T, 26 (28%) harboring the
C250T, and none with the C229A mutation. Thirty-four (27%)
samples harbored none of the investigated TERT promoter mu-
tations, and concurrent mutations at more than one position did
not occur. Regarding the respective rs2853669 SNP, 59 patients
(47%) were noncarriers (TT), whereas out of the 67 (53%) carri-
ers, 12 harbored the homozygous (CC) and 55 the heterozygous
(CT) variant allele genotype. No significant association between
mutation and polymorphism status was found (Table 1). The
mutated genotype tended to be more prevalent in patients
aged ≥65 years and was significantly associated with worse
performance status. Regarding GBM biomarkers, no association
between TERT promoter mutation and MGMT promoter methyl-
ation status was observed, while IDH1 mutations (n¼ 6) were
mutually exclusive with TERT promoter mutations. None of the
clinical parameters and GBM biomarkers were associated with
the rs2853669 polymorphism status.

Telomerase Activity and TERT Gene Expression Are
Significantly Upregulated in Glioblastoma Harboring TERT
Promoter Mutations

A significant impact of the TERT promoter, but not the rs2853669
polymorphism status, was observed in all investigated telomere
parameters (TERT mRNA expression, telomerase activity, and
telomere lengths) (Table 1). Accordingly, telomerase activity
and TERT mRNA expression levels were significantly higher in

the GBM subgoup with mutated as compared to the one with
wild-type TERT promoter (unpaired t test; both P , .001)
(Fig. 1A and B; left panels). Telomere lengths of mutant GBM
specimens were significantly shorter (unpaired t test; P , .001)
(Fig. 1C, left panel). This corresponds well to the fact that
telomerase-positive tumors generally harbor short and uniform
telomeres.41 None of these telomere parameters showed an as-
sociation with the investigated TERT promoter polymorphism
(Supplementary material, Fig. S1). However, subgrouping of
mutant and wild-type patient cohorts, according to the polymor-
phism, revealed an interesting trend: while rs2853669 carriers
with a wild-type TERT promoter exhibited characteristics of
reduced telomerase activation compared with SNP noncarriers
(reduced telomerase activity and TERT expression, longer telo-
meres), the trend in the mutated TERT promoter background
was opposite (Fig. 1A–C; right panels).

TERT Promoter Mutations Predict Poor Glioblastoma
Patient Survival: Impact of the rs2853669 Promoter
Polymorphism

Kaplan-Meier estimates revealed a borderline significantly re-
duced progression-free survival (HR, 0.575; 95% CI, 0.33–1.0;
8.0 vs 12.0 months; P , .051) but a distinctly shorter overall
survival (HR, 0.4684; 95% CI, 0.32–0.69; 11.5 vs 23.1 months;
P , .0001; Fig. 2A) of GBM patients harboring a TERT promoter
mutation. This difference remained significant after exclusion
of the 6 patients harboring IDH1 mutations indicative for sec-
ondary GBM (11.5 vs 21.0 months; P¼ .0084). With regard to
C250T and C228T mutations, no difference in overall survival
was observed (Supplementary material, Fig. S2A). Carriers and
noncarriers of the rs2853669 polymorphism displayed compa-
rable progression-free survival (data not shown) and overall
survival curves (Fig. 2B). Surprisingly, however, homozygous
carriers (CC) showed significantly worse prognosis compared
with heterozygous carriers (CT) and noncarriers (TT) (Supple-
mentary material, Fig. S2B). Stratification of TERT promoter
wild-type and mutant patients according to presence of the
polymorphic rs2853669 allele is shown in Fig. 2C (statistical
evaluation in Supplementary material, Table S1). Polymorphism
carriers with a wild-type promoter were characterized by en-
hanced survival. In contrast, in the mutant background,
which is generally associated with dismal prognosis, polymor-
phism carriers even tended towards extremely short overall
survival (n¼ 52; median survival 8.5 months). Conversely, pro-
moter mutations were strongly prognostic in the SNP carrier
subgroup but did not reach significance in noncarriers of an
rs2853669 allele (Supplementary material, Fig. S2C). When
the group of carriers was divided into homozygous and hetero-
zygous patients, an unexpected difference appeared: while het-
erozygous carriers had a better prognosis in the TERT promoter
wild-type (P¼ .05) but not mutant background, the homozy-
gous subgroup exhibited the shortest survival in both cohorts
(Supplementary material, Fig. S2D).

Impact of TERT Promoter Mutations on Glioblastoma
Patient Survival: Crucial Impact of Patient Age

In accordance with the Kaplan Meier estimates, univariate Cox
regression analyses demonstrated a significant impact of the
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TERT promoter mutation but not the rs2853669 status on GBM
patient survival. Additionally, younger age at diagnosis, better
performance status, and eligibility for systemic treatment op-
tions predicted favorable overall survival (Supplementary mate-
rial, Table S2). MGMT promoter methylation was significantly
prognostic for enhanced progression-free survival (HR, 0.378;
95% CI, 0.200–0.716; P¼ .0028) but not overall survival. To
clarify whether TERT promoter mutation and SNP status have
an independent prognostic quality, multivariate Cox-regression
analyses were performed (Table 2). Both TERT promoter muta-
tion and presence of rs2853669 SNP allele had independent
prognostic power, as did eligibility for postsurgical treatment
options. However, an interaction term between the 2 TERT

promoter status parameters also turned out to be highly signif-
icant in the multivariate regression model, indicating both inde-
pendent and dependent impacts on GBM patient survival.
Surprisingly, patient age at diagnosis (dichotomized by
mean), which represents a well-known prognostic factor in
GBM, had no prognostic quality in this multivariate setting
(Table 2) despite a strong impact in Kaplan-Meier survival anal-
yses and univariate regression modeling (Fig. 2D; Supplemen-
tary material, Table S2). Thus, we hypothesized that the TERT
promoter parameters might be associated with patient age.
Indeed both TERT promoter mutation and rs2853669 SNP al-
lele positivity exhibited a significant relation (interaction term)
with patient age in the multivariate Cox-regression analysis

Table 1. Characteristics of glioblastoma patients according to TERT promoter mutation and single nucleotide polymorphism rs2853669 allelic
variant status

Characteristic n Patients TERT Promoter SNP
(%) Wild-type Mutated P Noncarrier Carrier P

All patients 126 (100) 34 (27) 92 (73) 59 (47) 67 (53)
Age at diagnosis (years)

,65 61 (48) 21 (34) 40 (66) 29 (48) 32 (52)
≥65 65 (52) 13 (20) 52 (80) .0747 30 (46) 35 (54) .99

Sex
Female 41 (33) 13 (32) 28 (68) 18 (44) 23 (56)
Male 85 (67) 21 (25) 64 (75) 0.528 41 (48) 44 (52) .705

Karnofsky performance status
,80% 47 (37) 6 (13) 41 (87) 23 (49) 24 (51)
≥80% 79 (63) 28 (35) 51 (65) .0066a 36 (46) 43 (54) .854

Therapy
Surgery +any therapy 94 (75) 29 (31) 65 (69) 43 (46) 51 (54)
Surgery alone 32 (25) 5 (16) 27 (84) .1104 16 (50) 16 (50) .6876

MGMT promoter status
Methylated 81 (64) 23 (28) 58 (72) 39 (48) 42 (52)
Unmethylated 45 (36) 11 (24) 34 (76) .6803 20 (44) 25 (56) .7133

IDH1
Mutated 6 (5) 6 (100) 0 (0) 3 (50) 3 (50)
Wild-type 120 (95) 28 (23) 92 (77) .0003a 56 (47) 64 (53) .99

TERT mRNA expressionb

Positive 84 (67) 10 (12) 74 (88) 36 (43) 48 (57)
Negative 42 (33) 24 (57) 18 (43) <.0001a 23 (55) 19 (45) .2566

Telomerase activity
Positive 82 (65) 9 (11) 73 (89) 37 (45) 45 (55)
Negative 44 (35) 25 (57) 19 (43) <.0001a 22 (50) 22 (50) .7084

Telomere lengthc

.1 38 (30) 16 (42) 22 (58) 19 (50) 19 (50)
,1 88 (70) 18 (20) 70 (80) .0163a 40 (45) 48 (55) .6993

TERT promoter
Wt 34 (27) 19 (56) 15 (44)
Mut 92 (73) 40 (44) 52 (56) .2337

SNP
Noncarrier (TT) 59 (47) 19 (32) 40 (68)
Carrier (TC + CC) 67 (53) 15 (22) 52 (78) 0.2337

Abbreviation: SNP, single nucleotide polymorphism
aSignificant at P , .05 by Fisher’s exact test.
bDetermined at 30 RT-PCR cycles.
cThe ALT-positive osteosarcoma cell line SA-OS was used as positive control, set as 1.

Spiegl-Kreinecker et al.: Genomic TERT promoter alterations in glioblastoma

1234

D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/article/17/9/1231/1359797 by guest on 24 April 2024

http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nov010/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nov010/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nov010/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nov010/-/DC1


(Table 2). Inclusion of the TERT promoter mutation—but not the
rs2853669 SNP status—weakened the prognostic power of pa-
tient age at diagnosis when included as a metric variable (data
not shown). Accordingly, the prognostic quality of the TERT pro-
moter mutation was confined to the patient subgroup aged
,65 years (Fig. 2E) and was absent in the older patient cohort

(Fig. 2F). Consequently, we analyzed the dependence of the
investigated telomere-associated parameters according to
the TERT promoter genotype status in the age subgroups
(,65y/≥65y, mean age at diagnosis) (Fig. 3). (i) Differences in
telomerase activity did not reach significance (Fig 3A); (ii) tu-
mors in older patients contained distinctly higher TERT mRNA

Fig. 1. Impact of TERT promoter mutation and SNP rs2853669 allelic variant status on telomere-associated parameters in human glioblastoma
(GBM). (A) Telomerase activity was determined by TRAP assay (results expressed as total product generated units¼ TPG), (B) TERT mRNA expression
levels by semiquantitative reverse transcriptase PCR (relative to GAPDH mRNA), and (C) telomere lengths by real-time PCR (relative to ALT-positive
SA-OS cells) in the GBM subgroups without (wt) or with (mut) TERT promoter mutations (left panels). In the respective right panels (A-C), the data
are additionally segregated according to the presence of allelic variant (rs2853669) as noncarrier (TT) and carrier (CT or CC). Headings and patient
numbers (N) on top apply to panels (A–C). In all cases TERT promoter wild-type subgroups are distinguished by white boxes, mutated by grey
boxes, and rs2853669 carriers by hatched boxes. Statistical analyses were performed by Student t test, and P values are indicated; q values for
multiple testing are 0.023 for all left panels.
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levels, especially in cases of the promoter wild-type and SNP
carrier subgroups (Fig. 3B, left and right panels); and (iii) re-
duced telomere lengths were only observed in the aged patient
subgroup lacking promoter mutations (Fig. 3C, left panel) or
carrying the variant SNP (Fig. 3C, right panel).

Discussion

Activating mutations in the promoter sequence of the TERT
gene have been described as one of the most abundant geno-
mic alterations in human GBM, with frequencies ranging from

Fig. 2. Impact of TERT promoter genotype and age at diagnosis on GBM patient overall survival. (A, B) Kaplan-Meier survival curves for patient
subgroups according to TERT promoter wild-type (wt) and mutant (mut) (A) and allelic variants (rs2853669 carrier and noncarrier) (B) are
shown for the entire patient cohort (n¼ 126). (C) Survival curves for the 4 patient subgroups with both promoter genotype variations depicted
as indicated. (D) Prognostic impact of mean age at diagnosis (,65y/≥65y) was analyzed for the entire GBM patient cohort. (E and F) The
impact of the TERT promoter mutation status on patient survival was analyzed in age-stratified patient subgroups as indicated. In all cases,
TERT promoter wild-type subgroups are distinguished by black, mutated by grey, noncarriers by solid, and carriers by dashed lines. OS, overall
survival. P values are indicated, and q values for multiple testing are 0.023 for panels (A, D, and E). For panel (C) P and q values are given in
Supplementary material, Table S1.
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54% to 84%.8,25,27 – 34,42 Accordingly, in our GBM cohort we
found that 92 of 126 (73%) cases harbored either the C228T
or the C250T mutation in the TERT promoter of the malignant
cells. Presence of these mutations correlated with enhanced
TERT mRNA expression. Comparable data in GBM have been re-
ported about TERT gene expression on mRNA27,30,42 and protein
levels.25 In addition, we show here for the first time in GBM that
activating mutations in the TERT promoter sequence indeed
result in enhanced telomerase activity and correspond to short-
ened telomeres. Critically short telomeres are characteristic
for tumor cells immortalized via telomerase activation.41 Cor-
roboratively, respective luciferase reporter constructs proved
higher activity of mutant compared with wild-type promoter
sequences.23,43

Prior to the discovery of activating TERT promoter muta-
tions,23,24 we have reported (in accordance with other
groups19,21) a negative prognostic effect of telomerase activa-
tion on GBM patient survival.20 In an extended GBM patient
cohort, we have demonstrated that the presence of TERT pro-
moter mutations correlates with both significantly higher
telomerase activity and worse prognosis. Together, these
data suggest a central role of TERT promoter mutations in the
reactivation of telomerase activity in GBM development and ag-
gressiveness. Comparable to our observations, a negative prog-
nostic value for TERT promoter mutations in the overall survival
of glioma patients has been reported previously.8,28,29,31 – 33,43

In our patient cohort, activating TERT promoter mutations
were not found in 6 patients harboring IDH1 mutations typical
for secondary GBM.18 This corresponds to previous reports on
the near exclusiveness of these genomic alterations in case of
GBM in contrast to the wide coappearance in oligodendro-
glioma.8,27 – 29,31,34 Moreover, the strong survival benefit for pa-
tients lacking TERT promoter mutations remained significant
(P¼ .0085) after exclusion of the 6 IDH1-mutated GBM pa-
tients. Accordingly, worse prognosis for TERT promoter-mutant
patients was significant for the subgroup of primary GBM in
2 recently published reports.31,32 This suggests that TERT

promoter mutations represent a prognostic marker indepen-
dent of the IDH1 mutation status, which confirms our multivar-
iate Cox analysis. Nevertheless, this prognostic impact seems to
be influenced by multiple tissue-specific and clinicopathologi-
cal parameters. Thus, in the report by Labussière et al,32

the prognostic effect of TERT promoter mutations was limited
to patients with a nonamplified EGFR. Simon et al31 found
no prognostic impact for TERT promoter mutations in the
temozolomide-treated subgroup, while it remained highly
significant for patients treated according to the Stupp scheme
in our study38 (data not shown).

In multiple studies, the TERT promoter mutation frequency
increased with patient age at diagnosis25,29,31,32,34,43 and
corresponded with enhanced TERT expression and telomerase
activity.19,20,44 This might at least in part explain the significant
association of TERT promoter mutation (but not the rs2853669
SNP status) with low KPS in our study. Accordingly, we previous-
ly found a strong interaction between patient age at diagnosis
and telomerase activity for GBM patient survival.20 Comparable
data were now observed with respect to the TERT promoter mu-
tation status. The best prognosis by far was found in younger
patients (aged ,65 years at diagnosis) with wild-type promoter
status, while this association was missing in the older patient
subgroup. Conversely, the age-related survival difference
in patients without mutations was markedly more distinct
compared with those harboring promoter mutations. Accord-
ingly, Labussière et al32 found a reduced prognostic impact of
the TERT promoter mutation status with increased GBM patient
age at diagnosis. While an elevated expression of TERT mRNA
was generally connected to enhanced age at diagnosis, clear-
cut significance was only reached in a nonmutant background
in our patient cohort. Accordingly, only in patients with wild-
type promoter status did telomeres shorten significantly with
increased patient age. This points towards existence of other
age-related molecular mechanisms for telomerase activation
than promoter mutations (eg, promoter and gene body hypo-
methylation) or yet unknown factors.45 In our patient cohort,

Table 2. Multivariate Cox proportional hazards modeling

TERT Promoter Mutation SNP Mutation & SNP

HR 95% CI P HR 95% CI P HR 95% CI P

Variable without interaction term
Age at diagnosis ≥,65 years 0.760 0.480–1.202 .240 0.70 0.443–1.104 .125 0.787 0.497–1.247 .308
KPS ,≥80% 1.591 0.926–2.732 .093 1.834 1.082–3.110 .024a 1.597 0.927–2.752 .092
Therapy (surgery vs surgery +any therapy) 4.225 2.325–7.788 .001a 5.064 2.697–9.511 .001a 5.249 2.772–9.939 .001a

TERT promoter mutation (wt vs mut) 1.683 1.048–2.703 .031a 1.692 1.046–2.736 .032a

SNP (TT vs CT +CC) 0.649 0.435–0.967 0.034a 0.651 0.436–0.970 .035a

Variable with interaction term
TERT promoter mutation×age .005a

SNP×age .040a

TERT promoter mutation×SNP .012a

Abbreviations: CI, confidence interval; HR, hazard ratio; SNP, single nucleotide polymorphism.
aSignificant at P , .05 by multivariate Cox regression.
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DNA copy number gains at the TERT gene locus at chromosome
5p15.33 were prevalent in tumors lacking promoter mutations,
suggesting gene amplification as a possible mechanism for tel-
omerase activation (manuscript in preparation). Longer telo-
meres in younger patients might also be explained by the

prevalence of ALT-mediated telomere stabilization in this pa-
tient subgroup.20 – 22

Another factor that might facilitate telomerase activation,
and thus malignant transformation, are polymorphic variants
at the TERT gene locus both within the gene body and the

Fig. 3. Association between telomere-associated parameters and TERT promoter genotype alterations according to GBM patient age at diagnosis.
(A) Telomerase activity, (B) TERT mRNA expression, and (C) telomere lengths in the indicated age cohorts (,65y/≥65y) were analyzed as
published20 and segregated according to the TERT promoter mutation status (wt vs mut, left panels) or presence of the allelic rs2853669
variant (noncarrier vs carrier, right panels). Headings and patient numbers (N) on top apply to panels (A–C). In all cases, TERT promoter
wild-type subgroups are distinguished by white boxes, mutated by grey boxes, and rs2853669 carriers by hatched boxes. Statistical analyses
were performed by Student t test, and P values and q values for multiple testing are indicated.
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promoter region.46 One of these SNPs, the rs2853669 (-245
T.C), disrupts an Ets2 factor-binding site and leads to reduced
telomerase activity and enhanced telomere lengths in a CC
compared with the TT homozygous lung cancer subgroup.36

Accordingly, the rs2853669 polymorphism reduced activity of
TERT promoter luciferase constructs with wild-type and the
C228T mutated sequence.35 In contrast to 2 other polymor-
phisms mapped to intron 2 of the TERT gene (rs2736100,
rs2853676), no altered glioma susceptibility has been reported
for rs2853669 thus far.47,48 Our data also revealed neither an
altered frequency of the allelic rs2853669 variant in GBM pa-
tients compared with the healthy population49 nor an influence
on telomerase activity, TERT expression, and telomere lengths
in the entire GBM cohort analyzed. This might be explained by
a dominant impact of activating TERT promoter mutations
overruling the regulatory influence of the SNP in cases of
GBM. Indeed, it was suggested that the presence of the poly-
morphism in GBM reduced TERT mRNA expression selectively
in a TERT promoter mutant but not a wild-type background.30,33

In our study, a clear-cut trend was observed for reduced telo-
merase activity, TERT expression, and longer telomeres in the
rs2853669 carriers (CC, CT) lacking TERT promoter mutations.
Surprisingly, an opposite trend was found in mutation-positive
tumors exhibiting enhanced telomerase activation and re-
duced telomere lengths in SNP carriers compared with noncar-
riers. The reason for this unexpected discrepancy is enigmatic
but also reflected by the overall survival data for these patient
subgroups. While rs2853669 carriers lived distinctly longer in
the subgroup with wild-type TERT promoter (median survival,
43.5 vs 20.4 months) as expected, carriers with a mutated
TERT promoter status had shorter survivals compared with non-
carriers (8.1 vs 12.7 months). Interestingly, the presence of the
CC homozygous SNP resulted in a worse prognosis regardless of
the TERT promoter mutation status. However, it has to be kept
in mind that the cohort included only 2 homozygous SNP carri-
ers with wild-type TERT promoter sequence, weakening the sig-
nificance of this observation. In the study of Simon et al,31 the
prognostic impact of TERT promoter mutations in GBM was
solely confined to the rs2853669 SNP noncarrier cohort, while
Park et al30 did not find any prognostic impact of the SNP. With
regard to bladder cancer, presence of the SNP was beneficial in
mutant and detrimental in a wild-type TERT promoter back-
ground.35 Taken together, these data suggest a complex inter-
action between the rs2853669 polymorphism and TERT
promoter mutation status in different malignancies and patient
collectives. The underlying molecular mechanisms need to be
addressed in further investigations.

In summary, activating mutations in the TERT promoter are
significantly associated with worse prognosis for GBM patients.
This effect is not only based on the low mutation prevalence in
secondary GBM characterized by favorable patient survival but
might also reflect higher aggressiveness of tumor cells harbor-
ing TERT promoter mutations.
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