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Abstract Squamous cell carcinoma (SCC) of the uterine cer-
vix and oral cavity are most common cancers in India.
Telomerase reverse transcriptase (TERT) overexpression is
one of the hallmarks for cancer, and activation through pro-
moter mutation C228T and C250T has been reported in vari-
ety of tumors and often shown to be associated with aggres-
sive tumors. In the present study, we analyzed these two hot
spot mutations in 181 primary tumors of the uterine cervix and
oral cavity by direct DNA sequencing and correlated with
patient’s clinicopathological characteristics. We found rela-
tively high frequency of TERT hot spot mutations in both
cervical [21.4 % (30/140)] and oral [31.7 % (13/41)] squa-
mous cell carcinomas. In cervical cancer, TERT promoter mu-
tations were more prevalent (25 %) in human papilloma virus
(HPV)-negative cases compared to HPV-positive cases

(20.6 %), and both TERT promoter mutation and HPV infec-
tion were more commonly observed in advanced stage tumors
(77 %). Similarly, the poor and moderately differentiated tu-
mors of the uterine cervix had both the TERT hot spot muta-
tions and HPV (16 and 18) at higher frequency (95.7 %).
Interestingly, we observed eight homozygous mutations (six
228TT and two 250TT) only in cervical tumors, and all of
them were found to be positive for high-risk HPV. To the best
of our knowledge, this is the first study from India reporting
high prevalence of TERT promoter mutations in primary tu-
mors of the uterine cervix and oral cavity. Our results suggest
that TERT reactivation through promoter mutation either alone
or in association with the HPVoncogenes (E6 and E7) could
play an important role in the carcinogenesis of cervical and
oral cancers.
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Introduction

Cervical cancer is the second most common cancer affecting
women worldwide, with an estimated 528,000 cases in 2012
[1]. Almost 70% of the global burden falls in areas with lower
socioeconomic status, and more than one fifth of all new cases
are diagnosed in India [2], where cervical cancer is the prima-
ry cause of cancer-related death among women. HPV infec-
tion is considered to be a major risk factor for the development
of cervical cancer, and the presence of high-risk HPV 16 and
18 DNA has been found in almost all cases of invasive cervi-
cal cancer [3]. Oral squamous cell carcinoma (OSCC) of the
head and neck is the sixth most common cancer in the world
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[4], and in India, it ranks first among all cancers inmen [4] and
fifth in women [5]. The usage of smokeless tobacco products
and chewing of betel leaf together with areca nut and slaked
lime, a traditional and popular practice in India [6], is consid-
ered to contribute to half of the burden of oral cancer [7]. HPV
infection is also an established risk factor for oral cavity can-
cer, with tobacco smoking and alcohol consumption having
synergistic effects. Given the burden of these cancer types in
India, it is essential to understand the various mechanisms
underlying the tumorigenesis of cervical and oral cancers.

The upregulation of telomerase reverse transcriptase
(TERT), a catalytic component of eukaryotic ribonucleopro-
tein complex that maintains telomere length [8], has been
found in almost all tumors but not in adjacent normal cells
[9, 10]. Although mutations in the coding region of TERT
gene are infrequent in human tumors, germ line and somatic
mutations in TERT promoter region were found to be frequent
in a variety of tumors and cancer cell lines [11, 12]. Such
mutations occurred in two hot spot positions, 1,295,228
C>T (C228T) and 1,295,250 C>T (C250T). These two hot
spot mutations alter the −124 and −146-bp sequence upstream
of translation start site of TERT and creates a new binding site
for ETS transcription factor resulting in enhanced (two to
fourfold) transcriptional activity of TERT promoter [11, 12].
Recently, Killela et al. (2013) studied 1230 tumors of 60 dif-
ferent types and reported that human cancer types including
oral and cervical cancers had low (<15 %) frequency of TERT
promoter mutations while others had relatively high (≥15 %).
In view of the above findings, we investigated the frequency
of these two hot spot TERT promoter mutations in cervical and
oral SCCs of south Indian origin.

Materials and methods

Sample collection and DNA extraction

The Institutional Ethics Committee, Government Arignar
Anna Memorial Cancer Hospital, Kancheepuram (No.
101041/e1/2009-2), and Madras Medical College, Chennai
(No. 04092010), approved the present study. Cervical and oral
cancer samples were collected following the Institutional
Ethical Committee (IEC) guidelines and informed consent
was obtained from each patient, after explaining about the
research study. For the illiterate patients, the study was verbal-
ly explained and consent was obtained with their thumb im-
pression. Tumor samples were collected from Government
Royapettah Hospital, Institute of Social Obstetrics and
Government Kasturba Gandhi Hospital for Women and
Children in Chennai and Arignar Anna Memorial Cancer
Hospital and Research Institute, Kancheepuram. Genomic
DNA from a tissue sample was isolated by the conventional
Proteinase K digestion and Phenol:Chloroform:Isoamyl

alcohol (PCI) extraction method. The DNA samples were dis-
solved in 1× TE buffer and quantified using NanoDrop2000
UV-Vis spectrophotometer (Thermo Scientific, USA). The in-
tegrity of DNA was verified by 0.7 % agarose gel
electrophoresis.

PCR amplification and sequencing of TERT gene
promoter

A total of 181 SCC tumor DNA samples (140 uterine cervix
and 41 oral cavity) were PCR amplified using the TERT gene
p romo t e r - sp ec i f i c p r ime r s TERT Fw: 5 ′ -M13-
GGCCGATTCGACCTCTCTC-3′ and TERT Rw: 5′-
CAGCGCTGCCTGAAACTCG-3′ (where M13 in the
TERT Fw is the universal sequencing primer 5 ′-
tgtaaaacgacggccagt-3′). Polymerase chain reaction (PCR)
was performed in a total of 60-μL volume containing
200 ng of genomic DNA, 1X PCR buffer, 1.5 mM MgCl2,
100 μM dNTP (Takara, Japan), 2.5 units of AmpliTaq Gold
(Applied Biosystems Inc., USA), 200 nM primers (Sigma,
India), and 6 % 1,2-propanediol as an enhancer for amplifying
GC-rich sequence [13]. Thermal cycling conditions for PCR
were 5 min at 95 °C once followed by 30 s at 95 °C, 45 s at
60 °C, and 45 s at 72 °C for 10 cycles and 30 cycles of 30 s at
95 °C, 45 s at 60 °C and 30 s (with a 5-s increase in each cycle)
at 72 °C and final extension for 7 min at 72 °C. The PCR
products (378 bp) were electrophoresed in 2 % agarose gel
and purified by QIAquick PCR purification kit (Qiagen,
USA). The amplicons were then subjected to Sanger sequenc-
ing (Macrogen Inc., Seoul, South Korea).

Screening for high-risk HPV 16 and HPV 18 by real time
PCR

HPV 16 and HPV 18 E6-specific primers and FAM-labeled
MGB probes (Table 1) were custom designed and purchased
from Invitrogen (USA). The β-globin gene served as an inter-
nal control. No template negative control was also included in
all the reaction plates. The reaction mixture (10 μL) consisted
of 20 ng of tissue DNA, 5 μL of 2X master mix (Roche,
USA), 900 nM of each primer, and 250 nM of probe. A sep-
arate reaction was set up for HPV 16 and HPV 18 amplifica-
tion, and polymerase chain reaction was carried out in ABI
7900HT Real Time PCR System (Applied Biosystems, USA)
with the following thermal cycling conditions: 50 °C for 2 min
followed by enzyme activation step 95 °C for 10 min and
40 cycles of 95 °C for 15 s and 60 °C for 1 min.

Statistical analysis

Statistical analyses were performed using GraphPad Prism
version 6 and the Fisher exact test with p value<0.05 was
considered as statistically significant.
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Results

TERT promoter mutation in cervical cancer

TERT promoter mutations were observed in 21.4 % (30/140)
of the cervical tumors (Fig. 1, Table 2). Among the mutation-
positive tumors, C228T accounted for 73.3 % (22/30) while
C250Taccounted for 26.7% (8/30). Out of the 22 tumors with
C228T mutation, 27.2 % (6/22) were TT homozygous and
25 % (2/8) of the tumors with C250T mutations were TT
homozygous. In addition, we also sequenced the parallel
blood DNA samples of cases positive for TERT promoter

mutations. No mutation was observed, indicating that the hot
spot mutations were of somatic origin. The clinicopathologi-
cal characteristics of cervical tumor cases were shown in
Table 3 and Table S1.

We screened the cervical SCC for the presence of high-risk
HPV (16 and 18) and found that 80 % (112/140) of them were
positive for HPV, of which 70 % were HPV 16 and the re-
maining 10 % were HPV 18. TERT promoter mutations were
found to be more prevalent in HPV-negative cases (25 %)
compared to HPV-positive cases (20.6 %) (Fig. 2). A two-
tailed Fisher’s exact test showed that this association was not
statistically significant (p<0.6120).

Table 1 Sequence of HPV type-
specific primers/probes used for
HPV typing and β-globin gene
specific primers/probe for control

Gene Forward and Reverse Primers FAM-labeled MGB probe

HPV 16 F-5′-CTGCAATGTTTCAGGACCCA-3′ 5′-CCAGAAAGTTACCACAG-3′
R-5′-TCATGTATAGTTGTTTGCAGCTCTGT-3′

HPV 18 F-5′-AAACCGTTGAATCCAGCAGAA-3′ 5′-CACTATAGAGGCCAGTG-3′
R-5′-GTCGTTCCTGTCGTGCTCG-3′

β-Globin F-5′-GGATCTGTCCACTCCTGATGCTG-3′ 5′-CTAAGGTGAAGGCTCAT-3′
R-5′-TCACTCAGTGTGGCAAAGGTGC-3′

Fig. 1 TERT core promoter and representative sequencing chromograms
showing somatic mutations in the TERT promoter. a Diagrammatic
representation of TERT core promoter and mutations at two hot spots
C228T and C250T, corresponding to −124 and −146 bp from

translation start site were indicated by ↓. b Wild-type TERT promoter
sequence. c Heterozygous mutant 250CT. d Homozygous mutant
250TT. e Heterozygous mutant 228CT. f Homozygous mutant 228TT
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TERT promoter mutations in oral squamous cell
carcinoma

TERT gene promoter mutations were observed in 31.7 % (13/
41) of oral cancer samples. Among them, C228T mutation
constituted 69.2 % (9/13) while C250T constituted 30.8 %
(4/13). No homozygous genotypes were observed in oral
SCC. As expected, these mutations were mutually exclusive.
Among the TERT mutations-positive cases, 12 were tobacco
habitués and 3 had a history of alcohol consumption in addi-
tion to tobacco abuse. The complete clinicopathological char-
acteristics of oral SCC were shown in Table 4 and Table S2.
No significant correlation was observed between any of the
genotypes and clinicopathological characteristics. None of the
oral tumors were positive for HPV. Taken together, our results
indicate that TERT promoter hot spot mutations were frequent
and C228T mutation were twice frequent than C250T in the
SCCs of the uterine cervix and oral cavity.

Discussion

Telomerase reverse transcriptase (TERT) is a specialized en-
zyme responsible for de novo synthesis of telomeric DNA
repeats present at the ends of chromosomes. In normal cell,
TERT expression is downregulated as the cell divides
resulting in telomere shortening and replicative senescence.
To overcome this problem, in majority of the human cancers,
TERT expression is reactivated and overexpressed during the
late initiation phase of tumorigenesis and this is one of the
hallmarks of cancer that leads to replicative immortality [10,
14, 15]. The reactivation of TERT through the promoter mu-
tation was first reported in melanoma [11, 12]. TERT promoter

Table 2 Prevalence of TERT
promoter hot spot mutations in
squamous cell carcinoma of the
uterine cervix and oral cavity

Tumor type TERT promoter mutations

C228T n/N (%) C250T n/N (%) Overall n/N (%)

Squamous cell carcinoma of the uterine cervix 22/140 (15.7) 8/140 (5.7) 30/140 (21.4)

Oral squamous cell carcinoma 9/41 (21.9) 4/41 (9.7) 13/41 (31.7)

Total 31/181 (17.1) 12/181 (6.6) 43/181 (23.7)

Table 3 Consolidated clinicopathological profile of one hundred
eighty-one cervical cancer patients

Clinicopathological characteristics Total (%)

Number of cases 140

Age

Below 40 (range 26–40) 26 (18.57)

41–60 86 (61.40)

61–84 28 (20.00)

Mean age 53.18 (±11.89)

Tumor cell differentiation

Well differentiated 22 (15.72)

Moderately differentiated 82 (58.57)

Poorly differentiated 31 (22.14)

Undifferentiated 5 (3.57)

CIN grade

IB or IB2 8 (5.72)

IIA or IIA2 7 (5)

IIB or IIB2 45 (32.15)

IIIA 1 (0.71)

IIIB 24 (17.14)

Could not be assessed 55 (39.28)

Fig. 2 Prevalence of TERT promoter mutations in cervical SCCs with
reference to HPV infection status. One hundred eighty-one cervical
cancer tumors were analyzed for the presence of both TERT mutation
and HPV infection, and the results were presented as bar diagram. The
black bars represent the mutation positive cases and light bars represent
the mutation negative cases
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is present within the −330-bp upstream of translation start site,
lacks the TATA and CAAT boxes, and has binding sites for
several transcription factors [16]. Recently, two hot spot mu-
tations in the TERT promoter region with varying frequencies
were reported in 60 different type of human cancers
(n=1230), including cervical cancer (4.5 %) and head and
neck cancer (17.1 %) [12, 17–19]. Several other research
groups also reported these two hot spot mutations in many
cancer types; melanoma, bladder cancer, and glioblastoma
were reported to have very high frequency of mutation (65–
71 %); and hepatocellular carcinoma, basal cell carcinomas
(BCC), cutaneous squamous cell carcinoma, thyroid cancer,
and central nervous system tumors reported to have high fre-
quency (43–64 %) [12, 17, 18, 20–24]. Both these mutations
altered the 11-base nucleotide stretch 5′-CCCCTTCCGGG-
3′, creating a consensus binding site, GGAA (in reverse com-
plement) for ETS transcription factor. The TERT promoter hot
spot mutations were shown to increase TERT expression by
two to fourfold [11, 12]. In the present study, we analyzed the
TERT promoter mutations in primary tumors of the uterine
cervix and oral cavity from south Indian patients and observed
TERT promoter mutations in 21.4 % of cervical cancer and
31.7 % of oral cancer. Our results showed approximately four
times higher TERT promoter mutations in cervical cancer and

a relatively high frequency in oral cancers compared to the
previous study fromWestern population (uterine cervix 4.5 %
(1/22) and head and neck cancer including oral SCC 17.1 %
(12/70)) [19]. A recent study analyzing the TERT promoter
mutation status in SCCs of different anatomical sites reported
no mutations in cervical SCC and 16.7 % mutation in head
and neck SCC [25], while another study reported TERT pro-
moter mutations are less frequent (3.7 %) in cervical cancer
[26]. The difference in the frequency of these two hot spot
mutations could be due to the ethnicity of the patient popula-
tion and number of samples analyzed. Further, we observed
26.6 % (8/30) homozygous TERT mutations (six 228TT and
two 250TT) in cervical cancer cases but were totally absent in
oral cancer. All the cases with homozygous mutation were
found to be positive for HPV infection. Similarly, a high fre-
quency of homozygous mutations (62 %) was also reported in
the skin SCC [27]. The loss of chromosome 5p and HPV
infection was reported to be a common event in cervical car-
cinoma, and this could be the reason for homozygous muta-
tions in HPV-positive cervical SCC tumors [28, 29]. The ob-
served homozygous (TT) mutations could also be due to the
presence of two or more copies of isochromosome 5p reported
in carcinoma of the uterine cervix [30]. In addition, a less
frequently observed TERT promoter mutation 242-
243CC>TT in BCC, SCC, and melanoma [12, 20], resulting
in gain of function via creation of another ETS binding site,
was not observed in the present study. The absence of com-
pound heterozygous mutations (C228T and C250T) in this
study may be due to the mutually exclusive nature of these
two hot spot mutations as reported in earlier studies.

Furthermore, TERT promoter mutation screening indicated
that the HPV infection was more prevalent in cervical SCC
negative for these two hot spot mutations compared to the
mutation-positive cases. We observed the majority of the ad-
vance stage tumors (77 %) of cervical SCC harbors both
TERT promoter mutations and HPV (16 and 18) infection. A
similar trend was also observed in poor and moderately dif-
ferentiated tumors (95.7 %) (Table S1). The high prevalence
of HPV infection could directly activate TERT expression in-
dependent of the promoter mutations in cervical cancer, and
together, they may confer high risk for cervical carcinogene-
sis. The HPVE6 protein either alone or in cooperation with E7
protein can activates the TERT promoter, thereby making hu-
man epithelial cells immortal and the simultaneous degrada-
tion of tumor suppressor genes p53 and Rb adding the onco-
genic risk [31–38]. Besides the activation of TERT, E6 also
interacts with various cellular proteins that regulate cell differ-
entiation, apoptosis, gene transcription, adhesion, polarity,
proliferation, and chromosomal stability [39, 40].

In summary, we have shown that TERT promotermutations
C228T and C250T were frequent in cervical and oral SCCs.
We suggest that TERT promoter mutations and HPV infection
together could be a biomarker for advanced stages of cervical

Table 4 Consolidated clinicopathological profile of forty-one oral
cancer patients

Clinicopathological characteristics Total (%)

Number of cases 41

Age

Below 40 (range 26–40) 11 (26.82)

41–60 22 (53.66)

61–84 8 (19.51)

Mean Age 50.27 (±11.84)

Sex

Male 35 (85.37)

Female 6 (14.63)

Habit profile

Exclusive tobacco 13 (31.7)

Exclusive betel 3 (7.3)

Exclusive alcohol 1 (2.44)

Tobacco + alcohol 7 (17.07)

Tumor grade

Well differentiated 14 (34.15)

Moderately differentiated 20 (48.78)

Poorly differentiated 7 (17.07)

TNM-Stage

II 6 (14.63)

III 12 (29.26)

IV 23 (56.09)
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cancers. Unlike cervical SCC, in oral SCC, the reactivation of
TERT by promoter mutations could be the core mechanism of
oral carcinogenesis. To the best of our knowledge, this is the
first study from India reporting high prevalence of TERT pro-
moter mutations in SCCs of the uterine cervix and oral cavity,
and also associating the HPV infection with the TERT muta-
tion in primary tumors of the uterine cervix.
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