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ABSTRACT
Telomerase Reverse Transcriptase (TERT) is the main catalytic sub-unit of telomerase, a reverse transcriptase enzyme. Telomerase expression is regulated at many levels, with numerous studies suggesting that
up-regulation of human TERT gene (hTERT) at transcriptional level results in immortal cell phenotype
associated with cancer. The aim of this study is to determine the correlation between hTERT expression
and different cervical precursor lesions, as well as with cervical cancer in patients with confirmed Human
papillomavirus (HPV) infection.
The study included molecular analyzes on cervical samples from 214 women and matched Papanicolaou
(Pap) test results. HPV detection and genotyping was performed by polymerase chain reaction (PCR)
and genotyping. Quantitative real-time PCR (qRT-PCR) was performed using TaqMan probes and were
calculated relative to the reference gene.
Results showed significantly increased hTERT mRNA expression levels in high-grade and low-grade lesions
compared to normal control samples (p<0.01) associated with 6.31 fold higher risk for developing ASC-US
and 9.20 for LSIL. Strong correlation between HPV infection and hTERT expression in the high-grade
lesions and cervical cancer was also observed. hTERT relative expression values showed 98% specificity
and 100 % sensitivity as indicator of cervical lesions particularly for the ACS-H, HSIL and cervical cancer.
In conclusion, hTERT expression correlate with the cytological grade of the cervical lesions and HPV
infection and has a potential to be used as a diagnostic and prognostic marker.
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INTRODUCTION
Cervical cancer is caused by a dynamic
biological process that causes transformation from
normal epithelium through cervical precursor lesions
and ends with malignant transformation and invasion.
Well organized screening programs in developed
countries decreased the incidence and mortality rate
of patients with cervical cancer. However, more than
80% of women in developing countries are diagnosed

with cervical cancer, thus being the leading cause of
cancer-related death in low-resource countries and
third most common cancer in women worldwide [1,
2]. According to the 2015 annual report of the National
Institute of Public Health of Kosovo, 68 new cases of
cervical cancer were diagnosed in Kosovo in 2015.
Disease progression is through different phases
of cervical precursor lesions [3]. The persistent chronic
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infection with high-risk HPV types, high virus load or
infection with several oncogenic types play a crucial
role in progression [4, 5]. High-risk HPV types interfere
with cell cycle through inactivation of p53 gene product
via E6/E6AP complex and E7-mediated inactivation
of Rb protein [6]. Malignant transformation of cells
infected with high-risk HPV can be triggered by
transcriptional up-regulation of the hTERT by E6/E7
oncoproteins causing high replicative potential of the
cells and immortalization [7,8,9].
Cell immortalization due to maintenance of the
length of telomeres is caused by alternative telomere
lengthening (ALT) or activation of telomerase [10].
Telomerase is a ribonucleoprotein enzyme consisting
of enzymatic component Telomerase Reverse
Transcriptase (hTERT), RNA template component
(TR) and telomerase subunits Dyskerin (DKC), Reptin
and Pontin [11-14]. Telomerase prevents the cells to
enter mortality by resolving the end-replication problem
with adding hexameric TTAGGG sequences at the
chromosome ends [15]. Increased telomerase activity
was demonstrated in up to 80-90% of human cancers
including breast, lung, gastric, colorectal, bladder and
cervical cancer, as well as in precancerous lesions [10].
Normal cells show no to low detectable telomerase
activity due to the transcriptional repression of the
hTERT [16,17]. Telomerase activity was detected in
normal mucosa of colon and small intestines [18,19,20].
hTERT was detected immunohistochemically in
suprabasal layers of normal cervix [21]. Depending
on the phase of the menstrual cycle, endometrial cells
show high telomerase activity [22-26].
Detection of the telomerase activity by TRAP
assay is limited by difficulty to distinguish malignant
cells from highly proliferative normal cells like
germ cells, stem cells, activated lymphocytes and
some epithelial cells. This limitation is not present in
quantitative measurement of transcriptional activity
of hTERT by qRT-PCR although its role as early
diagnostic and prognostic marker still remains obscure
despite intensive research [10].
The aim of this study is to investigate the
correlation between hTERT expression levels with
different cytological sub-groups and HPV infection
in population of women form Pristina, Kosovo.
MATERIALS AND METHODS

Study subjects and data collection
This prospective case-control study was
conducted in the Outpatient Clinic for Obstetrics

and Gynecology at the University Clinical Center in
Pristina, Kosovo and the Department of Molecular
Biology, Genetics and Microbiology, Ss. Cyril and
Methodius University, Skopje, Macedonia, between
September, 2015 and September, 2016. After meeting
the inclusion and exclusion criteria, total of 214 women
who were screened for cervical cancer were included
in the study. Eligible subjects were of age 20-65, with
normal or abnormal cytological results according
to the Bethesda 2001 guidelines, sexually active or
previous sexually active and negative or positive HPV
status with determined genotype including mixed
infections. Women with a history of hysterectomy,
cold-knife conisation or loop electrosurgical excision
procedure (LEEP) within 12 months prior, as well as
pregnant and postpartum women were excluded from
the study. Other known malignancy, not determined
HPV infection status or inconclusive PAP cytology,
were also exclusion criteria.
Informed consent was taken from all participants.
The study protocol was approved by the Ethical
Review Committee at the University Clinical Center of
Kosovo with reference number 1/1292/2016. Specially
designed anonymous questionnaire for demographic
and clinically pathological parameters including the
age, parity, abortions, smoking history, hormonal
contraception use and other co-morbidities was filled
out for each patient.
Two cervical samples from endo and exocervix
were obtained from each subject. First cervical smear
by cytobrush was used for cytological examination
and the second one collected with swab and kept at
−20ᵒC until further processing was for detection and
genotyping of HPV DNA and determination of hTERT
expression levels according to the research protocol.
Cytological examination conducted for all
subjects was performed by conventional Pap testing
interpreted according to the Bethesda 2001 guidelines.
HPV detection and genotyping
DNA was isolated from all 214 samples with
chloroform/phenol protocol and identification of the
L1 region sequence of HPV genome was conducted
by PCR with MY09/MY11 primers on a PCR 9700
thermocycler (Applied Biosystems), following
by genotyping using restriction fragment length
polymorphism analysis, as described elsewhere [27].
Quantitative Real-Time PCR for telomerase
gene expression
Quantitative expression of the hTERT gene
was determined by two-step reverse transcription of
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the RNA samples and Real-Time PCR amplification
using fluorescent TaqMan probes on OneStep RealTime PCR System (Applied Biosystems). Total RNA
was isolated from swab-collected cervical cells using
TRI-reagent and cDNA was synthesized by reverse
transcription using High-Capacity cDNA Reverse
Transcription Kits (Thermo-Fisher) according to the
manufacturer‘s instructions. The oligonucleotide
primers and TaqMan probes used were as follows:
hTERT gene, forward primer 5’-GCA TTG GAA
TCA GAC AGC AC-3’, reverse primer 5’-CCA
CGA CGT AGT CCA TGT TC-3’, probe 5’FAMCGC CCT GCT GAC GTC CAG AC-NFQ3’;
reference GAPDH gene, forward primer 5’-ATG
GGT GTG AAC CAT GAG AA-3’, reverse primer
5’-GTG CTA AGC AGT TGG TGG TG-3’, probe
5’FAM-CCT CAA GAT CAT CAG CAA TGC CTC
C-NFQ 3’. Primers and probes sequences, as well
as amplification conditions were used as described
elsewhere [28]. Expression levels of hTERT were
calculated by the method of Livak, 2001, relative to
the expression of a housekeeping gene GAPDH [29].
Statistical analysis
Two-sided Mann Whitney test was used to
compare hTERT expression among cytological
groups. The association between the binary normal
and over-expression of hTERT with cytological
groups was calculated by the Fisher exact test and

multivariate analysis of variance (MANOVA). The
correlation between the presence of HPV infection
and hTERT expression was estimated by Logistic
regression analysis.
RESULTS

Cytology testing of the 214 patients resulted in
100 (46.73%) patients with normal cytology results,
further used as control group, and 114 (53.27%)
patients with cytological abnormalities that were
further stratified according to the Bethesda-based
cytology classification. The samples with cytological
abnormalities included 45 cases (21.03%) with
atypical squamous cells of undetermined significance
(ASC-US), 37 cases (17.29%) with low-grade
squamous intraepithelial lesions (LSIL), 7 cases
(3.27%) with atypical squamous cells-cannot exclude
HSIL (ASC-H), 15 cases (7.01%) with high-grade
squamous intraepithelial lesions (HSIL) and 10 cases
(4.67%) with Cervical carcinoma.
The main statistical parameters regarding
the relative expression levels of hTERT gene in the
samples from 6 cytological groups, as well as in all
patients, are presented in the Table 1.

n 100
% 46.73
Minimum
0.15
Maximum
3.17
1st Quartile 0.56
Median
1.01
3rd Quartile 1.98
Mean
1.27
Variance
0.65
(n-1)
Standard
0.81
deviation
(n-1)

45
37
7
15
21.03 17.29
3.27
7.01
0.64 0.80
74.28
38.20
17.86 13.25 489.28
704.46
2.34 2.31
142.47
83.49
3.61 5.32
206.41
131.50
5.25 7.86
253.24
368.55
4.19 5.56
223.06
221.34
11.58 11.97 18108.58 36453.93
3.40

3.46

134.57

190.93

All
patients

Cervical
carcinoma

HSIL

ASC-H

LSIL

ASC-US

Normal

Parameter

Table 1. Basic statistical parameters of hTERT expression values in patients with different cytology

10
4.67
56.62
952.88
74.62
107.36
157.19
199.67
73548.38

214
100.00
0.15
952.88
1.00
2.31
5.80
34.58
11783.89

271.20

108.55
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Two-sided Shapiro-Wilk test showed that
hTERT expression values do not follow normal
statistical distribution (W=0.348; p<0.0001), which
was taken into account for further selection of statistical
methods. There is an obvious increase in the mean
hTERT gene expression levels from normal cytological
group up to the cervical cancer group. Variations from
the mean vales, as shown by the standard deviation,
are also gradually increasing and reaching maximum
in HSIL cytological group.
Statistical analysis using two-sided MannWhitney test revealed that hTERT expression levels
differ significantly in each of the 5 patient groups
with cytological abnormalities versus the reference
normal group (ref.) (p<0.01). Difference between all 6
cytological groups was also observed when the KruskalWallis test was used. In order to compare the hTERT
expression with relevant patient‘s parameters, a cut-off
value was arbitrarily set for hTERT overexpression
equal to mean levels in normal cells plus twice the
standard deviation.
The frequency distribution of patients with
overexpressed hTERT gene calculated by cut-off value
is presented in the Table 2.
The difference between the hTERT normal
expression levels and overexpression in the normal
reference group (ref.) and each of the 5 groups with
cytological abnormalities was highly significant
(p<0.01), as well as among all 6 cytological groups.
Furthermore, calculations indicate that the patients with

overexpressed hTERT gene has 6.31 and 9.20 folds
higher risk for developing ASC-US and LSIL lesions,
respectively, than the patients with normal expression,
regarding normal cytology.
The correlation between hTERT expression
and cytological groups was confirmed by general
MANOVA (multivariate analysis of variance) by Rao‘s
approximation of the Wilks‘ test (p<0.0001).
The association of HPV infection and
overexpression regarding the cytological groups was
presented in Table 3.
Correlation between the hTERT expression
levels and HPV infection regarding the 6 cytological
groups was determined by Logistic regression
analysis. Binary variable of absence or presence
of HPV infection versus quantitative variables for
relative hTERT gene expression levels was used in
this statistical test. The relationship was statistically
highly significant, as estimated by Wald test (Chisquare=8.483; p=0.004) and the likelihood ratio (-2
Log test) (Chi-square=21.460; <0.0001). The area
under the receiver operating characteristic (ROC) curve
is 0.779, indicating fair accuracy (data not shown).
The sensitivity and specificity of the hTERT
gene relative expression values as a biomarker for
cervical cancer and its precursor lesions is presented
in the Table 4.
It is apparent that hTERT as biomarker test is
most suitable for higher-grade cytological cervical
lesions: ASC-H, HSIL and Cervical carcinoma.

Table 2. Differences in the hTERT expression levels between cytological groups

Group

Normal
hTERT levels
n

%

Normal
ASC-US

98
17

98.00
37.78

LSIL

11

29.73

ASC-H
HSIL
Cervical carcinoma
All patients

0
0.00
0
0.00
0
0.00
126
58.88

hTERT overexpression
n

Fisher's
exact test

%

RR

CI (95%)

ref.
<0.0001

ref.
6.31

70.27

<0.0001

9.20

100.00
100.00
100.00
41.12

<0.0001
<0.0001
<0.0001

#
#
#

ref.
4.03 9.89
5.21 16.27
#
#
#

2 2.00
28 62.22
26
7
15
10
88

p

Risk
ratio

<0.0001

# could not be calculated due to the presence of zero values in the compared groups.
CI (95%): confidence interval at 95%
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Table 3. Distribution of HPV infection and hTERT overexpression regarding the cytological groups

Group

Normal
ASC-US
LSIL
ASC-H
HSIL
Cervical
carcinoma
All patients

HPV negativ
and normal
hTERT levels

HPV
positive
and normal
hTERT
levels

HPV negative
and hTERT
overexpres-sion

HPV positive
and hTERT
overexpres-sion

N
79
7
1
0
0
0

%
79.00
15.56
2.70
0.00
0.00
0.00

n
19
10
10
0
0
0

%
19.00
22.22
27.03
0.00
0.00
0.00

n
2
10
4
1
1
0

%
2.00
22.22
10.81
14.29
6.67
0.00

n
0
18
22
6
14
10

%
0.00
40.00
59.46
85.71
93.33
100.00

87

40.65

39

18.22

18

8.41

70

32.71

Fisher’s
exact test
p
ref.
<0.0001
<0.0001
1.000
<0.0001
0.008

p

<0.0001

Table 4. The sensitivity and specificity of the hTERT gene relative expression values
as a biomarker for cervical cancer and its precursor lesions

Group

Normal hTERT
levels
Normal
98
ASC-US
17
LSIL
11
ASC-H
0
HSIL
0
Cervical carcinoma
0
All groups of abnor28
mal cytology

hTERT overexpression

Sensitivity

Specificity

2
28
26
7
15
10
86

ref.
62.22
70.27
100.00
100.00
100.00
75.44

ref.
98.00
98.00
98.00
98.00
98.00
98.00

DISCUSSION

Numerous studies indicate that the low
sensitivity of a single Pap-test causes under- and
over-treatment of the patients in clinical settings
to be common. A better diagnostic and predictive
marker of disease progression would provide a tool
to reduce unnecessary invasive procedures.
Significantly increased levels of the hTERT
in high-grade and low-grade lesions compared to
the normal samples suggest that hTERT can be
used as an early diagnostic and prognostic marker.
Our results are comparable to previous studies in
which hTERT expression relates to the severity of
the disease [30-32].

Saretzki et al. found no correlation between the
telomerase activity and severity of the lesion whereas
Reesink-Peters et al. reported low expression of the
hTERT component without differences between the
CIN 0/I and CIN II/III groups [33,34]. Published
studies on the subject reveal that hTERT expression and
telomerase activity was reported in 91.3%, 96.5% and
100% of cervical cancer samples [35-37]. Increased
hTERT expression was also seen in 55.0% of CIN II
and 82.1 % of CIN III diagnosed [38].
Duque et al., had similar results by TRAP
assay regarding the telomerase activity in range
from 75.4 % in LSIL to 100% in HSIL, ASC-H and
cervical cancer [37].
We observed a strong correlation between the
hTERT normal expression and hTERT over- expression
in all groups, compared to normal results, as well as
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between the groups with cytological abnormalities
(p<0.01). The percentage of the hTERT over-expression
calculated by cut-off value (mean levels in normal
cells + 2SD) in cytological samples was 62.22%, and
70.27% in ASC-US, LSIL, respectively and 100% in
ASC-H, HSIL and cervical cancer. Therefore, hTERT
over-expression is highly predictive and can be used as
complementary diagnostic tool for high-grade lesions
and cervical cancer. Our results of hTERT being overexpressed in only 2% of normal samples suggest that it
can be used as an accessory approach for confirmation
of low-grade lesions. Similar results regarding the
telomerase activity and hTERT expression in normal
samples have been previously published [36, 38-39].
We also observed strong association between
the hTERT expression and HPV infection in our
patients. Previous studies are contradictory in regards
of this association. Ault et al, reported no significant
correlation between the HPV 16/18 detection and
telomerase levels [40]. Branca et al. and Wang et al.
noticed strong association between the high-risk HPV
types and hTERT upregulation, leading to increased
expression [30]. Kailash et al, determined strong
association between the high-risk-HPV and telomerase
activity [41]. In our study hTERT over- expression in
HPV-negative cells was found in 22.22 %, 10.81 %,
14.29 % and 6.67 % of ASC-US, LSIL, ASC-H and
HSIL respectively, which could be explained by the
presence of fraction of telomerase positive cells and
non-dysplastic cells in the samples, or by alternative
mechanisms of transcriptional regulation of hTERT
instead of HPV-oncoprotein regulation in those samples
[42, 43].
The detected hTERT over-expression in HPVpositive cells in 85.71%, 93.33% and 100% in ASC-H,
HSIL and cervical cancer, respectively, indicates that
there is a high correlation between hTERT overexpression and HPV infection particularly in highergrade lesions and cervical cancer. One of the most
important mechanisms by which hTERT is upregulated
independently of c-myc over-expression or p53
degradation is transcriptional upregulation by the E6/
E7 oncoproteins from high-risk HPV types. HPV-16
E6 oncoprotein was shown to activate telomerase
expression in human keratinocytes and mammary
cells in p53-independent mechanism [44]. High-risk
HPVs interfere with cell cycle through inactivation
of an important transcriptional regulator, p53 tumor
suppressor gene product and the retinoblastoma protein
(Rb) together with other associated proteins like p107,
p130 and p105 [45]. Oh et al, demonstrated that E6
induces hTERT expression by interaction with hTERT
promoter proximal to the initiation codon [46]. Our

results are in accordance with the findings that in highgrade lesions and cervical cancer deregulated E6/E7
expression with or without integration of the viral
genome into the host chromosome and subsequent
chromosomal instability are required for hTERT overexpression and telomerase activity [47, 48].
Regarding the detection of telomerase activity in
the cytological samples compared to cervical biopsies,
we found that exfoliative smear sampling is useful to
determine hTERT expression and therefore telomerase
activity. Thus, quantitative RT-PCR determination of
hTERT expression in cytological samples may be useful
in distinction of the high-grade lesions and progressive
disease from the low-grade lesions. However, Gorham
et al. demonstrated that exfoliated cells are not a reliable
indicator for telomerase activity [25]. A study from
Wang et al. showed similar results of detection of the
telomerase activity in cytological samples and cervical
biopsies [49]. The increased detection rate for highgrade lesions and cervical cancer in our study compared
to other studies using TRAP assay is explained by
the higher sensitivity of the hTERT RT-PCR method
similar to a study from Snijders et al. [50].
Finally, our data indicate that the hTERT gene
expression values could be used as a highly specific
and sensitive markers for ASC-H, HSIL and cervical
cancer (98% and 100%, respectively). Similarly,
Branca et al reported 90.0% specificity of hTERT
expression for detection of cervical lesions, although
with lower sensitivity (57.5%), compared to our results
[30]. Therefore, testing hTERT expression levels can
supplement the cytological diagnosis, which has a
low sensitivity and a high false negative rate, and can
compensate for low specificity of the HPV testing.
The potential limitation of small sample size in
the present study will be addressed by a future larger
cohort study.
CONCLUSION

Our data confirm that hTERT expression occurs
early in progression of the cervical precancerous lesions
and correlates with disease severity and HPV infection.
Consequently, determination of hTERT expression
levels in cervical cells collected by Pap smear could
potentially be used as a useful supplementary diagnostic
and prognostic marker of the cervical disease in HPVinfected subjects.
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Резиме
КОРЕЛАЦИЈА НА ЕКСПРЕСИЈАТА НА ТЕЛОМЕРАЗНИОТ ГЕН
СО ЦЕРВИКАЛНИТЕ ЦИТОЛОШКИ АБНОРМАЛНОСТИ
И ИНФЕКЦИЈАТА СО ХУМАНИОТ ПАПИЛОМА ВИРУС
Вјоса А. Зејнулаху1, Валон А. Зејнуллху1, Славица Јосифовска2,
Никола Вуковиќ2, Кирил Паковски2, Сашо Панов2
1
2

Оддел за акушерство и гинекологија, Универзитетски клинички центар на Косово, Приштина, Косово
Одделение за молекуларна биологија и генетика, Институт за биологија, Природно-математички фа
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Вовед: Теломеразната реверзна транскриптаза (ТЕРТ) е главна каталитичка субединица на
ензимскиот комплекс теломераза. Теломеразната активност е регулирана на повеќе нивоа и пого
лем број студии индицираат дека зголемената експресија на генот за хуманата TERT (hTERT) на
транскрипциско низво резултира со бесмртен клеточен фенотип, кој е поврзан со канцерот. Целта
на оваа студија е да се определи корелацијата меѓу експресијата на генот hTERT и присуството
на разни цервикални прекурзорни лезии, како и со цервикален канцер, кај пациенти со потврдена
инфекција со хуманиот папиломавирус (HPV).
Материјали: Во оваа студија беа анализирани цервикални брисеви од 214 пациентки кај кои
истовремено е земен примерок за Папаниколау (Pap) тест. Детекцијата и генотипизацијата на HPV
беа извршени со полимеразна верижна реакција (PCR) со последователна рестрикциска анализа
(RFLP). Генската експресија е определувана со квантитативна PCR во реално време (qRT-PCR) со
користење на TaqMan-проби и е изразувана релативно во однос на референтниот ген.
Резултати: Експресиските нивоа на hTERT се сигнификантно зголемени кај цитолошките високи
и ниски градуси, наспроти контролните примероци со нормален наод (p<0,01). Зголемената експре
сија e поврзана со 6,31 пати повисок ризик од развој на ASC-US и 9,20 за развој на LSIL. Покрај
тоа, најдена е статистички значајна корелација на HPV-инфекцијата со експресијата на генот hTERT
кај лезиите со висок градус и кај цервикалниот карцином. Вредностите на релативната експресија
на hTERT покажуваат специфичност од 98% и сензитивност од 100 % при идентификацијата на
цервикалните лезии, особено на ACS-H, HSIL и на цервикалниот карцином.
Заклучок: Со оглед на тоа што експресијата на генот hTERT кoрелира со цитолошкиот градус
на цервикалните лезии и со присуството на инфекција со HPV, може потенцијално да биде користена
како дијагностички и прогностички маркер.
Клучни зборови: теломераза, генска експресија, цервикален канцер, цервикални прекурзорни
лезии, хуман папилома вирус

