
Abstract. Background: There exists limited information on
the role of hTERT methylation, and its association with
type-specific HPV infections in cervical cancer. Materials
and Methods: Eighty-seven frozen samples were analyzed
for type-specific HPV infection using a GP5+/GP6+ PCR-
RLB assay (RLB). hTERT DNA methylation analysis was
performed using a newly developed PCR-RLB-hTERT.
Results: Ninety-three percent of samples were HPV-positive
and fifteen different types were detected. hTERT methylation
analysis of region 1 revealed no methylation in 78.8% of the
samples and partial methylation in 21.2%. In region two,
68.2% showed no methylation and 31.8% showed a pattern
of partial methylation. An association between the alpha 9
and alpha 7 species with a pattern of no methylation of
hTERT in the region 1 was established (p=0.02 and p=0.03,
respectively). Conclusion: Differences in patterns of
methylation of the hTERT core promoter [region 1 (nt -208
to -1) and region 2 (nt +1 to +104) relative to first ATG]
are related to the HPV species present. 

Cervical cancer remains one of the most common cancers
in women worldwide. According to GLOBOCAN statistics
on cervical cancer (1), there were approximately 528,000

new cases and 266,000 deaths in 2012, of which more than
85% occurred in developing countries. Infections with
high-risk human papillomavirus (hrHPV) types are detected
in virtually all cervical carcinomas (2, 3). At least 13
genotypes of the alpha genus (HPV types 16, 18, 31, 33,
35, 39, 45, 51, 52, 56, 58, 59, and 68) have been associated
with the risk to develop cervical cancer and are defined as
“carcinogenic” viral types (4-6). HPV16 and 18 are the
most prevalent genotypes found in squamous cell
carcinoma across the world (7). However, in addition to an
hrHPV infection, accumulating genetic and epigenetic
alterations in the host cell genome is required for
progression of hrHPV-induced precancerous lesions to
invasive cancer. One crucial hallmark of invasive cancer is
immortalization, characterized by an increased activity of
telomerase (8).

Telomerase is a ribonucleoprotein enzyme complex that
adds 5’-TTAGGG-3’ repeats onto the ends of human
chromosomes, providing a telomere maintenance mechanism
in about 90% of cancers (8). Telomerase consists of several
subunits including a catalytic subunit (hTERT) and a
structural RNA component (TERC). The last component acts
as a template for elongation of telomeric DNA (9). TERC
has been shown to be widely expressed in most cell types,
and even in telomerase-negative cells, such as differentiated
somatic cells. The expression of TERT is tightly regulated
during differentiation and is either not expressed or
expressed at very low levels in most somatic cells.
Expression of hTERT is restricted to telomerase-positive
cells, indicating that hTERT expression controls telomerase
activity (10). In addition, expression of hTERT along with
activated oncogenes results in tumorigenesis (11, 12).
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Studies on the hTERT gene have shown that the promoter
region contains a cytosine–guanine dinucleotide (CpG)
island (CGI) and its transcriptional regulation may involve
DNA methylation (13). Reports studying the methylation
status within this region have been contradictory (14-21).
While some studies showed that methylation of the hTERT
promoter was associated with gene silencing (14, 16, 17),
other studies showed no correlation between the methylation
of the hTERT promoter and expression of the gene (18, 19).
These different correlations between DNA methylation and
TERT expression may result, in part, from the different
regions analyzed, variability of methods used, type of
samples studied and histological diagnosis (22). A few
studies have also shown that DNA methylation plays a role
in deregulated hTERT expression and is implicated in human
papillomavirus (HPV)-mediated pathogenesis of cervical
cancer. In 2010 de Wilde and collaborators, concluded that
methylation of transcriptionally repressive sequences in the
hTERT promoter and proximal exonic sequences is
correlated to deregulated hTERT transcription in HPV-
immortalized cells and cervical cancer cells. They proposed
that detection of DNA methylation at these repressive
regions can be used as an attractive biomarker for early
detection of cervical cancer (10). Jiang et al. in 2012 showed
that HPV16 E6 can promote TERT transcription through
demethylating the DNA sequence around the TERT
transcription start site. In addition, Schütze et al. in 2015
showed that E6/E7 of HPV16, 18, 31, 33, 45, 66, and 70
have differential capacities to immortalize primary
keratinocytes and longitudinal analysis of these cells
revealed that the onset of hTERT methylation during
passaging was HPV type dependent (23-25). However,
limited data exist on the pattern of hTERT methylation and
its association with the presence of specific HPV types in
clinical samples. The aim of this study was to analyze the
patterns of methylation in the hTERT core promoter and to
explore its possible association with HPV type-specific
infections using clinical samples of patients with invasive
cervical cancer. 

Materials and Methods
Study population. Frozen tissue biopsies were obtained from the
department of Gynaecology of the National Cancer Institute in
Bogota, Colombia as part of the project "Loss of heterozygosity on
chromosomes 6 and 15, expression of HLA-I, HLA-G and IL-10 in
women with histologically confirmed diagnosis of cervical cancer.
These included 81 (93.1%) patients with squamous cell carcinoma
and 6 (6.9%) patients with adenocarcinoma. Participants of this
study gave written consent for subsequent use of their samples in
other research projects.

Bisulfite modification. Sodium bisulfite modification, which induces
chemical conversion of unmethylated cytosines into uracils, whereas
methylated cytosines are protected from this conversion, was

performed using the EZ DNA Methylation Kit, according to the
manufacturer’s guidelines (Zymo Research, Orange, CA, USA).

PCR amplification and hTERT methylation using RLB. hTERT
DNA methylation analysis was performed on bisulfite modified
DNA using a new PCR-RLB-hTERT methylation assay targeting
two regions flanking the hTERT core promoter [region 1 (nt -208
to -1) and region 2 (nt +1 to +104) relative to first ATG (Figure 1).
In brief, the primers hTERT-F: 5’ GTTTTGTTTTTTTATTTTT
TAGTTT 3’ and hTERT-R: biot 5’ CCAACCCTAAAACCCAAA 3’
were used to amplify a fragment of 312 bp according to de Wilde
et al. (10). Thermocycler conditions were as follows: denaturation
for 4 min at 95˚C, followed by 40 cycles of amplification consisting
of 60 sec at 95˚C, 60 sec at 53˚C, and 60 sec at 72˚C, with a final
extension of 4 min at 72˚C. The amplification conditions, resulted
in biotinylated hTERT-PCR products. To test for potential
amplification bias, PCRs were performed on serial dilutions of
methylated DNA in unmethylated DNA (100%, 75%, 50%, 25%,
10% and 0%). Negative controls, with all of the reaction
components but devoid of DNA, and human methylated and non-
methylated DNA controls (Zymo Research), were included in each
experiment.

RLB analyses were performed as described elsewhere by
Molano et al. (26). In brief, hTERT specific oligonucleotide
probes containing a 5-amino group were covalently attached to a
Biodyne C membrane (Pall BioSupport), in parallel lines, by use
of a miniblotter. Four different pairs of oligonucleotide probes
directed against the hTERT gene were used to identify 8 different

CANCER GENOMICS & PROTEOMICS 13: 483-492 (2016)

484

Figure 1. Schematic representation of the hTERT core promoter
including regions, CpG sites studied and location of PCR primers.
hTERT-F and hTERT-R indicate the forward and reverse primers
respectively. Region 1 (nt -208 to -1) and Region 2 (nt +1 to +104)
relative to first ATG. Red sequences indicate the localization of the
probes designed and specific CpG sites studied. Region 1, zone 1
contain AP2 binding sites, Region 1, zone 2 contains c-Myc binding
sites, Region 2, zone 1 and zone 2 contain CTCF binding sites.



CpG sites (Table I). After binding of the oligonucleotide probes,
the membrane was removed from the miniblotter and rotated. The
slots of the miniblotter that were perpendicular to the
oligonucleotide-probe lines were filled with 10 ml of each
biotinylated hTERT-PCR product generated. Hybridization was
performed in the miniblotter at 50˚C with subsequent washing
temperatures at 57˚C and the reaction was visualized by use of
peroxidase- labeled streptavidin, which interacted with the biotin
of the probe, followed by enhanced chemiluminescense detection,
as described in detail elsewhere (26).

HPV detection. HPV-DNA detection was performed by a standard
GP5+/GP6+ PCR-based assay, which allows for the detection of a
broad spectrum of genital HPV types. Subsequently, a specific RLB
assay was used to type 37 specific HPV types (14 high risk types
and 23 low risk types) (27).

Statistical analysis. Description of the data was performed by using
frequencies (percentages) for categorical variables. Fisher’s exact
Chi-square test was used to establish an association between hTERT
methylation and HPV infection taking into account analysis of HPV
species (alpha 7 and alpha 9). The R Statistical Software was used
for all statistical analyses. A p-value of less than 0.05 was
considered statistically significant.

Results

A total of 81/87 (93.1%) samples were HPV-positive. Fifteen
different types were detected. Of the HPV-DNA positive
samples, 73 (90.1%) had single HPV infections and 8 (9.9%)
had multiple HPV infections. In single infections, HPV 16
was the most frequently type found in 63% of the samples,
followed by HPV18 (6.8%) and HPV45 (5.5%). In multiple
infections, HPV 16 was also the most common type found
in 62.5% of the samples, followed by HPV 56 and 45 (25%)
(Table II). Low-risk types were detected in multiple
infections only. The RLB assay developed for hTERT
methylation allowed for analysis of specific zones within the
region 1 and region 2 of the hTERT core promoter with high
sensitivity and specificity. With this technique, we were able
to detect up to 5% of methylated DNA in a background of
unmethylated DNA. hTERT methylation could be analysed
in 85/87 (97.7%) of cancer specimens. Figure 2 shows the
various patterns of hTERT methylation in the two regions
analyzed that were detected in the cancer specimens.

Analysis of region 1 revealed no methylation in 78.8% of
the samples and partial methylation in 21.2% of the samples.
In region two, 68.2% of the samples showed no methylation
and 31.8% showed a pattern of partial methylation (Figure
3A). None of the samples analyzed showed 100%
methylation within the two regions. Specific analysis by
zones showed that zone 1 of region 1 (AP2 binding site) was
unmethylated in 87.6% of the samples, and zone 1 of region
2 (CTCF binding site) showed partial methylation in 32.4%
of the samples (Figure 3B). 
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Table I. Oligonucleotide probes directed against the hTERT gene.

Probes                                                                                                Sequence                                                            Final concentration (pmol) 

hTERT-R1-Z1-A                                                       5’-TTTTCGGGTTTTCGGTTTAG-3’                                                       200
hTERT-R1-Z1-B                                                       5’-TTTTTGGGTTTTTGGTTTAG-3’                                                       200
hTERT-R1-Z2-A                                                      5’-AGTTTTAGGTAGCGTTGCGT-3’                                                      125
hTERT-R1-Z2-B                                                       5’-AGTTTTAGGTAGTGTTGTGT-3’                                                       125
hTERT-R2-Z1-A                                                         5’-GAGTCGTGCGTTTTTTGT-3’                                                           50
hTERT-R2-Z1-B                                                         5’-GAGTTGTGTGTTTTTTGT-3’                                                            50
hTERT-R2-Z2-A                                                         5’-ATTATCGCGAGGTGTTGT-3’                                                         300
hTERT-R2-Z2-B                                                          5’-ATTATTGTGAGGTGTTGT-3’                                                          350

hTERT probes with letter A show CG dinucleotides in red color allowing to establish if the DNA is methylated and hTERT probes with letter B
show TG dinucleotides in red allowing establish if the DNA is unmethylated. Letter R, indicate region, letter Z indicate zone. [ ] Indicates
concentration in picomoles.

Table II. Frequency of single and multiple HPV infections.

Single Infections (73 samples)                  HPV                 n             %

                                                                       16                  46           63.0
                                                                       18                   5             6.8
                                                                       45                   4             5.5
                                                                       52                   4             5.5
                                                                       35                   4             5.5
                                                                       56                   2             2.7
                                                                       31                   2             2.7
                                                                       58                   2             2.7
                                                                       59                   2             2.7
                                                                       39                   1             1.4
                                                                       66                   1             1.4
Multiple Infections (8 samples)         31, 26, 34, 11          1            12.5
                                                                    16, 33                1            12.5
                                                                    16, 59                1            12.5
                                                                    16, 45                1            12.5
                                                                    16, 56                1            12.5
                                                                    16, 58                1            12.5
                                                                    45, 56                1            12.5
                                                                    52, 66                1            12.5



Descriptive analysis of the relation between hTERT
methylation and HPV infection taking into account HPV
type and HPV species is shown in Table III. 

All samples with HPV types belonging to the alpha 7
species (HPV 18, 45 and 59) were unmethylated in region 1
and only a minority (20-25%) showed partial methylation in
region 2. In contrast in samples with HPV types belonging
to the alpha 9 species (16, 52, 35, 31 and 58) partial
methylation was detected in region 1 in 25-100% of the
cases, except for HPV 58 positive cases. In region 2 partial
methylation varied from 0% for HPV 58-positive samples to
100% for HPV 31 positive samples. Statistical analysis
showed a significant association between alpha 9 and alpha
7 species with hTERT methylation status (no methylation) in
region 1, p-values 0.02 and 0.03, respectively. However,
HPV types of the alpha 9 species seem to have a higher
probability to have a partial methylation in region 1
compared with HPV types that belong to other species (5.82
IC 0.82-41.54). An association of the methylation status
between regions was also observed (p=0.005). 

Table IV summarized some of the most important studies
on hTERT methylation that have been performed on the field
including both basic and clinical studies. 

Discussion

Recent investigations have indicated that methylation of the
hTERT gene could be an attractive biomarker for early
detection of cervical cancer and that the methylation pattern
may be dependent on the HPV type (23, 25). Therefore, in
this study, we analyzed the patterns of methylation in the
hTERT core promoter and explored its possible association

with specific HPV infection using clinical samples of
patients with invasive cervical cancer. Our study showed that
the hTERT promoter region studied (nt -208 − +104) was not
methylated in the majority of cervical cancer samples. This
result is consistent with those reported by Jing Jiang and
collaborators who found a low percentage of methylation
analyzing cervical cancer cell lines (CaSki, SiHa and HeLa)
(23). These results are also consistent with those reported by
Zinn and collaborators indicating that telomerase-positive
cell lines maintain alleles with low levels of methylation near
the transcription start site despite being heavily methylated
in upstream regions (21). Similarly, in a large panel of
HPVE6E7-immortalized keratinocyte cell lines, the
transcription core of hTERT and known repressor sites
remained largely unmethylated (25). Our results support the
statement that the core promoter needs to remain
unmethylated to allow hTERT activation, which is consistent
with the usual dogma of gene expression and epigenetic
changes that states that the absence of DNA methylation
around the transcription start site is required to enable the
gene expression (23). 

A more specific analysis by regions in our study showed
that region 1 (nt -208 to -1) of the core promoter region
showed a lower rate of methylation compared to downstream
region 2 (nt +1 − +104) of the first exon. These results are
similar to those recorded by Renaud and collaborators. They
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Figure 2. hTERT PCR/Reverse line blot methylation assay. Horizontal
lines show the patterns of methylation by region and zones. Vertical
lines 1 and 2 shows DNA Methylated and DNA unmethylated controls.
Lines 3-15 show the patterns of methylation of different clinical
samples. Partial methylation is detected when the DNA is joined to
both: methylated and unmethylated probes (samples 249, 255 and 257).

Table III. hTERT methylation by HPV type and species.

Specie                         HPV               Region 1                     Region 2 
                                   type            (nt -208 to -1)            (nt +1 to +104)

                                                    NM%        PM%        NM%        PM%

Specie alpha 9             16             75.5           24.5           66.7          33.3
                                     52              75              25              75             25
                                     35              75              25              75             25
                                     31               0              100              0             100
                                     58             100              0              100             0
Specie alpha 7             18             100              0               80             20
                                     45             100              0               75             25
                                     59             100              0              100             0
                                     39             100              0              100             0
Specie alpha 6             56              75              25              50             50
                                     66             100              0                0             100

NM, No methylation; PM, partial methylation.



proposed that hTERT promoter region is mostly
unmethylated as it harbors binding sites for transcription
factors that positively regulate hTERT, while the region of
the first exon shows increased methylation because it is
target of a repressor protein (CTCF), indicating that this
epigenetic mechanism acts as a barrier that prevents the
binding of CTCF (28, 29). Our analysis by zones (specific
transcription factor binding sites previously associated with
hTERT regulation) confirmed these results, showing an
unmethylated pattern at the AP2 binding site and E-Box (c-
myc binding sites) and an increasing percentage of partial
methylation at CTCF binding sites (15, 25). Although the
percentage of partial methylation in region 2 was higher
compared with region 1, the unmethylated state was still the
most common mechanism in this region. This can be
associated with other regulatory mechanisms such as BORIS/
CTCFL protein in the first exon. This protein can inhibit the
repressor favoring transcription. BORIS has been associated
with hTERT as reported by Renaud et al. in 2011 analyzing
ovarian tumor cells and testis (30).

Our results suggest an association between the high-risk
HPV type present and the hTERT methylation status (no
methylation) in region 1, which seems HPV species related.
To the best of our knowledge, this is the first study that
indicates differences on hTERT methylation associated with
HPV species in clinical specimens. Some researchers using
SiHa and HeLa cervical cell lines or HPV-immortalized
keratinocyte cell lines have found differences on hTERT
methylation according HPV type infection (23, 25). Analysis
of similar region (nt -156 − +162bp) in cancer cell lines
showed differences in percentages of methylation in HPV16
CaSki (60.3%), HPV16 SiHa (44.8%) and HPV18 Hela
(28.8%) cell lines with a hypomethylation pattern around the
transcriptional start site of hTERT (23). In a study on HPV-
immortalized keratinocytes, differences in hTERT

methylation in the region nt +288 − +419 were seen between
in HPV45-, 66-, and 70-immortalized cells that underwent a
crisis period prior to immortalization compared to HPV16-,
18-, 31-, and 33-immortalized cells that grew continuously
(25). In our study, cancers infected with HPV types that
belong to alpha 9 species seem to have a higher probability
to have a partial methylation in region 1 compared to cancers
associated with HPV types that belong to other species.
Furthermore, our results showed that in the presence of HPV
types that belong to the alpha 7 species, no methylation was
detected in region 1. These results indicate that differences
in patterns of hTERT methylation in cervical cancers are
associated with HPV species and specific HPV type. Some
studies have found that the HPV-encoded E6 protein plays a
prominent role in hTERT gene activation by binding to c-
Myc or E6AP (31, 32) and that E6 proteins of different HPV-
types have different capacities to transactivate hTERT (33).
Additionally, other research found that HPV16 E6 can
promote TERT transcription through demethylating the DNA
sequence around the TERT transcription start site but HPV
18 E6 could not affect DNA methylation of the TERT
promoter in HeLa cells (23). In addition to the different E6
activation capacities of types and probably of the HPV
species and the site-dependent methylation patterns, the
involvement of a large variety of transcription factors
interacting with the TERT promoter may also contribute to
hTERT gene activation (15, 32).
hTERT methylation and hTERT expression are rarely seen

in early lesions and they seem to be a late event in cervical
carcinogenesis associated with progression to CIN3+ (34-37).
Differences in hTERT methylation and hTERT expression
between normal or early lesions compared to advanced lesions
indicate that hTERT is a promising marker in the identification
of CIN3+ lesions. Branca et al. who studied hTERT expression
in a large series on CIN and CC lesions, showed an increased
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Figure 3. Methylation status of core promoter hTERT gene. (A) According to region: Blue bars indicate a pattern of no methylation (percentage)
and red bars indicate a pattern of partial methylation (percentage) in the regions studied. (B) According to zone. Blue bars indicate a pattern of no
methylation (percentage) and red bars indicate a pattern of partial methylation (percentage) in the zone studied.
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Table IV. Basic and clinical studies on hTERT methylation.
Author                                              Type of                            hTERT                Method of Analysis                                  Relevant results or 
Year -Refrence                                 sample                        promoter (nt)                                                                                methyltion status
de Wilde J et al.                        HPV16- and                        -442 to            Bisulfite-modified DNA,                        Increased methylation in 
(2010) (10)                           HPV18-immortalized                  +566               sequencing analysis and                   hTERT positive cells compared 
                                            keratinocyte cell lines,                                        quantitative methylation                          to cells with no or low 
                                          cervical cancer cell lines                                  specific PCR (qMSP) analysis                   hTERT expression. qMSP  
                                            and cervical specimens                                                                                                          on cervical tissue showed 
                                                                                                                                                                                      methylation in 100% of cervical 
                                                                                                                                                                                   carcinomas, in 39% of HSIL, 9% of 
                                                                                                                                                                                      LSIL and 5% of normal controls. 

Shin KH et al.            Normal human oral fibroblast        -1665 to         Bisulphite-modified DNA,                Hypermethylation of the hTERT 
(2003) (14)                        (NHOF), normal human                 + 5            and methylation-specific PCR             promoter inhibited the expression 
                                        oral keratinocytes (NHOK)                                                                                                         of telomerase activity 
                                      and SCC-4 (human squamous                                                                                                      in NHOF and NHOK.
                                           cell carcinoma cell line) 

Choi JH et al.             Colorectal carcinomas tissues,         -442 to                Bisulphite-modified                     hTERT expression induced when  
(2007) (15)                        colon normal tissues and               +170                 DNA and sequencing                                P1 and P2 region of 
                                            HCT 116 colon cancer                                                                                                      hTERT were hypermethylated 
                                                                                                                                                                                       and region G1 hypomethylated.
                                                                                                                                                                                   Three CpG differently methylated in 
                                                                                                                                                                               colorectal carcinoma and normal tissues.

Lopatina NG et al.       Undifferentiated embryonic           -577 to                Bisulphite-modified                      HT cell expreseds high levels of 
(2003) (16)                         human teratocarcinoma                 + 79                  DNA and sequencing                     hTERT and the hTERT promoter 
                                                       (HT) cells                                                                                                                          was unmethylated.

Liu L et al.              Human teratocarcinoma (HT) cells                                  Bisulphite-modified                       During differentiation a gradual  
(2004) (17)                       and human acute myeloid                                        DNA and sequencing                         accumulation of methylated 
                                            leukemia (HL60) cells.                                                                                                   cytosines in the hTERT promoter. 
                                                                                                                                                                                             It was less methylated in 
                                                                                                                                                                                           pluripotent HT cells that in 
                                                                                                                                                                                              multipotent HL60 cells.

Devereux TR                  Normal, immortalized, and           -522 to                Bisulphite-modified                   There was not a generalized pattern 
et al. (1999)                  cancer cell lines from lung,              +135                 DNA and sequencing                     of site-specific or region-specific 
(18)                                     breast, and other tissues                                                                                                    methylation that correlated with 
                                                                                                                                                                                        expression of the hTERT gene.

Dessain SK et al.              normal, immortalized,                -385 to          Bisulphite-modified DNA,                hTERT CpG island can undergo 
(2000) (19)                            and cancer cell lines                   +135          and methylation-specific PCR              cytosine methylation in cultured 
                                                                                                                                                                                           cells and tumors and DNA 
                                                                                                                                                                                        methylation may contribute to 
                                                                                                                                                                                     the regulation of the hTERT gene.

Guilleret I et al.            56 human tumor cell lines,            -441 to               Methylation-sensitive               Direct correlation between methylation 
(2002) (20)                     as well as tumor and normal             -218             single-strand conformation                    of the hTERT promoter and 
                                       tissues from different organs                                      analysis (MS-SSCA),                        hTERT gene expression and 
                                                                                                                           bisulfite-modified DNA                              telomerase activity.
                                                                                                                             and direct sequencing

Zinn RL et al.          Colon, breast, leukemia and lung      -650 to          Bisulphite-modified DNA,             All cancer cell lines were little or no 
(2007) (21)                   cancer cell lines, immortalized          +150               sequencing analysis and                methylated around the transcription 
                                         cell lines, and normal cells                                    methylation-specific PCR            start site but were densely methylated 
                                                                                                                                                                                        in a region 600 bp upstream of 
                                                                                                                                                                                            the transcription start site.

Jiang J et al.                         Cervical cell lines                   -624 to          Bisulphite-modified DNA,                   Hypomethylation around the 
(2012) (23)                        (SiHa, CaSki and HeLa)                +162              sequencing analysis and              transcription start site (-156 to +162) 
                                                                                                                          methylation-specific PCR                  enables the expression of TERT.

Table IV. Continued
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Table IV. Continued
Author                                              Type of                            hTERT                Method of Analysis                                  Relevant results or 
Year -Refrence                                 sample                        promoter (nt)                                                                                methyltion status
Schütze DM et al.                HPV immortalized                   -442 to            Bisulfite-modified DNA,                 The onset of hTERT methylation
(2015) (25)                   keratinocyte cell lines, cervical          +566               sequencing analysis and                       during passaging was HPV 
                                     cancer cell lines (SiHa, CaSki),                                 quantitative methylation                                type dependent. 
                                        lung cancer cell line (A549)                               specific PCR (qMSP) analysis                                         
                                                                                                                                                                                                                 
Renaud S et al.         Cell lines HeLa, SW480, normal       -200 to         Bisulfite modification, PCR                  hTERT methylation prevents
(2007) (29)                       BJ fibroblasts and breast,               +100          amplification, and sequencing              binding of the CTCF repressor, 
                                    bladder and cervix tumor tissues                                                                                              but partial hypomethylation of
                                                                                                                                                                                        the core promoter is necessary
                                                                                                                                                                                              for hTERT expression.

Eijsink JJ et al.             Frozen tissue samples from                                 Bisulfite modification, high-                     Four methylation markers 
(2012) (35)                   84 cervical cancer patients and                                  throughput quantitative                        (JAM 3, EPB41L3, TERT,
                                      106 normal cervices. Cervical                                     methylation-specific                         C13ORF18) were identified. 
                                  scrapes: 74 cancers and 69 normal                             PCRs (QMSP) on a novel                 The methylation panel identified 
                                  scrapes. Validation as a diagnostic                            OpenArray™ platform and                94% of the cervical cancers and 
                                        marker in 148 scrapes from                                    quantitative methylation                   83% and 21% of the CIN 3 and 
                                   patients with abnormal Pap smear                                  specific PCR (qMSP)                   CIN1 cases. High risk HPV testing 
                                                                                                                                                                                       combined with the methylation 
                                                                                                                                                                                       panel improved the detection of 
                                                                                                                                                                                             CIN 3 and cancer cases. 

Vasiljević N et al.             Pilot set of 20 normal                -249 to            Bisulfite-modified DNA                  26 genes were analysed in a pilot 
(2014) (36)                                  and 20 CIN3                           -44                    and pyrosequencing                      study and TERT showed elevated 
                                                                                                                                                                                   methylation in CIN 3 compared with 
                                                                                                                                                                                   normal samples p=0.0233. However 
                                                                                                                                                                                          after correction for multiple 
                                                                                                                                                                                      comparisons, only EPB41L3 and 
                                                                                                                                                                                 EDNRB remained significant and they 
                                                                                                                                                                                      were tested in two large cohorts. 

Gasperov MN et al.           173 cervical samples               hTERT1         Bisulphite-modified DNA,                     9 genes were analysed and 
(2015) (37)                       (40 with normal cytology,    (Chromosome 5:    and methylation-specific               hTERT1 and hTERT2 showed high 
                                              40 with LSIL/CIN1,               1295019-                            PCR                                methylation levels in cancer samples 
                                           40 with HSIL/CIN2, 42            1295259),                                                                      compared with normal samples. 
                                           with HSIL/CIN3 and 11             hTERT2
                                              with cervical cancer)         (Chromosome 5: 
                                                                                                1294824-
                                                                                                1295014) 

Iliopoulos D et al.                     115 cervical                                                Bisulphite-modified DNA                         3 genes were analysed 
(2009) (38)                           specimens, including                                                   and real-time                             (hTERT, DAPK and MGMT). 
                                                 normal, ASCUS,                                                MethyLight analysis                    hTERT promoter hypermethylation
                                                 LSIL, HSIL and                                                                                                      was able to distinguish normal from 
                                                 cancer specimens                                                                                                          cancer (p=0.008), normal from 
                                                                                                                                                                                    premalignant (p=0.036), as well as
                                                                                                                                                                                           premalignant from cervical 
                                                                                                                                                                                             cancer cases (p=0.003). 

Boers A et al.                      215 cervical scrapes                                         Bisulfite modification and                      Four methylation markers 
(2016) (40)                        from patients with CIN0,                                      quantitative methylation                       (JAM 3, EPB41L3, TERT,
                                               CIN1, CIN2, CIN3,                                              specific PCR (qMSP)                  C13ORF18) plus 8 new methylation 
                                                      and cancer                                                                                                          markers were analysed. C13ORF18/
                                                                                                                                                                                      JAM3/ANKRD18CP showed the 
                                                                                                                                                                                     highest sensitivity and specificity 
                                                                                                                                                                                             to identify CIN2+ cases. 

*Gao W et al. Diagnostic Value of Methylated Human Telomerase Reverse Transcriptase in Human Cancers: A Meta-Analysis.
(2015) (22)



expression of hTERT with the grade of cervical intraepithelial
neoplasia with major up-regulation upon transition to CIN3.
hTERT expression was 81% specific indicator of CIN3, with
95.3% of positive predictive value (PPV), a sensitivity of
80.9% and negative predictive value (NPV) of 48.2%. When
they analyzed hTERT expression in the detection of CIN
lesions, the specificity improved to 90% with a 98.7% PPV but
the sensitivity dropped to 57.5% and NPV to 14.3%. They
proposed that a combination of the hTERT assay (showing
high SP and PPV) with another test showing high SE and high
NPV (as the HPV testing), could be an ideal screening tool for
detection of CIN lesions (34). Recently, analyses of hTERT
methylation or hTERT expression in combination with other
biomarkers have been developed to improve the specificity in
the detection of HSIL showing favourable results (35,38-40).
Future clinical studies should evaluate the use of hTERT
methylation in combination with HPV species or HPV specific
types, which could improve the detection of HSIL lesions. 

Conclusion

Our results showed that differences in the methylation
patterns of hTERT in clinical specimens of cervical cancers
are associated with HPV type. Furthermore, the knowledge
transmitted in this study could lead to new directions in
understanding the development and progression of cervical
cancer and could contribute to appropriate management
through identification of molecular markers in detecting
cervical intraepithelial neoplasia.
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