
Abstract. Background: Few studies have analyzed the
association between human telomerase reverse transcriptase
(hTERT) protein expression (nuclear and cytoplasmic
localization), hTERT methylation status, and human
papillomavirus (HPV) genotype infection in cervical cancer.
Patients and Methods: One hundred seventy-three patients
with cervical cancer were analyzed. hTERT protein
expression was detected by immunohistochemistry. hTERT
DNA methylation analysis was performed using a PCR-RLB-
hTERT assay, targeting two regions of the hTERT promoter.
Type specific HPV infection was detected by using
GP5+/GP6+PCR-RLB. Results: hTERT protein expression
was found in both cytoplasm and nucleus (78.0% of the
samples showed a cytoplasmic localization and 79.8% had

a nuclear localization). A statistically significant association
was found between alpha 9 and 7 HPV species with a non-
methylation pattern of the hTERT promoter and between
these species and high expression of hTERT protein with
nuclear localization. Conclusion: hTERT protein is found in
both the nucleus and cytoplasm of patients with cervical
cancer and confirm the relationship between the non-
methylated status of hTERT promoter and some HPV species
as well as the relationship between these species and hTERT
protein expression.

Epidemiological studies have demonstrated a strong causal
relationship between persistent infection with human
papillomavirus (HPV), especially high-risk HPV (HRHPV)
types and the development of cervical cancer (1). In vitro
studies have shown that neoplastic transformation of cells
infected with HRHPV is mainly due to telomerase activation
by the action of HPV E6 oncoprotein (2). Telomerase is a
ribonucleoprotein complex with terminal transferase activity
and is made up by an RNA component (hTR), a catalytic
protein subunit (hTERT) and the telomerase associated
protein TEP1 (3). Some studies have shown a significant
telomerase expression and telomerase activity levels in
different types of cancer (e.g. lung, pancreas, hepatocellular,
prostate, skin and certain gastrointestinal tumors) and
malignant cell lines, while their levels are very low in
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healthy tissues; hence it has been proposed as a tumor
marker (4). Because telomerase plays a fundamental role in
the processes of cellular immortalization, it has been of great
importance to establish the control mechanisms on each of
its components and their impact on expression levels (5-8). 

Genomic instability and cancer development arises as an
effect of the response to DNA damage (9). The role of
telomerase in the response to DNA damage in normal human
tissue is evidenced as a protective function at the ends of the
telomere (10), a role that is also indirectly demonstrated
when the cellular response to disruption of the double-
stranded DNA is canceled due to the suppression of hTERT
(11). In the context of resistance of tumor cells against DNA
damage, telomerase has been reported to be cross-linked
with different signaling pathways that regulate cell
proliferation, repair of DNA damage and cell death, and has
been shown the antiapoptotic role of hTERT (10). Thus, in
the early stages of recognizing DNA damage, hTERT may
contribute to the cellular response to genotoxic effects within
the cell survival mechanism (10, 11).

Telomerase activity as expression of hTERT mRNA
increases significantly according to the progression of pre
malignant cervical lesions, presenting as an early event in
the course of cervical cancer (12). Few reports on detection
and location of the hTERT functional protein suggest that it
is expressed both in the nucleus and in the cytoplasm of
cancer cells and that its expression does not strictly reflect
telomerase activity (3, 13, 14). It has been shown that in
benign lesions hTERT is located in the nucleus and gradually
transfers to the cytoplasm in the process of malignant
transformation; however, this information is still limited and
therefore, it is important to determine its biological
importance at the cytoplasmic level (3, 15).

DNA methylation is an epigenetic phenomenon modulating
gene expression without affecting the DNA sequence (16, 17).
It has been observed that DNA methylation cancer biomarkers
can be used for early detection or treatment in cancer (18). In
the case of hTERT, there is a divergence among studies, with
some reporting a positive correlation between promoter
hypermethylation, hTERT mRNA expression and telomerase
activity in primary tumors from specific organs and tumor cell
lines, while others have reported a partial or no correlation
(19). Some studies have also shown that DNA methylation
plays a role in deregulating the hTERT expression, and it is
involved in the pathogenesis mediated by HRHPV in cervical
cancer (13).

A previous study conducted by our research team on
advanced cervical cancer showed that differences in hTERT
methylation patterns in clinical samples seem to be
associated with the genotype of HPV (8, 17). However, in
that study the number of samples analyzed was low and the
association between hTERT methylation, hTERT protein
expression (nuclear and/or cytoplasmic localization) together

with its association with type specific HPV infection were
not studied. The aim of this study was to perform the
association between these variables in 173 patients with
invasive cervical cancer. Finding a significant association
between these variables in patients with advanced cervical
cancer can be of great importance, both biologically and
epidemiologically.

Patients and Methods

Study design, selection and patient characteristics. A cross-sectional
study was performed, through which hTERT protein expression,
hTERT gene methylation status, and type of HPV infection and their
respective association were analyzed. 205 samples were obtained
from the Functional Unit of the Gynecology and Pathology Group
of the National Cancer Institute, Bogotá, Colombia [paraffin
embedded tissues and fresh frozen from patients with locally
advanced cervical cancer (IIB to IIIB FIGO stages)]. Quality of
paraffin embedded tissue samples and frozen fresh tissue samples
was evaluated by PCR for a 209 bp fragment of the β-globin gene
as previously described (8, 20).

Analysis of the methylation status of the hTERT gene. Of the 173
cases included in this study, 105 samples had the minimal amount
of DNA needed to perform methylation analysis. 

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 (15). In brief, the
primers hTERT-F: 5’GTTTTGTTTTTTTATT TTTTAGTTT 3’ and
hTERT-R: biot 5’CCAACCCTAAAACCCAAA 3’ were used to
amplify a fragment of 312 bp. 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 (17). 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. (17). In brief, hTERT specific oligonucleotide probes
containing a 5-amino group were covalently attached to a Biodyne
C membrane (Pall BioSupport), in parallel lines, using a miniblotter.
Four different pairs of oligonucleotide probes directed against the
hTERT gene were used to identify 8 different CpG sites. 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
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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 (17). 

Immunohistochemistry for detecting hTERT expression.
Immunohistochemical staining (IHQ) was performed on fresh tissue
samples and tissue samples embedded in paraffin. The IHC process
was carried out by using the Dako EnVision kit and Dual Link
system-HRP (Agilent Technologies, Santa Clara, CA, USA).
Sections of 3 μm tissue were used, which were deparaffinized,
rehydrated and washed. Antigenic recovery was performed by using
an antigen retrieval solution pH 9, 10X (Agilent Technologies).
Tissues were placed in a 6% H2O2 solution for 7 minutes to block
the endogenous peroxidase and then were washed with PBS. An
incubation with rabbit monoclonal antibody was performed for 45
minutes at room temperature: hTERT (mAB telomerase reverse
transcriptase ab5181 abcam) at 1:20 dilution. The IHQ reading
classification scales were based on what was previously reported
(21). Two oncopathologists performed the evaluation of each
marker. The staining intensity score was defined as: Extension of
positivity (percentage of positive cells: positive +: 11-50%; positive
++: 51-80%; positive +++: >80%); A negative expression was
defined by a staining <10%.

HPV detection. HPV DNA detection was carried out using a
standard PCR-based GP5+/GP6+assay, which allows detection of a
broad spectrum of genital HPV types, followed by a specific RLB.
The test was used to identify 37 specific HPV types (14 high-risk
types and 23 low-risk types) as described by Molano et al., (17).

Statistical analysis. For the statistical analysis, variables of interest
were age, clinical stage, tumor size, and hTERT protein expression
(cytoplasmic and nuclear localization), hTERT methylation, HPV
infections and treatment response (hTERT protein expression were
compared between complete responders versus non-responders).
Shapiro Wilk’s test was used to determine if continuous variables
were normally distributed. The Mann Whitney non-parametric test
for non-normal data was used. Fishers test was used when the size
of the sample was small to test the association between two
categorical variables and when the assumptions necessary to apply
the chi-square test were not met. For univariate and multivariate
analyses, a logistic regression was performed. A two-sided p-value
of <0.05 was considered significant. Additionally, a multiple
correspondence analysis was applied to determine the relationship
between HPV species, methylation status, nuclear and cytoplasmic
localization of the hTERT protein expression was carried out with
data from 155 patients. The R statistical software was used for all
statistical analyzes and FactoMineR-package was used for multiple
correspondence analysis.

Results
Patient, clinical and treatment characteristics. A total of 173
patients with locally advanced cervical cancer were included,
with a mean age of 48 years (range=23-75). Patients had
FIGO IIB (n=62, 35.8%) and FIGO IIIB (n=111, 64.2%)
tumors. Most of patients (n=139, 80.3%) presented a

Karnofsky performance scale index >90%. Patient selection
and characteristics are reported in Table I. Of 173 patients,
72 patients underwent exclusive RT without concurrent
chemotherapy and 101 underwent chemo-radiotherapy; only
for 22 of these was its efficacy analyzed 3 months after the
end of treatment. The evaluation of the quality of the paraffin-
embedded tissues and fresh frozen tissues of the 205 samples
analyzed generated the following results: 173 (84.4%)
amplified a band of 209 bp corresponding to the β-globin
gene, of which 87/90 (96.7%) corresponded to frozen tissue
samples and 86/115 (74%) to paraffin-embedded tissues.

Methylation status analysis. The methylation analysis was
performed in 97.7% (85/87) of the frozen tissue, and 23.2%
(20/86) of the paraffin embedded tissue, after quality
assessment. Of the 105 samples, 84 (80%) showed a non-
methylated pattern and 21 (20%) a pattern of partial
methylation in the region 1 of the hTERT promoter. In region
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Table I. Patient characteristics.

Characteristics                           Mean (range)   Number    of patients % 
                                                                                                        

Age (years)                                   48 (23-75)         173              100
FIGO stage                                                                                        
  IIB                                                                            62                35.8
  IIIB                                                                         111                64.2
Histological type                                                                               
  SCC                                                                       167                96.5
  Adenocarcinoma                                                      6                  3.5
Histological differentiation                                                              
  Well                                                                          10                  5.6
  Moderately                                                            137                79.3
  Poorly                                                                      26                15.1
Tumor size*                                                                                       
  <4 cm                                                                       11                  5.4
  >4 cm                                                                     162                93.6
Hemoglobin hb (g/dl)                       12.3                                         
  Hgb ≤11 g/d                                                         109                63.0
  Hgb >11 g/d                                                           64                37.0
Keratinization                                                                                    
  Present                                                                   129                74.5
  Absent                                                                      41                23.5
KI                                                                                                       
  70-80                                                                        34                19.7
  90-100                                                                   139                80.3
Treatment type                                                                                   
  Radiotherapy                                                           72                41.6
 Radiotherapy + Chemotherapy                               101                58.4

  HPV                                                                       157                90.7
HPV species                                                                                      
  Alpha 9                                                                  112                71.3
  Alpha7                                                                     29                18.5
  Alpha 6                                                                    16                10.2

FIGO: International Federation of Gynecology and Obstetrics; HPV:
human papilloma virus; SSC: squamous cell carcinoma; KI: Karnosfki
indice. *Tumor size: Tumor size before treatment.



2, 71 (67.6%) showed a non-methylated pattern and 34
(32.4%) a partial methylation pattern (Figure 1). In the
comparison tests regarding methylation status and type of
region, the following results were found: For Region 1 vs.
Region 2, a trend towards statistical significance for the
Non-methylation status (NM) was observed (0.059) as well
as for the partially methylated (PM) status (0.059). 

HPV types of alpha 7 species were associated with a
lower percentage of methylation specifically in the promoter
region, as compared to alpha 9 species types, where the
percentages of partial methylation were higher. The highest
percentage of partial methylation was observed in patients
infected by HPV 31 of alpha 9 species (Table II). An
association was also established between alpha 9 species and
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Figure 1. Methylation status of the human telomerase reverse transcriptase (hTERT) gene by region. NM: Non-methylated; PM: partial methylated;
Sd: standard deviation; hTERT core promoter [Region_1 (nt -208 to -1) NM and PM sd (0.039); Region_ 2 (nt +1 to +104), NM and PM sd (0.045)].
Proportion comparison tests: Between Region_1 - NM and Region_2 - NM (p-Value=0.0596); Between Region_1 - PM and Region_2 - PM (p-
Value=0.059).

Table II. Human telomerase reverse transcriptase (hTERT) methylation by human papillomavirus (HPV) species.

                                                                                                           Region 1 (nt -208 to -1)                                          Region 2 (nt +1 to +104)

Species HPV                              HPV genotype                           NM%                                 PM%                                 NM%                               PM%

Species alpha 9                                    16                                     77.6                                   22.4                                    65.5                                  34.5
                                                             52                                     60                                      40                                       60                                     40
                                                             35                                     75.5                                   25.5                                    75.5                                  25.5
                                                             31                                     33.3                                   66.7                                    33.3                                  66.7
                                                             58                                   100                                        0                                     100                                       0
Species alpha 7                                    18                                   100                                        0                                       87.5                                  12.5
                                                             45                                   100                                        0                                       83.3                                  16.7
                                                             59                                   100                                        0                                       66.7                                  33.3
Species alpha 6                                    56                                     75                                      25                                       50                                     50
                                                            66                                   100                                        0                                         0                                   100

NM: No methylation; PM: partial methylation.



the non-methylation status of the hTERT gene in the
promoter region (p=0.04), as well as with alpha 7 species
(p=0.01).

hTERT protein expression. Of the 173 patients that
expressed hTERT protein, 135 (78.1%) showed cytoplasmic
expression and 138 showed nuclear expression (79.8%). In
fresh frozen tissue, 73% expressed hTERT (74.7% in the
nucleus and 71.3% in the cytoplasm), while 84.9% was
detected in paraffin embedded tissue, both in the nucleus
and cytoplasm (Figure 2). In the comparison tests regarding
the expression and tissue type, the following results were
found: In paraffin-embedded tissue versus fresh tissue, an
association was established for cytoplasmic expression
>80% (p=0.0001) as well as for nuclear expression >80%
(p=0.0298); in fresh vs paraffin tissue, an association was
established for cytoplasmic expression between 51-80%
(p=0.013), 11-50% (p=0.016) and <10 (p=0.021) (Figure
2). When performing the analysis using a positivity
extension score greater than 80% and comparing nucleus
and cytoplasm in both fresh and frozen tissue, we observed
some differences: we identified a higher percentage of
cases in nucleus than in cytoplasm, and in tissue-embedded
in paraffin we saw high percentage in nucleus and
cytoplasm simultaneously (Figure 3). 

HPV detection. 14 HRHPV and 5 low-risk (LR) HPV types
were detected and identified. Typing of 157/173 (90.7%)
samples was achieved, within which 140 (89.2%) single
infections and 17 (10.8%) multiple infections were detected.
In single infections, HPV type 16 was the most frequent in
82 (58.6%) of the samples analyzed, followed by HPV 18
(8.6%) and HPV58 (6.4%). As for multiple infections, the
most frequent were HPV 44, 56 and HPV 52, 66, each in
11.8% of the infections detected. HPV16 was also the most
frequent type in multiple infections, followed by types 56
and 52. In relation to HPV species, alpha 9 species was the
most frequent (65.1%) followed by alpha 7 (16.6%) and
alpha 6 (9.2%).

HPV detection and hTERT protein expression. HPV16 was
detected in 84.4% and in 82.2% of cases that expressed
hTERT at the nuclear level and at the cytoplasmic level
respectively. The HPV species most frequently found in
cases that expressed hTERT at the nuclear level and at
cytoplasmic level were alpha 9 species (HPV 16, 31, 35, 52,
58; 80% of 102 alpha 9-positive infections), followed by
alpha 7 (HPV 18, 45, 59; 83% of 26 alpha 7-positive
infections) and alpha 6 (HPVs 56, 66; 50% of 15 alpha 6
positive infections) (Figure 3). The percentage of expression
for hTERT in the nucleus was found to be higher in HPV 31
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Figure 2. Human telomerase reverse transcriptase (hTERT) protein expression & cellular location. Extension of positivity IHQ (Percentage of
positive cells: positive +: 11-50%; positive ++: 51-80%; positive +++: > 80%); A negative expression was defined by a staining <10%. Ratio
comparison tests-fresh tissue vs. paraffin-embedded tissue: Cytoplasmic expression >80% (p=0.0001); 51-80% (p=0.0138); 11-50% (p=0.0169);
<10% (p=0.0213); nuclear expression >80% (p=0.029); 51-80% (p=1); 11-50% (p=0.0729); <10% (p=0.14).



cases, and in cytoplasm the percentage of expression was
found to be higher in HPV 16, 56 and 58 cases, compared to
the other types of HPV detected (Figure 3). A statistically
significant association was found between any HPV species
and hTERT expression at the nuclear level (p=0.042) but not
at the cytoplasm level (p=0.07) (Figure 3). 

Our results showed a similar frequency in the level of
hTERT expression in both nucleus and cytoplasm with
presence of different genotypes of HPV; however, we
observed that cases with levels of expression at the nucleus
or cytoplasm greater than 80%, showed differences in
expression with respect to the type of HPV. In cases HPV31
(+) and HPV35 (+) of the alpha 9 species, expression was
detected only in nucleus and not in cytoplasm (Figure 3). In
the cases with presence of other types of HPV of alpha 9, 7,
6 and others species, expression was observed both at the
nucleus and cytoplasm, noting that expression levels were
higher in the nucleus than in the cytoplasm (Figure 3).

Patient and clinical characteristics and hTERT expression.
For the expression of the hTERT protein in cytoplasm and
nucleus, no association was found with the age of the
patients (Mann-Whitney test, p=0.3532 and p=0.3532
respectively), as well as for the FIGO stage (Fischer test,

p=0.684 and p=0.684 respectively) and response to
treatment [only 22 patients analyzed (Fischer test, p=0.489
and p=0.489 respectively)].

Multiple correspondence analysis (MCA) factor map.
Correspondence analysis, which included variables such as
hTERT protein expression and HPV species type, was
carried out with data from 155 patients. In this analysis,
MCA factor map of hTERT protein expression showing 2
dimensions explaining 75.7 % of the variance. The results
obtained demonstrate similarity between nuclear and
cytoplasmic expression, relationship between them and the
alpha 7 and alpha 9 species and likewise, a similarity
between non-expression and alpha 6 species is observed
(Figure 4). Besides this analysis, another MCA factor map
was carried out with the data of 97 patients who, in addition
to the previous variables, had data available on the
methylation status for regions 1 and 2, showing 2 dimensions
explaining 52.5% of the variance.; non-methylation was
observed in both region 1 and region 2, but partial
methylation was observed; non-methylation is more similar
to alpha 7 and alpha 9 families (Figure 5). Fisher’s exact
tests showed a statistically significant relationship between
HPV species and nuclear expression (p= 0.042), while with
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Figure 3. Human telomerase reverse transcriptase (hTERT) protein expression >80% and human papillomavirus (HPV) species. HPV species: Alpha
9 (HPVs 16, 31, 35, 52, 58), Alpha 7 (HPVs 18, 45, 59), Alpha 6 (VPH 56). Relationship between HPV species alpha 9, alpha 7 and nuclear
expression: Fisher’s exact tests (p=0.042); No evidence of non-independence between the HPV species and cytoplasmic expression: Fisher’s exact
tests (p=0.07).



5% significance no evidence of non-independence between
the HPV species and cytoplasmic expression was found
(p=0.07).

Discussion

This study highlights novel information regarding the
association of hTERT protein subcellular localization,
hTERT methylation and HPV specific infection in patients
with cervical cancer. One of the most interesting finding of
the present study is the subcellular localization of hTERT,
which clearly demonstrated that hTERT is expressed not
only at nuclear level but also at a cytoplasmic level on
samples of patients with invasive cervical cancer. hTERT
protein expression was detected with similar frequency in the
nucleus and cytoplasm. In addition, when analysis of hTERT
protein expression by using the staining intensity score with
an extension of positivity >80% expression was done, a
statistically significant association between the HPV species
and the expression of hTERT at the nuclear level was found
(p=0.042) but not a clear association at the cytoplasm level

(p=0.07). However, our multiple correspondence analysis
also showed a close relationship between hTERT protein
expression at the cytoplasm level and at the nucleus level
and the alpha 9 species of HPV. Expression of the hTERT
protein has been studied in chronic cervicitis, intraepithelial
neoplasms and invasive cervical cancer in different studies,
showing an increase in hTERT expression as the cervical
disease progresses (13). This increase in hTERT expression
can be due to the action of high-risk HPV E6 oncoprotein,
thus mediating non-regular activities such as apoptosis
blockade, gene transcription and cell proliferation. This
increase could have significant functions in the viral life
cycle of HPV, therefore playing an essential role in cell
immortalization and in the process of malignant
transformation (2, 22). Regarding the cellular localization of
the hTERT protein, the reported findings in different tissues
are few (14, 15, 22-29). In some reports, it has been shown
that although hTERT is expressed in the nucleus of benign
tissues, it is gradually transferred to the cytoplasm in the
process of malignant transformation (2, 22, 23). Kio et al.
were the first to report that hTERT protein detected by IHQ
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Figure 4. Multiple correspondence analysis (MCA) factor map (n=97 patients included, for which all information was available). MCA of human
telomerase reverse transcriptase (hTERT) protein expression showing 2 dimensions explaining 75.7 % of the variance. Cyto_exp_Y (+): Cytoplasmic
expression; Cyto_exp_N (+); Nuclear-exp_Y(+): Nuclear expression; Nuclear_exp_N (–). Specie_HPV: Alpha9; Alpha7; Alpha6.



is expressed not only in the nucleus but also in the cytoplasm
of cervical cancer cells (14). This finding is similar to that
reported in our present study; however, they reported a
greater expression in the cytoplasm than in the nucleus, but
the number of cervical cancer samples analyzed in that study
was very low compared to our study (15 vs. 173 samples,
respectively). 

Regarding the subcellular transfer of the hTERT protein,
it has been reported that it occurs from the nucleus to the
mitochondria in different types of cells, including human
cervical cancer, human neuroblastoma and breast
adenocarcinoma cells (25). Singhapol et al. demonstrated
that mitochondrial localization of TERT protects the
nucleus from inflicted DNA damage and apoptosis while,
in contrast, nuclear localization of TERT correlated with
higher amounts of DNA damage and apoptosis (26). It has
also been hypothesized that the increase in the expression
of TERT in osteosarcoma cells treated with cisplatin
promotes its translocation from the nucleus to the
cytoplasm (27).

Based on our results and other reports, the question that
has been raised about the role of the hTERT protein at the
cytoplasmic level is still valid. Our results allowed us to
establish a statistically significant association between the
HPV species and the expression of hTERT at the nuclear
level, and a trend towards statistical significance between the
HPV species and the expression of hTERT at the cytoplasm
level, as well as a relationship of correspondence between the
expression of hTERT at level of cytoplasm and nucleus with
the alpha 9 species of HPV, findings that highlight the role of
HPV and hTERT in the immortalization process. Interaction
between hTERT and HPV in invasive cancer could contribute
to maintaining the established tumor phenotype through the
deregulation or upregulation of certain genes through the
avoidance of apoptosis (2, 24). In addition, the high levels of
hTERT expression observed only at the nucleus level with the
presence of high-risk HPVs such as HPV31 and HPV35 of
the alpha 9 species could represent a correlation with higher
amounts of DNA damage and apoptosis, strategies used by
the cell to stop the cellular transformation and
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Figure 5. Multiple correspondence analysis (MCA) factor map (n=97 patients included, for which all information was available). MCA of hTERT
protein expression showing 2 dimensions explaining 52.5% of the variance. Cyto_exp_Y (+); Cyto_exp_N (–); Nuclear-exp_Y (+); Nuclear_exp_N
(–). Specie HPV: Alpha-9; Alpha-7; Alpha-6. Status Methylation: Region 1_NM (Not methylated); Region 1_PM (Partial methylated); Region 2_NM
(Not methylated); Region 2_PM (Partial methylated).



immortalization while the hTERT expression observed at the
nucleus and cytoplasm in cells infected by HPV16, 18, 58
and 56 could be showing an increased immortalization
process in advanced stages. High levels of hTERT expression
were also observed in the nucleus rather than in the
cytoplasm in the presence of HPV species Alpha 9, 7 and 6,
which could be related to the upregulation of hTERT
promoter activity. This type of regulation was demonstrated
in vitro by the effect of HPV species such as alpha 9 and
HPV18, HPV39 and HPV51 types, according to what was
reported by Van Doorslaer et al., (2). Hannen et al.,
demonstrated experimentally that hTERT can also modulate
classic cancer pathways, such as NF signals-KB, TGF-
β/Smad and Wnt, indicating that these pathways could also
contribute to the metastatic potential (30). 

For the analysis of the methylation status we chose two
regions of the hTERT promoter due to different studies on the
hTERT gene which have shown that the promoter region
contains a cytosine-guanine dinucleotide (Cpg) island (CGI)
and its transcriptional regulation may involve DNA
methylation. A report published by our group showed that in
region 1 (nt -208 to -1) of the central promoter 78.8% of the
samples did not show methylation, while partial methylation
was observed in 21.2%.In region 2 (nt +1 to +104) of the first
exon, 68.2% of the samples did not show methylation while
31.8 % showed a partial methylation pattern (17). These
results that were confirmed in our current study are also
similar to those published Jiang et al.; they found
hypomethylation of DNA around the TERT transcription start
site (nt -156 to +162) that was functionally related to its
transcription (31). Renaud et al. also proposed that hTERT
promoter region is mostly non-methylated 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 a target of a repressor protein
(CTCF), indicating that this epigenetic mechanism could acts
as a barrier that prevents the binding of CTCF (32). All these
results support the claim that the core promoter in the region
analysed (around the transcription start site) must remain non-
methylated to allow hTERT activation. However, the different
correlations found between DNA methylation and TERT
expression in other studies may result, in part, from the
different regions analysed, variability of methods used, type
of samples studied and histological diagnosis. 

The analysis of methylation done in our study included
both, frozen and paraffin embedded samples. When we
performed the analysis of hTERT methylation in paraffin
embedded samples with good quality of DNA, the results of
hTERT methylation in region 1 and 2 were very similar to
those obtained by using frozen samples. The use of paraffin
embedded tissues and fresh frozen tissue samples together
increased the power of association between HPV species and
the non-methylation status. It is important to highlight that

we don’t recommend paraffin embedded tissues for analysis
of hTERT methylation as the majority of these tissues didn’t
have a good enough quality of DNA compared to the high
DNA quality in fresh frozen tissues. The bad quantity and
quality of the DNA in the paraffin embedded tissues can be
explained by the age and treatment of these tissues, added to
loss of large amounts of DNA during the bisulfite conversion
and cleaning procedures, so using these tissues for this type
of analysis is not useful.

Regarding the relationship between the methylation status
and HPV genotype infection in the immortalization stage,
hTERT methylation is particularly advantageous for
immortalization of cells that host oncogenic types of HPV
(33). In invasive cancer, a previous report by our team
showed that a non-methylation status is associated with the
type of high-risk HPV present (alpha 9 and alpha 7 species)
(17). Our current study strongly supported the results
obtained in that report; an association between the non-
methylated status and the HPV species was also observed.
These results allow us to conclude that in the presence of
high-risk HPVs, the non-methylated status of hTERT
predominates. These results support the claim that the core
promoter must remain non-methylated to allow hTERT
activation, which is consistent with the usual dogma of gene
expression and epigenetic changes establishing that absence
of DNA methylation around the transcription start site is
necessary to allow gene expression (8, 17). Some studies
have found that E6 proteins of different HPV types have
different abilities to transactivate hTERT (2). In addition to
the different E6 activation capacities of specific types and
probably of the HPV species and the site-dependent
methylation patterns, a wide variety of transcription factors
that interact with the hTERT promoter could contribute to
activating the hTERT gene (34).

A distant relationship between protein expression and
methylation status was also observed in our study, as well as
between non-methylation and alpha 7 and alpha 9 species of
HPV. Although our numbers are few it is very interesting
that samples positive for HPV 31 with only nuclear hTERT
expression were the same samples that showed the higher
percentage of hTERT partial methylation (66.7%) in region
1 and region 2 of the hTERT promoter, which supports the
idea that under this condition, various strategies are being
used to stop or delay the cellular transformation.

In the study of correlation of clinicopathological
characteristics and the result of the disease with the
expression of the hTERT protein and methylation of hTERT
there are some reports such as the report by Widschwendter
et al., in which they found that hTERT methylation in
cervical cancer is significantly more frequent in comparison
to normal cervical tissue, hTERT methylation increases with
increasing age in ovarian cancer, hTERT expression is not
correlated with prognosis whereas patients with cervical and
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ovarian cancer with non-methylated hTERT had significantly
better overall survival (16). Our results regarding the
clinicopathological characteristics analyzed, including
response to treatment (few data were available), did not
show any association with the expression of the hTERT
protein, so it is necessary to carry out more studies with a
larger sample size and more clinical features.

Conclusion 

Our results showed the following novel and interesting
findings: 1) invasive cervical cancer samples express hTERT
both in the nucleus and cytoplasm; 2) hTERT protein
expression by using a staining intensity score with an
extension of positivity >80% expression showed a statistically
significant association between the HPV species and the
expression of hTERT at the nuclear level; 3) differences in the
methylation patterns of hTERT in clinical specimens of
cervical cancers are associated with HPV species and specific
HPV types; 4) Combination analysis of the hTERT
methylation status, the hTERT subcellular protein expression
and the presence of certain HPV species could be used in the
future as biomarkers and molecular targets in the development
of new diagnostic and treatment strategies for cervical cancer.
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