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Telomerase activity in cervical smears
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It is well known that almost all carcinoma cells includ-
ing those of the uterine cervix have re-established their
telomerase activity. However, until now there is no conclu-
sive picture on the telomerase activity in cervical dysplasias
and about their relationship to HPV infection. To investi-
gate this question, material from 34 patients (15 with nor-
mal epithelium, 11 with LGSIL, 8 with HGSIL) obtained
by conventional cervical brushing was used and subjected
to non-radioactive TRAP-ELISA (Boehringer Mannheim).
The HPV analysis was performed by PCR on formalin-fixed,
paraffin-embedded biopsy material obtained after cytologi-
cal investigation. We could show that telomerase activity is
detectable in normal cervical epithelium, and that an gradual
increase exists for both telomerase activity and HPV positiv-
ity from normal epithelium to HGSIL. However, HPV infec-
tion and telomerase activity appear to be independent of each
other. The high frequency of telomerase positivity in patients
with normal cervical epithelium indicates that telomerase
activity is not a useful differential diagnostic aid. Whether
patients with telomerase-positive dysplasias have a higher
probability to progress into an invasive carcinoma remains to
be clarified by follow-up studies.
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1. Introduction

In normal somatic cells, other than those belonging
to the stem cell compartment, the telomeric ends of
chromosomes are shortened after each round of repli-
cation. This shortening happens because the telom-
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erase, an enzyme capable of elongating the telomers,
is silenced in these cells. After a critical telomer length
has been achieved, cells stop cycling, a phenomenon
called replicative senescence. In contrast to normal
cells, telomerase activity has been detected in the ma-
jority of malignant neoplasia, suggesting that reacti-
vation or overexpression of telomerase is involved in
carcinogenesis [3,11,13,21,22]. In invasive squamous
cell carcinomas of the cervix uteri, telomerase activity
is shown in nearly all cases [1,14,19,23,26]. Because
this enzyme was found to be reactivated even in some
pre-invasive lesions [13,20] it was thought that it could
serve as an useful diagnostic tool to detect early ma-
lignant stages, especially if minimal-invasive cytolog-
ical sampling techniques were used, such as fine nee-
dle biopsies, peritoneal, lung and bladder washings and
gynecological smears [5,7,10,14,24,25,29].

The aim of the present study was to analyze the
frequency of telomerase positivity in low-grade and
high-grade squamous intraepithelial lesions (LGSIL
and HGSIL, resp.) of the cervical epithelium compared
to cervical epithelium, and to ask whether there is a
correlation between HPV infection and telomerase ac-
tivity.

Our results indicated that telomerase activity was
found in more than a quarter of normal epithelium of
the cervix uteri, diminishing its use as differential di-
agnostic aid. On the other hand, although HPV infec-
tion and telomerase positivity were found to be inde-
pendent from each other there was a clear gradual in-
crease of both from normal epithelia to HGSIL.

2. Material and methods

2.1. Patients and sample collection

Thirty four patients with normal or dysplastic
changes, randomly selected from the oncogynecolog-
ical dispensary at the Charité hospital, were investi-
gated. Smears were collected from the ectocervix with
a wooden spatula and from endocervical by brushing in
each case. Two parallel probes from both localizations
were obtained: the first – for telomerase investigation
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– was transferred to PBS and kept for a maximum of
4–6 hours (mean 2.5 hours) at 4◦C. Afterwards cells
were centrifuged and the pellet was stored at −80◦C
until analysis. The second sample was prepared for cy-
tological diagnosis.

2.2. Cytological and histological investigations

Cervical smears were fixed in ethanol, stained with
Papanicolaou and examined by a gynecologist. His-
tological examination and analysis of HPV infection
were performed on cervical punch or cone biopsies,
which were fixed in 10% neutral-buffered formalin,
embedded in paraffin, cut at a thickness of 5 µm,
and stained with hematoxylin & eosin. Histological di-
agnosis was done by pathologists. Indications to ob-
tain a biopsy were either repeated cytological diag-
noses of dysplasia, repeated cytological abnormalities
in patients with HPV positivity, or cone biopsy due
to dysplasia in their history and abnormal colposcopy.
The patient informed consent had been obtained in all
cases.

2.3. TRAP (telomeric repeat amplification protocol)
assay

Detection of telomerase activity was performed
using the non-radioactive Telomerase-PCR-ELISA
(Boehringer, Mannheim). The pellets were resuspended
in Chaps-buffer and the cell number was determined
by counting in a hemocytometer. If possible, the cell
concentration was adjusted to an optimum of 106 cells
per 200 µl Chaps buffer [11]. The minimal cell number
used was 5 × 103. In cases with a low cell number the
template volume used for the PCR was enhanced up
to 10 µl. The PCR and the following detection of the
synthesized telomeric repeats with a non-radioactively
labeled probe were performed according to the man-
ufacturer’s instructions (Boehringer Mannheim), ex-
cept that 10 µl (instead of 5 µl) of the PCR prod-
uct were used for denaturation to enhance the sensitiv-
ity of the assay. Each sample was analyzed in dupli-
cate. Chaps-buffer without cells and cell extracts from
healthy persons were used as negative controls. Anal-
ysis was repeated at least once in an independent test.
Samples were regarded as telomerase-positive, if the
detected calorimetric value in the reaction with the en-
zyme linked antibody against the labeled probe was
at least twice the value of the negative control. The
sensitivity of the assay was determined using HL-60
cells which are known to have high telomerase activity.
Specificity of the telomerase reaction was determined
by heat inactivation of samples in parallel PCR reac-
tions.

2.4. HPV-detection

DNA was prepared from formalin-fixed, paraffin-
embedded tissue. The quality of the DNA preparation
was tested by amplification of a genomic sequence of
-globin. For detection of a wide array of HPV vari-
ants (e.g., HPV-types 6, 11, 16, 18, 31, 33, 35, 42,
43, 44, 45, 51, 52, 56) we used the consensus primer
pair MY 09 (primer for the negative strand) and MY11
(primer for the positive strand) for amplification of the
L1 region (Digene, Beltsville, USA). The specificity of
the products and their typing were established with a
sensitive non-radioactive method using the Sharp Sig-
nal System (Digene, Beltsville, USA) via hybridization
with a specific single-stranded RNA probe to the 5′-
biotinylated PCR product and reaction with an enzyme
linked anti-hybrid antibody assay at 405 nm.

3. Results

3.1. Detection threshold

To determine the detection threshold and the sen-
sitivity of the non-radioactive TRAP-ELISA, we used
HL-60 cells which are known to have high telomerase
activity. The assay was positive if the sample contained
at least 50 tumor cells (a 1 : 200 dilution of a standard
lysate concentration of 104 tumor cells in 2 µl). Telom-
erase activity is still detectable in a sample with a total
cell number of 104 squamous epithelial cells. Thus, the
method has a sensitivity of around 0.5% cells with high
telomerase activity, and there was obviously no inhi-
bition of the TRAP assay due to telomerase negative
cells as reported by other groups as well [14]. To ex-
clude an influence of storage, we harvested the tumor
cells for 2, 6, 18, and 24 h in PBS at 4◦C. No decrease
in telomerase activity could be detected.

3.2. Normal samples

We had samples from 15 patients with normal ep-
ithelium. In 3 samples (20%) there was a HPV (high
risk types) infection, and in 5 samples (33.3%) telom-
erase activity was detectable (Fig. 1). Only one of the
three HPV positive cases had telomerase activity, and 4
of the cases with telomerase positivity were HPV neg-
ative. In only one case HPV and telomerase positivity
were associated (Fig. 2). Therefore, no association was
found between HPV positivity and telomerase activity
in normal cervical epithelium. In 4 patients there was
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Fig. 1. HPV-positivity (blue) and telomerase activity (red) in normal
cervical epithelium and squamous intraepithelial lesions, low grade
(LGSIL), and high grade (HGSIL).

Fig. 2. Association between HPV positivity (H+) and telomerase
activity (T+) in normal cervical epithelium (blue) and squamous
intraepithelial lesions, low grade (LGSIL; red), and high grade
(HGSIL; yellow).

a history of LGSIL and HGSIL, respectively. Three of
them had telomerase activity, and in 2 patients HPV
was still detectable despite the lack of morphological
abnormalities.

3.3. Dysplastic lesions

Nineteen patients with dysplasias (11 cases with
LGSIL, 8 cases with HGSIL) were analyzed. In 6 cases
(54.5%) with LGSIL, and in 5 cases (62.5%) with
HGSIL telomerase activity was detected. HPV positiv-
ity was found in 6 patients (54.5%) with LGSIL and
in 7 patients (87.5%) with HGSIL (Fig. 1). Whereas
the increase in HPV positivity from normal epithe-
lium to LGSIL and HGSIL was statistical significant
(p = 0.007), that of telomerase positivity was not. Tak-
ing all patients with dysplastic lesions together there
were 8 patients (42%) with HPV positivity and telom-
erase activity, whereas the reverse case was found in
only 3 patients (16%). In 3 patients telomerase activ-
ity was found without HPV positivity, while the other

combination occurred in 5 patients (26%) (Fig. 2).
Again, no significant association exists between HPV
infection and telomerase positivity. There was no re-
lationship between the degree of telomerase activity
and the degree of dysplasia and HPV infection, respec-
tively.

4. Discussion

Activation of telomerase, an enzyme that synthe-
sizes the telomere ends of chromosomes, has been im-
plicated in immortalization of somatic cells, and, there-
fore, in the pathogenesis of human malignancies [3,
11,21,20]. For invasive carcinomas of the cervix uteri
telomerase, activity has been reported in 88–100% of
cases [1,14,23,26]. The 58% of telomerase positivity
in SIL found in this study lies between the very broad
range of 25–96% described in the literature [10,14,19,
23,24,27]. Despite the frequency of telomerase activity
in SIL, the telomerase reverse transcriptase has been
detected in a recent study only once (6%), whereas
more than 80% of cases possessed telomerase RNA
component [16]. Nevertheless, the lack of detectable
telomerase activity in more than one third of SIL in
this study is remarkable high. Technical reasons are un-
likely because HL-60 cells, which are known to posses
high telomerase activity, did not show any loss of ac-
tivity despite storage at 4◦C for up to 24 hours. More-
over, Duggan et al. [7] were able to detect telomerase
activity within samples stored for 7 days at room tem-
perature, indicating that telomerase is not as sensible as
originally assumed. On the other hand, one could spec-
ulate that the cotton swabs used to collect the samples
contain telomerase-inhibiting substances. This, how-
ever, is not likely because other investigators [10,14]
collect their samples in exact the same way without any
detectable negative influence. We cannot exclude that
the number of dysplastic cells within the negative sam-
ples are below 0.5%, although the Pap smears which
were obtained after sampling for telomerase analy-
sis contained plenty of dysplastic cells. Therefore, we
suggest that dysplasias exist with very low or even
without telomerase activity. The important question is
whether dysplasias without telomerase activity repre-
sent lesions with a low or even negligible risk of pro-
gression into a high grade lesion. From the cytolog-
ical literature, it is known that only 16% of LGSIL
will show progression, whereas 37% persist and 47%
regress spontaneously [28]. Therefore, follow-up stud-
ies are necessary to clarify whether telomerase activity
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are indeed early markers of an enhanced risk of malig-
nant progression. In our study the degree of dysplasia
was not correlated to telomerase activity as reported by
other authors [14,19,31], although there are also other
reports in the literature [10,16,23,24].

Dysplasia of the cervical squamous epithelium is
frequently associated with HPV infection of the high
risk type such as HPV16 and HPV18. The oncogenic
activities of HPV are complex but may involve telom-
erase activation. This has been shown by Klingelhutz
et al. [12] who found an activation of telomerase in
HPV-transfected keratinocytes with genomic integra-
tion of the viral DNA. However, in dysplastic lesions
HPV is present mostly in the episomal state [6], but the
relationship between non-integrated HPV and telom-
erase activity has not been studied yet. Telomerase ac-
tivity, in the absence of morphological detectable signs
of HPV infection in patients with a history of HPV-
associated lesion as found in this investigation, has also
been described also by Iwasaka et al. [10]. Therefore,
telomerase activity could be a sensitive marker of a
persisting but hidden HPV infection which has to be
clarified in a prospective follow-up study. On the other
hand, it cannot be excluded that simply the prolifera-
tion induced by viral infection may be the reason of
telomerase activity, because even lesions which are as-
sociated with infection by HPV of low risk type (e.g.,
Condyloma accuminatum) are telomerase positive as
shown in this and other studies [17,23].

This investigation demonstrates that telomerase ac-
tivity is not a specific marker for premalignant changes
of the cervical epithelium, since it is detectable in up
to one third of normal epithelium. Because the mate-
rial investigated in this study were from patients with
repeated cytological abnormalities one can expect a
somewhat lower frequency in normal smears from a
general population. On the other hand, the presence
of activated lymphocytes or granulocytes can also in-
duce a positive result because both have active telom-
erase [8,18]. Moreover, even physiological prolifera-
tive processes (e.g., proliferating endometrium) are as-
sociated with telomerase activity [2,4,15,30], and stem
cells in renewable tissues like skin and intestine were
also shown to be telomerase positive [9,13]. Therefore,
all types of regenerative epithelial changes may be as-
sociated with telomerase activity.

Taken together our data indicate that telomerase ac-
tivity is not helpful in differential diagnosis of dys-
plastic lesions. Whether dysplasias without detectable
telomerase activity have a lower risk for progression
than those with telomerase activity, and whether telom-

erase activity in the absence of any morphological
changes indicates a persistent HPV infection, remains
to be clarified in follow-up studies.
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