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Abstract
Aim-To evaluate whether increased telo-
merase activity can be clinically useful for
detecting malignant cells in a variety of
gynaecological specimens.
Methods-Telomerase activity was exam-
ined in frozen tissue samples of histologi-
cally confirmed lesions of the
endometrium, ovary, and cervix. It was
also assessed in exfoliated cells in cervical
smears from patients with premalignant
and malignant lesions and in ascitic fluid
obtained from cases with malignant or
non-malignant ovarian tumours.
Results-Solid tissues from carcinomas
were telomerase positive in all specimens
of endometrial (616) and cervical (6/6) ori-
gin, and in almost all from the ovary
(12/13). Normal tissues from the cervix
(0I5) and the ovary (015) were telomerase
negative, but samples from normal en-
dometrium were found to show telomer-
ase activity, possibly due to the cyclical
regenerative nature of this tissue. Con-
versely, dissociated cells in cervical
smears from preneoplastic and frankly
neoplastic lesions rarely showed detect-
able telomerase activity. Thus smears
from patients with malignant tumours
were only positive in one of two patients,
whereas those from CIN-2 (0/5) and CIN-3
(1117) lesions and from normal (0110)
samples were almost all negative. Telo-
merase activity was also scarcely detect-
able in cells obtained from ascitic fluid
from patients with ovarian tumours.
Conclusions-As in many other organs,
telomerase activity is increased in solid
tissue specimens from malignant tumours
of the female reproductive tract, but it is
not yet a reliable indicator of the presence
of exfoliated cancerous or precancerous
cells in clinical specimens from such
lesions. Interpretation should be guarded
until more extensive studies have been
conducted. The data on solid tissues
presented here confirm that activation of
this enzyme is a major hallmark of the
neoplastic process.
(i Clin Pathol 1997;50:501-504)
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Telomeres are specialised nucleoprotein struc-
tures at the ends of eukaryotic chromosomes in
which the DNA is composed of several

hundred repeats of a simple hexanucleotide
sequence (TTAGGG) extending up to 30 kb.'
These telomeric regions play an important role
in the structural integrity and function of chro-
mosomes because they anchor the terminal
regions to the nuclear membrane and protect
them from untimely recombination events. The
telomeres are believed to act as a buffer zone
which allows for the loss of terminal DNA that
occurs each time a chromosome is replicated
without disruption of vital protein coding
sequences. Replication related shortening of
telomeric DNA to a critical length has been
implicated as a signal for cells to stop dividing
and to enter a senescent state. As a result of this
"end-replication" problem, somatic cells have a
limited proliferative capacity. Maintenance of
telomere length is therefore considered to be
necessary for continued cell division and
immortalisation.A This can be achieved in vivo
by the activation of telomerase, a ribonucleo-
protein RNA dependent DNA polymerase that
adds telomeric hexanucleotide repeats to the
ends of replicating chromosomes.56

Recent investigations have shown that telo-
merase activity is demonstrable in the vast
majority of human cancer cell lines and
tumours tested, but it is absent or present at
very low levels in somatic cells.7 The "telo-
meric repeat amplification protocol"8 (TRAP
assay) is extremely sensitive and has been used
to detect the presence of telomerase activity in
carcinomas from a number of organs including
the lung,9 gastrointestinal tract,'10' and
bladder.'2 However, to date few studies have
been undertaken to assess the value of the
TRAP assay in the detection of carcinoma in
samples from the female reproductive tract
(endometrium, ovary, and cervix).

Methods
TISSUE SPECIMENS
Tissue specimens were collected from six
endometrial carcinomas, eight normal endo-
metria, 13 ovarian carcinomas, five benign
ovarian tumours, six cervical carcinomas, and
five normal cervices. These were immediately
snap frozen and stored in liquid nitrogen until
use. Cryostat sections were examined to
confirm the histological identity of all tissue
samples before analysis.

Ascites fluid from eight patients with ovarian
carcinomas and from four without carcinomas
was centrifuged to collect suspended cells.
Cytological preparations were examined and
the remainder of the cell pellet snap frozen in
liquid nitrogen before storage at -70°C.
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Figure 1 Telomerase activity in normal and malignant endometrium: 6 ug ofprotein from
tissue lysates were usedfor each reaction; 6 base pair ladders could clearly be seen in normal
as well as tumour tissues. The RTJ 12 human carcinoma cell line was used as a positive
control. Telomerase activity was not detected in lysates pretreated with RNase A. No
telomerase activity was detected in a reaction mixture containing no tissue lysate.

Cervical smears were obtained with in-
formed consent from five patients with cervical
intraepithelial neoplasia (CIN) II, 17 with CIN
III, two with carcinomas (one microinvasive,
one invasive), and 10 with no detectable lesion.
The samples used consisted of the redundant
cellular material on the spatulae after prepara-
tion of cytological smears for diagnostic
purposes. The cells were resuspended in phos-
phate buffered saline, centrifuged, and stored
as above.

PROTEIN EXTRACTION AND TELOMERASE ASSAYS
Protein extractions were performed according
to protocols published previously.8 Briefly, cell
pellets or 20 cryostat sections 10 gm thick from
tissue samples were resuspended in TRAP lysis
buffer, incubated on ice, and centrifuged. The
resulting supernatant was snap frozen in liquid
nitrogen and stored at -70°C. Six micrograms
of protein extract were used for each telomer-
ase assay. Telomerase activity was detected by
the TRAP assay.8 This detects the presence of
telomerase activity by its ability to extend a
synthetic oligonucleotide substrate which is
added to the reaction mixture. The enzyme can
act processively, so many extended DNA mol-
ecules of different lengths are produced. These
are then amplified by polymerase chain reac-
tion (PCR) using specific primers and the
products are visualised as a ladder pattern of
bands at six base pair intervals. RNase sensitiv-
ity of the TRAP assay was assessed by digesting
10 jl of the cell extract (10 jig protein) with
0.5 jg of RNase A (Boehringer Mannheim,
Germany) for 20 minutes at 37°C, and 6 jg of
the protein extract were used in the TRAP
assay. To reveal the possible presence of PCR
inhibitors, extracts were further diluted to
0.6 jig of protein per assay.

Table 1 Telomerase activity in normal and malignant
tissues

No of No ofpositive
Sample cases cases

Solid tissue
Endometrium carcinoma 6 6/6
Endometrium normal 8 5/8
Ovarian carcinoma 13 12/13
Ovarian non-malignant 5 0/5
Cervix carcinoma 6 6/6
Cervix normal 5 0/5

Fluids and smears
Ovarian ascites carcinoma 8 2/8
Ovarian ascites non-malignant 4 0/4
Cervical smear carcinoma 2 1/2
(CIN III) 17 1/17
(CIN II) 5 0/5
Normal 10 0/10

CIN, cervical intraepithelial neoplasia.

Results
ENDOMETRIUM
Telomerase activity, detected by the presence
of the characteristic 6 base pair ladder, was
observed in samples of both normal and carci-
nomatous endometrium (fig 1, table 1). The
signals from these tissue samples were very
intense. Of the six carcinoma cases, all were
positive, but clearly positive results were also
seen in five of the eight samples of normal
endometrium. In addition, a weak signal was
seen in one of the remainder. Histologically
there was no evidence of accumulation of
inflammatory cells in any of the samples
assayed.

OVARIAN TISSUE AND ASCITIC FLUIDS
Telomerase activity was detected in 12/13 car-
cinomas and 0/5 non-malignant ovarian tissue
samples (fig 2, table 1). As it could only be
detected in samples of carcinoma tissue and
not in non-malignant tissue, enzyme activity
was next assayed in the cells suspended in
malignant and non-malignant ascitic fluid from
patients with ovarian lesions. Of the eight
ascitic fluids from patients with cytologically
confirmed malignant tumours, only two gave a
clearly positive result (fig 2A). All the remain-
ing samples showed low level telomerase activ-
ity relative to the telomerase negative non-
malignant group, but these weakly positive
samples contained blood cells and lym-
phocytes, reported to possess telomerase
activity."3 1' We were able to obtain four solid
tissue samples from cases used in the ascites
study (fig 2B). Case 1 was tissue obtained from
a benign tumour and showed no telomerase
activity, agreeing with the ascites data (fig 2A).
Case 5 was tissue obtained from a patient
undergoing chemotherapy and very weak telo-
merase activity was obtained both from the tis-
sue and from the ascites. Cases 9 and 10 were
malignant tumours and tissue samples from
both gave good positive results, as expected.
However, ofthe corresponding ascites samples,
only that from case 9 gave a clearly positive
result (fig 2A) despite the cytological confirma-
tion of many exfoliated malignant cells in case
10. To assess whether such results were attrib-
utable to artefactual interference with the assay
by inhibitory factors, all the negative samples
were diluted 10-fold and 100-fold, but no
telomerase activity was revealed.
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CERVICAL TISSUE AND CERVICAL SMEARS
Telomerase activity in cervical tissue appeared
to be present only in carcinoma samples (6/6),
with no detectable activity in normal tissue
(0/5) (table 1). As in ascitic fluids, the visual
detection of carcinoma cells in cervical smears
can be difficult and time consuming. We there-
fore evaluated the telomerase assay on cervical
smear samples collected from patients cyto-
logically diagnosed as having CIN II, CIN III,
or cervical carcinomas. Telomerase activity
could not be detected in cells from any of five
CIN II smears and in only one of 17 CIN III
smears. No tumour could be seen in routinely
stained histology sections of the cone biopsy
from the patient with the single CIN III smear
that appeared to be telomerase positive.
However, of the two confirmed cervical
carcinoma smears, the invasive carcinoma gave
a clearly positive result, but the microinvasive
carcinoma was negative.

Discussion
It is widely reported that telomerase activity is
only significantly present in germ line cells and
immortal cancer cells. However, it has also been
detected in some normal adult tissues and cell
populations. Thus for example it has recently
been reported that low levels of telomerase
activity are present in human lymphocytes and
haematopoietic progenitor cells. '"5 It has been
suggested that the levels of telomerase activity
may correlate with the proliferative status of the
stem cells within these cell lineages. Further-
more, activity of this enzyme has been observed
in intestine" and in normal human skin,'7 18
particularly in hair follicles,'9 where actively
replicating stem cells are known to reside at
certain stages in the cycle of hair production.
The endometrium also undergoes cyclical pro-
liferation and differentiation during the men-
strual cycle and it is inferred that the stem cells

resident in the normal decidua basalis are
responsible for the telomerase activity detect-
able in this tissue. It can therefore be concluded
that telomerase activity is not a particularly
useful indicator of the presence of tumour cells
within the endometrium, because of the high
levels of activity of this enzyme in normal tissue.
Even so, detailed study of telomerase activity in
proliferative and secretory phase endometrium
and in postmenopausal tissue could give
insights into the physiological regulation of this
enzyme.
Enzyme activity correlated well with the

presence of cancer in solid cervical tissue speci-
mens and was not detectable in normal
controls, but it was seen in only one of 22
smears from premalignant CIN II and CIN III
lesions. Hence it would appear to be of limited
practical value for the detection of early
non-invasive lesions, but further studies on cer-
vical epithelia from the transition zone could be
valuable for the identification of the precise
stage at which telomerase is activated during the
multistage development of cancers. Telomerase
activity has been detected in exfoliated cells in
urine from a significant proportion of bladder
cancer patients,'2 in washings from colectomy
specimens containing carcinomas,20 and in fine
needle aspirates of breast carcinomas.2' There-
fore, as the assay is sensitive enough to detect
small numbers of cancer cells, it may be that the
preneoplastic epithelial cells in CIN lesions
have not yet reached the threshold of chromo-
somal instability at which increased telomerase
activity is triggered.
As in the case of cervical cancer, fresh tissue

specimens of ovarian cancer all showed strong
telomerase activity, but it was not detectable in
any of our samples of non-neoplastic ovarian
tissue. In the investigation of patients with sus-
pected ovarian carcinomas it would be of great
practical advantage to be able to establish a
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Figure 2 (A) Telomerase activity in ascites from patients with non-malignant (cases 1-4) and malignant (cases 5-11)
ovarian tumours: 6 ,ug of cell extract protein was usedfor each reaction. Only two malignant cases (Nos 9 and 11) gave
clearly positive results. The remaining cases, whether non-malignant or malignant, gave a negativelweak six base pair
ladder when compared to the no lysate control. Telomerase activity was not detected in lysates pretreated with RNase A. The
RT112 human carcinoma cell line was used as a positive control. (B) Telomerase activity in ovarian tissues from patients
with matched ascites samples. The same case numbers applyfor the tissue and ascites specimens from the given patient; 6,ug
of tissue extract protein was used in each reaction. Telomerase activity was not detected in lysates pretreated with RNase A.
The RT1 12 tumour cell line was used as a positive control.
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diagnosis by examination of ascitic or cyst fluid
obtained by the minimally invasive procedure
of paracentesis. However, our analysis of ascitic
fluids did not show a good correlation between
the presence oftumour cells and increased telo-
merase activity. Dilution studies have previ-
ously shown the presence of Taq polymerase
inhibitors in telomerase negative tumour
extracts,5 22 but using similar analyses we did
not find evidence of inhibitors in cells collected
from the ascitic fluids in our study. This
suggests that any activity associated with exfo-
liated neoplastic cells in the ascites is masked
by the overwhelming background of non-
neoplastic mesothelial and other cells shed into
the fluid. Dilution of the telomerase protein
from cancer cells by other proteins from the
non-neoplastic cell population could cause
such an effect.
Our data on tissue samples from gynaeco-

logical malignancies adds to the growing
evidence that telomerase is an important
cancer specific marker that is expressed in the
majority of cancers. However, although present
methods can detect the presence of telomerase
activity in even a single isolated cancer cell, we
did not find the assay to be capable of detecting
a subpopulation of exfoliated cancer cells
among the abundant mesothelial and inflam-
matory cells in clinical samples.
The information obtained in this initial

study therefore appears to limit the practical
value of this assay method for the non-invasive
early detection of gynaecological malignancy
by examination of exfoliated cells, but for
definitive conclusions much larger studies will
be needed. There are substantial practical
difficulties in conducting such work, because in
prospective studies one has to examine about
five to 10 times as many non-malignant
samples of cervical smears and ascites samples
as malignant or premalignant ones. Further-
more, smears and ascites samples are often very
limited in amount and there is need to give pri-
ority to diagnosis, leaving little or none for
research. These factors combine to make new
molecular pathological investigations on sparse
cells in gynaecological exfoliative cytology
labour intensive and slow.

Since the inception of this study, the TRAP
assay has been refined by the inclusion of
internal standards2' which help to determine
the presence of assay inhibition. Future work
will be able to apply more quantitative and
sensitive assays for telomerase activity as they
become available, and such new techniques
may help to overcome some of the problems of
assessing minimal samples such as cervical
smears.

In conclusion, the data assembled in this
study show that-in keeping with the findings
in several other types of common human
cancers9 12-_telomerase activity is frequently
increased in gynaecological cancers relative to
corresponding normal tissue. Investigations on
exfoliated cells from such tumours have not yet
yielded a practical method to supplement or
improve upon the current labour intensive
microscopical method, for early detection.
However, the results on telomerase activity in

small solid tissue specimens documented here
give cause for optimism and indicate that the
difficulties can be overcome. Thus our findings
indicate that further exploration of increased
telomerase activity in gynaecological cancer is
an important priority for understanding the
mechanisms involved in neoplasia, and for the
clinical application of such advances.
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manuscript.
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