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ABSTRACT

Background: Telomerase enzyme adds hexameric re-
peats of 5°-TTAGGG-3’ to the end of mammalian chromo-
somal DNA (telomeres) to compensate for the progressive
loss that occurs with successive rounds of DNA replica-
tion. Significant telomerase activity has been identified in
human germline cells in neoplastic immortal somatic cells,
in normal human lymphocytes and in stem cells, but not in
most normal somatic cells, which senesce after a certain
number of cell divisions.

Objective: The present study was conducted to exam-
ine telomerase activity in three different common malig-
nant conditions in Egypt: 1) treated and untreated chronic
myeloid leukemia (CML), 2) hepatocellular carcinoma
(HCC) with and without type B or C viral hepatitis and 3)
urinary bladder carcinoma (UBC) with and without bilhar-
ziasis.

Material and Methods: In CML, twenty subjects were
included in each group and results were compared to a
control group of age-matched apparently normal individu-
als. In HCC and UBC specimens were included in each
group. In CML cases, peripheral blood mononuclear cells
were analyzed, while in HCC and UBC cases, tumor biop-
sy specimens were used. Telomerase activity was estimat-
ed by polymerase chain reaction (PCR) followed by ELI-
SA technique, which is a modification of the original
telomerase repeat amplification protocol (TRAP). This
technique allows highly specific amplification of telome-
rase-mediated elongation products combined with non-
radioactive detection following an ELISA protocol.

Results: In CML, 85% of untreated patients were te-
lomerase positive which was significantly higher than
treated patients (65%) or control group (30%). In HCC,
57% of cases were telomerase positive. A significantly
higher percentage of telomerase positive specimens were
found among HCC cases associated with either HCV
(75%) or HBV (71.4%) infection than in HCC cases alone
(22.2%). In UBC, 69% of patients were telomerase posi-
tive without differences between bilharzial and non-
bilharzial cases.
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Conclusion: Elevated telomerase enzyme activity is
associated with untreated or viral- complicated malignan-
cies and can be used as an adjuvant to parameters used for
monitoring tumor progression or the effect of therapy.
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amplification - Hepatocellular carcinoma -
Urinary bladder cancer - Chronic myeloid
leukemia - Hepatitis C virus - Hepatitis B vi-
rus.

INTRODUCTION

Ends of linear chromosomes are capped by
specialized nucleoprotein structures termed tel-
omeres. Telomeres comprise tracts of noncod-
ing hexanucleotide repeat sequences that, in
combination with specific proteins, protect
against degradation, rearrangement, and chro-
mosomal fusion events. Due to the polarity of
conventional DNA synthesis, a net loss of telo-
meric sequences occurs at each cell division. It
has been proposed that this cumulative telomer-
ic erosion is a limiting factor in replicative ca-
pacity and elicits a signal for the onset of cellu-
lar senescence. To proliferate beyond the sene-
scent checkpoint, cells must restore telomere
length. This can be achieved by telomerase, an
enzyme with reverse-transcriptase activity. This
enzyme is absent in differentiated somatic tis-
sues, but telomerase reactivation has been de-
tected in most tumors [19].

Telomerase has been detected in the majori-
ty of human malignant tumors, making telome-
rase activity one key difference between mortal
and immortal cells [18]. Therefore, telomerase
offers the potential opportunity to control cell
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proliferation by interfering with a totally new
and unique biological process which is cell se-
nescence [12].

In leukemia, telomerase is specifically acti-
vated during the progression stages of the dis-
ease [5]. In chronic myeloid leukemia (CML),
there is detectable telomerase activity above
background, and high frequency of additional
cytogenetic changes [16].

Telomerase activity was reported in liver
samples from patients with hepatitis and liver
cirrhosis but no tumor pathology. Tahara et al.,
[20] studied telomerase activity in 105 frozen
samples from human normal liver tissues,
chronic liver disease, and hepatocellular carci-
noma (HCC). They found that telomerase activ-
ity was positive in 28 of 33 HCC tissues regard-
less of tumor stage or size. Telomerase activity
was expressed in 15 of 18 differentiated HCC
nodules smaller than 3 cm. HCC tissues from
all eight hepatitis B virus-positive patients were
telomerase positive, while telomerase activity
was not detected in normal liver tissues (O of 4).
Weak telomerase activity was only detected in
1 of 22 non- tumor liver tissues from HCC pa-
tients. Interestingly, in 19 of 38 hepatitis tissues
and 6 of 8 cirrhotic liver tissues from apparent-
ly cancer-free patients, very weak telomerase
activity was detected.

Yang et al. [22], reported the telomerase in
95.7% of both cancer tissues and bladder wash
specimens. Telomerase activity was undetected
in all normal tissues except one, which was ob-
tained from a patient with carcinoma in situ.

Tumor specimens from a cohort of patients
with bladder cancer showed telomerase activity
in exfoliated cells in 23 (55%) of the 42 sponta-
neously voided urine specimens and in 36
(84%) of the 43 bladder- washing fluids exam-
ined. Considering voided urine specimens and
bladder- washing fluids together, telomerase
was detected in exfoliated cells from 40 (89%)
of the 45 patients [8].

Yoshida et al., [23] suggested that telomerase
could be a good diagnostic marker for the early
noninvasive identification of patients with blad-
der carcinoma by facilitating the detection of
exfoliated immortal cancer cells in urine.

This work was directed to study telomerase
activity in peripheral blood mononuclear cells
of treated and untreated chronic myeloid leuke-

mia patients, in hepatocellular carcinoma, in
liver diseases and in urinary bladder carcinoma
with and without bilharziasis.

PATIENTS AND METHODS

MATERIAL:

CML Patients:

Patients with Philadelphia translocation-
positive CML were seen at the Suez Canal Uni-
versity Hospital and the National Cancer Insti-
tute, Cairo University. All cases were diag-
nosed by competent hematologists in the above
institutions. The subjects were divided into 3
groups, each containing 20 individuals: 1) New-
ly diagnosed CML patients who have not taken
any treatment, 2) Established cases of CML pa-
tients under regular treatment of Hydroxyurea
and 3) a control group of apparently healthy in-
dividuals from blood bank donors.

HCC Tissue Samples:

This study was carried out on 64 liver tissue
samples including 18 specimens with hepato-
cellular carcinoma, 18 specimens with hepato-
cellular carcinoma with HBV, 18 specimens
with hepatocellular carcinoma with HCV and
10 apparently normal liver tissue samples that
served as controls. The tissue samples were ob-
tained from the National Cancer Institute, Cairo
University. Samples were frozen in liquid nitro-
gen and stored at (-80°C) until used. The sam-
ples were taken by ultrasound guided biopsy or
during operation and were already diagnosed
pathologically.

UBC Tissue Samples:

This study was carried out on 42 urinary
bladder cancer tissue specimens: 16 with bilhar-
ziasis and 16 without bilharziasis, and 10 appar-
ently normal bladder tissue samples that served
as controls. Samples were obtained from the
National Cancer Institute, Cairo University.

METHODS:
I- Sample Collection:

* CML Patients:

Five millilitres (5ml) of blood were collect-
ed in sterile sodium heparin vacutainer tubes.
Mononuclear cells were obtained by the ficoll-
Hypaque 1077 (cell separating media) density
gradient method, using sodium diatrizoate-poly
sucrose gradient, resulting in blast-enriched
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fractions consisting of >80% blast cells in the
blastic phase [3].

* HCC Tissue Samples:

Thin slices (around 10-15 mm thick) of fro-
zen tissue specimens were prepared on sterile
disposable Petri dishes with surgical disposable
knife blades to obtain around 50 thin flakes,
which were then immediately transferred to
sterile Eppendorf tubes containing 200ul ice-
cold lysis buffer and incubated on ice for 30
minutes. Then the lysate was centrifuged at
16000xg for 20 minutes at 4°C in a refrigerated
centrifuge. Only 175ul of the supernatant were
carefully removed and transferred to 1 fresh Ep-
pendorf tube and then protein concentrations
were determined by the Pasteur Lab. protein as-
say kit Lot No. 222. Protein content was fixed
at 20 ug for all samples. The tissue extracts
were shock frozen in liquid nitrogen and stored
at -8 0°C until used in the second step.

* UBC Tissue Samples:

This study was carried out on 32 urinary
bladder tissue samples including 16 specimens
with bilharzial bladder cancer and 16 with non-
bilharzial bladder cancer. The tissue samples
were snap frozen in liquid nitrogen and stored
at -80°C until used. The samples were already
diagnosed pathologically and their clinical data
were retrieved from the patients’ files.

II- Telomerase Activity Assay By PCR:

Telomerase activity was assessed according
to the telomeric repeat amplification protocol
(TRAP method)) as described by Kim et al. [7]
with minor modifications. In this protocol, te-
lomerase adds telomeric repeats (TTAGGG) to
the 3’ end of the biotin-labeled synthetic P1-
TS-primer. These elongation products are am-
plified by PCR using the primers P1-TS and P2
reverse primer, generating a PCR product with
the telomerase-specific 6 nucleotide increments
(Telomerase PCR ELISA KIT Cat. No. 1 854
666. By Boehringer Mannheim, Germany).

II- Hybridization and ELISA detection:

An aliquot of the PCR product was dena-
tured and hybridized to a digoxigenin-labeled
telomeric repeat-specific detection probe. The
resulting product was immobilized via the bio-
tin-labeled primer to a streptoavidin-coated mi-
crotiter plate. The immobilized PCR product is
then detected with an antibody against digoxig-
enin that is conjugated to peroxidase. The probe
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is visualized by virtue of peroxidase-metabo-
lizing TMB to form a yellow colored reaction
product. (Telomerase PCR ELISA KIT Cat.
No. 1 854 666 (Boehringer Mannheim, Germa-

ny).
RESULTS

CML Patients:

The study subjects were classified into te-
lomerase positive and telomerase negative
based on a cutoff optical absorbance value
(0.127) that was calculated according to the as-
say kit manufacturer’s recommendations as fol-
lows:

Cutoff =mean+2 S.D  0.127 = 0.57£2X0.35

As shown in table (1) and fig. (1), 6 out of
20 subjects in the control group (30%) were te-
lomerase positive which was statistically signif-
icantly less than telomerase negative ones [14
out of 20 (70%)] (p<0.001). Conversely, in un-
treated CML. patients, 16 out of 20 patients
(80%) were telomerase positive which was sta-
tistically significantly higher than telomerase
negative ones [4 out of 20 (20%)] (p < 0.001).
Similarly, in treated CML patients, 13 out of 20
patients (65%) were telomerase positive which
was statistically significantly higher than telom-
erase negative ones [7 out of 22 (35%)] (p <
0.001). On comparing untreated CML and con-
trol groups, the percentage of telomerase posi-
tive subjects in untreated CML patients (8 0%)
was statistically significantly higher than that in
control group (30%) (p<0.05). Also, on com-
paring treated CML and control groups, the per-
centage of telomerase positive subject and in
treated CML patients [13 out of 20 (65%)] was
statistically significantly higher than that in
control group [6 out of 20 (30%)] (p < 0.05).
However, on comparing untreated and treated
CML patient groups, there was no statistically
significant difference in telomerase activity.

Table (1): Comparison between CML patients and the
control group as regards the distribution of te-
lomerase activity.

Control Untreated Treated
Telomerase CML CML
CVty N % No. % No. %
Positive 6 30 16 80 13 65
Negative 14 70 4 20 7 35
Total 20 100 20 100 20 100
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Fig. (1): Comparison between CML patients and control
group as regards the distribution of telomerase
activity.

On employing simple linear regression anal-
ysis to detect any correlation between absor-
bance of telomerase activity and hematological
parameters, a statistically significant direct cor-
relation between mean absorbance of telome-
rase activity and blast cell percentage in telome-
rase positive subjects in untreated CML patients
was found (r =0.7855, p<0.001). Fig. (2) shows
the correlation between mean absorbance of te-
lomerase activity and blast cell percentage in te-
lomerase positive untreated CML patients.
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Fig. (2): Correlation between mean absorbance of telome-
rase activity and blast cell percentage in telome-
rase positive untreated CML patients.

Table (2): Telomerase activity among all tissue samples of

HCC.

Telomerase activity No. %
Positive 16 57.14
Negative 12 42.86
Total 28 100

In HCC:

Assay of telomerase activity in all tissue
samples of HCC showed positive results in 16
tissue samples out of 28 (57.14%) as shown in
table (2) and fig. (3). All control specimens
were telomerase negative.

Table (3) and fig. (3) show the distribution
of telomerase activity among HCC alone, HCC
with HBV and HCC with HCV. In HCC alone,
telomerase activity was positive in 2 samples
out of 9 (22.2%). In HCC with HBV, 5 samples
out of 7 (71.4%) were positive and in HCC with
HCV, 9 samples out of 12 (75%) were positive.

Table (3): Telornerase activity among HCC alone, HCC

with HBV and HCC with HCV.
HCC HCC with HCC with
Telomerase  4)one HBV HCV
activity
No. % No. % No. %
Positive 2 2222 5 7143 9 750
Negative 7 7778 2 2857 3 25.0
Total 9 100 7 100 12 100
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Fig. (3): Telomerase activity among HCC alone, HCC
with HBV and HCC with HCV.
In UBC:

Assay of telomerase activity in all bilharzial
and non-bilharzial bladder cancer tissue sam-
ples showed positive results in 22 tissue sam-
ples out of 32 (69%). The distribution of telom-
erase activity in bilharzial and non-bilharzial
bladder cancer was equal in each group: 11
samples out of 16 (69%) as shown in table (4)
and fig. (4). All control specimens were telome-
rase negative.
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Table (4): Telomerase activity among bilharzial and non-
bilharzial bladder cancer samples.

HCC HCC with HCC with
Telomerase  alone HBV HCV
activity
No. % No. % No. %
Positive 11 69 11 69 22 69
Negative 5 31 5 31 10 31
Total 16 100 16 100 32 100
70 -
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Fig. (4): Telomerase activity among bilharzial and non-
bilharzial bladder cancer samples.

DISCUSSION

Mammalian cells have evolved complex
mechanisms for regulating cellular life span.
Normal cells demonstrate a strictly limited
growth potential and senescence after a defined
number of cell divisions. Cellular senescence is
one of the bases of organismal aging. In con-
trast, tumor cells often exhibit an apparently un-
limited proliferation potential and are called
(immortalized). Some investigators have pro-
posed that the progressive shortening of the tips
of the eukaryotic chromosomes-the telomeres-is
an important component of the senescence and
is involved in control of the cell cycle. The en-
zyme telomerase adds TTAGGG repeats onto
mammalian telomeres, which prevents their
shortening. Telomerase is ordinarily inactive in
most somatic cells but can be detected in tumor
cells. The activation of telomerase in malignant
cancers seems to be an important step in tumori-
genesis, whereby the cell gains the ability of in-
definite proliferation to become immortal. As
detailed information accumulates about how tel-
omeres and telomerase dynamics are involved
in the regulation of the cell cycle events, one
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can expect new opportunities for application to
gerontology and cancer therapy [2].

CML Patients:

In the control group, telomerase activity was
detected in the peripheral blood mononuclear
cells in 6 out of 20 (30%) subjects. This finding
is in agreement with Broccoli et al., [1] who
found telomerase activity in peripheral blood
leukocytes in normal volunteers.

Similarly, Tatematsu et al. [21] and Iwama et
al. [6] found detectable telomerase activity in
the peripheral blood of normal individuals.
Also, Iwama et al. [6] found that the level of te-
lomerase activity in hematopoietic cells was in-
sufficient to prevent progressive shortening of
the terminal restriction fragments (TRF) since
reduction of TRFs in the peripheral blood cells
correlates with increased age.

In this study, the frequency of telomerase
positive patients in untreated CML group was
16 out of 20 (80%). This is in agreement with
Broccoli et al. [1], Iwama et al. [6] and Ohyashi-
ki et al. [16] who found that 100% of CML pa-
tients studied had telomerase positivity in their
peripheral blood cells. On the other hand, our
findings differ from those of Tatematsu et al.,
[21], who showed that telomerase activity was
undetectable in peripheral blood of CML pa-
tients. This discrepancy of telomerase activity
in CML patients may be due to difference in
methodology used to measure telomerase activ-
ity because some of those investigators used
fluorescent-labeled telomeric repeat quantita-
tive amplification protocol assay, while others
used a novel quantitative stretch PCR assay to
detect increase in telomerase activity. We used
telomere repeat amplification protocol (TRAP)
which is a qualitative telomerase PCR ELISA
method.

More recently, Li et al. [13] demonstrated
that telomerase activity progressively increases
as the bone marrow cells acquire increasing
proliferative potential as in CML.

In our study, the frequency of telomerase
positive patients in the treated CML group was
13 out of 20 (65%) and this frequency was less
than that in the study by Iwama et al. [6], in
which 100% of treated CML patient had telom-
erase activity in their peripheral blood. This dif-
ference also could be due to different methodol-
ogy used to measure telomerase activity.
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The frequency of telomerase-positive pa-
tients in the untreated CML group [16 out of 20
(80%)] was significantly higher than that in
control group (30%). This agrees with Ohyashi-
ki et al., [16] who found that 79% of CML pa-
tients in the chronic phase had elevated telome-
rase activity compared to the normal peripheral
blood cells. Also, the frequency of telomerase-
positive patients in the treated CML group [13
out of 20 (65%)] was significantly higher than
that in the control group.

In the current study, there was no significant
difference between the frequency of telome-
rase-positive untreated CML patients (80%)
and those in treated CML group (65%). This
agrees with the results of Ohyashiki et al., [16]
and Iwama et al. [6], where the frequency of te-
lomerase-positive untreated CML patients and
telomerase-positive treated CML patients was
100% in both.

However, there was a statistically significant
direct correlation between mean absorbance of
telomerase activity and blast cell percentage in
telomerase positive subjects in this group. On
the other hand, the mean blast percentage in te-
lomerase-positive untreated CML patients was
significantly higher than that in telomerase-
positive treated CML patients. Also, none of te-
lomerase-negative patients in treated CML pa-
tients had any blast cells in their peripheral
blood, while the mean blast percentage in te-
lomerase positive patients in the same group
was (2.54£0.81) blasts.

These findings agree with the results of Oh-
yashiki et al., [16] who reported that blast cells
had short TRFs and 50% had elevated telome-
rase activity compared to that in the chronic
phase. One possibility is that progressive telo-
mere shortening leads to a critical point and
only those cells that upregulate telomerase ac-
tivity in the blast phase survive. The same au-
thors also added that, in CML, a clone of blast
crisis may also exist in the chronic phase as a
minor clone. Thus, if the high telomerase activi-
ty reflects blast crisis phase, they may also exist
in the chronic phase. However, such cells might
be quiescent in the chronic phase and eventual-
ly when they increase proliferation will be de-
tected at the clinical level [16].

More recently, Li et al., [13] reported that te-
lomerase activity progressively increases as the
bone marrow cells acquire increasing prolifera-

tive potential. These data demonstrate that the
increasing proliferative potential of the marrow
which occurs during the development of AML
is associated with a simultaneous increase in te-
lomerase activity.

Could CML patients benefit from telome-
rase inhibitors? Until 2000, it was a fantastic
topic for answering the key question asked by
experimental and medical oncologists. Will te-
lomerase be a therapeutic target for the third
millenium? The most convincing argument for
going ahead with this target is obviously the
strong correlation existing between the level
and frequency of telomerase expression and the
malignant properties of tumors [12].

In HCC:

In this our study, telomerase activity was not
detected in all tissue samples of hepatocellular
carcinoma. This may agree with the other stud-
ies where telomerase activity could not detected
in 100% of their cases [11]. We found telome-
rase activity in 57.14% of our samples (16 out
of 28). Nouso et al., [15] reported that 11 out of
29 (38%) HCC samples were weakly telome-
rase positive and there was no telomerase activ-
ity in normal liver samples. Huang et al., [4]
demonstrated that telomerase activity was posi-
tive in 24 out of 39 HCC tissues (61.5%) and in
6 out of 39 non-tumor liver tissues (15%).

Park et al., [17] found that telomerase was
strongly activated in 79% (19/24) of the hepato-
cellular carcinomas. All of 3 normal control liv-
ers showed no telomerase activation. No rela-
tionship could be observed between the
enhancement of telomerase activity and tumor
nature. Nagao et al., [14] found that telomerase
activity was detected in 17 out of 19 hepatocel-
lular carcinoma cases (89.47%).

In the current study, telomerase activity was
detected in 75% of cases of HCC with HCV,
and in 71% of cases of HCC with HBV, while
in HCC alone, telomerase was positive in only
22% of cases, but this difference was not statis-
tically significant which may be due to the low
number of samples in each group.

However, this difference indicates that viral
hepatitis infection may be a factor affecting te-
lomerase activity in hepatocellular carcinoma,
where viral DNA of HBV is integrated in DNA
of hepatocytes and may affect expression of te-
lomerase. HCV RNA may cause activation or
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induction of telomerase activity. This agrees
with the findings of Nouso et al., [15] who
found that telomerase was positive in 50% (3/6)
of patients with HCC and HBsAg positive,
91.7% (11/12) of HCC patients with positive
HCV-Ab, and in 85.7% (6/7) of non B-non C
patients with no significant difference between
the groups.

In another study, telomerase activity was de-
tected in 100% of HCC samples, and the activi-
ty correlated with the degree of differentiation.
These results suggest that telomerase activity
may be required as a critical step in the multi-
genetic process of hepato-carcinogenesis and
also may be useful in the characterization or
prognostication of HCC [9].

In UBC:

In this study, telomerase activity was detect-
ed in 22 tissue samples of urinary bladder carci-
noma out of 32, representing 69% of cases. Yo-
shida et al., [23] found that telomerase activity
was detected in 48 (86%) of 56 urinary bladder
carcinoma cases regardless of tumor stage or
differentiation, whereas it was not found in any
normal bladder tissue specimen.

Similarly, Kyo et al., [10] reported that dif-
ferent levels of telomerase activity were detect-
ed in all 22 urothelial tumors, including 13
bladder cancers, 8 ureteric cancers and one re-
nal pelvic cancer but not detected in any adja-
cent normal tissue samples. Also, Kinoshita et
al., [8] demonstrated that telomerase activity
was found in 41(98%) of the 42 urinary bladder
carcinoma samples. In contrast,, it was not de-
tected in normal bladder tissue. Telomerase ac-
tivity was detected in 22 (95.7%) of 23 tissue
samples with transitional cell carcinoma of the
urinary bladder, but not detected in any of the
normal tissue samples [22].

On comparing the results of the present
study with those listed above, one can find that
our figure is lower than theirs. This can be at-
tributed to the different pattern and characters
of bladder cancer in Egypt from western coun-
tries with the supposition that it might possess
inhibitors of telomerase or Taq polymerase,
hindering detection of telomerase activity. An-
other possibility is that some cases may have a
very low level of expression that can-not be de-
tected by the current assays.

Will telomerase be a therapeutic target for
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the third millenium? The most convincing argu-
ment (which is a scientifically documented one)
for going ahead with this target is obviously the
strong correlation existing between the level
and frequency of telomerase expression and the
malignant properties of tumors. This has been
now largely documented in established tumor
cell lines and fresh tumor samples obtained
from patients. Noteworthy is the very important
difference of télomerase expression between
malignant and normal tissues. This difference is
much higher than those observed for classical
enzymatic targets of chemotherapy such as thy-
midylate synthetase, dihydrofolate reductase
and topoisomerases. If this translates to the
clinical situation, telomerase inhibitors might
display a good selectivity for tumor cells with a
minimal toxicity for normal tissues [12].

It is concluded that elevated telomerase en-
zyme activity is associated with untreated or vi-
ral-complicated malignancies and can be used
as an adjuvant to parameters used for monitor-
ing tumor progression or the effect of therapy.
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