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Abstract: Telomerase activity is found in 85%-90% of all human cancers and absent in most of the
normal cells and thus represents a potential cancer biomarker. Our aim was assessment of telomerase
activity by TRAP method and to detect, localize cellular telomerase expression (hTERT) by
immunohistochemistry technique in tissue samples of bladder lesions and to correlate the results with
clinicopathological parameters( histopathological grade and stages). Bladder specimens were obtained
from 85 patients and 10 cases served as control. Telomerase activity by PCR-ELISA technique was
measured using TRAP (telomeric repeat amplification protocol) technique and immunohistochemistry
(IHC) method was performed on paraffin sections to detect the protein human telomerase reverse
transcriptase (hTERT). The patient group included 75 males and 10 females, fifty nine of our patients
(59/85) have proven to be associated with schistosomiasis. TRAP activity was detected in 48/60
bladder cancer cases (80%), non schistosomal urothelial carcinoma (non Sch. urothelial carcinoma)
(71.4%), Sch. urothelial carcinoma (75%) while were (100%) in squamous cell carcinoma (SQCC).
TRAP activity was positive in 100 % of high grade urothelial carcinoma compared to low grade
urothelial carcinoma 50% and 92% positive in invasive tumors compared to superficial tumors 50%.
hTERT protein expression was detected in (86.6 %) of bladder cancer cases; non Sch. urothelial
carcinoma (80.9 %), Sch. urothelial carcinoma (87.5%) while in SQCC it was (93.3). In addition;
hTERT was positive in 100% of high grade and invasive urothelial carcinoma compared to low grade
70.8% and superficial 65% urothelial carcinoma. We conclude that both TRAP and hTERT protein
increased in SQCC and urothelial carcinoma than in non cancerous cases and also was higher in
SQCC than urothelial carcinoma. Both methods may be used for the detection of telomerase activity
bladder cancer. TRAP activity could be a promising diagnostic marker in addition to other hestological
parameters.The significant value of TRAP in cancer bladder is not only based on its diagnostic
validity but also on its poor prognostic impact in those patients thus widening the range of application
of this technique in future.

Key words: TRAP; telomerase reverse transcriptase (WTERT) enzyme; urothelial carcinoma; sqcc;
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Sch: schistosomal
INTRODUCTION

Schistosomiasis ranks as one of the major health problems in Egypt and schistosoma associated bladder
cancer (SABC) is the most common malignant neoplasm among male Egyptians (El Bolkainy et al, 1981).
A causal relationship between schistosomiasis and bladder cancer was suggested because of the higher rate of
bladder cancer in areas with endemic schistosomiasis (Rosin et al., 1994). Schistosomiasis infested bladders
frequently show squamous metaplasia and dysplasia of the transitional epithelium (Kitinya et al., 1986).
The molecular mechanism underlying these changes and their relationship to the development of bladder cancer
are still poorly understood. Malignant transformation and tumor progression are multistage processes requiring

Corresponding Author: Olfat Ali Hammam, Theodor Bilharz Research Institute, El-Nile Road, Warrak El-Hadar,
Imbaba P.O. Box 30, Giza 12411, Egypt.
Fax: (00 202) 5408125 Tel. 00 20101815577
E-mail: drolfathammam@hotmail.com

518



Aust. J. Basic & Appl. Sci., 2(3): 518-526, 2008

the accumulation of several genetic alterations, mainly the activation of one or more genes. The type and
number of genes involved in this multistep process seem to determine the biological properties of the tumor
(Orlando et al., 1993).

Telomerase is considered an important tumor marker for detecting bladder cancer since telomerase is found
at high levels in 90% of cancer cells (Sanchini et al., 2005). Three major subunits comprising the human
telomerase complex have been identified including a ribosomal RNA component (hTR) that serves as a
template for telomere repeate synthesis, a protein component known as hTERT (human telomerase reverse
transcriptase) that is responsible for the enzymatic activity of telomerase enzyme and telomerase enzyme
associated proteinl (TP1) with unclear function (Muller, 2002). Telomerase activity has been detected in the
majority of malignant tumor specimens tested (Shay, 2005). The enzyme is undetectable in normal somatic
cells; therefore, detection of telomerase activity in human tissue samples has value for the recognition of
malignant cells in clinical specimens (Urquidi et al., 2000).

Several methods have been developed for the detection of telomerase activity. The telomeric
repeats amplification protocol (TRAP) assay is the most widely used method for monitoring telomerase activity
(Kim et al, 1994). The TRAP assay is highly sensitive and specific for telomerase activity in tumor
samples but it has several practical limitations. One limitation is that it is time and labor intensive, another
limitation is that because telomerase contains an RNA component, the activity is labile and easily destroyed
by “RNA ase”. (Wu et al., 2000) and the TRAP assay also offers no information at the cellular level
(Sugino et al., 1997).

Expression of hTERT mRNA is very closely associated with telomerase activity in human tumors
(Fan et al., 2005) and more recently quantitative measurement of hTERT mRNA using real- time quantitative
RT-PCR which became a new, useful tool ( Oh ef al., 2006). However, this approach also does not offer any
information at the level of the individual cell and so correlative comparison of molecular data with cellular
morphology is not attainable. Therefore, immunohistochemical (IHC) methods of hTERT protein evaluation,
which can both detect and localize cellular telomerase expression in human tissue, would be optimal for the
differential diagnosis of cellular material (Khalbuss and Goodison ,2006). Improving the diagnostic criteria and
the identification of new molecular markers is one of the most challenging goals for the early detection of
schistosoma associated bladder cancer (SABC).

The aim of this work was assessment of telomerase activity by TRAP method and to detect, localize
cellular telomerase expression (hnTERT) by immunohistochemistry technique in tissue samples of bladder lesions
and to correlate the results with clinicopathological parameters (histopathological grade and stages).

MATERIALS AND METHODS

This study enrolled 85 patients admitted to the urology department at Theodor Bilharz Research Institute
(TBRI) Hospital during the period May, 2005 to May, 2007 with bladder lesions. Fifty nine (59/85) of them
associated with schistosomiasis (schistosomal infestation was diagnosed by identifying the bilharzial ova in
urine and tissue samples or detecting schistosomal antibodies in serum using ELISA technique). They included
75 males and 10 females, the patients’ age varied from 20 to 70 years with a mean age of 45.5 + 6.21 years.
Ten patients subjected to TUR prostate after taking their consent, served as normal controls. Tumor specimens
were taken by cystoscopy (Transurethral resection biopsies, TUR) and cystectomy. Only cystoscopic biopsies
containing muscle tissue were included, so that muscle invasion by the tumor could be assessed. The study
protocol was approved by the institutional committee for the protection of human subjects and conformed to
the guidelines of the 1975 Declaration of Helsinki. Patients were subjected to full clinical examination, routine
laboratory investigations, complete urine analysis, abdominal & pelvic ultrasonography, general and abdominal
examination, digital rectal examination (DRE), bimanual examination under anesthesia, plain x-ray of the
urinary tract, intravenous urography (IVU), cystoscopy & transurethral resection (TUR) biopsies were taken
from apparent growths.

Histopathological Study:

Tissues were fixed in 10% buffered formalin, paraffin embedded and processed routinely. Hematoxylin
and Eosin stained slides were used to evaluate the pathological diagnosis of all bladder lesions, and to assess
urothelial carcinoma cases for pathological grades and stages (Eble et al., 2004). Accordingly samples were
classified into 6 groups. Group (1): chronic non-specific cystitis (5 cases), group (2): chronic schistosomal
cystitis (10 cases), group (3): schistosomal cystitis with urothelial dysplasia (10 cases), group (4): non
schistosomal associated urothelial carcinoma (21 cases), group (5): schistosomal associated urothelial carcinoma
(24 cases) and group (6): schistosomal associated SQCC (15 cases).
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Assessment of Telomerase Activity by TRAP:

Sections from each tissue specimens were homogenized with 200 pl of cold lysis buffer. After 30 minutes
incubation on ice, the lysates were centrifuged at 100,000 Xg for 30 minutes at 4 C. The supernatant was
carefully removed and its protein concentration was determined according to the method of Bradford, 1976.
Approximately 10 pg total proteins were used from each lysates to quantify telomerase activity by the
polymerase chain reaction (PCR) - based Telomeric repeat amplification protocol (TRAP) assay as described
by Kim et al, 1994. The assay (Telo-TAGGG Telomerase PCR ELISA ) kit was supplied by Roche
(Roche Diagnostics, Mannheim, Germany). In this two step assay process, the telomerase in the sample adds
telomeric repeats (TTAGGG) to the 3' end of the biotin labeled synthetic P1-TS primer. These elongation
products, as well as the internal standard (IS) in the same reaction vessel, were amplified by PCR using the
primers P1-TS and P2. The PCR products were split into two aliquots, denatured and hybridized to the
streptavidin coated plates, with a digoxygenin (DIG)- labeled detection probes (P3T, P3IS for the sample and
internal standard respectively) complementary to telomeric repeat sequence. The immobilized amplicons were
detected using antidigoxigenin antibody conjugated to horseradish peroxidase (Anti-DIG-HRP) and the sensitive
peroxidase substrate TMB (tetramethyl benzidine). The absorbance at 450 nm was determined. To confirm
product specificity, a negative control was performed for each sample by heat inactivation of telomerase at
85°C for 10 min. The relative telomerase activity (RTA) in each sample was determined in relation to IS and
the control (provided within the kit) readings using the formula provided by the manufacturers.

Immunohistochemistry of hTERT Antibody:

Five-um bladder sections were collected from formalin-fixed, paraffin-blocks on microscopic slides coated
with 3-amino propyl Triethoxy Silane (Sigma). The specificity of the antibody has been reported in previous
reports (Iczkowski et al., 2002). Antibody-mediated detection of hTERT was performed using the standard
streptavidin-biotin peroxidase complex method. Following deparaffinization and rehydration, antigen retrieval
was performed by microwaving in 10m M citrate buffer, pH 6.0. Non-specific antibody binding was prevented
by pre-incubation with 100-pl blocking serum for 30 min at room temperature. Sections were incubated over
night with the primary antibody, anti-human telomerase reverse transcriptase (hnTERT) monoclonal antibody
(NCL-hTERT; Novacastra Laboratories Ltd, UK) at the optimal working dilution of 1:25. After thorough
washings in blocking buffer, the bound antibodies were detected with biotinylated second antibody, followed
by streptavidin alkaline phosphatase conjugate. Use substrate chromagen mixture (Histostain —SAP Kit, Alkaline
phosphatase red, Zymed Lab-Sa system, USA) and sections were counterstained with Mayer's hematoxylin
before mounting. Positive control was done using normal colon (hTERT-positive at the base of the crypts).
Negative control slides included a blank control and omission of primary antibody. Positive and negative
controls were stained in the same settings (Fullen ez al., 2005).

Assessment of hTERT Immunostaining:

The hTERT stained slide was examined for immunostaining of hTERT as nuclear +_ nucleolar urothelial
cell positivity (red color). Urothelial cells in entire sections were examined in ten consecutive fields under light
microscopy at magnifications x 400 with the highest expression and the percentage was calculated from their
mean. A negative staining was defined as the absence of cells expressing the marker (0 %) according to
(Khalbuss and Goodison, 2006).

Statistical Analysis:

SPSS for windows, version 9.0 computer program was used for statistical analysis. Comparison between
means of different groups was done using one way ANOVA. Comparison between percent of positive cases
was calculated by Chi-square test. A "p" value of less than 0.05 was considered statistically significant. Pearson
Correlation coefficient "r" was used to measure the relationship between two variables.

RESULTS AND DISCUSSION

Results:
Telomerase Activity by TRAP:

Application of the TRAP detection system to 85 cases with various bladder lesions displayed
telomerase activity in 62.4% (53/85). Non malignant tissue samples were devoid of any telomerase activity.
The investigation of 60 bladder carcinoma tissue samples (groups 4, 5, 6) led to the detection of telomerase
activity in 48 cases (80%); Telomerase activity was detected in 15/ 21 (71.4%) in group 4, 18/24 (75%) in
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group 5 and (100%) in SQCC group 6. There was no statistical difference between group 4 and group 5.
Five cases showed positive telomerase activity out of 10 cases with schistosomal cystitis with dysplasia with
a statistically significant difference compared to both control (p<0.001) and non schistosomal cystitis group
(P<0.001). Moreover TRAP was 100% positive in SQCC compared to urothelial carcinoma group both non
schistosomal associated (P<0.01) and schistosomal associated (P<0.01) (Table 1). In addition, TRAP activity
was 100 % positive in high grade urothelial carcinoma with Chi square P<0.05 compared to low grade
urothelial carcinoma 50% and 92% positive in invasive tumors with Pearson Chi square test (P<0.01) compared
to superficial tumors 50% (Table 2).

Table 1: Telomerase TRAP and hTERT expression in tissue sections and  distribution of positive cases in different studied bladder

lesions.

Positive Telomerase TRAP Positive hTERT in bladder
Histopathological TRAP cases ng/ml (cutoff=0.3) hTERT cases tissue sections
diagnosis =~ smemeemmmeeeeeeeeeee e

No. % Mean +S.D No. % Mean +S.D
Control (10) 0 0 0.27 = 0.08 0 0 0 0
Group 1(n=5) 0 0 0.27 £ 0.18 0 00 0 0
Group 2 (n=10) 0 0 0.32. = 0.27 0 0 0
Group 3 (n=10) 5 50 0.85+0.25 *° 4 (40) 17.2746.47 **
Group 4 (n=21) 15 (71.4) 1.72 £ 0.15 ¢ 17 (80.9) 50.85+25.16 * >4
Group 5 (n=24) 18 (75) 3.03£ 1.69 * >4 21 (87.5)" 57.0£33.46 * >4
Group 6 (n=15) 15 (100)* 4.56. + 0.16 **°© 14 (93.3)" 66.66+31.14 * ™ ¢
Data were expressed as mean = SD
Group (1): chronic non-specific cystitis. Group (2): chronic schistosomal cystitis
Group (3): schistosomal cystitis with urothelial dysplasia Group (4): non schistosomal associated urothelial carcinoma
Group (5): schistosomal associated urothelial carcinoma Group(6): schistosomal associated SQCC.

Significant difference versus control group at p < 0.001.

" Significant difference versus group 1 atp < 0.001.

¢

Significant difference versus group 2 at p < 0.001.

¢ Significant difference versus group 6 at p < 0.05.

e

Significant difference versus group 4 at p < 0.05.
Pearson Chi Square: * Significant difference of group 6 vs. group 4 or group 6 vs. group 5 at p < 0.01, ~ Significant difference of group
6 vs. group 4 at p < 0.05

Table 2: Telomerase TRAP and hTERT expression in tissue and distribution of positive cases in different histopathological grades
and stages of TCC.

Positive Telomerase Positive hTERT in bladder
TRAP cases TRAP ng/ml hTERT cases tissue sections

Parameters

No. % Mean +S.D No. % Mean +S.D
Histopathological Grade
Low grade urothelial 12 50 0.99+0.50 17 (70.8) 42.25+5.1
carcinoma (24)
High Grade urothelial 21 100* 2.14+0.30 ° 21 (100) ~ 65.61£27.1 *

carcinoma C (21)

Histopathological Stage
Superficial tumor (20) 10 50 1.02 + 0.50 13 (65) 35.2+12.8
Invasive tumor (25) 23 92%* 3.01+£ 0.13° 25 (100) » 71.76 + 17.4 "

a

Significant difference versus low grade at p < 0. 01.
Significant difference versus superficial tumor at p < 0. 01
Pearson Chi Square: ~Significant difference of low vs. high grade tumors or superficial vs. Invasive tumor at p< 0.05.

b

Immunohistochemical Studies of hTERT:

Expression of hTERT was clearly evident as nuclear staining £+ nucleolar positivity in our cases, (Fig.l).
In telomerase-positive tumors not all the tumor cells showed hTERT immunoreactivity. A significantly
heterogeneous hTERT protein expression was observed in human tumor tissues. Chronic inflammatory cells
as lymphocytes showed positive stain for hTERT protein. Localization of hTERT in tissue section of the 85
cases with various bladder lesions showed hTERT positivity in 65.9% (56/85). Non malignant tissue samples
were devoid of any hTERT expression. The investigation of 60 bladder carcinoma tissue samples
(groups 4, 5, 6) led to the detection of hTERT in 52 cases (86.3%); hTERT was detected in 80.9%, 87.5%
and 93.3% in groups 4, 5, 6 respectively. Four cases showed positive telomerase activity out of 10 cases of
schistosomal cystitis with dysplasia with a statistically significant difference compared to both control (p<0.001)
and non schistosomal cystitis group (P<0.001). The highest positive telomerase cells expression was found in
SQCC with statistically significant difference compared to non schistosomal urothelial carcinoma (p< 0.01)
(Table 1).
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Table 3: Correlation of Telomerase TRAP and hTERT expression to Schistosomal infestation

R= Correlation coefficient P value
1 TRAP # Schistosomal infestation r= 0.433 P<0.001
2 hTERT expression # Schistosomal infestation r=0.708 P<0.001
3 hTERT expression # TRAP. r=0.72 P<0.001
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Fig. 1: A control case showing negative expression of hTERT antibody (Immunostain Alkaline Phosphatase,
x100)

LA 5 by
AP
Fig. 2: A case of chronic schistosomal cystitis with mild dysplasia showing scattered positive nuclei with
hTERT antibody (IHC, Alkaline Phosphatase, x200).

In addition, hTERT protein was 100 % positive in high grade urothelial carcinoma with Chi square P<0.05
compared to low grade urothelial carcinoma and 100% positive in invasive tumors with Pearson Chi square
(P<0.05) compared to superficial tumors ((Table 2, Fig.2 & 3 & 4). The hTERT immunostaining in fixed
tissues was concordant with telomerase activity by TRAP activity (Table 3).

Discussion:

Telomerase is an enzyme that can reconstitute the ends of chromosomes after cell division and
thus circumvent the damage that occurs in normal adult somatic cells during successive mitotic cycles
(Erdem et al., 2003).
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Fig. 3: A case of high grade invasive urothelial carcinoma associated with schistosomiasis, showing large
number of nuclei are positive for hTERT antibody with scattered positive nucleoli and few mitotic
figures (IHC, Alkaline Phosphatase, x400).

PR

Fig. 4: A case of SQCC showing positive nuclei with hTERT antibody (IHC, Alkaline Phosphatase, x400).

In this study, telomerase activity detected by TRAP in tissue samples derived from bladder carcinomas
of various tumor stages and degrees of differentiation was increased compared to samples of benign lesions
and the control group. TRAP was positive in 80%of malignant samples (71.4%, 75%, and 100%) in groups
4, 5, 6 respectively. These results are in agreement with earlier studies of bladder tumors, Yoshida and Toge
,2004 and Eissa et al., 2007 and El Gendy et al., 2006 who reported the activity of the enzyme in more than
70% and 75% and 90% respectively of bladder cancer by TRAP method.

No TRAP activity was detected in either the control or cystitis groups. These results are in accordance
with Dettlaff-Pokora et al,, 2005. Contrary to our findings, low levels of telomerase activity was identified in
a small number of cases with a histological normal urothelial tissue immediately adjacent to confirmed tumors.
This was probably due to the presence of individual tumor cells or precursors that had escaped detection with
conventional light microscopy. In addition, the pathological review of positive benign cases revealed that they
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contained extensive lymphoid infiltrates with germinal centers and these cells were the source of TRAP activity
(Asaad et al., 2006).

The absence of telomerase activity in some tumors may be due to the presence of a telomerase
inhibitor. An inhibitory effect on telomerase activity has also been detected in other types of telomerase
negative tumors including squamous cell carcinoma of larynx (Hohaus et al., 1996), colorectal and gastric
tumors (Hiyama et al,, 1995). Another explanation of some negative malignant cases may be due to the fact
that some neoplasms have another mechanism for telomerase maintenance called ALT (alternative telomere
maintenance). This is evidenced by the presence of elongated telomeres in the absence of telomerase activity
(Reddel and Bryan, 2003). Another explanation is that some neoplasms may not require the reactivation of
telomerase even when they are clinically detectable (Asaad et al.,, 2006).

The higher specificity of our results compared to those of Erdem et al,, 2004 & Morsi et al. 2006 who
both used urine samples could be attributed to a more specific tissue specimen used in this study. They both
explained the false negative results obtained by the presence of gross hematuria or inflammation which was
found to reduce the specificity of telomerase activity.

In this study, cases with schistosomal cystitis with dysplasia showed 50% positivity for TRAP activity with
a statistically significant difference compared to both control and non schistosomal -cystitis group
(p<0.001).TRAP could therefore be an earlier marker of malignancy than are microscopic and macroscopic
morphological changes in cells undergoing malignant transformation. Yoshida et al., 1997 also described 2
cases of dysplastic bladder with positive telomerase activity. The authors hypothesized that telomerase might
be activated in the early stages of urological carcinogenesis as reported previously in colorectal carcinomas
(Tahara et al., 1995). Hence TRAP activity could be a promising diagnostic marker in addition to other
histological parameters.

Telomerase activity measured by TRAP method was higher in SQCC than urothelial carcinoma with
statistical significant difference, which could be explained, by different biological behavior or different assay
methods or SQCC is a malignant tumor with poorer prognosis and more aggressiveness. Telomerase activity
measured by TRAP was also higher in urothelial carcinoma associated with schistosomiasis than those without
infestation this is in agreement with previous reports by (El Gendy et al., 2006).

We found that the higher the tumor grade the higher the telomerase activity level, in this study, TRAP
activity was statistically significantly increased in high grade urothelial carcinoma compared to low grade
urothelial carcinoma (p<0.01) ,this is in agreement with the results reported by El Gendy et al., 2006 and was
also significantly increased in invasive tumors compared to superficial tumors (p<0.01). This denotes that the
significant value of TRAP in cancer bladder is not only based on its diagnostic validity but also on its poor
prognostic impact in those patients and widening the range of application of this technique in future.

Our study has shown that through the application of a monoclonal antibody, hTERT can reliably be
detected in paraffin-embedded tumor specimens. In agreement with the few previous reports describing hTERT
protein localization, we found hTERT to be localized to the nucleolus (Mavrommatis et a/., 2005) and nucleus
(Yan et al, 2004), it is logical that hTERT is localized predominantly in the nucleolus, the site of
nucleoprotein complex assembly (Urquidi et al., 2000). We did not observed hTERT expression in all benign
lesions; this is in agreement with the results of Khalbuss and Goodison, 2006. Our findings are in agreement
with the previous telomerase-based studies in urological cancers, in that telomerase expression correlates with
malignancy, but the use of immunohistochemistry adds specific advantages in the context of diagnosis.
Although assays such as the TRAP assay or mRNA measurement can be designed to be semi or fully
quantitative, they do not provide information regarding the source of the protein. Furthermore, the technical
sensitivity of molecular assays may result in mislabeling samples which have only a few positive cells in a
background of negative ones. With slide-based immunodetection, a single positive cell can be identified
regardless of background content. These considerations are particularly relevant in samples where few cells
may be present; the immunohistochemical detection of hTERT provides additional information upon which the
observer can act.

In this study it was found four cases showing positive expression of telomerase out of 10 cases with
schistosomal cystitis with dysplasia with a statistically significant difference compared to both control (p<0.001)
and non schistosomal cystitis group (P<0.001). Also we detected 93.3% of SQCC and 87.5% of schistosomal
associated urothelial carcinoma cases expressing hTERT in their nuclei, we observed that telomerase expression
is increased in schistosomal associated bladder cancer cases than non schistosomal associated urothelial
carcinoma but the difference did not reach the statistical significant level and this is in agreement with previous
reports (Eissa et al., 2003), which could be explained, by different biological behavior or different assay
methods or may be due to that schistosomiasis infested bladders frequently show squamous metaplasia and
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dysplasia of the transitional epithelium and bladder SQCC is a malignant tumor with poorer prognosis and
more aggressiveness than urothelial carcinoma (El Bolkainy et al., 1981, Kitinya et al., 1986). We found also
that hTERT expression was positive in 100 % of high grade TCC with Chi square P<0.05 compared to low
grade urothelial carcinoma. Also it was positive 100% in invasive tumors with Pearson Chi square test (P<0.05)
compared to superficial tumors.

We conclude that hTERT protein can be detected by IHC in fixed human tissues, but the choice of the
antibody, tissue processing, and reaction conditions are critical, the use of immunohistochemical detection of
the telomerase component hTERT may significantly improve diagnostic accuracy. Further larger studies with
more number of patients are still needed to determine its potential value for early detection and possible use
as a therapeutic target. hTERT expression positively correlated with urothelial cell neoplasia. Beyond that it
may also be a useful marker to identify bladder carcinoma or other lesions that would be amenable to therapies
that would involve interference of tumor proliferation through telomerase inhibition.

We conclude that telomerase activity assessed by both TRAP and hTERT protein was higher in SQCC
than urothelial carcinoma. Both methods may be used for the detection of telomerase activity in TRAP activity
could be a promising diagnostic marker in addition to other histological parameters . The significant value of
TRAP in cancer bladder is not only based on its diagnostic validity but also on its poor prognostic impact in
those patients thus widening the range of application of this technique in future.

ACKNOWLEDGMENT

This work is supported by the internal project of Theodor Bilharz Research Institute concerning chronic
urinary bladder diseases No: 68 A. Principal Investigator: Prof. Dr. Mohamed Wishahi.

REFERENCES

Asaad, N, M Abd El-Wahed and A. Mohamed, 2006. Human telomerase reverse transcriptase (hTRET)
Gene expression in thyroid carcinoma:Diagnostic and prognostic role. J Egypt Nat Cancer Inst, 18: 8-16.

Bradford, MM, 1976. A rapid and sensitive method for the microgram quantitation of protein utilizing the
principle of protein dye binding. Anal Biochm, 72: 248-254.

Dettlaff-Pokora, A, M Matuszewski and B Schlichtholz, 2005. Telomerase activity in urine sediments as
a tool for noninvasive detection of bladder cancer. cancer Lett, 10(222): 83-88.

Eble, JN, G Sauter, JI Epstein and I Sesterhenn, 2004. World Health Organization Classification of tumors.
Pathology and Genetics of tumors of the urinary system and male genital organs. IARC Press: Lyon.

El Bolkainy, MN, NM Mokhtar, MA Ghoneim and MH Hussein, 1981. The impact of schistosomiasis on
the pathology of bladder carcinoma. Cancer, 48: 2643-2648.

El Gendy, S, IM Abdel salam, N AbdelWahab, MK Hussein, MS Gabry and AA El Aaser, 2006. Urinary
telomerase activity, C- erbB2, Malondialdehyde and Nitric Oxide as possible biological marker of bladder
cancer. Turkish Journal of Biochemistry, 31(4): 164-168

Erdem, E, G Dikmen, N Atsu, P Dogan and H Ozen, 2003. Telomerase activity in diagnosis of bladder
cancer. Scand J Urol Nephrol, 37: 205-209.

Eissa, S, M Swellam, R Ali Labib, A Mansour and O El Malt, 2007. Detection of telomerase in urine by
3methods: Evaluation of diagnostic accuracy for bladder cancer. The Journal of Urology, 178: 1068-1072.

Eissa, S, RA Labib, MS Moarad, K Kamel and O EL-Ahmady, 2003. Comparison of telomerase activity
and matrix Metalloproteinase-9 in voided urine and bladder wash samples as a useful diagnostic tool for
bladder cancer. European urology., 44(6): 687-694.

Fan, Y, Z Liu, X Fang, N Ge, Y Jia, P Sun, F Lou, M Bjorkholm, A Gruber, P Ekam and D. Xu, 2005.
Differential Expression of full-length Telomerase Reverse Transcriptase mRNA and Telomerase Activity
between Normal and Malignant Renal Tissues . Clin Cancer Res., 11(12): 4331-4337.

Fullen, DR, W Zhu, D Thomas and LD Su, 2005. hTERT expression in melanocytic lesions: an
immunohistochemical study on paraffin-embedded tissue. J Cutan Pathol, 32: 680-684.

Hiyama, E, T Yokoyama and N Tatsumoto, 1995. Telomerase activity in gastric cancer. Cancer Res., 55:
3258-3262.

Hohaus, S, S Cavallo and A Bellacosa, 1996. Telomerase activity in human laryngeal squamous cell
carcinoma. Clin Cancer Res., 2: 1895-1900.

Iczkowski, KA, CG Pantazis, DH McGregor, Y Wu and OW Tawfik, 2002. Telomerase reverse
transcriptase subunit immunoreactivity: a marker for high-grade prostate carcinoma. Cancer, 95: 2487-2493.

525



Aust. J. Basic & Appl. Sci., 2(3): 518-526, 2008

Khalbuss, W and S Goodison, 2006. Immunohistochemical detection of hTERT in urothelial lesions: a
potential adjunct to urine cytology J Cyto., 3: 18-25.

Kim, NW, M. Piatyszek, K. Prowse, CB Harley, MD West, PD Ho, GM Coviello, WE Wright, SL
Weinrich and JW Shay, 1994. Specific association of human telomerase activity with immortal cells and
cancer. Science (Washington DC), 266: 2011-2015.

Kitinya, JN, PA Lauren, LJ Eshleman, L Paljarvi and K Tanaka, 1986. The incidence of squamous and
transitional cell carcinomas of the urinary bladder in Northern Tanzania in areas of high and low levels of
endemic schistosoma haematobium infection. Tran R Trop Med Hyg, 8: 935-939.

Mavrommatis, J, E Mylona, H Gakiopoulou, C Stravodimos, A Zervas, A Giannopoulos and L
Nakopoulou, 2005. Nuclear A TERT immunohistochemical expression is associated with survival of patients with
urothelial bladder cancer. Anticancer Res., 25:3109-3116.

Morsi, MI, Al Youssef, ME Hassouna, AS El-Sedafi, AA Ghazal and ER Zaher, 2006. Telomerase
activity, cytokeratin 20 and cytokeratin 19 in urine cells of bladderc ancer patients. J Egypt Natl Canc Inst.,
18: 82-93.

Muller, M., 2002. Telomerase: its clinical relevance in the diagnosis of bladder cancer. Oncogene, 21: 650.

Oh, BK, YJ Kim, YN Park, J Choi, KS Kim and C Park, 2006. Quantitative assessment of hTERT mRNA
expression in dysplastic nodules of HBV- related hepatocarcinogenesis. Am j Gastroenterol, 101: 831.

Orlando, C, R Sestini, G Vona, P Pinzani, S Bianchi, M Giacca, M Pazzagli and C Selli, 1996. Detection
of c-erbB-2 amplification in transitional cell bladder carcinoma using competitive PCR technique. J Urol,
156: 2089-2093.

Reddel, R and T Bryan, 2003. Alternative lengthening of telomers: Dangerous road less traveled. The
Lancet, 361: 1840-1841.

Rosin, MP, WA Anwar and AJ Ward, 1994. Inflammation chromsomal instability and cancer; the
schistosomaisis model. Cancer Res., 54: 1929s-1933s.

Sanchini, MA, R Gunelli, O Nanni, S Bravaccini, C Fabbri and A Sermasi et al., 2005. Relevanceof urine
telomerase in the diagnosis of bladder cancer. JAMA, 294: 2052.

Shay, JW., 2005. Meeting report: the role of telomeres and telomerase in cancer.Cancer Res., 65:
3513-3517.

Sugino, T, K Yoshida, J] Bolodeoku, D Tarin and S Goodison, 1997. Telomerase activity and its inhibition
in benign and malignant breast lesions. J Pathol, 183: 57-61.

Tahara, H, H Kuniyasu and H Yokozaki, 1995. Telomerase activity in preneoplastic and neoplastic gastric
& colorectal lesions. Clin Cancer Res., 1: 1245-1251.

Urquidi, V, D Tarin and S Goodison, 2000. Role of telomerase in cell senescence and oncogenesis. An
Rev Med., 51: 65-79.

Wu, YY, AM Hruszkewycz, RM Delgado, A Yang, AO Vortmeyer, YW Moon, RJ Weil, Z Zhuang and
AT Remaley, 2000. Limitations on the quantitative determination of telomerase activity by the electrophoretic
and ELISA based TRAP assays. Clin Chim Acta, 293: 199-212.

Yan, P, J Benhattar, W Seelentag, JC Stehle and FT Bosman, 2004. Immunohistochemical localization of
hTERT protein in human tissues.Histochem Cell Biol., 121: 391-397.

Yoshida, K. and T. Toge, 2004. Telomerase activity in gastrointestinal, bladder and breast carcinomas and
their clinical applications. Nippon Rinsho, 62: 1368-1376.

Yoshida, K, T Sugino and H Tahara, 1997. Telomerase activity in bladder carcinoma and its implication
for noninvasive diagnosis by detection of exfoliated cancer cells in urine. Cancer., 79: 362-369.

526



