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crypts (9). Because telomerase is found predominantly in ma-
lignant cells, its detection provides new cancer diagnostic and
therapeutic possibilities.

We and others detected telomerase activity in >90% of
tissue samples obtained from histologically confirmed bladder
cancers, independent of tumor stage or grading, but not in
samples of normal or dysplastic urothelium (11-14). Thus, a
basic but crucial requirement for diagnostic use is met. Exam-
inations of bladder washings (in physiological saline medium)
detected telomerase activity with a high degree of sensitivity
(50-80%) and specificity (86—-100%) in patients with tumors of
the urinary bladder (11, 14, 15). Of particular clinical relevance,
however, is the demonstration of telomerase activity in urine
samples. Because of the instability of the ribonucleoprotein
telomerase in an aggressive medium, such as urine (acidic pH,
proteases, RNases, salts, and urea), investigations conducted to
date have yielded nonuniform or even contradictory findings
(11, 12, 14, 15). Thus, the objective of this study was to
establish a more reliable detection method for telomerase in
urine. Initially, it was believed that expression of hTR did not
always correlate with telomerase activity (16). However, more
recent studies have shown that hTR levels are almost always
increased in malignant tissues (4, 17-20). Thus, in this study, we
examined the detection of hTR by RT-PCR in the diagnosis of
urothelial carcinoma of the urinary bladder and compared it to
telomerase activity.

MATERIALS AND METHODS

Tissue Samples. Tissue samples from 10 patients with
carcinoma of the urinary bladder were obtained by transurethral
resection. For histological controls, 6-um frozen sections im-
mediately above and below the tissue segments that were chosen
for CHAPS and RNA extraction were examined for histological
classification.

Urine Samples. Samples of 100 ml of the second voided
urine of the day were obtained from 30 patients with histolog-
ically confirmed urothelial carcinoma of the urinary bladder, 15
patients with other urological disorders (urolithiasis and urinary
tract infections), 3 patients during follow-up of treatment of
malignancies of the urinary bladder, and 20 healthy volunteers.
To preclude RNA degradation and denaturation of telomerase,
all samples were processed within 15 min. Samples were di-
vided into two equal portions of 50 ml each. Both of these
samples were centrifuged (10 min at 700 X g) and then washed
twice with PBS, after which one sample was subjected to
CHAPS extraction for telomerase activity detection, whereas in
the other sample, a RNAzol extraction was performed for te-
lomerase RNA analysis. Samples were examined using the
TRAP assay for telomerase activity and with RT-PCR for the
presence of human telomerase RNA (hTR RT-PCR). The use of
protease inhibitors [0.4 mg/ml 4-(2-aminoethyl)benzensalfonyl-
fluoride (AEBSF), 0.5 mg/ml EDTA, 0.5 pg/ml leupeptin, and
0.5 pg/ml pepstatin] and RNase inhibitors were not associated
with any improvement of the results. All samples were analyzed
in a blinded fashion, without knowledge of the diagnoses.

CHAPS Extraction. Cell pellets retrieved from centri-
fuged urine were lysed using 200 pl of lysis buffer [10 mm
Tris-HCI (pH 7.5), 1 mm MgCl,, 1 mM EGTA, 0.1 mM phenyl-

methylsufonyl fluoride, 5 mm B-mercaptoethanol, 0.5%
CHAPS, and 10% glycerol] according to the method of Kim et
al. (8). The lysate was then frozen in liquid nitrogen and stored
at —80°C.

RNAzol Extraction. RNAzol extraction of the cell pel-
lets retrieved from centrifuged urine was performed according
to the manufacturer’s instructions (WAK-Chemie Medical
GmbH, Bad Homburg, Germany). The lysate was frozen in
liquid nitrogen and stored at —80°C.

TRAP Assay and Telomerase PCR ELISA. The TRAP
assay was performed according to the method described by Kim
et al. (8). Protein content was determined using the biuret
method. To generate telomeric repeats, 10, 1, and 0.1 pg of
protein concentrate; 20 mm Tris-HCI (pH 8.3); 1.5 mm MgCl,;
63 mMm KCl; 0.0005% Tween 20; 1 mMm EGTA: 50 um dNTPs;
0.1 pg of TS oligonucleotide (AATCCGTCGAGCAGAGTT);
1 pg of T4g32 protein (Boehringer Mannheim); and 0.1 mg/ml
BSA were incubated at 25°C for 30 min.

As controls, duplicate samples were incubated with 1 pg of
RNase, and blank samples with lysis buffer or H,O were ex-
amined. For amplification, 2.5 units of Taqg DNA polymerase
(Perkin-Elmer, Weiterstadt, Germany) and 0.1 pg of CX
oligonucleotide (CCCTTACCCTTACCCTTACCCTAA) were
added per 50 pl sample volume, and 30 PCR cycles (94°C for
30 s, 50°C for 30 s, and 72°C for 90 s) were performed in a
thermocycler (model TC9600; Perkin-Elmer). To detect possi-
ble Taq inhibitors, 5 amol of a 200-bp internal standard were
added to each sample. This internal standard was provided by
Dr. Thomas Emrich (Boehringer Mannheim, Penzberg, Germa-
ny). The standard contains an unrelated sequence (chloramphen-
icol acetyltransferase gene, nucleotides 4620-4779) that is
flanked by sequences that are homologous to the CX and TS
primers. The signal strength of the internal standard matches
that of the 150-bp internal standard published by Wright et al.
(21). The labeling of the primer depended on the method for
detection of TRAP products selected.

For nonradioactive detection of PCR products using Ge-
neScan analysis, CX primer was labeled with 6-carboxyfluores-
cein (FAM) (Perkin-Elmer, Weiterstadt, Germany). Fluorescent
amplification products were detected by electrophoresis through
4.5% polyacrylamide/6% urea sequencing gels on a 377 auto-
matic sequencer using GeneScan software package (Perkin-
Elmer). Results obtained by this nonradioactive method are
comparable to those of radioactive detection methods for TRAP
products (11, 22). In parallel, the Telomerase PCR ELISA kit
(Boehringer Mannheim, Mannheim, Germany) was used for
detection of nonradioactive PCR products using biotin-labeled
TS primer.

RT-PCR for hTR and rRNA. To perform RT-PCR, 2
g of total RNA or 2 pg of total protein from the CHAPS
extraction were used. To exclude DNA amplification, samples
were treated with 1 pg of DNase. PCR was performed by
addition of 23 p.l of the reaction mixture, containing the reagents
supplied with EZ kit (Perkin-Elmer) plus 150 wM each primer
pair. Denaturing of the protein complex (6 min at 94°C) and
reverse transcription (30 min at 65°C) were followed by a brief
denaturation of the RNA-DNA complex and 25 cycles of PCR
(94°C for 30 s and 65°C for 1 min, final extension at 60°C for
7 min).
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Fig. I 100,000 J82 cells were added in 50-ml samples of urine and
stored at 37°C. RNA was extracted after 30 min, 2 h, 6 h, 12 h, 24 h, and
72 h. After performing RT-PCR for hTR and rRNA, we calculated
hTR/28 S levels using the peak areas determined by GeneScan software
package.

The primers hTRRFI (GAAGGGCGTAGGCGCCGT-
GCTTTTGC)/hTRRR1 (GTTTGCTCTAGAATGAACGGTG-
GAAGG) were used for detection of hTR and generate a 111-bp
product, whereas the control primer pair 28SF1 (GCGAAAT-
ACCGGCACGAGACCGATAG)/28SR1 (GGTTTCACGCC-
CTCTTGAACTCTCTC) was used for identification of 28S
rRNA and generated a product of 92 bp. For each of the PCR
products, one primer (hnTRRF1 or 28SF1) was labeled with
FAM (Perkin-Elmer). Electrophoresis and detection of the PCR
products were the same as described above. This method was
modified from a protocol kindly provided by N. Kim (Geron
Corporation, Menlo Park, CA).

Cell Line. For telomerase-positive controls, the human
urothelial carcinoma cell line J82 (ATCC HTB 1) of the urinary
bladder was used. The cell line was cultured in DMEM with
10% FCS, 2% L-glutamine, and 1% pencillin-streptomycin.

Stability and Reproducibility of hTR in Urine. One
hundred thousand J82 cells were added in 50-ml samples of
urine and stored at 37°C. Samples were centrifuged (10 min at
700 X g) and then washed twice with PBS after 30 min, 2 h, 6 h,
12 h, 24 h, and 72 h. RNA extraction and RT-PCR were
performed as described above. hTR/28S levels were calculated
using the peak areas determined by GeneScan software package
(Perkin-Elmer; Fig. 1). Samples were measured in duplicate.

Urine samples of patients with histologically confirmed
urothelial carcinoma of the urinary bladder were stored at 4°C,
and reproducible hTR levels were detectable for up to 3 days.

RESULTS

Urine samples were obtained prior to surgery from 30
patients with confirmed urothelial carcinoma of the urinary
bladder, 15 patients with other urological disorders (urolithiasis,
urinary tract infections), 3 patients as part of follow-up after
treatment for malignancies of the urinary bladder, and 20
healthy volunteers. Each sample was examined for the presence
of hTR and telomerase activity. Identification of hTR was
performed using a RT-PCR method, whereas telomerase activity
was detected using the PCR-based TRAP assay (8). J82 cells of
a human urothelial carcinoma and 10 tissue samples obtained
from carcinoma of the urinary bladder were examined as telom-
erase-positive controls. J82 cells and 10 of 10 tissue samples

basepairs
jeo %0 100 110 120 130
E f(\ 285 RNA ﬂi -
1600 \
. J\ I \
|- \
=
® 0 N

Fig. 2 Top, representative hTR-positive sample, with bands at 92 bp in
the presence of 28S rRNA and bands at 111 bp in the presence of hTR.
Analysis of the RT-PCR products was performed using a fluorescence-
labeled primer and an automated laser detection system. Middle, repre-
sentative hTR-negative sample with intact RNA, with bands at 92 bp in
the presence of 28S rRNA and missing bands at 111 bp, with no
evidence of hTR. Bottom, hTR-negative blank sample. with missing
bands at 92 bp in absence of 28S rRNA and missing bands at 111 bp
with no evidence of hTR.

displayed high levels of hTR in the CHAPS lysate as well as in
total RNA preparations obtained by RNAzol extraction. High
telomerase activity was detected in the CHAPS lysate of J82
cells and in all tissue samples. Only samples with unequivocal
bands at 92 bp, indicating the presence of 28S rRNA, and at 111
bp, indicating the presence of hTR, were considered positive for
the presence of hTR (Fig. 2). Similarly, samples were consid-
ered negative for the presence of hTR only when definite bands
at 92 bp (28S rRNA) and missing bands at 111 bp (absence of
hTR; Fig. 2) were obtained. 28S rRNA levels were comparable
between samples with detectable and undetectable hTR. Sam-
ples consisting of lysis buffer or water only showed no bands at
either 92 bp or 111 bp (Fig. 2).

TRAP assays of telomerase positive samples showed, upon
GeneScan analysis, the characteristic processive 6-bp ladder
(Fig. 3). In the telomerase PCR ELISA, telomerase-positive
samples showed absorbances (A;sonm—A690nm) bEtween 250
and 2000. Samples treated with RNase did not show any telom-
erase activity. Blank samples (lysis buffer or water) also did not
show telomerase activity. Using the telomerase PCR ELISA
assay, telomerase-negative samples and controls showed an
absorbance (4,5 nm—A690 nm) ©f <100. Both methods used for
detection of TRAP products (GeneScan analysis and PCR
ELISA) gave similar results. The control internal telomerase
amplification standard generates a band at 200 bp. In the pres-
ence of Taq inhibitors, neither the telomerase processive ladder
nor the internal control (internal telomerase amplification stand-
ard) were amplified. In such cases, dilution series with protein
content of 10, 1, and 0.1 g were prepared. Only samples with
correctly amplified internal standard lacking the 6-bp ladder
were considered telomerase negative (Fig. 3).

Detectable levels of hTR were found in 25 of 30 urine
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Table 1 Clinicopathological classification, detection of hTR, and
telomerase activity of urine samples from patients with histologically
confirmed bladder cancer
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Fig. 3 Top, telomerase-positive sample of a tissue sample from a
bladder carcinoma. Analysis of the TRAP assays was performed using
a fluorescence labeled CX primer and an automated laser detection
system. The fluorescence curve with the 6-bp distance between the
peaks demonstrates telomerase activity. The peak at 200 bp represents
the internal standard. Middle, weak telomerase-positive sample of urine
from a patient with bladder cancer. Bortom, representative telomerase-
negative sample. No fluorescence curve with 6-bp distances is detected.
The peak at 200 bp represents the internal standard.

samples (sensitivity, 83%; specificity, 80%) obtained from pa-
tients with confirmed urothelial carcinoma of the urinary blad-
der. There was no correlation with tumor stage or grade (Table
1). Telomerase activity was detected in only 2 of 30 (7%) of
these same cases. In healthy volunteers, RT-PCR detected hTR
at low levels in 3 of 20 (15%) samples, but telomerase activity
was not observed (Table 2). For patients with no malignant
disease but known benign urological processes, such as uroli-
thiasis or urinary tract infections, hTR was detected in samples
obtained from 4 of 15 patients (27%; Table 2). In one female
patient with a urinary tract infection and initially detectable
hTR, there was no evidence of hTR following treatment of the
infection. Telomerase activity was not identified in any of these
patients. Samples from three patients in follow-up for treatment
of carcinoma of the urinary bladder were examined. Recurrent
malignant disease was not suspected in any of these patients. All
samples were negative for hTR and telomerase activity.

DISCUSSION

There is a pressing need for a noninvasive method to
diagnose carcinoma of the urinary bladder. To date, however,
cystoscopy remains the gold standard for diagnosis of malig-
nancies of this organ. This invasive examination is required not
only for diagnosis but is repeated at 3-month intervals in fol-
low-up because no other method currently available is ade-
quately sensitive and specific. In poorly differentiated urothelial
carcinomas, urine cytology has been reported to facilitate patient
follow-up, but it remains unsuitable for the diagnosis of highly
differentiated urothelial carcinomas (23). Furthermore, the re-
sults of urine cytology are strongly examiner dependent. Flow
cytometry (DNA profile) and immunocytological methods

No. Staging Grading Telomerase activity hTR
1 pT, Gl = +
2 pT. Gl - +
3 pT, G2 - -
4 pT, G3 + +
5 pT. G2 - +
6 pT; G3 - +
7 pT, G3 - +
8 pT, G2 - -
9 pT, G3 - +
10 pT, G2 + +
11 pT, G3 - +
12 pT, G2 - +
13 pT, G3 - -
14 pT, G2 - +
15 pT, G3 - +
16 pT, G3 - +
17 pT, G3 - +
18 pT, G2 - -
19 pT, G2 - +
20 pT, G3 - +
21 pT, G2 - -
22 pT, G3 - +
23 pT, G2 - +
24 pT, G2 - +
25 pT, G3 - +
26 pT, G3 - +
27 pT, Gl - +
28 pT, G2 - +
29 pT, G3 - +
30 pT, G3 - +

“ +, detectable; —, not detectable.

Table 2 Detection of hTR in urine of patients with bladder cancer
and with benign urological diseases (urinary stone and urinary tract
infection) and in normal urine

hTR-positive  hTR-negative

Sample type samples samples Total
Urine of bladder cancer 25 (83%) 5 30
Urine of benign urological 4 (27%) 11 15
disease
Normal urine 3(15%) 17 20

(DNA profile) using sedimented cells from urine have yet to be
validated for routine diagnostics (23). Newer methods, such as
identification of fragments of basement membrane [bladder
tumor antigen test (BTA); Ref. 24] or nuclear matrix proteins
(NMP22; Ref. 25), have yielded only a slight improvement over
the results of conventional urine cytology. Microsatellite anal-
yses of the urine are able to identify malignant cells with very
high sensitivity and specificity, but the high costs in terms of
time and labor to conduct such analyses have prevented their
integration into routine clinical use (26).

We and others reasoned that the enzyme telomerase may
offer new diagnostic opportunities. Using the TRAP assay orig-
inally described by Kim et al. (8), the activity of this ribonu-
cleoprotein can be reliably detected in nearly all biopsy samples
obtained from histologically confirmed bladder carcinomas, in-
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Table 3 Comparison of telomerase activity results from four
different reports, involving tissue samples, bladder washings, and
urine from patients with bladder cancer

Miiller Yoshida  Kinoshita  Dalbagni
Sample type etal (11) etal (12) etal (14) etal (15)

Tissue 96% 86% 98%
Bladder washings 73% 84% 50%

Urine 0% 62% 55% 35%

dependent of tumor stage or grade of differentiation, but not in
normal or dysplastic urothelium (11-14). Thus, the require-
ments for a diagnostic method with high sensitivity and high
specificity are theoretically met. Investigations of telomerase
activity in bladder washings, i.e., in physiological saline me-
dium, have generally yielded promising results with high sen-
sitivity and specificity (11, 14, 15). A detection method using
voided urine, however, would be of particular clinical relevance.
Because living cells are a basic requirement for the TRAP assay
and because of the potential lability of the ribonucleoprotein
telomerase, obtaining uniform results from urine has proven
difficult. Factors such as acidic pH, proteases, salts, and urea are
an inhospitable medium for suspended cells and for reliable
detection of the enzyme telomerase (11, 12, 14). Four reports
published to date present comparable data regarding the pres-
ence of detectable telomerase activity in tissue samples [96%,
Miiller et al. (11); 86%, Yoshida et al. (12); and 98%, Kinoshita
et al. (14)] and in bladder washings [73%, Miiller et al. (11);
84%, Kinoshita et al. (14); 50%, Dalbagni et al. (15); Table 3].
However, detectable telomerase activity in urine samples has
been reported in only 62% by Yoshida et al. (12), in 55% by
Kinoshita et al. (14), in 35% by Dalbagni et al. (15), and in 0
and 7% of samples by our group (Ref. 11 and this study,
respectively; Table 3). The reasons for these contradictory find-
ings remain unknown because there do not seem to be either
methodological differences or differences in preparation of sam-
ples. Adding a defined number of J82 cells to 50-ml samples of
urine, we found that detection of telomerase activity with the
TRAP assay required the presence of 10,000-100,000 cells in
50 ml of native urine, as compared with the usual sensitivity of
this method, using only 10-100 cells. One reason for these
opposing results may lie in the fact that native tumor cells
exhibit a lower telomerase activity than do cells of cell lines,
whereas urine samples often will not contain 10,000-100,000
viable tumor cells derived from small bladder malignancies.

Thus, the sensitivity of the enzyme telomerase to external
factors severely restricts the practicability of the method for
routine clinical use as a noninvasive method for detecting ma-
lignant cells in urine. On the basis of the results in the present
study, detection of hTR using RT-PCR may be a better alterna-
tive. The presence of hTR was detected in 83% of urine samples
obtained from patients with histologically confirmed tumors of
the urinary bladder. That hTR was found in some healthy
controls or of patients with benign urological processes is not
surprising because, unlike telomerase activity, hTR is also pres-
ent although at low levels in most normal cells and tissues.
Telomerase RNA levels, however, are significantly higher in
almost all in malignant cells when compared to nonmalignant
cells (3, 9, 16).

Unlike telomerase activity, the RNA portion in urine ap-
pears to be relatively stable. In urine samples stored at 4°C,
RNA was detectable after 3 days. Although hTR levels probably
do not always directly correlate with telomerase activity (16), in
terms of a potential diagnostic method, it is the correlation with
the diagnosis that is of crucial importance. The diagnostic im-
portance of hTR has already been demonstrated in the case of
astrocytomas (17), gastric carcinomas (18), malignant lymph
nodes (19), and lung cancer (20). In these initial experiments
examining hTR, we obtained a sensitivity of 83% and a speci-
ficity of 80% in the diagnosis of urothelial carcinomas of the
urinary bladder. These results are very encouraging.

Further improvements of this method and increases, in
particular, in its specificity may be feasible by establishing a
quantitative hTR RT-PCR assay using an internal standard for
28S rRNA or, perhaps, a less abundant RNA as opposed to the
qualitative analyses in this study. Inclusions of mRNA targets
for telomerase proteins could be an additional promising avenue
in future research. As in the case of other laboratory diagnostic
methods, it will be necessary to establish a reference range for
positive and negative findings based on larger patient collec-
tives. Once this is achieved, a promising new and feasible
method for the noninvasive detection of malignant cells in urine
samples may become available for routine clinical use.
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