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ABSTRACT

New, noninvasive methods for the early detection of

urothelial carcinomas of the urinary bladder are needed for

the diagnosis, follow-up, and screening of patients with blad-

der cancer. Detection of the enzyme telomerase in urine
could offer these new diagnostic possibilities. The standard

technique for detecting telomerase activity is the telomeric

repeat amplification protocol (TRAP assay). Because of the

instability of the ribonucleoprotein tebomerase in an aggres-

sive medium, such as urine, investigations conducted to date

have yielded nonuniform or even contradictory findings.

This study compares the detection of human telomerase

RNA (hTR) by reverse transcriptase-PCR (RT-PCR) with

detection of telomerase activity by the TRAP assay in the

diagnosis of urothelial carcinoma of the urinary bladder.
Sedimented cells obtained from urine of 30 patients with

urothelial carcinoma, 15 patients with benign urological

disorders, 3 patients as part of follow-up for malignant

disease, and 20 healthy subjects were examined for the

presence of hTR and for telomerase activity (TRAP). In

patients with bladder cancer, telomerase activity was de-

tected by the TRAP assay in only 2 of 30 specimens (7%).
However, increased levels of hTR were detected by RT-PCR
in 25 of the same 30 cases (83%). For patients with benign
urological disorders, such as urolithiasis or urinary tract
infections, hTR was detected in samples obtained from 4 of

15 patients (27%). Low hTR expression levels were found in
15% of the healthy controls. The detection of hTR by RT-

PCR represents a promising new method for detecting ma-

lignant cells in urine.

Received 1/12/98; revised 4/21/98; accepted 4/24/98.

The costs of publication of this article were defrayed in part by the

payment of page charges. This article must therefore be hereby marked

advertisement in accordance with 18 U.S.C. Section 1734 solely to

indicate this fact.

1 This work was supported by Deutsche Krebshilfe Grant 70-1923-St 3

and by Boehringer Mannheim (Mannheim, Germany).

2 These authors made equal contributions to this work.

3 To whom requests for reprints should be addressed, at Department of
Urology, Universitatsklinikum Benjamin Franklin, Freie Universitht Berlin,
Hindenburgdarnm 30, 12200 Berlin, Germany. Phone: 49 30 8445-2575:

Fax: 49 30 8445-4448; E-mail: m.mueller@ukbf.fu-berlin.de.

INTRODUCTION

Urothelial carcinoma of the urinary bladder is the most

common malignant tumor of the urinary tract and is second only

to prostatic carcinoma in terms of its frequency as a malignancy

of the urogenital system. Its incidence is 1 5 per 100,000 persons.

Definitive proof of bladder cancers require invasive cystoscopic

examinations. A new, noninvasive method for detection of

urotheliab carcinomas of the urinary bladder would open new

possibilities in both the diagnosis and follow-up of patients with

bladder cancer, as well as in screening of groups at risk for the

development of these malignancies, such as smokers or workers

in the chemical industry.

Detection of the enzyme tebomerase in sedimented cells

obtained in urine could offer these new diagnostic possibilities.

Tebomerase is a ribonucleoprotein that allows the de novo syn-

thesis of telomere ends ( 1 ). Tebomeres are the terminal segments

of eukaryotic chromosomes and consist of thousands of repeti-

tions of the sequence (TI’AGGG)�. Human telorneres appear to

have at beast two primary functions. First, they shield the coding

DNA sequences from damage, such as recombination or degra-

dation. Second, they play an important role in the replication of

DNA. Due to the DNA end replication problem (2), telomeres

become shorter with each cell division. The length of the te-

lomeres seems to determine the number of possible divisions for

a given cell (molecular clock). Cells with telomerase, however,

could completely or partially compensate for the effects of

telornere loss and, hence, have extended proliferation capacity

or become immortal. The structure of the human RNA portion

of the gene encoding hTR4 was recently determined (3) and is

localized at 3q26.3 (4). The catalytic protein portion of tebom-

erase has been recently identified (hTRT; Refs. 5 and 6), as has

as a telomerase-associated protein (TLP- 1 ; Ref. 7).

The standard technique for detecting telomerase activity is

a method that has been called the TRAP assay (8). It is a PCR

amplification of artificial tebomere templates extended by the

enzyme’s activity. This highly sensitive method has detected

telomerase enzyme activity in most malignant tumors and in

some preneoplastic lesions (8-10). On the average, tebomerase

activity is detected in 90% of malignant tumors (9, 10). In the

case of certain malignancies, prognostic significance has been

associated with tebomerase activity (9). Exceptions to this asso-

ciation with malignant tumors include telomerase activity ob-

served in adult male reproductive tissues and generally lower

bevels in highly proliferative cells or tissues, such as activated

lymphocytes, hematopoietic stem cells, liver, basal cells of the

epidermis, proliferation-phase endometrium, and intestinal

4 The abbreviations used are: hTR, human telomerase RNA; TRAP,

telomeric repeat amplification protocol; RT-PCR. reverse transcriptase-

PCR: CHAPS. 3-[(3-cholamidopropyl)dimethylamino]- 1-propanesul-

fonate.
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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 tebomerase 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 (1 1-14). Thus, a

basic but crucial requirement for diagnostic use is met. Exam-

inations of bladder washings (in physiological saline medium)

detected tebomerase activity with a high degree of sensitivity

(50-80%) and specificity (86-100%) in patients with tumors of

the urinary bladder (1 1, 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

(1 1, 12, 14, 15). Thus, the objective of this study was to

establish a more reliable detection method for tebomerase in

urine. Initially, it was believed that expression of hIR did not

always correlate with tebomerase 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

tebomerase 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-p�m 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 histobog-

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 tebomerase,

all samples were processed within 15 mm. Samples were di-

vided into two equal portions of 50 ml each. Both of these

samples were centrifuged (10 mm 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-

bomerase RNA analysis. Samples were examined using the

TRAP assay for telomerase activity and with RT-PCR for the

presence of human tebomerase RNA (hTR RI-PCR). The use of
protease inhibitors [0.4 mg/ml 4-(2-aminoethyl)benzensalfonyl-

fluoride (AEBSF), 0.5 mg/mi EDTA, 0.5 p.g/mb beupeptin, and

0.5 �ig/m1 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 �.al of lysis buffer [10 mrvt

Tris-HC1 (pH 7.5), 1 mn MgCl2, 1 mrsi EGTA, 0. 1 mM phenyb-

methylsufonyl fluoride, S mrvt �3-mercaptoethanol, 0.5%

CHAPS, and 10% glycerol] according to the method of Kim et

a!. (8). The lysate was then frozen in liquid nitrogen and stored

at -80#{176}C.

RNAzo1 Extraction. RNAzob extraction of the cell peb-

lets retrieved from centrifuged urine was performed according

to the manufacturer’ s instructions (WAK-Chemie Medical

GmbH, Bad Homburg, Germany). The bysate was frozen in

liquid nitrogen and stored at -80#{176}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 tebomeric repeats, 10, 1, and 0. 1 �ig of

protein concentrate; 20 msi Iris-HC1 (pH 8.3); 1 .5 mtvi MgCl2;

63 mr�i KC1; 0.0005% Tween 20; 1 mrvi EGIA; 50 �i.M dNTPs;

0. 1 �i.g of IS obigonucleotide (AAICCGICGAGCAGAGTIT);

1 jig of I4g32 protein (Boehringer Mannheim); and 0. 1 mg/mb

BSA were incubated at 25#{176}Cfor 30 mm.

As controls, duplicate samples were incubated with 1 �ig of

RNase, and blank samples with lysis buffer or H,O were ex-

amined. For amplification, 2.5 units of Taq DNA polymerase

(Perkin-Elmer, Weiterstadt, Germany) and 0. 1 �ig of CX

obigonucleotide (CCCTFACCCTFACCCTFACCCIAA) were

added per 50 �il sample volume, and 30 PCR cycles (94#{176}Cfor

30 s, 50#{176}Cfor 30 s, and 72#{176}Cfor 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 IS

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-Ebmer, Weiterstadt, Germany). Fluorescent

amplification products were detected by ebectrophoresis 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 (1 1, 22). In parallel, the Tebomerase PCR ELISA kit

(Boehringer Mannheim, Mannheim, Germany) was used for

detection of nonradioactive PCR products using biotin-babebed

IS primer.

RT-PCR for hTR and rRNA. To perform RT-PCR, 2

�J.g of total RNA or 2 p�g of total protein from the CHAPS

extraction were used. To exclude DNA amplification, samples

were treated with 1 p�g of DNase. PCR was performed by

addition of 23 �i.b of the reaction mixture, containing the reagents

supplied with EZ kit (Perkin-Elmer) plus 150 pM each primer

pair. Denaturing of the protein complex (6 mm at 94#{176}C)and

reverse transcription (30 mm at 65#{176}C)were followed by a brief

denaturation of the RNA-DNA complex and 25 cycles of PCR

(94#{176}Cfor 30 5 and 65#{176}Cfor 1 mm, final extension at 60#{176}Cfor

7 mm).
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Fig. 1 100,000 J82 cells were added in 50-ml samples of urine and

stored at 37#{176}C.RNA was extracted after 30 mm. 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 hTRRF1 (GAAGGGCGTAGGCGCCGT-

GCT1TFGC)/hIRRR 1 (GTUGCICIAGAAIGAACGGTG-

GAAGG) were used for detection of hTR and generate a 1 1 l-bp

product, whereas the control primer pair 28SF1 (GCGAAAT-

ACCGGCACGAGACCGATAG)/28SR 1

CTCTTGAACTCTCTC) was used for identification of 28S

rRNA and generated a product of 92 bp. For each of the PCR

products, one primer (hTRRF1 or 28SF1) was labeled with

FAM (Perkin-Elmer). Ebectrophoresis 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 % penciblin-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#{176}C.Samples were centrifuged (10 mm at

700 X g) and then washed twice with PBS after 30 mm, 2 h, 6 h,

12 h, 24 h, and 72 h. RNA extraction and RT-PCR were

performed as described above. hIR/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#{176}C,

and reproducible hTR bevels were detectable for up to 3 days.

RESULTS

Urine samples were obtained prior to surgery from 30

patients with confirmed urothebiab 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 hIR and tebomerase activity. Identification of hTR was

performed using a RI-PCR method, whereas tebomerase 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

Clinical Cancer Research 1951

Fig. 2 Top, representative hTR-positive sample, with bands at 92 bp in

the presence of 285 rRNA and bands at 1 1 1 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 285 rRNA and missing bands at 1 1 1 bp, with no

evidence of hTR. Bottom, hTR-negative blank sample. with missing

bands at 92 bp in absence of 285 rRNA and missing bands at I 1 1 bp

with no evidence of hTR.

displayed high levels of hTR in the CHAPS lysate as well as in

total RNA preparations obtained by RNAzo1 extraction. High

tebomerase 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 285 rRNA, and at 1 1 1

bp, indicating the presence of hTR, were considered positive for

the presence of hIR (Fig. 2). Similarly, samples were consid-

ered negative for the presence of hIR only when definite bands

at 92 bp (285 rRNA) and missing bands at 1 1 1 bp (absence of

hTR; Fig. 2) were obtained. 285 rRNA levels were comparable

between samples with detectable and undetectable hTR. Sam-

ples consisting of bysis buffer or water only showed no bands at

either 92 bp or 1 1 1 bp (Fig. 2).

TRAP assays of tebomerase positive samples showed, upon

GeneScan analysis, the characteristic processive 6-bp ladder

(Fig. 3). In the tebomerase PCR ELISA, telomerase-positive

samples showed absorbances (A450 ��,-A69() nm) between 250

and 2000. Samples treated with RNase did not show any tebom-

erase activity. Blank samples (bysis buffer or water) also did not

show telomerase activity. Using the tebomerase PCR ELISA

assay, tebomerase-negative samples and controls showed an

absorbance (A450 nm’4690 nm) Of < 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 tebomerase processive ladder

nor the internal control (internal tebomerase amplification stand-

ard) were amplified. In such cases, dilution series with protein

content of 10, 1 , and 0. 1 p.g were prepared. Only samples with

correctly amplified internal standard lacking the 6-bp ladder

were considered telomerase negative (Fig. 3).

Detectable bevels of hTR were found in 25 of 30 urine
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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. Bottom, 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). Tebomerase activity was detected in only 2 of 30 (7%) of

these same cases. In healthy volunteers, RT-PCR detected hIR

at bow bevels in 3 of 20 (15%) samples, but telomerase activity

was not observed (Table 2). For patients with no malignant

disease but known benign urobogical 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. Tebomerase 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 hIR and tebomerase 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 immunocytobogical methods

No. Staging Grading I elomeras e activity hTR

1

2

3
4
5
6

7
8

9
10

11

12

13

14

15
16

17

18
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20
21
22
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24
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30
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pT�
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Gb

G1
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G3
G3
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G2

G3

G2

G3

G2

G3
G3

G3
G2

G2
G3
G2

G3
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G2
G3
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G2

G3
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- , not detectable.

-

-

-

+

-

-

-

-

-

+

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

a

+

-

+

+

+

+

-

+

+

+

+

-

+

+

+

+

-

+

+

-

+

+

+

+

+

+

+

+

+

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%) 1 1 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 abbe 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 tebomerase may

offer new diagnostic opportunities. Using the TRAP assay orig-

inally described by Kim et a!. (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

Sample type

MUller

et (11. ( 1 1 )
Yoshida

et al. ( 1 2)

Kinoshita

et al. ( 14)

Dalbagni

et al. (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 urothelmum (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 (1 1, 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

tebomerase, 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 ( 1 1 , 12, 14). Four reports

published to date present comparable data regarding the pres-

ence of detectable tebomerase activity in tissue samples [96%,

MUller et a!. (1 1); 86%, Yoshida et al. (12); and 98%, Kinoshita

et a!. (14)] and in bladder washings [73%, Muller et a!. (1 1);

84%, Kinoshita et a!. (14); 50%, Dabbagni et a!. (15); Table 3].

However, detectable tebomerase activity in urine samples has

been reported in only 62% by Yoshida et a!. (12), in 55% by

Kinoshita et a!. (14), in 35% by Dalbagni et a!. (15), and in 0

and 7% of samples by our group (Ref. 1 1 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-mb 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 tebomerase 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 abterna-

tive. The presence of hTR was detected in 83% of urine samples

obtained from patients with histologically confirmed tumors of

the urinary bladder. That hIR was found in some healthy

controls or of patients with benign urobogical 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#{176}C,

RNA was detectable after 3 days. Although hIR levels probably

do not always directly correlate with tebomerase 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

285 rRNA or, perhaps, a less abundant RNA as opposed to the

qualitative analyses in this study. Inclusions of mRNA targets

for tebomerase 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 coblec-

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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