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More than half of all patients with invasive urotheial cancer subsequently develop metastatic
disease even after radical resection of the primary cancer. In these patients, neoplastic cells may be
disseminated prior to or during the operation. A nested reverse transcriptase-polymerase chain
reaction (nested RT-PCR) assay which amplifies cytokeratin (CK) 20 transcripts was used to detect
cancer cellsin the peripheral blood of urothelial cancer patients. This assay was able to detect 10
bladder cancer cell line cells in a sample of ten million peripheral-blood mononuclear (PBMN)
cells. CK 20-specific signals were detected in 9 (22.5%) of 40 PBMN cell samples prepared from 40
urothelial cancer patientsin relation to the tumor stage, including 0/13 patients with a superficial
tumor, 4/21 (19%) with a regionally invasive tumor and 5/6 (83%) with a metastatic tumor
(P=0.0002 in 2 test). No signals were detected in any of 25 healthy donor PBMN cell samples. The
present results indicate that the CK 20 RT-PCR assay is applicable for detection of urothelial
cancer cells in the peripheral blood. The assay also confirms that hematogenic dissemination
occursin invasive urothelial cancers but rarely in superficial ones.
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While the presence of tumor cells in the circulation
does not indicate that metastasis has occurred, it is the first
crucia step in the cascade of hematogenic metastasis.
Sensitive detection of such cells may have important thera-
peutic and prognostic implications. Reverse transcriptase-
polymerase chain reaction (RT-PCR) has been applied to
amplify mRNA sequences unique to breast cells, prostatic
cells or other malignant cells in the circulation for early
detection of micrometastases.*? However, few studies
have reported the detection of transitional cell carcinoma
(TCC) célls in blood or bone marrow by RT-PCR since
MRNAs specific to urothelia cells have not been known.
Very recently uroplakin Ib and IIl mRNA has been pro-
posed as a specific marker for detection of TCC célls in
the peripheral blood.?

Cytokeratins (CKs) are intermediate-sized filaments
that are characteristically present in epithelia cells and
tumors, but have also been detected in many normal and neo-
plastic non-epithelial cells using immunohistochemical
and RT-PCR techniques. In earlier studies using RT-PCR,
CK 8 and CK 18 expression was found in normal blood
and bone marrow,? and CK 19 mRNA was detected in
normal blood.>® CK 20 expression, on the other hand, is
almost entirely confined to gastric and intestinal epithe-

1 To whom correspondence and requests for reprints should be
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lium, urothelium and Merkel cells, whether norma or
malignant.”® The CK 20 RT-PCR assay has enabled
detection of gastrointestinal cancer cells in bone marrow
and venous blood.>°-*? Here we describe the detection of
TCC célls in the periphera blood by the CK 20 RT-PCR
technique.

PATIENTS, MATERIALS, AND METHODS

Bladder cancer cell lines Three bladder cancer cell lines
JTC 30, JTC 32,9 and T24* were used in the study. JTC
30 and JTC 32 were established from well-differentiated
and anaplastic TCC of the human bladder, respectively.
JIC 30 and JTC 32 were cultured in DM 170 medium
(Kyokuto Pharmaceutical Industrial Co., Tokyo) contain-
ing 10% fetal calf serum (FCS), and T24 was cultured in
o minimum essential medium (MEM) (Life Technologies,
Inc., Grand Island, NY) supplemented with 10% FCS.
Patients The study population consisted of 40 patients
having histologically diagnosed TCC of various stages; 13
patients with superficial TCC (Ta,T1,Tis NO MO in TNM
classification'®), 21 with invasive and regional TCC (T2-
T4 NO MO), and 6 with metastatic TCC (Tx N1-N3 Mx or
Tx Nx M1) (Table I). Twenty-five healthy adults served as
a control group. Written informed consent was obtained
from all of them.

Blood samples Fourteen milliliter aliquots of peripheral
blood were drawn from 40 patients and 25 healthy donors,
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Table I. Correlation of CK 20-specific RT-PCR Results with
the Patient Profile
! No. of CK 20 signal
Site? Stage
ag cases positive  negative
uuT superficia 1 0 1
regionally invasive 6 1 5
metastatic 5 4 1
Bladder superficial 11 0 11
regionaly invasive 15 3 12
metastatic 1 1 0
Urethra  superficial 1 0 1
Total 40 9 31

a) UUT, upper urinary tract.

and diluted with 14 ml of balanced salt solution. The
mononuclear cell fraction was isolated as an intermediate
layer by density centrifugation in the presence of Ficoll-
Pagque (Pharmacia Biotech AB, Uppsala, Sweden) for 30
min at 400g.'9

RNA extraction Total RNA from cell lines and periph-
eral-blood mononuclear (PBMN) cell preparations was
extracted using a commercialy available RNA extraction
kit in accordance with the recommendations of the manu-
facturer (Isogen; Nippon Gene, Toyama). Each RNA prep-
aration was dissolved in 20 ul of RNase-free water. The
amount and purity of RNA prepared from each sample
was determined from the absorption at 260 nm and the
absorption ratio of 260 to 280 nm (Gene Quant 11; Phar-
macia Biotech AB).

RT-PCR cDNA was synthesized with areverse transcrip-
tion kit (Life Technologies, Inc.), using 4 ug of total RNA,
2 ul of random hexamers (50 ng/ul) and 1 ul (200 units)
of SuperScript Il in atotal volume of 20 pl.

The CK 20-specific nested RT-PCR assay was carried
out as previoudy described,® with PCR primers synthe-
sized by Amersham Pharmacia Biotech, Tokyo. CK 20-A
sense within exon 1, 5'-GCGTTTATGGGGGTGCTG-
GAG; CK 20-B antisense within exon 5, 5-AAGGCT-
CTGGGAGGTGCGTCTC; CK 20-C sense in exon 1, 5'-
CGGCGGGGACCTGTTTGT; CK 20-D antisense in exon
4, 5-CAGTGTTGCCCAGATGCTTGTG. The first CK 20-
specific PCR was performed in a final volume of 50 .
The reaction mixture contained 18 ul of cDNA, 10x PCR
buffer, 200 uM deoxynuclectide triphosphate (ANTP) mix,
05 uM CK 20-A and 0.5 uM CK 20-B primers, and 5
units of Taqg DNA polymerase (TaKaRa Biomedicals,
Otsu). The cycling protocol for PCR is listed in Table II.

The second RT-PCR was performed in the same manner
as in Table Il, but used 1 ul of the first PCR reaction
mixture, and the primers CK 20-C and CK 20-D in afinal
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Table Il.  Cycling Protocol of PCR for CK 20 and B-Actin
Step Der(mg}grg)ti on Anneali ng(;s??g)extensi on Cycles
1 40/94 120/74 1
2 40/94 115/69 1
3 40/94 110/68 1
4 40/94 105/67 1
5 40/94 100/66 1
6 40/94 95/65 1
7 40/94 90/64 1
8 40/94 85/63 1
9 40/94 80/62 1
10-30 40/94 60/61 and 90/72 21

volume of 50 pl. The internal (second) PCR yielded a 485-
bp product.

To monitor cDNA synthesis, RT-PCR for B-actin was
simultaneously performed with 1 ul of cDNA, and B-actin
sense, 5-CCAAGGCCAACCGCGAGAAGATGAC and
antisense, 5'-AGGGTACATGGTGGTGCCGCCAGAC pri-
mers (0.5 uM each) in a volume of 50 ul. The product
length of B-actin PCR was 587 bp.

One microgram of total RNA prepared from the bladder
cancer cell line JTC 30 was used as a positive control.
Contamination was routinely checked by RT-PCR assay of
RNA-free samples (water control). All RT-PCR products
were separated by electrophoresis in a 1.5% agarose gel in
Tris-acetate-EDTA (TAE)-buffer and visualized by ethid-
ium-bromide staining. The molecular weights were deter-
mined by using DNA molecular-weight marker 4 (Nippon
Gene).

Nucleotide-sequence determination The CK 20 RT-PCR
product (485 bp) from positive controls and randomly
chosen patients was sequenced using the ABI PRISM 377
DNA sequencer (Perkin Elmer, Foster, CA) as specified
by the manufacturer. DNA sequences were aigned and
analyzed using an Apple Macintosh computer.

Statistical analysis The association between the CK 20
mMRNA detection rate and tumor stages was examined by
X2 test.

RESULTS

Sensitivity and specificity of CK 20 RT-PCR In all
three bladder cancer cell line samples, the CK 20-specific
nested RT-PCR amplified 485-bp product was distinctly
visible as a single band. No CK 20-specific signals were
detected in PBMN cells of the 25 healthy donors.

To determine the sensitivity of the assay, JTC 30 cells
were mixed with 10x10° PBMN cells obtained from a
healthy donor as indicated in Fig. 1. RNA extracted from
each sample was processed by CK 20-specific RT-PCR.
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Fig. 1. CK 20-specific nested RT-PCR amplification product A2 ° % s 2
[485 bp] of JTC 30 bladder cancer cells. Cells were mixed with g g
10x10° PBMN cells of a healthy donor as indicated. The control o £

test was performed as RT-PCR for B-actin and is shown in the
upper band. Ten JTC 30 cells were detected. C, water negative
control; M, molecular weight marker.

Fig. 3. Correlation of CK 20-specific RT-PCR results with
stages of disease in urothelial cancer. The number of positive
cases and the total number of cases, respectively, are shown
above the columns.
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Fig. 2. CK 20-specific nested RT-PCR ampllflcatlon product [485 bp] from PBMN cell samples obtained from patients with urothelial
cancer. Ten arbitrarily chosen specimens (1-10) demonstrated. Patients 2, 6 and 8 show a CK 20-specific product; the others were neg-
aive. C, water negative control; M, molecular weight marker.
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The results are shown in Fig. 1. Ten JTC 30 cells were
found in a sample of 10x10° PBMN cells.
Detection of CK 20 mRNA in patients blood samples
Among urothelia cancer patients, 9/40 (22.5%) exhibited
a CK 20-specific signal in the PBMN cell fractions. A
representative electrophoresis of CK 20 RT-PCR products
is presented in Fig. 2. As shown in Fig. 3, the CK 20-
specific signal was detected in 4 of 21 (19%) patients
with regionaly invasive tumors and in 5 of 6 (83%) with
metastatic lesions. A CK 20-specific signal was undetect-
able in any of 13 with superficial tumors (x?=16.796, P=
0.0002 in x2 test). The site (upper urinary tract, bladder or
urethra) of urothelia cancer seems to be unrelated to the
RT-PCR results (Table I).

Sequencing of the final PCR products reveaed that the
amplified products were consistently identical with the CK
20 cDNA seguence.

DISCUSSION

The present study addresses the applicability of CK 20-
specific nested RT-PCR assay to the detection of urothelial
TCC cells. All three bladder cancer cell line cells tested
positive for CK 20 mRNA. The system is able to detect 10
JTC 30 cells per 10x10° PBMN cells. In other words,
approximately 4 pg of total RNA of JTC 30 cells mixed
with 4 ug of total RNA of PBMN célls is detectable. This
supports the previous result that the CK-20 RT-PCR assay
detected 0.1 pg of unmixed total RNA of the pancreatic
tumor cell line A818-4 and 0.5 pg of total RNA of colo-
rectal tumor cell line HT29.2 None of the blood samples
from the 25 healthy individuals exhibited the CK 20-
specific signal.
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The CK 20 signal was detected in PBMN cell fractions
of some invasive urothelial cancer patients. The presence
of circulating tumor cells does not necessarily predict sub-
sequent metastatic disease. Most circulating tumor cells
are destroyed rapidly,*” and only a small number of cells
may implant. In addition, the metastatic potential of indi-
vidual tumor cells may vary. Therefore, the prognostic
value of circulating tumor cells in urothelial cancer
patients is till uncertain. It has been reported, however,
that the survival rate of gastrointestinal cancer patients
with CK 20 mRNA-positive bone marrow was signifi-
cantly lower than that of negative patients.’® Further clini-
cal observation will reveal the prognostic value of detec-
tion of circulating urothelial tumor cells by CK 20 RT-
PCR amplification.

No CK 20-specific signal was observed in patients with
superficial urothelial cancers. Superficial bladder cancer is
generaly believed not to have metastatic potential and can
be managed by organ-sparing treatment including trans-
urethral resection of the tumor. The current result supports
this modern urological policy.

In conclusion, the CK 20 RT-PCR assay is highly sensi-
tive and specific, and therefore capable of detecting
urothelial TCC cells circulating in the peripheral blood.
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