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Abstract

Background. We conducted a multiinstitutional analysis
to clarify the clinical significance of perioperative chemo-
therapy, in invasive bladder cancers in Japan, and to iden-
tify the patient subpopulations who could benefit from
perioperative chemotherapy.

Methods. A total of 913 consecutive patients aged less than
80 years who underwent radical cystectomy for invasive
bladder cancer from 1990 to 2000 at 32 Japanese hospitals
were retrospectively analyzed. Median follow-up was 3.8
years (range, 0.1 to 11.8 years).

Resulrts. In total, 341 patients (37.3%) were treated with
perioperative chemotherapy, including neoadjuvant che-
motherapy (n = 174), adjuvant chemotherapy (n = 114),
or a combination of both chemotherapies (n = 53). With
cisplatin-based combination chemotherapy, the MVAC
(methotrexate, vinblastine, doxorubicin, and cisplatin) regi-
men was the one most frequently used for perioperative
chemotherapy, but the average number of cycles was dis-
tinctly less than that in reported randomized trials. MEC
(methotrexate, epirubicin, and cisplatin) chemotherapy had
efficacy similar to that of the MVAC regimen. On analysis
of patients stratified by stage, the overall survival of patients
with adjuvant chemotherapy was significantly better than
that of those without adjuvant chemotherapy, in patients
with pT2b, pNO or pT3, pNO (P = 0.016 or 0.020, respec-
tively), but adjuvant chemotherapy had no, or the opposite,
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effect on patients with pT2a, pNO, pT4, pNO, or pTany,
pN+. On the other hand, neoadjuvant chemotherapy pro-
vided a statistically significant survival benefit only for
patients with clinical T3NO (P = 0.015). Of note, in the high-
risk subgroup, the overall survival rate for patients with
complete response (CR) after neoadjuvant chemotherapy
was significantly better than that of patients with partial
response (PR) or no change (NC)/progressive disease (PD)
(P = 0.043).

Conclusion. In Japan, cisplatin-based combination che-
motherapy has been the main modality adopted periopera-
tively for high-risk patients with radical cystectomy. This
study’s clinical results indicated that perioperative chemo-
therapy may improve survival in patients with T3NO or
pT2b/pT3, pNO bladder cancer.

Key words Bladder cancer - Radical cystectomy - Adjuvant
chemotherapy - Neoadjuvant chemotherapy - Overall
survival

Introduction

Bladder cancer is one of the most common genitourinary
malignancies, in which 20% to 40% of patients present with
or develop invasive disease.' Invasive bladder cancer is very
aggressive, and about half of the patients die of the disease
within 5 years, even following radical cystectomy with
lymph node dissection.” This high mortality rate has been
considered to be due to micrometastasis that is present at
the time of radical cystectomy. To improve the prognosis
of invasive bladder cancer, perioperative systemic chemo-
therapy has been adopted empirically, in combination
with radical cystectomy, because bladder cancer is sensitive
to chemotherapy, as shown by an overall response rate
of 12%-73%." Several clinical trials have been performed
since around 1985 to assess the efficacy of perioperative
chemotherapy with definitive local therapy.®" Most of
the trials, however, failed to elicit conclusive results regard-
ing the clinical significance of perioperative systemic
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chemotherapy in the management of invasive bladder
cancer. This may have been due to the suboptimal design of
these clinical trials, including less effective chemotherapy
regimens, sample sizes too small for important changes in
survival to be detected or ruled out, inadequate selection
of patients, and premature closure of the trials. We con-
ducted a multiinstitutional retrospective study to clarify
the current status of perioperative chemotherapy in inva-
sive bladder cancers in Japan, and to identify the subgroups
of patients who might benefit from perioperative
chemotherapy.

Patients and methods

We have established a database at 32 Japanese institutions,
including three university hospitals (Kyoto University Hos-
pital, Nagoya University Hospital, and Nara Medical Uni-
versity Hospital), containing detailed and comprehensive
clinical and pathologic information about all patients
who have undergone cystectomy from January 1990 to
December 2000.” The intent of the present analysis was to
focus on a relatively homogeneous cohort of patients with
invasive transitional cell carcinomas (TCCs) of the bladder
who underwent a complete resection of all grossly evident
tumors at the time of cystectomy. Although the records of
1131 consecutive patients were identified in the database,
excluded from analysis were 89 patients with non-TCC
bladder cancers, 115 patients who underwent simple cystec-
tomy without bilateral iliac lymph node dissection, and 14
patients over 80 years old (because systemic chemotherapy
is generally not indicated for these patients. These patients
will be the subject of a separate report. These exclusions
may create some biases; however, the analysis of patients
with a completed cystectomy with curative intent remains
a critical topic. The remaining 913 patients underwent
radical cystectomy for primary TCC of the bladder with
intent to cure, and were the focus of this analysis. For
entry to this study, informed consent was not obtained
from each patient, because the analysis was conducted
retrospectively.

The clinical data that were collected from the medical
records included age, sex, past history, histologic grading
according to the World Health Organization system, clinical
and pathological staging according to the TNM classifica-
tion,"” and the presence of and regimen of perioperative
therapy. The follow-up procedures varied slightly among
the institutions considered; however, some general state-
ments should be made because of the long study period.
Patients were followed every 3-6 months during the first 2—-
3 years; the visits were every 6 months or annually there-
after. The follow up at each visit included a physical
examination (general and local). This prompted, when
needed, and according to the clinical suspicion of persisting/
relapsing disease, the use of the same specific diagnostic
tests as those performed during the baseline workup (e.g.,
ultrasonography, chest X-ray, computed tomography [CT],
and bone scan).
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Table 1. Clinical characteristics of the 913 study patients

Characteristics Number of cases
Total number of patients 913
Sex

Male:Female 760:153

Clinical tumor stage
T1 or less:T2:T3:T4:Tx
NO:N(+):Nx

Pathological tumor stage
pT1 or less: pT2a:pT2b:pT3:pT4

243:263:297:54:56
855:25:33

369:171:120:185:68

pNO:pN+ 773:140
Regimen of perioperative chemotherapy
Neoadjuvant chemotherapy 227
MVAC:MEC:CISCA:PAM:other 99:35:35:3:55
Adjuvant chemotherapy 167

MVAC:MEC:CISCA:PAM:other 73:26:23:20:25

MVAC, methotrexate, vinblastine, doxorubicin, and cisplatin, MEC,
methotrexate, epirubicin, and cisplatin; CISCA, cisplatin, cyclophos-
phamide, and doxorubicin, PAM, cisplatin, adriamycin, and
methotrexate

The overall survival was defined as the time from radical
cystectomy to any cause of death; all deaths from any cause
were counted as events, and surviving patients were treated
as censored at the date of last follow-up before December
31, 2001. Median follow up was 3.8 years (range, 0.1 to 11.8
years). The survival rates were estimated with the Kaplan-
Meier method. The log-rank test was performed to test
associations between perioperative chemotherapy and sur-
vival according to stage. Two-sided P values of less than
0.05 were regarded as statistically significant. All statistical
analyses were done by using SAS version 8 (SAS Institute,
Cary, NC, USA).

Resuits

A total of 913 TCC patients (760 men [83.2%] and 153
women [16.8%]), with a mean age of 64.8 years (range, 31 to
80 years), were treated with radical cystectomy with bilat-
eral lymph node dissection. As shown in Table 1, pathologi-
cal findings demonstrated that 369 patients (40.4%)
harbored bladder tumors of pT1 or less, 171 (18.7%) had
pT2a tumors, 120 (13.1%) had pT2b tumors, 185 (20.3%)
had pT3 tumors, and 68 (7.4%) had pT4 tumors. Eight
hundred and fifty-five patients (93.6%) were without evi-
dence of lymph node involvement. Regarding treat-
ment strategy, 341 patients (37.3%) were treated with
perioperative chemotherapy. Neoadjuvant chemotherapy
was adopted for 174 patients, adjuvant chemotherapy for
114 patients, and a combination of both chemotherapies for
53 patients. The chemotherapeutic regimens used included
MVAC (methotrexate, vinblastine, doxorubicin, and
cisplatin), MEC (methotrexate, epirubicin, and cisplatin),
CISCA (cisplatin, cyclophosphamide, and doxorubicin),
and PAM (cisplatin, adriamycin, and methotrexate), as well
as other miscellaneous regimens.*'*' The MVAC regimen
was the most frequently used for neoadjuvant or adjuvant
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Table 2, The effects of adjuvant chemotherapy on overall survival in 406 analyzable patients

without neoadjuvant chemotherapy

Pathological Adjuvant No. of No. of Overall survival (%) P value
stage chemotherapy patients deaths —
3-Year 5-Year

pT2a,pNO Without" 119 21 89.9 81.9 0.655
With 7 1 83.3 83.3

pT2b,pNO Without 49 18 64.9 56.5 0.016
With 24 3 90.8 90.8

pT3,pNO Without 65 28 515 SLS 0.020
With 22 4 90.9 75.0

pT4,pNO Without 24 6 69.3 69.3 0.033
With 7 6 17.9 0.0

pTany,pN+ Without 53 32 40.6 29.8 0.210
With 46 21 50.7 40.5

*Without neoadjuvant chemotherapy

Table 3. The effects of neoadjuvant chemotherapy on overall survival in 466 analyzable patients

without adjuvant chemotherapy

Clinical Neoadjuvant No. of No. of Overall survival (%) P value
stage chemotherapy patients deaths -
3-Year 5-Year

T2NO Without" 169 36 83.9 76.4

With 42 9 84.8 80.9 0.993
T3NO Without 123 47 56.5 56.6

With 77 19 80.0 73.5 0.015
T4NO Without 18 5 67.3 67.3

With 22 1t 47.8 47.8 0.345
Tany,N+ Without 5 3 60.0 60.0

With 10 4 60.0 60.0 0.979

*Without adjuvant chemotherapy

chemotherapy. The indications for perioperative chemo-
therapy varied among institutions, but, generally, adjuvant
chemotherapy was adopted mainly for patients with pT2b
or greater tumors and those with pathological lymph node
involvement (pN +; Table 2), whereas neoadjuvant chemo-
therapy was used mainly for patients with T3 or greater
tumors, or those with N+ (Table 3).

During follow up, 249 patients (27.2%) died, and the
overall survival rates for all 913 patients at 3 and 5 years
were 77.3% and 71.6 %, respectively. The overall survival
decreased proportionally with more advanced pathological
stage. The rates for 5-year overall survival were 85.0%
for organ-confined disease (pT0-2, pNO), 58.0% for locally
invasive disease (pT3-4,pN0), and 37.3% for disease
with lymph node involvement (pTany,pN+) (Fig. la). To
identify the patients who benefited from perioperative
chemotherapy, the effects of adjuvant chemotherapy on
survival were assessed in subgroups stratified by pT and
pN stage in those without neoadjuvant chemotherapy. The
overall survival of patients with adjuvant chemotherapy was
significantly better than those without adjuvant chemo-
therapy in patients with pT2b,pNO or pT3,pNO (P = 0.016
or 0.020, respectively), whereas adjuvant chemotherapy
had no or opposite effects on patients with pT2a,pN0,
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pT4,pNO, or pTany,pN+ (Table 2). On the other hand, in
the analysis of those without adjuvant chemotherapy,
neoadjuvant chemotherapy provided a statistically sig-
nificant survival benefit only for patients with clinical T3NQ
(P = 0.015; Table 3).

The response was assessed in 176 patients who received
neoadjuvant chemotherapy for whom information was
available. The response rate (partial response/complete re-
sponse; PR/CR) was 56.3%, and CRs were achieved in 27
patients (15.3%). Regarding the regimens, MVAC and
MEC demonstrated similar response rates, and these were
superior to those of CISCA and the miscellaneous other
regimens (Table 4). Although the survival rates for patients
with PR and those with no change/progressive disease (NC/
PD) were not significantly different, the overall survival
rate for patients with CR in the high-risk subgroup (patients
with T3 or more or N+) was significantly better than that of
those with PR or NC/PD (P = 0.043; Fig. 1b). Furthermore,
although differences did not reach sigunificance, the 5-year-
survival rates of patients treated with MVAC/MEC as
neoadjuvant chemotherapy tended to be better than those
of patients with other neoadjuvant chemotherapy regimens
or those without neoadjuvant chemotherapy-in the T2/3N0
subgroup (77.3%, 74.0%, and 67.7%, respectively).
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Fig. 1. a Estimated Kaplan-Meier overall survival curves for all patients (pr), stratified by alpathological stage. b Estimated Kaplan-Meier overall
survival curves for patients with T3 or higher or N+, stratified by the response to necadjuvant chemotherapy. CR, complete response; PR, partial

response; NC, no change; PD, progressive disease

Table 4. Responses of 176 assessable patients to various regimens of neoadjuvant chemotherapy

Regimen of No. of Average Response to chemotherapy

neoadjuvant patients no. of cycles

chemotherapy CR PR NC/PD

MVAC 80 1.5 15 (18.8%) 33 (41.3%) 32 (40.0%)

MEC 34 2.1 7 (20.6%) 16 (47.1%) 11 (32.4%)

CISCA 30 1.2 1 (3.3%) 8 (26.7%) 21 (70.0%)

Other 32 2.3 4 (12.5%) 15 (46.9%) 13 (40.6%)
176

MVAC, methotrexate, vinblastine, doxorubicin, and cisplatin; MEC, methotrexate, epirubicin,
and cisplatin; CISCA, cisplatin, cyclophosphamide, and doxorubicin; PAM, cisplatin, adriamycin,
and methotrexate; CR, complete response; PR, partial response; NC, no change: PD, progressive

disease

Discussion

In this multiinstitutional retrospective study, we demon-
strated the current status of perioperative chemotherapy in
the management of locally advanced TCC of the bladder
in Japan and assessed the patients who could benefit
from chemotherapy. In total, 341 patients (37.3%) were
treated with perioperative chemotherapy, and the rates of
neoadjuvant and adjuvant chemotherapy were similar. As
for the regimen of perioperative chemotherapy, MVAC
was the most frequently adopted in our series, and this is the
global standard chemotherapy regimen for bladder cancer.
Several modified regimens were developed on the basis
of MVAC to reduce the toxicity of the chemotherapy or
to enhance its effects. MEC (methotrexate, cisplatin,
and epirubicin) was also used, and the response rates to
MEC were almost the same as those of MVAC. Although
the indications and regimens of chemotherapy varied
among the institutions in this study, perioperative chemo-
therapy, in the form of cisplatin-based combination chemo-
therapy, was the main modality adopted for high-risk
patients, and, therefore, we consider this series acceptable
for analysis.

12

Adjuvant chemotherapy has been established for the
treatment of other cancers, in which the response rates to
chemotherapy are the same or lower than those in bladder
cancer.'" In invasive bladder cancers, two randomized tri-
als revealed a benefit of adjuvant chemotherapy compared
with radical cystectomy alone.'”* These two reports showed
the apparent benefit of the chemotherapy in patients who
had especially poor-risk cancers (pT3 or pN+), although
each of these trials included fewer than 100 patients, and
both were terminated prematurely, on the basis of an in-
terim analysis favoring the chemotherapy group, without
evaluating overall survival curves as an endpoint. In the
present study, 5-year overall survival rates in patients with
adjuvant chemotherapy were better than those in patients
without adjuvant chemotherapy in the subgroup of patients
with pT2b,pNO or pT3,pNO (P = 0.016 or 0.020, respec-
tively), but adjuvant chemotherapy had no, or opposite,
effects on patients with pT2a,pN0, pT4,pNO, or pN+. These
results suggested that adjuvant chemotherapy may improve
prognosis in locally advanced bladder cancer (pT2b or pT3
without lymph node metastasis), although retrospective
studies do have a patient selection bias. On the other hand,
80% of patients with pTZ2a or lower stage bladder cancers
survived for more than S years after radical cystectomy



alone; thus, an incremental survival benefit with chemo-
therapy may not have been detected in this subgroup. Con-
versely, massively advanced cancer, including extravesical
invasion (pT4) or lymph node metastasis, may be beyond
the therapeutic ability of adjuvant chemotherapy, because
of the large residual tumor burden.

As for neoadjuvant chemotherapy, there were more
studies than those of adjuvant chemotherapy in bladder
cancer.” % The neoadjuvant approach has several ben-
efits: one is that it allows preoperative reduction of tumor
size, which may make local therapy more effective. Second,
patients may best tolerate chemotherapy before they
have received potentially debilitating local treatment such
as radical cystectomy. Furthermore, neoadjuvant chemo-
therapy can provide clinically important information about
chemosensitivity. A recent metaanalysis® revealed a signifi-
cant benefit of platinum-based neoadjuvant chemotherapy
on overall survival in invasive bladder cancer, although
several randomized trials have failed to demonstrate its
effectiveness in invasive bladder cancer. Grossman and col-
leagues™ reported the benefit of three cycles of neoadjuvant
MV AC chemotherapy with radical cystectomy in a random-
ized trial enrolling 307 patients. Especially, the survival
benefit of neoadjuvant MVAC appeared to be strongly re-
lated to downstaging of the tumor to pTO0. In our study, the
overall survival rate for patients with CR was demonstrated
to be significantly better than that for those with PR or NC/
PD, suggesting that neoadjuvant chemotherapy can provide
a survival benefit only when tumors possess good
chemosensitivity and the neoadjuvant chemotherapy
achieves a CR.

When performing perioperative chemotherapy with
radical cystectomy, important factors to consider, other
than chemosensitivity, are: which regimens are suitable and
how many cycles of chemotherapy are needed to improve
survival. MVAC is the most cmmon regimen worldwide,
and three cycles of MVAC have been adopted for random-
ized studies.” However, our data demonstrated that, in Ja-
pan, generally, MVAC or modified MVAC regimens (MEC
or PAM) were used empirically for an average of two
cycles, suggesting that three cycles of these regimens are not
tolerable for Japanese. Recently, several novel cytotoxic
compounds have been studied in the management of
recurrent and metastatic bladder cancer. In particular,
gemcitabine or paclitaxel are considered to be promising
agerts for bladder cancer.*® In the future, neoadjuvant
chemotherapy, using these new compounds and molecular
markers for predicting chemosensitivity, will need to be
assessed by randomized prospective studies.

Conclusion

Our retrospective analysis indicated that perioperative
chemotherapy may improve survival in patients with T3NO
or pT2b/pT3,pN0 bladder cancer who have a radical cystec-
tomy. A significant survival benefit may be obtained in
those who achieve pathological downstaging to a complete
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clinical response after neoadjuvant chemotherapy. To
achieve maximum survival benefit from adjuvant chemo-
therapy and to avoid the administration of toxic chemo-
therapeutic agents to unresponsive patients, more reliable
markers, and more attractive chemotherapeutic regimens
should be carefully investigated by well-designed random-
ized trials.
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UROPLAKIN II AS A PROMISING MARKER FOR MOLECULAR
DIAGNOSIS OF NODAL METASTASES FROM BLADDER CANCER:
COMPARISON WITH CYTOKERATIN 20
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ABSTRACT

Purpose: Current methods used to determine pathological examination of the lymphatics after
radical cystectomy are tedious and costly. We performed a systemic study of uroplakin II (UP II)
and cytokeratin 20 (CK 20) expression in pelvic lymph nodes on multiple sides in patients with
bladder cancer.

Materials and Methods: A total of 82 pelvic lymph node and 19 bladder tumor samples were
obtained from 21 patients with bladder cancer by radical cystectomy with pelvic lymphadenec-
tomy for reverse transcriptase-polymerase chain reaction assay.

Results: Of the 19 bladder tumor tissue specimens 19 (100%) and 13 (68.4%) were positive for
UP IT and CK 20 mRNA expression, respectively. UP IT mRNA was detected in 15 of 16 pelvic
lymph node samples (93.8%) with pathologically proven metastases, whereas 9 (56.6%) were
positive for CK 20 mRNA. The reverse transcriptase-polymerase chain reaction assay for UP 11
was statistically more sensitive than that for CK 20 in detecting not only primary tumors, but
also metastatic pelvic lymph nodes (p = 0.0179 and 0.0373, respectively). Of 66 pelvic lymph node
samples without metastasis UP II was detected in 6 (10%), while CK 20 was not. In addition, UP
I and CK 20 mRNA could be detected in at least 50 and 500 bladder cancer HT1197 cells,
respectively.

Conclusions:; These results indicate that UP II might be a more useful marker than CK 20 for
detecting micrometastases of bladder cancer in the pelvic lymph nodes, although a greater

number of patients and longer followup are needed to come to a definitive conclusion.

KEey WORDS: bladder, bladder neoplasms, neoplasm metastasis, uroplakin II, cytokeratin 20

The presence or absence of pelvic lymph node involvement
is one of the most important prognostic factors after radical
cystectomy for bladder cancer.m® No less than half the pa-
tients with pathologically node negative, invasive bladder
cancer could die of recurrence after radical cystectomy.® This
indicates that there are not a few occult metastases that
cannot be detected by conventional pathological examination.
On the other hand, it has been shown that postoperative
chemotherapy confers significant survival benefits in pa-
tients with pathologically progressive node metastases.”
Therefore, an accurate determination of lymph node status is
critically important for improving the clinical outcome after
radical cystectomy. However, currently a pathologically thor-
ough examination of excised lymphatic tissues is tedious and
costly. Thus, an objective, rapid, reproducible and simple
method to determine lymph node status is necessary in pa-
tients with bladder cancer after radical cystectomy.

Uroplakin II (UP 1D is an urothelial differentiation related
membrane protein that is expressed specifically in the
urothelium and is also well preserved in transitional cell
carcinoma of the urinary tract.”® Recent studies using
reverse-transcriptase (RT)-polymerase chain reaction (PCR)
showed that UP II mRNA can be detected in bladder cancer
cell lines and tumor tissues but not in prostate, skin, liver or
ovary tissue specimens.” ® Furthermore, we and others have
detected circulating cancer cells in the peripheral blood of
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patients with urothelial cancer using the RT-PCR assay for
UpPIL."*

Cytokeratin 20 (CK 20) is a protein of the intermediate
filament group that is selectively expressed in epithelial cells
of the urinary tract, gastrointestinal tract and Merker
cells.r® 11 CK 20 amplification has been extensively used to
identify rare disseminated cancer cells in peripheral blood,
bone marrow and lymph node samples in patients with sev-
eral types of cancers, including bladder, colorectal and thy-
roid cancers.'*7 1"

These 2 molecules may serve as biomarkers for detecting
micrometastases in pelvic lymphatic nodes in bladder cancer
cases. We analyzed the expression of UP II and CK 20 in
pelvic lymph node and tumor tissue samples from patients
with bladder cancer using RT-PCR assays.

MATERIALS AND METIIODS

Patients and tissue samples. A total of 82 pelvic lymph node
and 19 primary tumor tissue samples were obtained from 21
patients with bladder cancer by radical cystectomy with pel-
vic lymphadenectomy at Kagawa University Hospital be-
tween June 2001 and January 2005. All patients were patho-
logically diagnosed to have bladder transitional cell
carcinoma. Table 1 lists patient clinicopathological charac-
teristics. Primary tumors were graded and staged according
to WHO criteria'® and the TNM classification,'” respectively.
The mean number of examined lyniph nodes in each patient
was 4 (range 2 to 7). Of these lymph node tissue samples a
total of 66 (80.5%) from 14 patients had no evidence of lymph
node metastasis, whereas a total of 16 (19.5%) from 7 pa-
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MOLECULAR DIAGNOSIS OF NODE METASTASES

TaBLE 1. Clinicopathological features in bladder cancer patients

Pt
No—Age Grade TNM
1—74 3 T2
2—55 3 T2
3—49 2 T3a
4—76 2 T3b
5—176 3 T4
675 3 T3b
7—64 3 T2a
871 3 T2a
960 2 Tis
10—73 3 T3h
11—53 3 T2a
12—85 3 T3a
13—80 2 T3a
14—867 3 T3b
15—57 3 T3b
16—81 3 T3a
17—87 3 T3b
18—74 3 T3b
19—81 3 T2a
20—74 3 T3b
21—74 3 T3a

tients had lymphatic metastases on routine pathological ex-
amination. A hemisphere of each pelvic lymph node sample
from each site was subjected to histopathological diagnosis
and the other hemisphere was snap frozen in liquid nitrogen
and stored at —80C until RNA extraction. Primary bladder
tumor tissue samples were also prepared for RNA extraction.

Cell lines. We also analyzed the human bladder cancer cell
line HT1197, the human prostate cancer cell lines LNCaP,
DU145 and TSU-RP1, and the human renal cell carcinoma
cell line ACHN as controls. These cells were cultured in
RPMI-1640 supplemented with 25 mM HEPES, 100 U/ml
penicillin, 100 pg/ml streptomycin and 10% fetal bovine se-
rum at 37C in a humidified 5% CO, atmosphere. Total RNA
was extracted and subjected to RT-PCR assay.

RNA extraction and RT-PCR assay. Total RNA was ex-
tracted from cell lines as well as tissue samples of primary
bladder tumor and pelvic lymph nodes using TRIzol® re-
agent. The RNA concentration was determined using a
GeneQuant™ pro RNA/DNA calculator. cDNA was synthe-
sized using a First-Strand ¢cDNA Synthesis kit (Amersham
Pharmacia Biotech, Piscataway, New Jersey) at 37C for 60
minutes. Total RNA (1 ug) was added to the RT reaction.

Aliquots of the same cDNA were amplified with specific prim-
ers of UP II and CK 20. Primer sequences were 1) UP II sense
5'-TCCCCAGGGGCTGCAGACTT-3" and UP 1I anti-sense 5'-
GGTTTGTCACCTGGTATGCACT-3', and 2) CK 20 step [
sense 5'-CAGACACACGGTGAACTGG-3' and CK 20
step I anti-sense 5'-GATCAGCTTCCACTGTTAGACG-3', and
CK 20 step II sense 5'-CTGTTTGTTGGCAATGAGAAAATGG-3'
and CK 20 step II anti-sense 5'-GATCTCTCTCAGTCT-
CATA-3'. UP Il was amplified in single step PCR,'® whereas Clk 20
was amplified in nested PCR,"” as described previously.
The size of amplified UP IT and CK 20 products was 268
and 349 bp, respectively.

The 25 pl PCR mixture consisted of 25 pmol of each primer,
200 M deoxynucleotide triphosphates, 0.2 U Tag™ polymer-
ase, PCR buffer containing MgCl, and 1 ul template. PCR
conditions for UP II were 35 cycles of 94C for 1 minute, 55C
for 1 minute and 72C for 1.5 minutes. PCR reactions for CK
20 were done for 40 cycles for 20 seconds at 94C, 20 seconds
at 55C and 30 seconds at 72C in each PCR step. Amplified
products were separated on 2% agarose gel and bands were
analyzed with ImageMaster™.

A sample without RNA and RNA extracted from HT1197
cells served as a negative and positive control, respectively,
in every RT-PCR assay. In addition, amplified products of
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) prim-
ers served as an internal control in all analyses.2°
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Determination of detection limit. RNA was extracted from
HT1197 cells and serially attenuated with distilled water to
determine the detection limit. The lowest dilution of RNA
was that extracted from 50,000 cells and the highest dilution
was from 0.05 cells, theoretically. RT-PCR was done using
each specific primer for these serially attenuated samples.

Statistics. Comparison between UP IT and CK 20 RT-PCR
assays in pelvic lymph nodes was assessed by Fisher's exact
test with p <0.05 considered significant.

RESULTS

Sensitivity and specificity of the RT-PCR assay for UP II
and CK 20. We evaluated the sensitivity of RT-PCR assay for
UP 1II and CK 20 by testing RNA extracted from 0.05 to
50,000 HT1197 human bladder cancer cells. UP II and CK 20
mRNA expression was detected in RNA extracted from more
than 50 and 500 HT'1197 cells, respectively (fig. 1).

To verify the specificity of amplification products we then
analyzed the prostate cancer cell lines LNCaP, DU145 and
TSU-RP1, and the renal cell carcinoma cell line ACHN. Nei-
ther UP II nor CK 20 mRNA was detected in these nonblad-
der cancer cell lines (data not shown). We also examined 8
pelvic lymph node tissue samples from 4 patients with pros-
tate cancer who underwent radical prostatectomy. All sam-
ples were negative for UP II and CK 20 mRNA (data not
shown).

IUP IT and CK 20 mRNA expression in bladder tumor and
lymph node tissues. Table 2 shows the results of the UP II
and CK 20 RT-PCR assay. Of the 19 bladder tumor tissue
specimens analyzed 19 (100%) and 13 (68.4%) were positive
for UP II and CK20 mRNA, respectively (table 3). The RT-
PCR assay for UP II was more sensitive than that for CK 20
for detecting bladder tumors (p = 0.0179). Of 82 pelvic lymph
node tissue samples 21 (25.6%) showed UP II mRNA and 11
of 82 (13.4%) were positive for CK 20 mRNA. In addition, we
also examined UP II and CK20 mRNA expression in normal
bladder tissue samples. In all 15 normal bladder tissue sam-
ples analyzed (100%) UP II and CK20 mRNA were positive.
GAPDH expression was detected as the internal control in all
samples studied.

Comparison of RT-PCR results with pathological diagnosis
of lymph nodes. Tables 2 and 4 list the results of the RT-PCR

UPH

CK20

GAPDH

Fic. 1. UP IT and CK 20 mRNA expression was detected in more
than 50 and 500 cancer cells per sample, respectively, in HT1197
bladder cancer cell line under RT-PCR conditions. Lane M, DNA
markelr. Lanes 1 to 7, 50,000 to 0.05 HT1197 cells. Lane N, negative
control.




