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TABLE 2. Molecular features in patients with bladder cancer

Pelvic Lymph Node Primary Bladder Tumor
Location Metastasis UPIi CK 20 UPII CK 20
Pt l: Pos Pos
Lt obturator No Neg Neg
Rt obturator Yes Pos Neg
Pt 2: Pos Neg
Lt obturater No Neg Neg
Lt external iliac artery No Neg Neg
Rt obturator No Neg Neg
Pt 3: Pos Pos
Lt external iliac artery Yes Pos Pos
Rt obturator Yes Pos Pos
Rt common iliac artery Yes Pos Pos
Presacral Yes Pos Pos
Pt 4: Pos Pos
Lt obturator No Neg Neg
Lt external iliac artery No Pos Neg
Rt obturator No Neg Neg
Pt 5: Pos Pos
Lt obturator No Neg Neg
Lt external iliac artery No Neg Neg
Rt obturator No Neg Neg
Rt external iliac artery No Neg Neg
Rt internal iliac artery No Neg Neg
Pt 6: Pos Neg
Lt obturator No Neg Neg
Lt external iliac artery No Neg Neg
Rt obturator No Neg Neg
Rt common iliac artery No Neg Neg
Pt 7: Pos Pos
Lt obturator No Neg Neg
Lt internal iliac artery No Neg Neg
Rt obturator (1) No Neg Neg
Rt obturator (2) No Neg Neg
Rt external iliac artery No Pos Neg
Rt common iliac artery No Neg Neg
Pt 8: Pos Pos
Lt obturator No Neg Neg
Lt external iliac artery No Neg Neg
Rt obturator No Neg Neg
Rt internal iliac artery No Neg Neg
Rt external iliac artery No Neg Neg
Pt 9: Pos Pos
Lt obturator No Neg Neg
Lt external iliac artery No Neg Neg
Rt obturator No Neg Neg
Rt external iliac artery No Neg Neg
Pt 10: Pos Pos
Lt obturator Yes Pos Neg
Lt external iliac artery Yes Pos Pos
Rt obturator Yes Pos Pos
Pt 11: Pos Neg
Lt obturator No Neg Neg
Lt external iliac artery No Neg Neg
Rt internal iliac artery No Neg Neg
Rt external iliac artery No Neg Neg
Pt 12: Pos Pos
Lt obturator Yes Pos Pos
Rt obturator No Neg Neg
Rt internal iliac artery No Neg Neg
Pt 13: Pos Pos
Lt obturator No Neg Neg -
Lt external iliac artery No Neg Neg
Lt internal iliac artery No Neg Neg
Rt obturator No Neg Neg
Rt external iliac artery No Neg Neg
Pt 14: Not determined Not determined
Lt internal iliac artery No Neg Neg
Rt external iliac artery No Neg Neg
Lt external iliac artery No Neg Neg
Rt obturator No Neg Neg
Lt obturator No Neg Neg
Pt 15: Pos Neg
Rt external iliac artery No Neg Neg
Rt obturator No Neg Neg
Lt obturator No Neg Neg
Pt 16: Pos Neg
Lt internal iliac artery No Neg Neg
Lt obturator No Neg Neg
Rt internal iliac artery No Neg Neg
Pt 17 Pos Pos
Lt obturator No Neg Pos
Rt obturator No Neg Neg
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TaBLE 2. Continued

Pelvic Lymph Node

Primary Bladder Tumor

Location Metastasis Up It CK 20 urnl CK 20
Pt 18: Pos Neg
Lt internal iliac artery No Neg Neg
Lt obturator No Neg Neg
Rt obturator No Neg Neg
Pt 19: Pos Pos
Lt external iliac '1rte1y Yes Neg Neg
Rt obturator Yes Pos Neg
Rt external iliac artery No Neg Neg
Presacral No Neg Neg
Pt 20 Pos Pos
Lt obturator No Pos Neg
Lt external iliac artery No Neg Neg
Rt obturator Yes Pos Neg
Rt external iliac artery No Pos Neg
Rt common No Pos Neg
Pt 21: Not determined Not determined
Lt obturator No Pos Pos
Lt external iliac artery Yes Pos Pos
Lt common Yes Pos Neg
Rt internal iliac artery Yes Pos Neg
Rt common Yes Pos Pos

TaABLE 3. RT-PCR sensitivity for UP Il and CK 20 in primary
tumors and pelvic lymph nodes with metastases

No./Total No. Sensitivity (%) p Value
Primary tumors:
UPII 19/19 (100) 0.0179
CK 20 13/19 (68.4)
Lymph nodes:
UpP I 15/16 (93.8) 0.0372
CK 20 9/16 (56.3)

TaBLE 4. Histopathological diagnosis vs RT-PCR assay for UP II
and CK 20 in pelvic lymph nodes

No. Pelvic Lymph Node

Metastasis Total
No.
Yes No
UPIL
Pos 15% 8 21
Neg 1 60 61
CK 20:
Pos 9 2 11
Neg 7 64 71
Totals 16 66 82

# UP II greater than CK 20 for detecting pelvic lymph node metastasis
(Fisher's exact test p = 0.373).

assay for UP II and CK 20 in comparison to the pathological
diagnosis in pelvic lymph node tissue samples from patients
with bladder cancer. UP Il mRNA was detected in a total of
15 of 16 pelvic lymph node tissue samples (93.8%) from 7
patients with pathologically proven metastases, whereas 9 of
16 (56.3%) were positive for CK 20 mRNA (fig. 2). The RT-
PCR assay for UP II was greater than that for CK 20 for
detecting metastatic pelvic lymph nodes (p = 0.0373). Inter-
estingly UP II mRNA was also positive in a total of 6 pelvic
lymph node tissue samples from 4 patients without patho-
logical metastasis. In contrast, CK 20 mRNA was not de-
tected in the same samples.

DISCUSSION

The presence or absence of pelvic lymph node involvement
is one of the most important prognostic factors after radical
cystectomy for bladder cancer.!? Moreover, no less than half
the patients with pathologically node negative, invasive blad-
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der cancer could die of recurrence after radical eystectomy.”
Recurrence might be relevant to pelvic lymph node microme-
tastases that were undetected by routine histological exam-
ination. On the other hand, postoperative chemotherapy in
node positive patients, particularly those with minimal node
involvement, has proved to provide survival benefits.* There-
fore, assays with high sensitivity and specificity for detecting
node involvement that supplement routine pathological di-
agnosis are urgently needed in patients with bladder cancer
after radical cystectomy.

UP II mRNA expression was reported in bladder tumor

tissue samples and in bladder cancer cell lines but it was 11ot
detected in prostate, skin, liver or ovary tissue specimens.”
It was suggested that the detection of UP II mRNA p051tlve
cells in peripheral blood might be used as a tumor marker for
molecular staging of urothelial cancers.®® Thus, it is worth-
while to test the clinical usefulness of UP II mRNA for
molecular surveillance of micrometastases in bladder cancer
lymph node tissues. In contrast to the fact that only 1 site of
pelvie lyvmph node per case was examined for UP II mRNA in
an early study,'® we performed a systemic study of UP IT
mRNA in regional lymph nodes on multiple sides in patients
with bladder cancer treated with radical cystectomy with
pelvic lymphadenectomy. Simultaneously we also compared
RT-PCR assay for CK 20 to detect micrometastasis in bladder
cancer pelvic lymph nodes since it was reported that CK 20
was used to identify rare disseminated cancer cells in the
lymph node samples of patients with colorectal and thyroid
cancers.’

In this study UP II mRNA expression was detected in all
19 bladder tumor specimens (100%) and in 15 of 16 pelvic
lymph node tissue samples (93.8%) from patients with patho-
logically proven pelvic lymphatic metastases. The sensitivity
of the RT-PCR assay for UP Il was significantly higher than
that for CK 20 for detecting primary tumors and metastatic
pelvic lymph nodes (p = 0.0179 and 0.0373, respectively).
These results suggest that detecting UP II mRNA expression
in metastatic lymphatic nodes is a more useful diagnostic
method for bladder cancer than detecting CK 20 mRNA.

In 1 of 16 lymph nodes (6.2%) the UP II RT-PCR assay
failed to detect tumor cells despite their positive identifica-
tion by pathological study. A possible explanation for the
false-negative results might be sampling error, which means
that only half of each lymph node was tumor infiltrated,
while the other part was tumor-free.

It is interesting that UP 11 mRNA was also detected in a
total of 6 pelvic lymph node tissue samples from 4 patients
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Fic. 2. UP II and CK 20 mRNA expression was detected by RT-
PCR in primary bladder tumor and pelvic lymph node tissues. Lane
M, DNA marker. Lane P, positive control. Lane N, negative control.
L, left. O, obturator. E, external. IA, iliac artery. R, right. I, internal.

without pathologically metastasis, although CK 20 mRNA
was not detected. This positive UP II mRNA expression may
be attributable to pelvic lymph node micrometastases that
were undetectable by routine histology. Long-term followup
in these patients is needed to reveal whether they will have
clinical recurrence. In addition, neither UP II nor CK20
mRNA was detected in the prostate cancer cell lines, in a
renal cell cancer cell line or in pelvic lymph node samples
from patients without urothelial cancers, while they were
detected in bladder cancer cells. These results indicate that
the RT-PCR assay for UP II or CK 20 might be specific for the
detection of bladder cancer cells, although sensitivity for CK
20 is relative low.

In the current study we also compared the detectability of
RT-PCR assays for UP II and CK 20 using a serial dilution of
RNA extracted from the bladder cancer cell line HT1197. UP
IT and CK 20 mRNA could be detected in RNA extracted from
more than 50 and 500 HT1197 cells, respectively. These data
further confirm that the sensitivity of RT-PCR for UP 11 was
greater than that for CK 20.

CONCLUSIONS

Comprehensive assessment of the current study from the
viewpoints of sensitivity, specificity and detectability suggest
that UP II be a more promising molecular marker for detect-
ing pelvic node micrometastasis at radical cystectomy than
CK 20, although more patients and longer followup are
needed to come to a definitive conclusion.
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EDITORIAL COMMENT

Pelvic lymph node metastasis is an independent prognostic indicator of
clinical failure in patients with bladder cancer. Adjuvant chemotherapy
immediately following cystectomy may benefit patients with lymph node
involvement. However, histological examination may not reveal occult
lymph node metastases. Accurate prognostic indicators that correlate with
lymph node metastases could help identify patients who would benefit
from early systemic therapy. These authors used RT-PCR to analyze the
expression of UP II and CK 20 mRNA in primary bladder tumor and pelvic
lymph node tissues. UP II expression accurately detected lymph node
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metastases with 93% sensitivity and 90% specificity, while CK 20 expres-
sion was less accurate. Since long-term followup data are not presented, it
is unknown whether the 10% false-positive UP Il cases developed metas-
tasis. It is too early to conclude that UP II expression can detect occult
metastases. However, based on study results a prospective trial mvolving
more specimens and longer followup is warranted.
Vinata B. Lokeshwar
Department of Urology
University of Miami
School of Medicine
Miami, Florida

2143
REPLY BY AUTHORS

We agree with that it remains unclear whether UP II
RT-PCR can detect occult lymph nodal involvement due to
the small number of cases and short followup period. How-
ever, to date 1 of 4 false-positive cases has already shown
recurrence and progression of disease 6 months after sur-
gery. A prospective study of a larger number of cases and
longer followup is needed to verify the usefulness of molecu-
lar diagnosis of UP II mRNA for detecting occult metastasis.
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Abstract

Promoter hypermethylation is one of the putative mechanisms underlying the inactivation of negative cell-cycle regulators. We exam-
ined whether the methylation status of p/6"¥%% and p14%, genes located upstream of the RB and p53 pathway, is a useful biomarker
for the staging, clinical outcome, and prognosis of human bladder cancer. Using methylation-specific PCR (MSP), we examined the
methylation status of p/6“5* and p/41%¥ in 64 samples from 45 bladder cancer patients (34 males, |1 females). In 19 patients with
recurrent bladder cancer, we examined paired tissue samples from their primary and recurrent tumors. The methylation status of rep-
resentative samples was confirmed by bisulfite DNA sequencing analysis. The median follow-up duration was 34.3 months (range
27.0-100.1 months). The methylation rate for p/6/¥% and p144%¥ was 17.8% and 31.1%, respectively, in the 45 patients. The incidence
of pl6™% and pi4'®F methylation was significantly higher in patients with invasive (>pT2) than superficial bladder cancer (<pTl)
(p =0.006 and p = 0.001, respectively). No MSP bands for p/6"¥ " and pI44% were detected in the 8 patients with superficial, non-
recurrent tumors. In 19 patients with tumor recurrence, the p/6"V and p/4**" methylation status of the primary and recurrent tumors
was similar. Of the 22 patients who had undergone cystectomy, & (36.4%) manifested p/6™5 methylation; p/6™ 5% was not methylated
in 23 patients without cystectomy (p = 0.002). Kaplan—Meier analysis revealed that patients with p/4*% methylation had a significantly
poorer prognosis than those without (p = 0.029). This is the first study indicating that MSP analysis of p/6"¥** and p/4*RF genes is a
useful biomarker for the pathological stage, clinical outcome, and prognosis of patients with bladder cancer.
© 2005 Elsevier Inc. All rights reserved.

Keywords: Bladder cancer; Methylation; pl6"™ 54, p4-1R¢

Urothelial cancers of the urinary bladder are character- patients who will experience tumor recurrence or disease
ized by synchronous or metachronous multiplicity. At ini- progression. Synchronous or metachronous bladder can-
tial presentation, 70-80% of bladder cancer patients have  cers derive from monoclonal- rather than polyclonal ori-
superficial Ta or Tl tumors; the remainder presents with  gins [5,6], suggesting that genetic alterations may occur
muscle-invading T2-T4 tumors [[]. About 70% of patients  during early bladder carcinogenesis and that they are
with superficial tumors suffer disease recurrence within 2 retained in the recurrent tumors. As cancer is characterized
years; approximately one-third show grade- or stage pro- by alterations in cell-cycle regulation, changes in cell-cycle
gression [2-4]. Morphologically similar tumors can behave regulator genes at initial diagnosis may be useful for pre-
differently and it is currently not possible to identify  dicting tumor recurrence or progression.

The cell-cycle markers altered in bladder cancer include

- INK4da ARF
* Corresponding author. Fax: +81 99 265 9727. pl6™""™, pld™™", MDM2, pS3, p2l, pRB, cdkd, and
E-mail addresses:  enokida@m.kufm.kagoshima-u.ac.jp. eno_kin@ cyclin D1 [7-12]; all members of the RB and p53 pathway.
hotmail.com (H. Enokida). However, the prognostic value of these factors remains to

0006-291X/$ - see front matter © 2005 Elsevier [nc. All rights reserved.
doi:10.1016/].bbre.2005.11.072
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be determined. Among them, pl6'™* and p14*RF fune-
tion as tumor suppressors by interrupting responses to
hyperproliferative signals and modulating the activities of
the Rb and p53 pathways. pl6"™<* protein binds both
cdkk4 and cdk6, and inhibits the catalytic activity of the
cdk4-cdk6/cyclin D enzyme complex required for pRb
phosphorylation which, during G1, disrupts the association
with histone deacetylase and E2F transcription factors,
thereby allowing the transcription of genes involved in
cell-cycle progression. The pl4*®Y protein induces Gl
and G2 phase arrest in a p53-dependent manner, interacts
with the Mdm2 oncoprotein, and inhibits the nuclear
export of Mdm?2 by tethering it in the nucleolus. This pre-
vents Mdm?2-p53 association and blocks Mdm2-induced
p53 degradation in the proteosome, thereby stabilizing
p3S3 [13].

CpG hypermethylation of the DNA promoter is impor-
tant in the genetic regulation of mammalian cells [14].
Aberrant methylation of promoter regions associated with
gene silencing is one of the major mechanisms underlying
the inactivation of tumor suppressor genes; it has been
observed in various cancers [15-20] including bladder can-
cer [7,21,22].

In the present study, we determined the methylation sta-
tus in the promoter region of p/6™** and pl47%F, ana-
lyzed the relationship between the methylation status and
various clinicopathological parameters, and investigated
whether promoter methylation of p/6"™¥%* and pI
a predictor of disease progression and of the prognosis of
patients with bladder cancers.

4ARF is

Materials and methods

Tissue samples. We obtained 64 pathologically proven transitional cell
carcinoma { TCC) samples from 45 bladder cancer patients who underwent
transurethral resection (TUR) or radical cystectomy between March 1997
and December 2002 at Kagoshima University Hospital (Kagoshima,
Japan). Of the 64 samples, 38 were from 19 patients with recurrence; we
had samples from their primary and recurrent tumors, 8 specimens were
from patients with non-recurrent tumors, and 18 from patients with
invasive bladder cancers. The median follow-up was 34.3 months (range
27.0-100.1 months). The patients’ background and clinicopathological
characteristics are summarized in Table 1. Each tumor was staged and
graded according to the TNM Sstaging system [23] and the Japanese
Urological Association and the Japanese Society of Pathology [24]. Nor-
mal human lymphocytes and normal bladder epithelium from the patients
with non-cancerous diseuse served as the control. The study was approved
by the Institutional Review Board of our institution; written prior
informed consent was obtained from all patients for use of their samples
and clinical and pathological data.

DNA extraction. DNA was extracted from formalin-fixed, paraffin-
embedded, microdissected sections as described previously [25,26].
Briefly, 10-pum sections were mounted on microscope slides and one
section from each sample was stained with hematoxylin and eosin.
Cancerous regions of the stained tissues were identified and marked
under a light microscope using 100-fold magnification, Microdissection
of tissue on the remaining slides was performed by carefully scraping the
cancerous areas into Eppendorf tubes with a surgical scalpel, using the
stained slide as a template. In each case, we used fifteen 10-um thick
sections for DNA extraction. Genomic DNA from all samples was
extracted with a QIAamp DNA Mini kit (Qiagen, Tokyo, Japan)
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Table |
Patient characteristics
Parameters No.
Patients 45
Age (years)
Median 67.8
Range 45-88
Gender
Female 11 (24.4)
Male 34 (75.6
Tumor grade (%)
Gl S(1LY)
G2 30 (66.7)
G3 10 (22.2)
Pathological stage (%)
pTa 9(20.0)
pTl 17 (37.8)
pT2 6(13.3)
pT3 10 (22.2)
pT4 3(6.7)
Procedures
TUR single* 8
TUR repeated 15
Cystectomy following TUR 4
Immediate cystectomy 18

* TUR, transurethral resection of bladder tumor.

according to the manufacturer's instructions. The concentration of DNA
was determined with a spectrophotometer; integrity was checked by gel
electrophoresis.

Methylation analysis. The DNA methylation patterns in the CpG
istands of p/6"V** and p14*%" genes were determined by methylation-
specific PCR (MSP) as described previously [27]. Briefly, DNA (1 pg) from
tumor samples was denatured with NaOH and then treated (50 °C, 16 h)
with hydroquinone and sodium bisulfite. Modified DNA samples were
purified with Wizard DNA purification resin according to the manufac-
turer’s instructions (Promega, Madison, WI) and eluted into 50 pl water.
NaOH was added to complete the modification and this was followed by
ethanol precipitation. Resuspended DNA was used for PCR assay. The
primers used for MSP and unimethylation-specific PCR (USP) were:
p16'™&* MSP primers, 5-TTATTAGAGGGTGGGGCGGATCGC-3'
(forward), 5-GACCCCG AACCGCGACCGTAA-3 (reverse); pl6'N&#
USP primers. 3-TTATTAGAGGGTG GGGTGGATTGT-3' (forward),
5'-CAACCCCAAACCACAACCATAA-Y (reverse); pl4**F MSP prim-
ers, 5-GTGTTAAAGGGCGGCGTAGC-3' (forward), 5-AAAA
CCCTCACTCGCGACGA-3' (reverse); pld™RF USP primers, 5'-TTT
TTGGTGTTAAAGGGTGGTGTAGT-3' (forward), 5-CACAAAAA
CCCTCACTCACAACAA-3' (reverse). The 5 end of the forward
pl16™ = MSP and pl6™N®¥% USP primers corresponds to base number
1132 in GenBank Accession No. X94154. The 5’ end of the forward
pl4*RF MSP and pl4*®F Usp primers corresponds to base numbers 193
and 201 in GenBank Accession No. L41934. The annealing temperature
used for pl6™ % MSP, p16™K¥ USP, p14*RY MSP, and p14*%F Usp
primers was 65, 60, 60, and 60 °C, respectively; 35 PCR cycles were
applied [15,28]. CpGenome Universal Methylated DNA (UMD) (Inter-
gen, Purchase, NY) was used as a positive control for methylated alleles.
DNA from normal lymphocytes was the negative contro! for methylated
genes {13]. DNA from normal ureteral epithelium of patients who had
undergone nephrectomy for renal cell carcinoma was used as normal
urothelial DNA. Amplified products were electrophoresed on 2% agarose
gels, stained with SYBR Green I Nucleic Acid Gel Stain (TAKARA BIO,
Tokyo, Japan), and visualized under UV illumination.

Bisulfite DNA sequencing analvsis. Bisulfite-modified DNA (1 i) was
amplified in a total volume of 20 wl using a pair of universal primers as
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follows: universal primers, 3-GAGGAAGAAAGAGG
AGGGGTT-3 (forward), 5-CTACAAACCCTCTACCCAC CTAAA-3
(reverse); pl4ARF universal primers, 53-GTTGTTTATTTTTGGT
GTTAAAGGG-3' (forward), 5-AACCTTTCCTACCTAATCTTCT
AAAAAAC-3 (reverse). These primers were designed without CpG sites
in either the forward or reverse direction. The annealing temperature was
58 °C, 40 PCR cycles were used. Direct bisulfite DNA sequencing of the
PCR products using forward universal primer was performed according to
the manufacturet’s instructions (Macrogen, Seoul, Korea).

Statistical analysis. We carried out a descriptive statistical study in
which the analyzed variables were contrasted by Fisher’s exact test.
Kaplan—-Meier survival curves of patients with bladder cancer classified
according to the methylation status were prepared and compared using the
log-rank test. p values of less than 0.05 were regarded statistically signif-
icant. All statistical analyses were performed using the StatView version
5.0 for Windows.

p 16 INK4a

Results

611V1\4(l 4ARF

Methylation status of the pl
clinical samples

and pl promoter in

We analyzed the methylation status of p/6"%* and

pl42RF promoter regions in normal urothelial- and blad-
der cancer specimens. Representative results of MSP and
USP assays for pI6™%%* and pl4*®F are shown in Fig. 1.
One of the superficial tumors (T1) had only one USP band.
Both the primary (T13-1) and recurrent (T13-2) tumors
from patient 13 also had only one USP band for p/6™V5#
and pl4*®” One of the invasive tumors (T36) showed a
band for pl6"™5* and p14*RF on both MSP and USP.
Normal human lymphocytes (NL) and normal ureteral epi-
thelium (NUE) demonstrated only a USP band for
p16™5 and p14*'%F The results of the methylation study
were confirmed by bisulfite DNA sequencing. Fig. 2 shows
the results typical for bisulfite DNA sequencing in a blad-
der cancer sample. In sample T1 (Fig. 1), no MSP band
was observed; the CpG sites were completely unmethylat-
ed. Sample T36 (Fig. 1), which demonstrated both MSP
and USP bands for p/6"™V%* and pl14%F, disclosed a T
peak and a C peak at the CpG sites, indicating partial
methylation.

H20 UMD NL T1

4 iy bludder cancer

Methylation status of p16"™** and p1

We performed MSP and USP to investigate the methyl-
ation status of pl6"¥** and p14'*F promoter regions in
normal urothelial- and bladder cancer specimens. The lat-
ter included 19 pairs of primary and recurrent tumor sam-
ples (38 samples); each pair obtained from the same patient
(Fig. 3). In Table 2, we present the correlation between the
methylation status of p/6"V5% or p144R¥ and several clin-
icopathological parameters. Overall, the methylation rate
was 17.8% for pI6"™5* and 31.1% for pl4?%7 in the 45
patients. Our series included 26 patients with superficial
(<pTl) and 19 patients with invasive bladder cancer
(>pT2). The incidence of p/6™¥%* methylation was signif-
icantly higher in patients with invasive (7/19, 36.8%) than
superficial bladder cancer (1/26, 3.8%) (p = 0.006). The
rate of p/4'%F methylation was also significantly higher
in patients with invasive (11/19, 58.0%) than superficial
bladder cancer (3/26: 11.5%) (p =0.001). Interestingly,
during a median follow-up of 34.3 months, no methylation
of pl6"™5% o p14*%" was detected in patients 1-8 (Fig. 3)
with superficial bladder cancer without tumor recurrence.
Among 22 patients (patients 24-45, Fig. 3) who had
received cystectomy, 8 (36.4%) demonstrated pl6'NE%
methylation; no pl6'V5* methylation was found in 23
patients without cystectomy (Fig. 3). On the other hand,
p14"*F methylation was found in 10 of 22 (45.5%) patients
with cystectomy and in 4 of 23 (17.4%) who did not under-
go cystectomy (Fig. 3). As shown in Table 2, there was a
significant correlation between the methylation status of
pl6"VE* and the treatment outcome {(p =0.002). In the
absence of a significant correlation, there was a trend
between the methylation status of p/4'* and the treat-
ment outcome (p = 0.057). During follow-up, 19 patients
(patients 9-27, Fig. 3) suffered tumor recurrence. When
we compared the methylation status of p/6"Y%# and
p14*%F between the primary- and recurrent tumor in each
of the 19 patients, we found that it was the same. There
was no significant correlation, but a trend, between the
methylation status of p/6/Y%* and tumor grade

T13-1Ti3-2 T36 NBE

_ptgmes | 2

UM UMUMUMUMUM UM

+«— 200bp
+— 100bp

T13-1T13-2 T36 NBE

plgaer j H20 UMD NL T1

UM UM UMUMUMUM UM UM

+— 200hp
+— 10Cbp

Fig. 1. Methylation-specific PCR of p/6™%* and pi4'** promoter regions. T1 is a non-recurrent tumor, T13 a sample from a patient with tumor
recurrence. In both the primary (T13-1) and recurrent tumors (T13-2), p/6"** was unmethylated. In one of the invasive tumors (T36), p/6"V* was both
methylated and unmethylated. A similar result was obtained by MSP analysis of p/4"®". Universal methylated DNA (UMD) with p/6™8 and pr4#"
methylation served as the positive- and normal human lymphnode (NL) and normal bladder epithelium (NBE) as the negative control. M and U indicate
methylation and unmethylation, respectively,

23



K. Kwwvamoto et al. | Biochemical und Biophvsical Research Conmunications 339 (2006} 790-796 793

: 161Kda
I 1566 p : 1281
TTTTTGGTTG S TTGG TTGGT T4 TGGT‘!’_IEG‘FTEGGGTI_GGG
v ¥ ¥ v
N AR “'"‘ \ o A
\ ERVAYS ¥ \[\/\ '\ \f vy fv‘: \, S\/\!l\ "il 5 \f“f ‘\’} AY; ‘\/u ‘v\s"\f‘\"‘;"ﬁ"‘ V \f",‘;‘\s,\
T 36 UM 7 U UM uM
T e 1281
T'rTTc_GGTer CEGTTCGGGETLEGE

¥
nafhoL L J
£% 3 i
SN \;\ N j’\ AN j\:‘\}\/\
PM |
L 82 p14ARF 3 e
TTITTIGGA TGTGTGIGGTTIGTIGTIGAG TEAGGGTTTTIG
[7 P v v, v v
5 i E'L'
M Lt
T34
282 324
TITTTCEGATTCGGCGCGEG TG CC G TG GGG TTTTCE
; ¥ 4 v

A K

(R
)

PM PM PM

6INI\’-Iu

6 INK4a
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samples correspond with samples labeled T1 and T36 in Fig. 1, respectively. Bottom: bisulfite DNA sequencing of pI4'%F In unmethylated
samples (T1. top lane), all CpG sites were unmethylated. In partly methylated samples (T36, bottom lane), there were a T- and a C peak at the
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Fig. 3. Clinicopathological features and methylation status of 45 bladder cancer patients. In the p/ and pl columns. orange boxes

correspond to complete methylation (only methylated product detected) or partial methylation {both unmethylated and methylated products
detected). Green boxes indicate that only unmethylated product was detected. Of the 45 patients, 8 (TI-T8) had superficial bladder tumors without
recurrence, 19 (T9-T27) suffered tumor recurrence during follow-up, and 18 (T28-T45) had invasive bladder cancers at initial diagnosis and had

undergone immediate cystectomy.
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Table 2
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Correlation between methylation status and clinicopathological parameters in 45 bladder cancer patients

Clinicopathologocal outcome  Variable Number of cases  pl16™%* [number (%)] pl4ARF [number (%)]
Methylated Unmethylated p value Methylated Unmethylated p value
(n=28) (n=37) (n=14) (n=31)
Histological type G1/G2 35 4(11) 31 (89) 0.059 9 (26) 26 (74) 0.244
G3 10 4 (40) 6 (60) 5(50) 5(50)
pT Stage <pTl 26 1 (4) 25 (96) 0.006 3 (12) 23 (88) 0.001
=pT2 19 7 (37) 12 (63) 11 (58) 8 (42)
Recurrence Recurrence(+) 19 1 (5) 18 (95) >0.999 5 (26) 14 (74) 0.280
Recurrence(—) 8 0(0) 8 (100) 0 (0) 8 (100)
Treatment outcome Cystectomy(+) 22 8 (37) 14 (63) 0.002 10 (46) 12 (54) 0.057
Cystectomy(—) 23 0(0) 23 (100) 4 (17) 19 (83)
A p14ARF B plﬁlNK‘ta
17 17
Unmethylated (n=31) Unmethylated (n=37)
8 81 — 8 8]
z z
Lo 4 '6 1
> o4 —
5 4 Methylated (n=14) ; 4 Methylated (n=8)
7] [ 7] i
2] p=0.029 2 p=0.292
0] 07

0 2 4 6 8 10 12 14
Years

0 2 4 6 8 10 12 14

Years

Fig. 4. Correlation of methylation status and overall survival by the Kaplan-Meier method. (A) Survival curves classified by the p/6/V*** methylation

status. (B) Survival curves classified by the p/4%¥ methylation status.

{(p = 0.059), and no correlation between the tumor grade
and the methylation status of p/4*% (Table 2).

Correlation between the methylation status of p16™** and
pl4'RF and prognosis

We analyzed the connection between the methylation
status of pl6"™% and pI4*®F and patient survival by
Kaplan—Meier analysis. We found that p/4** methylation
had a significant adverse effect on the prognosis (p = 0.029)
(Fig. 4A). Similarly, patients with pI6"”%#* methylation
tended to have a poorer prognosis than those without
although the difference was not statistically significant
(p = 0.292) (Fig. 4B).

Discussion

Chromosome region 9p21 harbors genes p/6""** and
pl14“RE which have growth-suppressive activities [29,30].
pl16™%4 is a cyclin-dependent kinase inhibitor that func-
tions upstream of Rb [31] pl4*RF plays a major role in
the p53 pathway by binding specifically to MDM?2; it stabi-
lizes both MDM?2 and p53 [32,33], and thereby facilitates
p53-mediated cell-cycle arrest and apoptosis [8]. The
unique genomic structure and compact organization of
these genes, which have common reading frames, may be
essential for maintaining a balanced Rb and p53 pathway

function [34]. CpG hypermethylation of the pI6™V%** or

14 %7 promoter can lead to cancer growth through the
Rb or p53 pathway. Dominguez et al. [13] found a promot-
er hypermethylation rate of 18% for pI16™**“ and 56% for
pl14*%F in bladder cancer patients; these rates were 15% [7]
and 35% [35], respectively, in other reports, and 18% and
31%, respectively, in our study. These findings consistently
show a higher incidence of pI4**". than pl6"™%%
hypermethylation.

Bladder cancer recurrence has been attributed to an
accumulation of genetic and epigenetic changes in tumor
suppressor- and drug-resistance-related genes [36,37]. Our
comparison of the primary and recurrent bladder cancers
in 19 patients showed that their methylation status was
the same. This observation suggests that the methylation
of p16™%* and pI4*®" genes may be an early event in
the tumorigenesis of human bladder cancer and supports
the hypothesis that metachronous bladder cancers are
derived from single progenitor cells rather than having
polychronal origins [5,6].

We also found that the frequency of pl and
pl4*RF methylation was significantly higher in patients
with invasive- than superficial bladder cancer (p = 0.006
and p =0.001, respectively). This indicates that tumors
with pI6™K* and pI14*®F methylation are of a more
aggressive phenotype. Tt is interesting that p/6™%* and
pI14 % were unmethylated in 8 patients with superficial,

61NK4¢1
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non-recurrent bladder cancers. In 22 patients who had
undergone cystectomy, the rate of pl6™<* methylation
was significantly higher than in 23 patients without cystec-
tomy (p = 0.002). This suggests MSP analysis of p/6™ %
and pI4'%" as a useful biomarker not only for bladder can-
cer diagnosis and staging, but also for monitoring these
patients for tumor recurrence. We found that p/4** meth-
ylation was significantly associated with a poorer survival
rate (p = 0.029). Dulaimi et al. [35] reported that MSP
assay of urine detected bladder cancer more sensitively
than conventional urine cytology. A method that can
detect methylated genes in voided urine represents a
marked advance over the currently used uncomfortable,
invasive, and expensive procedures to diagnose bladder
cancer. We are in the process of performing MSP analysis
of pI6™K4 and p14"*F in urine samples from patients with
bladder cancer.

In conclusion, ours is the first study indicating a signif-
icant correlation between the results of MSP analysis of
pI6™E% or p14*RF and the pathological stage, clinical out-
come, and prognosis of patients with bladder cancer. Stud-
ies are underway in our laboratory to examine the practical
implications of MSP analysis of p/6"™V% and p14*% in tis-
sue and urine samples from patients with bladder cancer.
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TWO CASES OF UROTHELIAL CANCER RESPONSIVE TO
HIGH-DOSE-INTENSITY METHOTREXATE VINBLASTINE
DOXORUBICIN AND CISPLATIN (M-VAC) THERAPY

Hisami Fuxkupa, Kenji Mrrsumori, Shingo Mimvacawa, Teruaki Kumazawa,
Kazuteru Tapachi, Masahiro Iinuma, Shigeru SatoH, Kazunari SATOH,

Tomonori Hasucur and Tetsuro Kato

The Department of Urology, Akita University School of Medicine

We report two cases of metastatic urothelial cancer treated with high-dose-intensity (HD)
methotrexate vinblastine, doxorubicin and cisplatin (MVAC). After HD-MVAC, the size of primary
and lymph node tumors decreased by 57-67% as compared with the standard M-VAC therapy. By
shortening the dose interval, HD-MVAC may increase the anti-tumor effect without increasing side
effects.

(Hinyokika Kiyo 51: 113-116, 2005)
Key words: Urotherial cancer, Chemotherapy, High dose intensity M-VAC
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Computed tomography (CT) images before (A-1, A-2) and after (B-1, B-2) chemotherapy in

The maximal diameters of ureteral tumor and para-aortic lymph node metastasis (A-2

and B-2, arrow) decreased from 5.0 to 3.2 cm and 3.0 to 2.1 cm, respectively.
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(Fig. 3).
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Grade 4 0 (@ H 0 (0 A
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g [ 0-4/a1 0-1[a1
LR 0-7 (3) H 0-3 (1.5) B
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it E L7 G-CSF o5 R ERT.
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Abstract Recent evidence on molecular pathways helps us
to understand the pathogenesis of bladder cancer. How-
ever, the molecular mechanisms of recurrence of the dis-
ease and progression into muscle-invasive disease are not
fully understood. The diagnostic accuracy and specificity of
innovative markers for detection of the disease currently
available in the clinical setting are still far from the level
where cystoscopy would not be needed. Although risk fac-
tors for progression to muscle-invasive discase have been
identified, we still cannot predict accurately the clinical be-
havior of superficial bladder cancer. In this review article,
we summarize recent evidence on molecular pathogenesis,
risk factors for recurrence and progression, urine markers
for detection, and treatments in superficial bladder cancer.

Kecy words Bladder - Cancer - Recurrence - Progression -
Urine markers - Treatment

Introduction

Bladder cancer is the sixth most frequent malignant disease
in the world. The age-adjusted incidence rates per 100000
persons in Japan were 12.5 for men and 2.9 for women
in 1998, and almost 5000 patients died of the disease in
2001 (National Cancer Center. Cancer Statistics, http://
www.ncc.go.jp/jp/statistics/index.html). More than 75% of
patients with bladder cancer are diagnosed as having super-
ficial discase that is confined to the mucosal and submucosal
layers of the bladder at the time of the initial evaluation.
The remaining bladder cancers are muscle-invasive disease
or disecase with cancer extending outside or beyond the
bladder. Although the 5-year cause-specific survival rate for
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the superficial disease is expected to be higher than 95%),'
the rate of intravesical recurrence is more than 50%, and up
to 20% of the disease will become muscle invasive or meta-
static over time, depending on clinical features, if the dis-
ease is untreated. In such cases, the 5-year survival of
patients is less than 50% for muscle-invasive discase and
10% for metastatic discase.” In this contex, early diagnosis
of the disease and prevention of intravesical recurrence and
muscle-invasive progression after the initial treatment are
crucial for providing a better prognosis.

Herein we summarize recent advances in the diagnosis
and treatment of superficial bladder cancer, which is usually
considered to be the early stage of the disease.

What is early bladder cancer and how does it
behave clinically?

Definition of early bladder cancer

As already stated, superficial bladder cancer is defined as
disease that is confined to the mucosal and submucosal
layers of the bladder (Ta and T1, respectively, in the TNM
classification). It encompasses a wide range of disease from
noninvasive low-grade papillary cancer (Ta) with almost no
progression to muscle-invasive disease to superficially inva-
sive (T1) high-grade papillary or solid cancer with signifi-
cant frequency of progression into the muscle of the bladder
and subsequent cancer death (Table 1).** Carcinoma in situ
(CIS) is also included in superficial bladder cancer.
According to the World Health Organization/Interna-
tional Society of Urological Pathology Consensus Classifi-
cation of Superficial Bladder Cancer,’ noninvasive diseases
consist of papilloma, papillary urothelial neoplasm with low
malignant potential, and papillary cancer of Ta grade 1
(G1) or high grade (Ta grade 2 or 3). Grade 3 (G3) cancer
is well accepted as high-grade disease, but grade 2 (G2)
encompasses a wide range of biological characteristics,
some resembling G1 and others G3. However, because G2
disecase can potentially mimic G3 disease, clinical under-
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Table 1. Classification of superficial bladder cancers and their potential for disease progression

TNM classification”

World Health Organization

Progression Cancer

(WHO) grade” (%)" death (%)
Ta {confined to the mucosa) Grade | <10% <5%
Grade 2 20% 10%
Grade 3 20%-~40% 10%-25%
T1 (invasion to the submucosa) Grade | 20% 20%
Grade 2 25% 25%
Grade 3 40%-50% 30%-40%

Carcinoma in situ
Primary
Secondary

>50% -

Each figure was estimated from the results reported in references 3, 4, and 5
*General Rules for Clinical and Pathological Studies on Bladder Cancer (3rd edition, 2001)
"Progression to muscle-invasive or metastatic disease

standing is that the disease is characterized as high-grade
cancer. Ta disease accounts for 70%-80% of superficial
bladder cancer. Because T1Gl1 disease is rare, a case of it
consists of high grade (G2 or G3) cancer, which comprises
the remaining 20%-30% of superficial disease.’ Primary
CIS is not so common, but the secondary type is often
associated with high-grade T1 superficial cancer or muscle-
invasive disease. Thus, in CIS, the primary type accounts
only for 10% and the secondary type for 90%.

Molecular pathogenesis of superficial bladder cancer

Receptor tyrosine kinase-Ras pathway, deletion of
chromosome 9, and mutation of fibroblast growth factor
receptor 3 and HRAS genes

Superficial bladder cancer has at least two discrete path-
ways for development and progression (Fig. 1), which may
explain the differences in the invasive and metastatic poten-
tial of the disease. Constitutive activation of the receptor
tyrosine kinase (RTK)-Ras pathway and deletion of chro-
mosome 9 are mainly responsible for early development of
papillary Ta superficial bladder cancer.®® The former cat-
egory includes mutation of fibroblast growth factor receptor
3 (FGFR3), found in 60%-70%, and HRAS, in 30%-40%,
of the disease.”” These changes are mutually exclusively
detected in the disease, indicating that they are pivotal
events for its development.”™"' Partial or total deletion of
chromosome 9 occurs in urothelial hyperplasia and low-
grade papillary Ta cancer. Both 9q and 9p losses are in-
volved in development of these neoplastic lesions. Indeed, a
tumor suppressor gene may be located in the region at
9q32-33. In addition, the 9p21 region in the INK4A/ARF
locus is also speculated to have a tumor suppressor gene
because the region encodes both pl6 and pl4 and homozy-
gous deletion of the region downregulates both the RB and
p33 pathways. Furthermore, homozygous deletion at the
INK4A/ARF locus is associated with superficial cancer
having higher grade, larger size, and more predominant
recurrence than that without these features."”

Although chromosome 9 deletions were initially indi-
cated to be early events in the development of low-grade Ta
bladder cancer, they were subsequently revealed to partici-

Normal
EGFR3* urothelium
HRAS* °
9p-19¢- p- 53* | 9p-/9g-
p->a (INK4AIARF) P P24
dysplasia
low-grade | ? | high-grade
'I?a Ta 9p-19q-
2 Cis
RB* | p53* 9p- .
Recurrence (INK4AIARF) RB
pER T ™
RB*

Fig. 1. Molecular pathogenesis and progression of superficial bladder
cancer. C/S, carcinoma in situ; #, mutations; *, structural and functional
defects; thick arrows, frequent pathway; fine arrows, infrequent path-
way; dotted arrows, rare pathway

pate in development of high-grade cancer and, sometimes,
of dysplasia and CIS."

Inactivation of p53 and RB functions

Although chromosome 9 deletions may be partly involved
in development of high-grade Ta or T1 bladder cancer and
CIS, the pivotal pathway to the diseases is the inactivation
of both p53 and RB functions. The inactivation of the
p53 function is demonstrated by mutation of TP53 or
homozygous deletion of pl4. A lack of RB expression or
hyperphosphorylated RB protein may result in dysfunc-
tional RB. Thus, both the p53 and RB dysfunctions are
simultaneously found in more than 50% of high-grade T1
bladder cancers. Figure 1 illustrates simply molecular
pathways in the development of superficial bladder cancer
consisting of low-grade or high-grade disease with Ta or T1
and CIS.**

Above all, activation of the RTK-Ras pathway and dele-
tion of chromosome 9 may be responsible for the develop-
ment of low-grade Ta disease. The deletion of 9p may be
involved in development of high-grade Ta disease. For the
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progression of Ta disease or CIS to T1, functional defects of
the p53 and/or RB pathways may be required.

Natural history of early bladder cancer and risk factors
for recurrence and progression

Natural history

Superficial (Ta and T1 disease) bladder cancer is initially
treated by transurethral resection of the bladder tumor
(TUR-Bt). Once histopathological examination of the
specimen reveals the disease to be muscle invasive, radical
cystectomy is basically indicated. If examination determines
that the disease is confined to the mucosal (Ta) or submu-
cosal (T1) layer of the bladder, intravesical instillation of an
anticancer agent (intravesical chemotherapy) or bacillus
Calmette—Guerin (BCG) may be indicated, depending on
the clinical and pathological features. When primary carci-
noma in situ (CIS) is found, intravesical treatment with
BCG is the standard therapy. The intravesical treatment is
employed for patients after TUR-Bt, with the hope that the
treatment can reduce intravesical recurrence and prevent
developing muscle-invasive disease. Indeed, the major clini-
cal issue in treatment of superficial bladder cancer is how to
prevent these unfavorable events and to identify patients
who need intensive treatment after TUR-Bt. In some situa-
tions, even patients with superficial disease can potentially
be candidates for radical surgery. Such examples are the
disease with frequent recurrence with a short interval and
high-grade T1 disease refractory to intravesical chemo-
therapy or BCG therapy after TUR-Bt.

Mechanism of intravesical recurrence

The cellular and molecular biological mechanisms of
intravesical recurrence have not been fully elucidated. Two
hypotheses have been proposed to explain the mechanism
of intravesical recurrence."” The first hypothesis, the “field
defect,” stems from the speculation that endogenous and
exogenous carcinogenic agents are the main causes of blad-
der cancer development. According to this speculation,
carcinogen-elicited genetic changes of individual cells in the
bladder are responsible for synchronous and metachronous
development of cancer, which translates into intravesical
recurrence in the clinical setting. The intravesical seeding or
intraepithelial spread of cancer cells is the second explana-
tion for the development of recurrence. This hypothesis
depends on the concept that an individual cancer arises
from a single transformed cell. In the situation of intravesi-
cal seeding, floating cancer cells that detach from the pri-
mary site are implanted in the mucosa of the bladder and
proliferate into full-blown cancer. The rationale for this is
the clinical finding that a single course of immediate intra-
vesical chemotherapy after TUR-Bt significantly reduces
the intravesical recurrence of cancer." Cancer cells can also
spread in the intraepithelial layer, which results in the de-
velopment of overt cancer at a remote site. Based on the
results of molecular studies currently available, most blad-
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der cancers are of monoclonal (or oligoclonal) origin, but
the “field defect” may be found in a minority of cancers." In
addition, epigenetic modification and changes of cancer
cells in the cellular microenvironment are also suggested to
be crucial for cancer evolution.

As for the type of recurrence, Hinotsu et al.® proposed
the hypothesis that the recurrence had two patterns,
consisting of those in early and late phases after TUR-Bt.
They designated the early type as “true recurrence” and the
late type as a “new second recurrence, i.e., a second primary
cancer.” Most recurrences in the early phase occurred
within 500 days post-TUR-Bt, whereas the late ones oc-
curred more than 500 days postsurgery. Thus, early recur-
rence may response to intravesical treatment, resulting in
the prevention or delay of intravesical recurrence. How-
ever, the standard intravesical treatment, usually lasting less
than a year, does contribute to the prevention and delay of
late recurrence. Unfortunately, it is not fully elucidated how
this type of recurrence is regulated by the cellular and mo-
lecular biological characteristics of cancer cells. Thus, many
molecular events in the development of bladder cancer
have been clarified during the past 15 years. However, we
still do not know what molecular events are actually in-
volved in the establishment of a recurrence, irrespective of
its mechanism.

Risk factors for recurrence and progression

Landmark work done by the National Bladder Cancer Col-
laborative Group in the 1980s revealed the clinical course of
patients who were treated only with TUR-Bt. The study
indicated that more than 50% of superficial disease devel-
oped intravesical recurrence, and that more than 20% of
progression was characterized by muscle invasion, depend-
ing mainly on the grade and pathological stage of the dis-
ease.” Indeed, the 3-year recurrence-free survival rate is
higher in Ta disease than in T1 disease (50% vs. 30%). The
rates were also affected by tumor grade, with 50% in G1
disease, 40% in G2, and 20% in G3. The pathological stage
affected the progression rate of disease to the muscle layer.
In Ta disease, the 3-year progression-free survival rate was
96%, whereas survival decreased to 70% in T1 disease. The
rate of G3 disease (55%) was distinctly different from that
of G1 (100%) and G2 (89%) disease. Thus, the pathological
stage and grade are factors predictive of recurrence
and progression in short- or intermediate-term follow-up of
superficial bladder cancer. Multicentricity and tumor
size and dysplasia found at a site in the bladder other than
that of overt cancer are also listed as clinical and patholo-
gical factors affecting recurrence and progression of the
disease.

As indicated earlier, the stage and grade of cancer
greatly influence the clinical behavior of superficial bladder
cancer. In this context, T1G3 disease has a definitely differ-
ent behavior from TaG1 or TaG2. TaG3 disease has inter-
mediate character between these diseases. The different
clinical behavior is clearly demonsirated when we consider
the rate of progression to muscle-invasive disease in studies



with long-term follow-up (see Table 1). Although TaG1 and
TaG?2 disease has lower progression and cancer death rates,
T1G3 has much higher rates, which is one of the reasons
why carly radical cystectomy is recommended for the dis-
ease.”” Even when the disease is treated by TUR-Bt, post-
operative intravesical treatment with BCG and careful
observation of the clinical course are mandatory.

CIS is another type of superficial bladder cancer. Most of
the disease is found in association with papillary or solid
high-grade disease. Primary CIS defined clinically as blad-
der cancer without any visible tumor by cytoscopy. The final
diagnosis is only made with histopathological examination.
Intravesical BCG treatment can eradicate cancer cells in the
bladder in more than 70% of patients with the disease. The
5-year recurrence-free rate is 60%. However, the rate of
progression to muscle-invasive or metastatic disease is
significant.

How do we detect early disease?
Usual presentation and detection

Urinalysis, urine cytology, and cystoscopy are well accepted
as the standard methods for detecting bladder cancer
(Fig. 2). Even if urinalysis reveals microscopic hematuria,
however, it is unclear whether the hematuria is derived
from bladder cancer. Moreover, hematuria in bladder can-
cer may be intermittent. Cytology has high specificity but
the diagnostic value is far from satisfactory, particularly for
low grade or Ta superficial bladder cancer. Cytoscopy can
identify most superficial disease, but it sometimes fails to
detect a small or flat lesion. Its greatest disadvantage is that
it is an invasive diagnostic procedure. Thus, flexible
fiberscopy is the current procedure of choice as it provides
a clear intravesical view with less invasiveness. In this con-
text, novel specific markers for bladder cancer are expected.

Innovative methods for detection
Conunercially available molecular markers

Several urinary markers for bladder cancer have been in-
vestigated in recent years. Unfortunately, no serum marker
is as yet available for clinical use.

Bladder tumor antigen (BTA)stat, BTA TRAK, nuclear
matrix protein (NMP)22, fibrinogen degenerative product
(FDP), InmunoCyt, and fluorescence in situ hybridization
(FISH) (UroVysion) tests for bladder cancer have been
approved by the U.S. Food and Drug Administration.™*
Bladder tumor antigen (BTA) is a human complement
factor H-related protein that is similar in structure and
function to human complement factor H.*** The BTAst
at test (Mentor, Santa Barbara, CA, USA) is an immunoas-
say using two monoclonal antibodies recognizing two
epitopes on human complement factor H-related protein.”
It is a one-step, qualitative, immunochromatographic assay
whereas BTA TRAK (Polymedco, Cortlandt Manor, NY,
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Symptoms (macrohematuria, urinary symptoms, etc.)
Microhematuria
Intravesical mass incidentally found by CT, US, stc.

Histor

K y . Ruling out
Urinalysis -urinary tract infection
-urinary stone

-renal diseases, etc.

CYStOSCOPY:cytology, NMP22, etc.

]

Papillary or  No visible tumor, with No visible tumor with
nodular tumor positive cytology negative cytology

CIs l

suspected

EXU Other
diseases
TUR-Bt / N N
negative  positive
TU-biopsy Treatment for renal pelvic

or ureteral cancer

= Selective cytology, = TU-bi
=+=TU-biopsy

RP, ureteroscopy

Fig. 2. Algorithm for diagnosis of bladder cancer. EXU, excretory
urography; TUR-Bt, transurethral resection of bladder tumor; TU-
biopsy, transurethral biopsy; RP, retrograde pyelography

USA) is a quantitative two-step enzyme-linked immu-
nosorbent assay (ELISA).* When the role of BT Astat was
compared with that of BTA TRAK in detection of bladder
cancer, BT Astat was reported to have higher specificity and
lower sensitivity.™ Which test is better remains to be deter-
mined, although with BTA TRAK there is slightly higher
sensitivity in high-grade tumors.”"

NMP22 (Matritech, Newton, MA, USA) is a nuclear
mitotic apparatus protein involved in the distribution of
chromatin to daughter cells. It is located in the nuclear
matrix in all cell types and is released [rom the nuclei of
tumor cells during apoptosis.” The NMP22 test is an immu-
noassay that detects complexed and fragmented forms of
the nuclear mitotic apparatus protein in urine.” This pro-
tein has an up to 25-fold-greater intracellular concentration
in bladder cancer cells than in normal urothelium and is
released in soluble form during apoptosis.”

FDP is released into the circulation and is detectable in
the urine of patients with bladder cancer.” Bladder cancer
cells produce vascular endothelial growth factor (VEGF),
an angiogenic factor involved in the maintenance and in-
duction of vascular endothelial cells, which increases the
vessel wall permeability of blood and plasma proteins such
as plasminogen, fibrinogen, and other clotting factors.
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Recent assay systems that use monoclonal antibody immu-
noassays to detect FDP consistently achieve overall sensi-
tivities ranging from 68% to 83%." The urinary FDP
level tends to become higher in patients with cancer as
grade and stage increase, although its utility in the detection
of CIS remains unproved.” Although inflammatory condi-
tions of the urinary tract generate detectable amounts of
FDP in urine, the FDP levels are far lower than those in
urine of patients with bladder cancer. However, FDP does
not seem to have additional value over cytology for recur-
rent disease.™

ImmunoCyt (DiagnoCure, Sainte-Foy, QC, Canada) is a
test combining cytology with an immunofluorescence assay
using three antibodies: 19A211 against a high molecular
weight form of carcinoembryonic antigen, and M344 and
LDQI10 against mucins, which are expressed in bladder can-
cer but not in normal epithelium.* Phister et al.” performed
a multicenter study and reported that the ImmunoCyt test
improved the diagnostic accuracy of cytology in daily prac-
tice. The sensitivity of ImmunoCyt for low-grade and
low-stage cancer is controversial.*" However, Toma et al.*
performed comprehensive analysis of several urine markers
for noninvasive bladder cancer and concluded that
ImmunoCyt in combination with conventional cytology
offered better sensitivity than other tests.

Fluorescence in situ hybridization (FISH) is a technique
that uses fluorescently labeled DNA probes to assess the
centromeres of chromosomes 3, 7, 17, and 9p21 (plé/
CDKN2A). FISH can detect genetic alterations in the
urine sediments of patients with urothelial carcinoma.™
UroVysion (Abbott Laboratories, Downers Grove, IL,
USA), a multicolored FISH probe set developed to detect
bladder cancer, has significantly higher sensitivity than
cytology, while maintaining the high specificity of
cytology and low sensitivity for Ta tumors.”* FISH also
appears to be useful for monitoring the response to
intravesical treatment in patients with superficial bladder
cancer.” However, the meticulous technique necessary
hampers its wide application in the clinical setting.

Several studies show that a combination of these tests
offers superior sensitivity. To date, however, none of these
assays has been shown to replace cystoscopy or provide
substantial, additional information for making the diagnosis
of recurrent bladder carcinoma.

Other markers under investigation

The urine markers that are commercially available now are
somewhat limited in clinical use by low sensitivity and speci-
ficity. Various newer markers have been investigated
because more-sensitive, more-specific, and less-invasive
methods for detecting cancer are desired.

The hyaluronic acid (HA)-hyaluronidase (HAase) test is
based on an enzyme-linked immunosorbent like-assay.*
HA is a nonsulfated glycosaminoglycan made of repeating
disaccharide units of p-glucuronic acid and N-acetyl-p-
glucosamine.™ Lokeshwar et al.¥ reported that HA levels
are three- to fivefold elevated in tissue extracts of bladder
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cancer when compared with the levels in normal tissues. It
is suggested that HA is synthesized mostly by stromal fibro-
blasts of cancer, and that the cancer cells activate these
fibroblasts to synthesize high levels of HA.* HAase, an
endoglycosidase, degrades HA into small fragments that
promote angiogenesis. Hautmann et al.* reported the ex-
pression of HA and HAase in bladder cancer tissue and
indicated that patients with bladder cancer were positive for
the HA-HAase test because of secretion of HA and HAase
in urine. The overall sensitivity and specificity are 91.2%
and 84%, respectively.”

Survivin is a member of the inhibitor of apoptosis pro-
tein (IAP) family. This gene is overexpressed in various
human malignancies, including cancers of the lung, colon,
pancreas, prostate, and breast, but not in normal adult tis-
sues.”™ It is a protein with a single baculoviral IAP repeat
(BIR) domain and a COOH-terminal ring domain and can
inhibit apoptosis by binding to caspases 3 and 7.* Survivin
expression has been associated with features of biologically
aggressive disease, resistance to therapy, and poor clinical
outcome in patients with various malignancies.* Some in-
vestigators have reported that survivin expression in urine
specimens has high sensitivity (64%-100%) and efficiency
(93%-100%) for the diagnosis of bladder cancer.™

The telomeric repeat amplification protocol (TRAP) as-
say can detect and measure the activity of telomerase, an
enzyme helping to synthesize telomeres and maintain
chromosomal ends.™ The overall sensitivity of the TRAP
assay is between 70% and 86%, although the false-positive
rate of 21%-76% is not negligible.”” Recent studies sug-
gested that by using the reverse transcriptase-polymerase
chain reaction (RT-PCR) for the mRNA of human
telomerase reverse transcriptase (WnTERT), the assay has a
sensitivity between 74% and 92% and specificity between
70% and 93%.°

Microsatellites are inherited short tandem repeat DNA
sequences that are widely interspersed through the genome
with low mutation rates unique to individuals.™ Mutations
of the gene can lead to loss of heterozygosity and/or
microsatellite instability” and can be useful as markers of
neoplasia. The microsatellite assay is performed by PCR
using DNA primers for a panel of various microsatellite
markers.™ Although this assay has high sensitivity
and high specificity, it is a very complex and expensive
technique. Blunt-end single-strand DNA conformation
polymorphism (blunt-end SSCP) analysis is also useful for
diagnosis of bladder cancer by detecting loss of heterozy-
gosity (LOH) on chromosome 9 in urine samples.”

Cytokeratins (CKs) are intermediate filament proteins
specific for epithelial cells. CK18, CK19, and CK20 were
found to be overexpressed in urothelial cancer cells.
CYFRAZ21-1, an ELISA assay for detecting fragments of
CK19, is a promising test with sensitivity of 76.2% and
specificity of 84.2%.%

Lewis X antigen belongs to the Lewis system, occurring
in secretions and serum lipoproteins.” Papilloma and
urothelial cancer cells, but not normal adult urothelial cells,
express this antigen, regardless of the blood group, secre-
tory status, and grade and stage of the tumor.™ The test for



