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Abstract This study investigated gene abnormalities
in bladder cancer patients and the relationship between
chromosomal alteration and the clinical outcome using
microsatellite analysis. A total of 45 human bladder
tumor patients were analyzed. The microsatellite mark-
ers for 18q21.1 (D18S46, D18S363, and D18S474),
9p21-22 (D9S171, D9S747, D9S1747, and IFNA), and
17p13.1 (TP53) were used for the loss of heterozygosity
(LOH) detection. The clinical outcomes were estimated
with univariate and multivariate analyses. The results
show that patients with LOHs in 18q21.1 and 9p21-22
exhibited a significantly poor prognosis. LOHs of these
chromosomal regions had the most predictable potential
compared with the other known prognostic factors, such
as tumor grade, TNM stage, and age. It is concluded
that microsatellite analysis for 18q21.1 and 9p21-22 is
capable of predicting the clinical outcome of bladder
cancer patients.

Keywords Loss of heterozygosity - Microsatellite
analysis - Bladder cancer - 18q21.1 - 9p21-22

Introduction

Multiple genetic changes may occur during the devel-
opment of primary bladder cancers [22, 23]. Various
mutations in tumor suppressor genes, including p53,
have been identified and thought to indicate a progres-
sion to a more invasive manner [21, 24]. The relationship
between expressing a mutation and/or a deletion of these
individual tumor suppressor genes and particular cancer
cell types has been relatively well studied. However, the
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relationships among these possible suppressor genes
have yet to be adequately documented.

It has recently been suggested that microsatellite
markers are useful for detecting genetic alterations in
human cancers [18]. In the present study, we studied the
loss of heterozygosity (LOH) of multiple chromosomal
regions as possible tumor suppressor genes and their
relationship to the clinical outcome in human bladder
cancers using microsatellite analysis.

Materials and methods

Tumor specimens and DNA extraction

A total of 45 patients with human bladder tumors that were his-
tologically proven to have transitional cell carcinomas were ana-
lyzed between February 1993 and October 1996. Patients were
retrospectively selected for this study when a clinical follow-up
(mean 37.9 £+ 10.5 months) could be made. At clinical presenta-
tion, the 33 men and 12 women ranged from 42 to 85 years old
(mean age = SD =66 £ 11). Overall 3- and S5-year actuarial
survival rates were 77% and 72%, respectively. Of all patients, ten
patients (2/28 superficial and 8/17 invasive tumor patients) died of
bladder cancer.

Sixteen patients underwent radical cystectomy as the primary
treatment. Thereafter, resected surgical specimens were studied
using routine histological procedures. The extent of tumor invasion
was classified according to the TNM [tumor (size), (lymph) node
(involvement), metastasis] staging system adopted by the Interna-
tional Union Against Cancer (UICC) [12]. The other patients were
treated with transurethral resection as the primary treatment.

Superficial tumors were routinely resected along with the
muscle layer, and biopsies were taken from the base of the resected
area. According to the WHO classification [20], we determined
three of the bladder tumors to be grade 1, 20 to be grade 2, and 22
to be grade 3. Furthermore, we observed 26 superficial (pTa or
pT1) tumors as noted and 19 muscle-invasive (beyond pT2) tumors.

Other samples obtained either by transurethral cold cup biopsy
or specimens from the resected bladder were immediately frozen
and stored at —80 °C. Tumor specimens for DNA preservation
were carefully obtained from the superficial layer of the tumors so
that the other normal tissue components (muscle, fibrous tissue,
and adipose tissue) might be excluded. Genomic DNA was
extracted from the paired normal bladder mucosa and tumor
specimens by proteinase K digestion (Boehringer Mannheim,
Indianapolis, Ind., USA) and phenol/chloroform extraction.
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Microsatellite markers

The microsatellite markers D18S46, D18S363, and D18S474 were
used for the LOH analysis of 18q21.1 [9, 10, 25]. D9S171, D9S747,
D9S1747, and IFNA were utilized for the analysis of 9p21-22.
Furthermore, TP53 was employed as the microsatellite marker for
chromosome 17p13.1. The designations and sequences used for
each primer are shown in Table 1. The sense primer was synthe-
sized and labeled with tetramethylrhodamine isothiocyanate-ATP
(XRITC-ATP) or fluorescein isothiocyanate-ATP (FITC-ATP)
(Takara, Shiga, Japan). A fluorescence image analyzer (FM BIO-
100; Hitachi Software Engineering, Tokyo, Japan, or Fluorimager;
Molecular Dynamics, Calif., USA) was used for the detection of
PCR products.

Microsatellite analysis

One hundred nanograms of template DNA was used in a 25-ul
reaction mixture (AmpliTaq Core Reagent; Perkin Elmer, Nor-
walk, Conn., USA), which included primer sets (sense and anti-
sense). Both normal and tumor DNA pairs were subjected to 35
cycles of polymerase chain reaction (PCR) under the following
conditions: 94 °C for 30 s, 54 °C for 60 s, and 72 °C for 60 s, with
a final extension step of 72 °C for 5 min (GeneAmp PCR System
2400, Perkin Elmer). The PCR products were separated by
electrophoresis in 7.7 M urea/40% polyacrylamide/formamide gel,
and were then visualized with a fluorescence image analyzer.

Each fluorescent intensity of the corresponding band of tumor
sample was compared with a normal sample. The intensity of the
peak fluorescence area (I0D) was estimated, then the %IOD was
calculated using the following formula:

10D =(IOD of each visible band in tumor sample)
/(IOD from each corresponding band of normal sample)
x 100

An IOD < 50% was considered to be an LOH for the target locus.

Statistical analysis

Correlations between the groups in the presence or absence of LOH
for each chromosomal region and other prognostic factors were
statistically assessed by Fisher’s exact test. The actuarial survival
rates depending on the presence or absence of LOH for each

Table 1 The PCR primer sequences of each microsatellite marker

chromosomal region were determined by the Kaplan—Meier
method. Statistical difference was estimated by the Cox—Mantel
test. A P value of less than 0.05 was considered to be significant.

The Cox proportional hazards regression model was utilized to
determine which factor might influence patients’ survival. These
prognostic factors were classified as follows: tumor grade as low-
grade (grade 1-2) and high-grade (grade 3), T category as super-
ficial (T1) and invasive (T2), N and M categories as negative
metastasis (NOMO) and positive metastasis (N + and/or M +), and
age as young (<75 years old) and old (> 76 years old).

Results

Representative microsatellite alterations on each marker
are shown in Fig. 1 and deletion maps of each chrom-
osomal region are given in Table 2. Eleven of 45 (24%)
tumor DNA samples frequently demonstrated an LOH
with marker D18S363 from chromosome 18q21.1. The
analysis of two additional markers on 18q21.1 (D18S46
and DI18S474) confirmed LOH in the tumor DNA
samples with nine samples (20%) for D18S46 and six
samples (13%) for D18S474. Two samples exhibited
LOH for all three microsatellite markers in 18q21.1. The
analysis of four microsatellite markers on chromosome
9p21-22 (D9S171, D9S747, D9S1747, and IFNA) con-
firmed at least one marker loss in 21 (47%) tumor DNA
samples. Furthermore, analysis of the TP53 microsatel-
lite marker (17p13.1) also revealed an LOH in 16 (36%)
tumor DNA samples. Therefore, 33/45 (73%) bladder
tumor DNA samples demonstrated at least one LOH for
all of these microsatellite markers. The genetic alteration
between exon 8 and 11 of Smad4/dpc4 gene was exam-
ined by direct sequencing in 12 tumors showing LOHs
on 18q21.1. However, alterations were not found, except
for the intron 7 in three tumors (patient 5, 20, and 30)
and the intron 10 in one tumor (patient 34) (data not
shown). It is not certain whether these alterations reflect
the abnormality in Smad4/DPC4 function.

Locus symbols Chromosomes Susceptible genes Sequences Size(bp)

D18S46 18g21.1 DPC4, DCC Sense 5-GAATAGVAGGAVVTATCAAAGAGA-3’ 129-153
Antisense 5'-CAGATTAAGTGAAAACAGCATATGTG-3

D18S363 18q21.1 DPC4, DCC Sense 5-TTGGGAACTGCTCTACATTC-3’ 177-247
Antisense 5-GCTTCATTCTCTCACTGGAT-3’

D18S474 18q21.1 DPC4, DCC Sense 5-TGGGGTGTTTACCAGCATC-3’ 119-139
Antisense 5-TGGCTTTCAATGTCAGAAGG-3’

D9S171 9p21 P16 Sense 5-AGCTAAGTGAACCTCATCTCTGTCT-3’ 159-177
Antisense 5-ACCCTAGCACTGATGGTATAGTCT-3’

D9S747 9p21 P16 Sense 5-GCCATTATTGACTCTGGAAAAGAC-3’ 182-202
Antisense 5'-CAGGCTCTCAAAATATGAACAAAAT-3

D9S1747 9p21 P16 Sense 5-GGCTTTCTCTCTCTTTTTGTCTC-3’ 120-140
Antisense 5-GGAATAAATCAGGCTACCAGG-3’

IFNA 9p22 P16 Sense 5-TGCGCGTTAAGTTAATTGGTT-3’ 138-150
Antisense 5'-GTAAGGTGGAAACCCCCACT-3’

TP53 17p13.1 P53 Sense 5-AGGGATACTATTCAGCCCGAGGTG-3’ 103-135

Antisense 5-ACTGCCACTCCTTGCCCCATTC-3’
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Table 2 The frequency of LOH on each chromosome arm determined by microsatellite analysis
Pt no.  Grade TNM DI18S474  DI18S46  DI8S3634  D9S171 D9S747  D9S1747 IFNA  TP53
1 3 pT3bNOMI1 0 0 0 (RER) X 1 X 0 1
2 3 pT3aNOMO 0 0 0 X 0 X 0 0
3 3 pTisNOMO 0 0 0 0 X 0 X 1
4 2 pTIbNOMO 0 0 0 X X 0 0 0
5 3 pT3bNOMO 1 0 1 X X 0 1 0
6 3 pT4NOM1 X 1 0 X 1 0 1 1
7 2 pT1bNOMO 0 0 0 (RER) X X 0 X 1
8 2 pTlaNOMO 0 0 0 X X 0 X 0
9 2 pTabNOMO 0 0 0 X X 0 X 0
10 3 pT4N1MO 0 X 0 1 1 0 X 1
11 3 pT3bNIMO 0 X 0 X X 0 X 1
12 3 pT4NIM1 1 X 1 1 1 1 1 1
13 3 pT4N1M1 0 1 1 X X 0 0 0 (RER)
14 2 pTIANOMO 0 0 1 X X 0 1 1
15 2 pT1bNOMO 0 0 1 0 0 1 1 1
16 2 pT1aNOMO X X 0 0 0 0 0 0
17 3 pT1bN1IMO 0 0 X 0 X X 0 X
18 3 pT1bNOMO 1 1 X 0 X X 0 X
19 2 pT2NOMO 0 0 0 0 1 X X 0
20 3 pT3aNIM1 1 1 0 0 1 0 1 1
21 2 pT1aNOMO 0 0 0 0 1 1 0 0
22 2 pT1aNOMO 0 0 0 0 X 0 0 0
23 3 pT2NOMO X 1 0 X 1 0 0 0
24 2 pTaNOMO 0 (RER) 0 0 1 1 0 0 0
25 2 pTaNOMO 0 0 0 X X 0 1 1
26 2 pT1aNOMO 0 0 0 X 0 X 1 1
27 3 pTIbNOMO X 0 1 X 0 0 X 0
28 3 pT2NOMO X 0 1 X X 0 X 0
29 1 pT1aNOMO 0 0 0 0 0 0 X 0
30 3 pT4NIM1 1 1 1 0 1 0 X X
31 2 pTaNOMO 0 0 0 X X 0 X 0
32 1 pTaNOMO 0 0 0 X X 0 1 1
33 3 pT4NIM1 0 1 0 1 X X X 0
34 3 pT3NIMO 0 X 1 1 0 0 0 X
35 3 pT3NIMO 0 X 1 0 0 0 0 0
36 3 pT1bNOMO 0 0 1 X 1 0 1 0
37 3 pT3NOMO 0 1 0 (RER) 1 1 0 1 1
38 3 pT1bNOMO 1 1 0 0 0 0 0 0
39 3 pT1aNOMO 0 X 0 0 0 0 0 X
40 2 pTINOMO X 0 X 0 0 0 0 1
41 2 pTaNOMO 0 0 0 0 0 0 0 0
42 2 pT1aNOMO 0 0 X 0 0 0 X 1
43 2 pTaNOMO 0 0 0 0 X X 0 0
44 1 pT1aNOMO X 0 0 0 0 0 0 0
45 2 pT1aNOMO 0 0 X 0 0 0 0 0

1, LOH; 0, heterozygosity; x, not informative; RER, replication error
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Table 3 Distribution of 45 bladder tumor patients according to LOH of 18q21.1, 9p21-22,and 17p13.1 categorized by the other established prognostic factors. Tumor grade and T
category had a significant relationship to the LOH of 18q21.1. Although T category, age, and the LOH of 9p21-22 were significantly correlated, there was no significant relation

between the LOH of 17p13.1 and any other prognostic factors

Two LOH (18q and 9p) P value

P value

LOH 17p13.1

P value

LOH 9p21-22

Variables LOH18q21.1 P value

Prognostic
factors

22
23

20

22
23

15
14

22
23

14
10
19

5

22
23

Gl-2

Tumor grade

<0.01

11

12

0.76

0.24

13

<0.01

15

G3

<0.01

28
17
34
11

0.75

17
34
11

28

19
10
24

0.02

17
34
11

28

<0.01

17
34
11

28

6
11
11

22
6
23

Superficial (T < 2)

Invasive (T2)

N and M category NOMO

T category

26

10

14

20

0.25

0.16

0.3

0.28

N1 or Ml

=75
75<

36

28

12 36

24

14 36

22

Age

0.09

0.7

0.06

0.27

6 24
10 21 0.13

18
11

<0.01

24
21

LOH9p21-22

29

7
6

22

11 29

18
10

LOH17p13.1

0.49

16

10

>0.98

16

6

The LOHs of the microsatellite markers on each re-
spective chromosome were then compared with the other
established prognostic factors (tumor grade, TNM clas-
sification, and age) (Table 3). When the tumors were
classified as either low-grade (grade 1 or 2) or high-grade
(grade 3), 15/23 (65%) high-grade tumor samples dem-
onstrated at least one microsatellite marker loss on
chromosome 18q21.1. On the other hand, only 2/22
(9.1%) low-grade tumor samples exhibited an LOH with
the difference being statistically significant (P < 0.01).
Although the LOHs of 17p13.1 or 9p21-22 were more
frequently observed in high-grade tumors than in low-
grade ones, the difference was not statistically significant.

When the tumors were classified as superficial (pTa/
pT1) and muscle-invasive (T2), 11 (65%), 12 (71%), and
7 (41%) of the 17 muscle-invasive tumors exhibited at
least one marker LOH on chromosome 18q21.1, 9p21—
22, and 17pl13.1, respectively. The presence of LOH on
chromosome 18g21.1 or 9p21-22 and muscle invasion
were found to be statistically significant (P < 0.05), but
not on chromosome 17p13.1. It should be emphasized
that LOH of 18q21.1 was highly related to that of 9p21—
22, although neither of them related to that of 17p13.1.

In the subsequent step, the survival rates categorized
with the prognostic factors were estimated by the
Kaplan—-Meier method. The log-rank test results for
univariate analyses are shown in Table 4. A statistical
significance was found between positive and negative
groups of LOH of 18q21.1 (3-year survival; 53% for the
positive group and 92% for the negative group,
P < 0.01). As done for 18q21.1, the group with an
LOH of 9p21-22 demonstrated a poor prognosis (3-year
survival; 61% for the positive group and 91% for the
negative group, P = 0.02). No statistical difference was
found in the groups with and without an LOH

Table 4 Actuarial survival rates according to various prognostic
factors estimated by Kaplan—-Meier method and Cox—Mantel test

Prognostic variables 3-year survival

n Rate P value
T category Ta-1 28 0.96 <0.01
T2-4 17 0.49
N and M category NOMO 34 0.90 <0.01
N+/M+ 11 0.42
Grade G1-2 22 0.95 0.01
G3 23 0.61
Age <75 36 0.80 0.05
>175 9 0.62
LOH18q2l1.1 - 28 0.92 <0.01
+ 17 0.53
LOH9p21-22 - 24 0.91 0.02
+ 21 0.61
LOH17p13.1 - 29 0.82 0.16
+ 16 0.69
2 LOH (18q and 9p) - 32 0.93 <0.01
13 0.34




of 17p13.1 (3-year survival; 69% for the positive group
and 82% for the negative group, P = 0.16). The other
known prognostic factors, such as tumor grade, tumor
stage (TINM classification), and age were also estimated
by the Kaplan—Meier method to ascertain how these
factors influenced the prognosis of these patients. There
was also significance in the survival rate (Table 4). Pa-
tients having multiple LOHs of both 18q21.1 and 9p21-
22 exhibited extremely poor prognosis compared with
single LOH or no LOH patients (P < 0.01, Fig. 2).

Multivariate analysis using Cox proportional hazards
model was performed to identify statistically indepen-
dent factors in patients’ survival. When variables con-
sidered above were chosen in stepwise reduction,
“2 LOHs of 18g21.1 and 9p21-22” (relative death
rate = 9.5, P<0.01), and “N and M categories” (relative
death rate = 4.5, P = 0.03) were the independent prog-
nostic factors.

Discussion

It has been suggested that sequential genetic events are
associated with both tumor invasiveness and progression
in bladder cancer [6, 22, 23, 26, 29], as has already been
described for colon carcinomas [5]. Therefore, this con-
cept may also be applicable to the differentiation be-
tween papillary superficial and nodular invasive bladder
cancer. Studies in recent years have identified a number
of genes as regulators of cancer cell growth. One of the
mechanisms for controlling tumor growth might involve
direct regulation of the cell cycle. Genes that control the
decision to initiate DNA replication, therefore, appear
to be attractive candidates as either oncogenes or tumor
suppressor genes, depending on whether they play a
stimulatory or inhibitory role in the process. One such
gene, p53, has emerged as one of the important tumor
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Fig. 2 Actuarial survival rate according to the presence or absence of
LOH of 18q21.1 and 9p21-22. The patient group with multiple LOHs
on both 18q.21.1 and 9p21-22 tended to have lower survival rates
compared with single or no LOH patients (3-year percent survival;
34% vs 93%)
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suppressor genes in human cancer [14, 15]. Extensive
studies on this gene have been reported, particularly
regarding bladder cancer. Accumulated findings taken
together point to the conclusion that the frequency of
p53 gene mutation is usually low in superficial and low-
grade cancer, while it is very high in high-grade and
muscle-invasive cancers [7, 24]. According to our uni-
variate analysis, an LOH of 17pl13.1 did not clearly
demonstrate a statistical significance on patients’ sur-
vival. It has been reported that patients tended to have a
lower survival rate when their p53 genes were mutated
according to the PCR-SSCP (single-strand conforma-
tion polymorphism) method, whereas no difference in
patients’ survival was found if the same patients were
categorized by microsatellite analysis [27]. Our result is
consistent with theirs, suggesting that LOHs are less
common in p[4] alterations in bladder cancer. For more
sensitive detection, other procedures, such as immuno-
histochemical detection [4], are recommended.

Unlike 17p13.1, there was a relationship between the
clinical outcome and LOH of 18q21 and 9p21 in bladder
cancer patients. On 18q21.1, SMAD4/DPC4 is one of the
possible tumor suppressors, whose loss or inactivation
may contribute to the development of pancreatic cancer
[10, 11]. It acts as a mediator of the HGF-p (hepatocyte
growth factor f§ signaling pathway [30]. Since LOH of the
locus 18921 has been demonstrated in bladder cancers [1],
the alteration of SMAD4/DPC4 may relate to their car-
cinogenesis or progression. According to our univariate
analysis, LOH of 18q21.1 affected patients’ survival sig-
nificantly. However, we could not find any mutations on
the smad4/dpc4 locus except intron sequences in patients
who had multiple LOHs in 18q21. It should be noted that
other tumor suppressor genes, including bcl-2 and dcc,
are encoded on 18q. Further investigations are encour-
aged to determine which gene on 18q is responsible for
poor prognosis of bladder tumor patients.

Previous studies demonstrated the frequency of LOH
in 9p as 33-62% [2, 28]. Our result showed LOHs on
9p21-22 as 47% (21/45) of bladder tumors examined
and, especially, 71% (12/17) of invasive tumors. Fur-
thermore, LOH of 9p21-22 correlated the pathological
invasiveness. Recently, Hartmann et al. [13] studied in
situ hybridization on 9p showing LOHs as an early event
in the progression of bladder cancer. The discrepancy
among the reports may come from the different methods
employed. In general, microsatellite analysis tends to
underestimate the allelic loss because of amplification of
the normal allele by PCR, while technical difficulties of
in situ hybridization tend to overestimate it.

Frequent abnormalities in chromosome 9p21 are
found in bladder tumors, melanoma, glioma, leukemia,
and the other human malignancies that were identified
as alterations of pl6/CDKN2 locus [2]. The role of P16/
CDKN2 appears to be potentially inhibitory of the
phosphorylation of Cyclin D by CDK4 and CDK6 [16].
Since P16/CDKN2 consequently inhibits the phospho-
rylation of pRB [3], it also acts as a tumor suppressor.
Inactivation of Rb may have a similar role to that of
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P16/CDKN2 in controlling cell cycle in bladder cancer.
In addition, not only the deletion, but also other
mechanisms, such as 2-hit mutations and hypermethy-
lation of the 5’CpG island upstream of the p16/CDKN2,
also inactivate p16/CDKN?2 [8]. It is actually difficult to
reveal the genetic events in the individual primary
bladder cancers. However, despite the low specificity,
microsatellite analysis is a useful procedure for demon-
strating major genetic alterations [15, 17], because sim-
ple DNA repeats can be readily detected in clinical
samples by PCR. Tandem repeat DNA sequences,
known as microsatellites, represent a very common and
highly polymorphic class of genetic elements within the
human genome. These microsatellite markers, which
contain small repeat sequences, have been used for pri-
mary gene mapping and linkage analysis. PCR amplifi-
cation of these microsatellite markers facilitates the
rapid assessment of a loss of heterozygosity and can also
greatly simplify the procedures for mapping tumor
suppressor genes.

Mao et al. [18] examined various microsatellite se-
quences in the DNA of normal and tumor pairs from
100 head and neck, bladder, and lung cancer patients,
and identified 26 that displayed alterations in at least
one locus. They concluded that appropriately selected
microsatellite loci are commonly altered in many can-
cers, and can therefore serve as clonal markers for their
detection. Furthermore, they have recently expanded
microsatellite DNA markers for the detection of genetic
abnormalities of urine sediment from patients suspected
of having a bladder tumor [19]. They indicated that
microsatellites matching those in the tumor were de-
tected in the urine sediment of 19/20 patients (95%)
diagnosed with bladder cancer. Thus, microsatellite
DNA markers have been widely used as a tool for the
detection of genetic abnormalities.

Non-random chromosome losses demonstrate a
stepwise neoplastic transformation in human transi-
tional cells in vitro [29]. Among them, genetic losses in
the 18q21.1 are associated with the development of high-
grade malignancies of transitional cells. In the present
study, we prepared 360 microsatellite analyses for a
panel of three different chromosomal regions adjacent to
the loci of suppressor genes such as smad4/dpc4, pl6/
CDKN2, and p53. The clinical data presented herein
further support them. Therefore, the results indicate
that microsatellite analysis of LOHs on a variety of
chromosome regions is clinically useful for determining
prognostic factors for patients with bladder cancer.
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