
Abstract. To explore the significance of epigenetic
mechanisms in urinary bladder carcinogenesis mediated by
methylation of cytosine in CpG dinucleotides at 5' promoter
regions, we analysed the methylation status of a broad panel
of different genes in transitional cell carcinomas (TCC) and
nonurothelial cancers, among which the 14-3-3 Û, SYK and
CAGE-1 genes were recognised as promising target genes.
Using methylation-specific PCR, the rate of DNA hyper-
methylation proved to be related to the various histopatho-
logical cancer subtypes. The higher frequency of promoter
methylation of the 14-3-3 Û (57.1%) and SYK (64.3%) genes
in high-grade, high-stage TCC in association with a reduced
or even lacking immunohistochemical protein expression
than in low-grade, low-stage TCC (28.6% and 42.9%,
respectively), indicates that aberrant methylation of these genes
plays an essential role in the progression of TCC. The
importance of DNA hypermethylation in the conversion of
TCC from a low to a high malignant potential was strongly
supported by the finding that, unlike superficial low-grade
TCC, advanced muscle invasive TCC showed a concurrent
promoter methylation of the 14-3-3 Û, SYK and CAGE-1
genes. Squamous cell carcinomas revealed a peak incidence
of hypermethylation of the 14-3-3 Û gene (80%), and
conversely, the lowest methylation frequency of the SYK
gene (13.3%). Undifferentiated small cell carcinomas disclosed
a promoter methylation of the 14-3-3 Û, SYK and CAGE-1
genes in only a quarter each for the cases. Although a

correlation between the methylation status and gene activity in
squamous cell and undifferentiated small cell carcinomas was
not observed, the underexpression of the SYK protein
products in both cancer types and additionally of the 14-3-3 Û
protein in small cell carcinomas appeared to be related to the
aggressive clinical behaviour of both these nonurothelial
bladder carcinomas. The relevance of the high frequency of
DNA hypermethylation of the CAGE-1 antigen in TCC and
squamous cell carcinomas merits further study, particularly in
relation to anticancer immunotherapy. The methylation status
of the PTEN, COX-2, RUNX-3 and HIC-1 genes was found to
be unaltered. In conclusion, the different patterns of aberrant
methylation of the 14-3-3 Û, SYK and CAGE-1 genes in the
various histopathological cancer types of the urinary bladder
point to a role in tumor cell differentiation, resulting in the
phenotypical conversion of TCC into nonurothelial carcinomas
and in the progression of TCC to a more malignant potential.

Introduction

There is a growing body of evidence that gene inactivation
particularly of tumor suppressors plays a crucial role in the
modification, progression and metastasis of tumorigenesis,
including urinary bladder carcinogenesis (reviewed in refs. 1-4).
Functional gene repression can be caused by classic genetic
alterations or, alternatively, by epigenetic mechanisms
mediated by methylation of normally unmethylated cytosine
in CpG dinucleotides at the 5' promoter region, leading to
transcriptional silencing (reviewed in refs. 5-8). The question
we addressed in the present study was whether DNA hyper-
methylation is involved in urinary bladder carcinogenesis,
particularly in tumor progression and the formation of
nonurothelial carcinomas, characterised by a poor prognosis.
Our previous morphological and immunohistochemical
studies provided evidence that nonurothelial carcinomas
(squamous cell carcinomas, adenocarcinomas and undiffer-
entiated small cell carcinomas) originate histogenetically either
primarily from corresponding metaplasias of the normal
transitional cell epithelium or, more frequently, secondarily
from pre-existent TCC by a metaplastic process (squamous
cell carcinomas and adenocarcinomas) or via a dedifferentiation
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(undifferentiated small cell cancers) of the initially urothelial
differentiated tumor cells (9-12). In a previous molecular-
genetic investigation we were able to document a high
frequency of promoter methylation of the caveolin-1 gene in
undifferentiated small cell carcinomas as well as in squamous
cell carcinomas, whereas TCC were not hypermethylated at
all (13). Moreover, aberrant DNA methylation of the
hDAB2IP gene occurred more frequently in advanced muscle
invasive high-grade than in superficial low-grade TCC. To
gain further insight into the significance of epigenetic events
in urinary bladder carcinogenesis, we analysed the methylation
status of a large panel of different genes, yielding promoter
hypermethylation of the 14-3-3 Û, SYK and CAGE-1 genes to
play a role in progression of transitional cell carcinomas from a
low to a high malignant potential and in the development of the
various phenotypical cancer types.

Materials and methods

Specimens. In this study we analysed archival, formalin-fixed
and paraffin-embedded samples of urinary bladder cancers,
consisting of 14 noninvasive superficial low-grade (grade 1),
low-stage (pTa) papillary and 14 muscle invasive
nonpapillary (solid) high-grade (grade 3), high-stage (pT2b)
TCC. Additionally, 15 muscle invasive squamous cell
carcinomas (grades 2 and 3) with or without keratinisation and
12 muscle invasive undifferentiated small cell carcinomas
were included in the study. The tumor samples were obtained
from patients who had undergone transurethral resection or
radical cystectomy. Six probes of normal, nonneoplastic
bladder mucosa from cystectomy specimens of different
patients served as controls.

Molecular-genetic assays. For molecular-genetic analysis,
histological sections of 5 μm in thickness were prepared from
the paraffin-embedded samples. Following identification of
the cancer tissue and histopathological diagnosis of the tumor
type in a section stained with hematoxylin and eosin,
consecutive unstained sections were used to separate the
tumor material from nonneoplastic tissues and mechanically
scraped from the slides using a sharp knife.

DNA extraction and ß-globin PCR. DNA was extracted
from the cancer tissues with the QIAamp DNA minikit
(Qiagen, Hilden, Germany) according to the manufacturer's
instructions. The DNA diluted in 500 ml bidistilled water
was mixed with 500 μl isopropanol and incubated for 60 min
at room temperature. The precipitated DNA was collected by
centrifuging the solution for 60 min at 14,000 x g (Heraeus
Biofuge 15, Osterode/Harz, Germany) and washed with 100 μl
ethanol (96%). The tubes were incubated without lids at
room temperature for 10 min. Thereafter, the DNA pellets were
dissolved in 10 μl bidistilled water at 50˚C for 10 min. A
quantity of 0.5 μl DNA was diluted 1:100 in bidistilled water
and used for ß-globin PCR. Primers were sense 5'-CTT CTG
ACA CAA CTG TGT TCA CT-3' and anti-sense 5'-TCA CCA
CCA ACT TCA TCC ACG T-3' (product size 123 bp). PCR
was performed at a total volume of 50 μl in a Primus-25
DNA thermocycler (MWG, Ebersberg, Germany). Each
reaction mixture contained 200 ng DNA, 10 pmol of each
sense and antisense primer, 4 μl dNTPs (10 mM each), 5 μl

of 10 x reaction buffer buffer [Tris-HCI (pH 8.7), KCl,
(NH4)2SO4, 15 mM MgCI2], and 1 unit HotStarTaq
polymerase (Qiagen). The thermal cycling conditions consisted
of an initial 15 min step at 95˚C to denaturate the DNA and
to activate the HotStarTaq DNA polymerase. The DNA
obtained was amplified by applying 40 cycles (95˚C for 30 sec,
55˚C for 60 sec, 72˚C for 60 sec). The cycling protocol was
completed with a 7 min step at 72˚C to prevent incomplete
synthesis of PCR products. The PCR fragments obtained were
separated on a 3% agarose gel stained with ethidium bromide
(5 μl/40 ml agarose).

Methylation-specific PCR. DNA isolated from tumor
samples (1 μg) was treated with sodium bisulfite using the
CpGenome DNA modification kit (Intergen Company, Oxford,
UK) according to the manufacturer's instructions. Modified
DNA (2 μl, 1/5 volume) was used for PCR amplification.
The primers for analysing the different genes were the
following. 14-3-3 Û [primers were those applied by Ferguson
et al (14)]: for methylated sequences, sense 5'-TGG TAG TTT
TTA TGA AAG GCG TC-3' and antisense 5'-CCT CTA ACC
GCC CAC CAC G-3' (product size 105 bp); for unmethylated
sequences, sense 5'-ATG GTA GTT TTT ATG AAA GGT
GTT-3' and antisense 5'-CCC TCT AAC CAC CCA CCA
CA-3' (product size 107 bp). SYK [primers were those
described by Wand et al (15)]: for methylated sequences,
sense 5'-CGA TTT CGC GGG TTT CGT TC-3' and
antisense 5'-AAA ACG AAC GCA ACG CGA AAC-3'
(product size 140 bp); for unmethylated sequences, sense
5'-ATT TTG TGG GTT TTG TTT GGT G-3' and antisense
5'-ACT TCC TTA ACA CAC CCA AAC-3' (product size
243 bp). CAGE-1 (16): for methylated sequences, sense 5'-TTT
TAT ACG ATT CGG AAT TCG AC-3' and antisense 5'-CAA
ATC TAC GAC CTA TTT CCC G-3' (product size 150 bp);
for unmethylated sequences, sense 5'-GTT TTT TAT ATG
ATT TGG AAT TTG AT-3' and antisense 5'-AAT TCA
AAT CTA CAA CCT ATT TCC CA (product size 150 bp).
PTEN (17): for methylated sequences, sense 5'-TTC GTT CGT
CGT CGT CGT ATT T-3' and antisense 5'-GCC GCT TAA
CTC TAA ACC GCA ACC G-3' (product size 206 bp); for
unmethylated sequences, sense 5'-GTG TTG GTG GAG GTA
GTT GTT T-3' and antisense 5'-ACC ACT TAA CTC TAA
ACC ACA ACC A-3' (product size 162 bp). COX-2 (18): for
methylation sequences, sense 5'-TTA GAT ACG GCG GCG
GCG GC-3' and antisense 5'-TCT TTA CCC GAA CGC
TTC CG-3' (product size 161 bp); for unmethylated sequences,
sense 5'-ATA GAT TAG ATA TGG TGG TGG TGG T-3'
and antisense 5'-CAC AAT CTT TAC CCA AAC ACT TCC
A-3' (product size 171 bp). RUNX-3 (19): for methylated
sequences, sense 5'-TTA CGA GGG GCG CTG GTA CGC
GGG-3' and antisense 5'-AAA ACG ACC GAC GCG AAC
GCC TCC-3' (product size 149 bp); for unmethylated
sequences, sense 5'-TTA TGA GGG GTG GTT GTA TGT
GGG-3' and antisense 5'-AAA ACA ACC AAC ACA AAC
ACC TCC-3' (product size 149 bp). HIC-1 (20): for
methylated sequences, sense 5'-TTC GTT TTT CGC GCG
GTC GTC GTT C-3' and antisense 5'-CGA AAA ACC AAC
GCC TCC CGC CTC G-3' (product size 249 bp); for
unmethylated sequences, sense 5'-TTT GTT TTT TGT GTG
GTT GTT GTT T-3' and antisense 5'-CAA AAA ACC AAC
ACC TCC CAC CTC A-3' (product size 278 bp).
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PCR was performed at a total volume of 50 μl using a
Primus-25 thermocycler. Each reaction mixture contained
200 ng template, 20 pmol of each sense and antisense primer,
4 μl dNTPs (200 mM each), 5 μl 10 x reaction buffer buffer
[Tris-HCI (pH 8.7), KCI, (NH4)2SO4, 15 mM MgCI2], and

1 unit HotStarTaq DNA polymerase (Qiagen). The thermo-
cycling conditions consisted of an initial 15 min step at 95˚C
to denaturate the DNA and to activate the HotStarTaq DNA
polymerase. Further amplification conditions for the various
methylated and unmethylated genes were as follows. PTEN:
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Table II. Methylation at the promoter region of the genes analysed in high-grade (grade 3), high-stage (pT2b) nonpapillary
(solid) TCC of the urinary bladder (+ promoter methylation present, - promoter methylation absent).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Methylation status
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

No. of case 14-3-3 Û SYK CAGE-1 PTEN COX-2 RUNX-3 HIC-1
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 + + + - - - -
2 + + + - - - -
3 - - - - - - -
4 + + + - - - -
5 - - - - - - -
6 + + + - - - -
7 - - - - - - -
8 + + + - - - -
9 - - - - - - -

10 + + + - - - -
11 + + + - - - -
12 - - - - - - -
13 - + + - - - -
14 + + + - - + -
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Incidence 14/8 14/9 14/9 14/0 14/0 14/1 14/0

(57.1%) (64.3%) (64.3%) (0%) (0%) (7.1%) (0%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table I. Methylation at the promoter region of the genes analysed in low-grade (grade 1), low-stage (pTa) papillary TCC of
the urinary bladder (+ promoter methylation present, - promoter methylation absent).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Methylation status
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

No. of case 14-3-3 Û SYK CAGE-1 PTEN COX-2 RUNX-3 HIC-1
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 - + + + + - -
2 - - + - - - -
3 - + + - - - -
4 - - - - - - -
5 - + - - - - -
6 - - + - - - -
7 + - + - - - -
8 - - - - - - -
9 + - - - - - -

10 - - + - - - -
11 - + + - - - -
12 + - - - - - -
13 + + + - - - -
14 - + + - - - -
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Incidence 14/4 14/6 14/9 14/1 14/1 14/0 14/0

(28.6%) (42.9%) (64.3%) (7.1%) (7.1%) (0%) (0%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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45 cycles (94˚C for 45 sec, 61˚C for 30 sec, 72˚C for 30 sec);
COX-2: 45 cycles (95˚C for 30 sec, 52˚C for 45 sec, 72˚C for
60 sec); 14-3-3 Û: 45 cycles (95˚C for 45 sec, 56˚C for 30 sec,
72˚C for 30 sec); SYK: 45 cycles (94˚C for 45 sec, 60˚C for
45 sec, 72˚C for 60 sec); RUNX-3: 45 cycles (94˚C for 60 sec,
59˚C for 60  sec, 72˚C for 60 sec); HIC-1: 45 cycles (94˚C for
45 sec, 56˚C for 45 sec, 72˚C for 45 sec); CAGE-1: 45 cycles
(94˚C for 30 sec, 57˚C for 30 sec, 72˚C for 60 sec). Each of
the cycling protocols was completed with a final extension
step at 72˚C for 7 min. Following amplification, the PCR
fragments were separated on a 3% agarose gel stained with

ethidium bromide (5 μl/40 ml agarose). Examples of the
methylated promoter sequences are shown in Fig. 1.

Immunohistochemistry. For immunohistochemical examination
of the protein expression of both the 14-3-3 Û and SYK-genes,
sections of 2 μm thickness were prepared from the archival
formalin-fixed and paraffin-embedded samples, mounted on
silane-coated slides, dewaxed in xylene, rehydrated in graded
ethanol and washed with distilled water. The sections were
then incubated in citrate buffer (pH 6) and subjected to hot
water vapor in a chamber for 45 min at a temperature of
approximately 90˚C. Thereafter, the sections were cooled
down at room temperature for 20 min and rinsed in distilled
water for 5 min. The specimens were then treated with non-
immune bovine albumin serum (2%) for 10 min. The primary
antibodies: 14-3-3 Û mouse monoclonal IgG1, clone 1.N.6,
(Abcam Ltd., Cambridge, UK); SYK mouse monoclonal
IgG2a, clone D410.1, (Biomeda Corporation, Foster City,
CA, USA) were applied at dilutions of 1:50 (14-3-3 Û) and
1:100 (SYK) for 30 min at room temperature. Following
washing with Tris-buffered saline (TBS, pH 7.4, 0.05 M), the
sections were incubated with the biotinylated secondary
antibody (ChemMate™ link detection kit alkaline
phosphatase, code no. K 5005, Dako Diagnostika, Hamburg,
Germany) for 20 min. After washing with TBS, the specimens
were treated with streptavidine alkaline phosphatase
(ChemMate detection kit, code no. K 5005, Dako
Diagnostika) for 20 min. Following rinsing in TBS, 'fast red'
was applied as chromogen (ChemMate detection kit alkaline
phosphatase, code no. K 5005, Dako Diagnostika) to visualise
the sites of immunoprecipitations. The samples were
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Table III. Methylation at the promoter region of the genes analysed in squamous cell carcinomas of the urinary bladder
(+ promoter methylation present, - promoter methylation absent).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Methylation status
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

No. of case 14-3-3 Û SYK CAGE-1 PTEN COX-2 RUNX-3 HIC-1
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 + - + - - - -
2 + - + - - - -
3 + - + - - - -
4 + - + - - - -
5 + - + - - - -
6 - - - - - - -
7 - - - - - - -
8 + + - - - - -
9 + - - - - - -

10 + - + - + + -
11 + - - - - - -
12 - - + - - - -
13 + - + - - - -
14 + + - - - - -
15 + - - - - - -
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Incidence 15/12 15/2 15/8 15/0 15/1 15/1 15/0

(80.0%) (13.3%) (53.3%) (0%) (6.7%) (6.7%) (0%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Methylation-specific PCR analysis of carcinomas of the urinary
bladder, demonstrating hypermethylated promoter sequences of the various
genes studied, separated by electrophoresis on agarose gel (3%) and stained
with ethidium bromide. Lane A, SYK; lane B, CAGE-1; lane C, RUNX-3;
lane D, 14-3-3 Û; lane E, COX-2; lane F, PTEN; lane G, molecular weight
standard.
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counterstained with Mayer's haemalaun. Negative control
staining was obtained by omission of the primary antibody.

Cytoplasmic immunoreactivity was semiquantitatively
stratified into the following categories: diffuse (100% of
carcinoma cells) weak, moderate and strong positivity, and
focal weak, moderate and strong immunostaining. The strong
immunoreactivity of 14-3-3 Û and SYK observed in all layers
of the normal appearing, nonneoplastic urothelium adjacent to
the cancer tissues served as a standard for evaluating the
intensity of the precipitations in the bladder carcinomas. The
staining intensity was graded on the basis of the dominant
expression pattern, e.g. a tumor showing a predominantly weak
staining, but with single or scattered groups of strongly positive
cells, was categorised as weakly positive. The protein
expression of the CAGE-1 gene could not be examined, since
an antibody applicable to paraffin-embedded tissues is not
yet commercially available.

Statistical analysis. For statistical analyses, the Pearson Chi-
square test was used to detect significant differences in the
frequency of promoter methylation and the pattern of protein
expression of the various genes in the different histopatho-
logical cancer types. A p-value <0.05 was considered to be
significant.

Results

Molecular-genetic findings. Our molecular-genetic
investigation analysing the methylation status of a broad
panel of genes involved in different signalling pathways
yielded a frequent hypermethylation at the promoter regions of
the 14-3-3 Û, SYK and CAGE-1 genes in urinary bladder
carcinomas depending on the histopathological subtype,

while hypermethylation of the PTEN, COX-2, RUNX-3 and
HIC-1 genes was not detectable.

Promoter methylation of the 14-3-3 Û gene. The frequency
of DNA hypermethylation of the 14-3-3 Û gene observed in the
various histopathological types of bladder carcinomas is listed
in Tables I-IV. By far the highest rate of methylation at the
CpG islands was shown for squamous cell carcinomas (80%),
irrespective of their grade of cellular malignancy. More than
half of the high-grade, high-stage TCC were detected to be
hypermethylated (57.1%), compared to only 28.6% of the
low-grade, low-stage TCC. However, the difference proved not
to be statistically significant (p=0.13), probably because of the
relatively small number of cases. The lowest frequency of
promoter methylation was shown for undifferentiated small cell
carcinomas (25%).

Promoter methylation of the SYK gene. The rate of
methylation of the promoter site of the SYK gene (Tables I-IV)
was highest in advanced muscle invasive TCC (64.3%)
compared to superficial noninvasive TCC (42.9%) and
particularly to undifferentiated small cell carcinoms (25%) and
squamous cell carcinomas (13.3%). The frequency of promoter
methylation between low-grade, low-stage and high-grade,
high-stage TCC lacked statistical significance (p=0.26), while
the rate of hypermethylated TCC including all grades and
stages (15 of 28 cases) was found to be significantly different
(p=0.007) from that of the squamous cell and undiffer-
entiated small cell cancers (5 of 27 cases). Noteworthy, all
high-grade, high-stage TCC, except in one case, showing a
hypermethylation of SYK also disclosed a promoter methyl-
ation of the 14-3-3 Û gene (Table II).

Promoter methylation of the CAGE-1 gene. Hyper-
methylation of the CAGE-1 gene (Tables I-IV) was present
in more than half of low-grade, low-stage and high-grade,
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Table IV. Methylation at the promoter region of the genes analysed in undifferentiated small cell carcinomas of the urinary
bladder (+ promoter methylation present, - promoter methylation absent).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Methylation status
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

No. of case 14-3-3 Û SYK CAGE-1 PTEN COX-2 RUNX-3 HIC-1
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 + + + - - - -

2 - - - - - - -

3 - - - - - - -

4 - - - - - - -

5 - - - - - - -

6 - - - - - - -

7 - - - - - - -

8 + + + - - - -

9 - - - - - - -

10 - + + - - - -

11 + - - - - - -

12 - - - - - - -
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Incidence 12/3 12/3 12/3 12/0 12/0 12/0 12/0

(25%) (25%) (25%) (0%) (0%) (0%) (0%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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high-stage TCC (64.3%), and in 53.3% of squamous cell
carcinomas, but only in a quarter of undifferentiated small
cell carcinomas. As a relevant finding, all advanced muscle
invasive TCC with a promoter methylation of CAGE-1 also
showed a hypermethylation of the SYK gene and, with one
exception, of the 14-3-3 Û gene (Table II).

Promoter methylation of the PTEN, COX-2, RUNX-3 and
HIC-1 genes. Hypermethylation of the PTEN, COX-2 and
RUNX-3 genes was detected in only single instances, and the
HIC-1 gene proved not to be hypermethylated in any of the
tumors analysed (Tables I-IV). Since promoter methylation of
these genes is evidently not implicated in the epigenetic
regulation of bladder carcinogenesis, it will not be discussed in
further detail.

Methylation status of the normal bladder mucosa. The six
probes of the normal appearing, nonneoplastic mucosa of the
urinary bladder all lacked aberrant methylation of the various
genes analysed.

Immunohistochemical findings. All layers of the normal
appearing, nonneoplastic urothelium adjacent to the carcinomas
were characterised by a strong immunohistochemical
expression of the 14-3-3 Û gene protein (Fig. 2A). The extent
and intensity of immunostaining compared with the normal
transitional cell epithelium differed considerably between the
various histopathological cancer types and within the same
tumor (Table V). Superficial, noninvasive low-grade papillary

TCC revealed more frequently a homogeneous moderate and
strong diffuse positivity (85.7%; Fig. 2B) than muscle
invasive high-grade solid TCC (57.1%; Fig. 2C), but the
difference was statistically not significant (p=0.09). Some of
the high-grade, high-stage TCC with a weak or moderate
diffuse or focal expression displayed scattered single or groups
of tumor cells with strong deposits (Fig. 2D). All squamous
cell carcinomas showed a diffuse strong expression (Fig. 2E).
None of the undifferentiated small cell carcinomas exhibited
a moderate or strong homogeneous immunostaining and
16.7% of them were observed to be immunonegative (Fig. 2F).
By contrast, none of the TCC and squamous cell carcinomas
disclosed a loss of expression.

The protein product of the SYK gene was strongly
expressed in all cell layers of the normal, nonneoplastic
urothelium neighbouring the cancer tissue (Fig. 3A). The
immunohistochemical results obtained for the carcinomas are
compiled in Table VI. As with the protein expression of the
14-3-3 Û gene, the expression pattern of SYK varied
markedly between the different phenotypical cancer types
and within the same tumor. Most low-grade, low-stage TCC
(Fig. 3B) showed a diffuse immunoreactivity with a moderate
or strong staining intensity (78.6%) and none of them lacked an
expression. By constrast, only 14.3% of the high-grade, high-
stage TCC (Fig. 3C) disclosed a homogeneous moderate or
strong positivity and even 50% were completely immuno-
negative. The difference between the expression patterns of
superficial and advanced TCC proved to be statistically highly
significant (p=0.0006). Of the squamous cell carcinomas
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Figure 2. Immunohistochemical expression of 14-3-3 Û gene protein
(intracytoplasmic deposits, red-coloured) in the normal, nonneoplastic
transitional cell epithelium and in the various histopathological phenotypes
of bladder carcinomas. (A) Normal urothelium with strong positivity
including all cell layers. (B) Low-grade, low-stage papillary transitional cell
carcinoma showing a strong immunoreactivity. (C) High-grade, high-stage
solid transitional cell carcinoma with a weak expression. (D) High-grade,
high-stage transitional cell carcinoma exhibiting a predominantly weak
staining and an area with strongly immunopositive tumor cells. (E)
Squamous cell carcinoma revealing a strong immunostaining. (F)
Undifferentiated small cell carcinoma with weak immunoprecipitations.

Figure 3. Immunohistochemical expression of SYK gene protein
(intracytoplasmic precipitations, red-coloured) in the normal, nonneoplastic
urothelium and in the various phenotypical cancer types of the urinary
bladder. (A) Normal transitional cell epithelium showing a strong
expression in all cell layers. (B) Low-grade, low-stage papillary transitional
cell carcinoma with strong immunostaining. (C) High-grade, high-stage solid
transitional cell carcinoma and (D) a squamous cell carcinoma disclosing a
weak immunoreactivity. (E) Undifferentiated small cell carcinoma lacking
expression; interspersed stromal cells with strong deposits.
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(Fig. 3D) 40% were observed to be immunonegative and
only a single case revealed a homogeneous moderate
positivity. One-third of the undifferentiated small cell
carcinomas stained negatively throughout (Fig. 3E), while
another one-third displayed a diffuse moderate or strong
immunoreactivity.

Discussion

Exploring the significance of epigenetic regulation in
modification of urinary bladder carcinogenesis, mediated by
methylation of normally unmethylated cytosine in CpG
dinucleotides at 5' promoter regions, we analysed a broad panel
of genes, among which the 14-3-3 Û, SYK and CAGE-1
genes were identified to be target genes. Promoter hyper-
methylation of these genes was related to tumor cell
differentiation, obviously resulting in the formation of the

various phenotypical cancer types, and implicated in the
progression of TCC to a more malignant potential.

Methylation status and protein expression of the 14-3-3 Û gene.
The 14-3-3 Û gene is activated by the tumor suppressor gene
p53 in response to DNA damage, for example following
ionizing radiation, and has been documented to be involved in
cell cycle regulation by arresting proliferating cells at the
transition of the G2-phase to the mitotic phase (G2 check
point), allowing repair of altered DNA (21,22). The
underlying mechanism consists in the sequestering of the
protein kinase cdc2 and the cyclin B1 complex that triggers
progression of cells through the G2-phase and initiates
mitosis (23-25). The 14-3-3 Û gene produces a protein called
stratifin, or HME1, that induces keratinocyte terminal differ-
entiation and is expressed in stratified squamous epithelia
(23,26,27). In recent years, the 14-3-3 Û gene has received
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Table VI. Immunohistochemical protein expression of the SYK gene in TCC and nonurothelial carcinomas of the urinary
bladder.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Type of Total no. Pattern and intensity of immunoreactivity Incidence of Incidence of
carcinoma of cases –––––––––––––––––––––––––––––––––––––––––––––––––– cases with diffuse, cases with

No staining Diffuse immunostaining Focal immunostaining moderate and total loss of
–––––––––– –––––––––––––––––––– –––––––––––––––––––– strong expression expression

Weak  Moderate  Strong Weak  Moderate  Strong
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Low-grade, 14 - 2 6 5 - 1 - 78.6% 0%
low-stage TCC

High-grade, 14 7 3 1 1 2 - - 14.3% 50%
high-stage TCC

Squamous 15 6 6 1 - 1 - 1 6.7% 40%
cell carcinomas

Undifferentiated 12 4 - 2 2 1 2 1 33.3% 33.3%
small cell
carcinomas
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table V. Immunohistochemical protein expression of the 14-3-3 Û gene in TCC and nonurothelial carcinomas of the urinary
bladder.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Type of Total no. Pattern and intensity of immunoreactivity Incidence of Incidence of
carcinoma of cases ––––––––––––––––––––––––––––––––––––––––––––––––– cases with diffuse, cases with

No staining Diffuse immunostaining Focal immunostaining moderate and total loss of
–––––––––– –––––––––––––––––––– –––––––––––––––––––– strong expression expression

Weak  Moderate  Strong Weak  Moderate  Strong
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Low-grade, 14 - - 5 7 - 1 1 85.7% 0%
low-stage TCC

High-grade, 14 - 2 3 5 1 1 2 57.1% 0%
high-stage TCC

Squamous 15 - - - 15 - - - 100% 0%
cell carcinomas

Undifferentiated 12 2 1 - - 5 1 3 0% 16.7%
small cell
carcinomas
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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increasing interest in its possible role during tumorigenesis.
Since mutations could not be detected (14,28,29) and loss of
heterozygosity proved to be infrequent in human cancers
(14,29), studies were conducted to evaluate the significance of
epigenetic mechanisms.

In bladder cancers, methylation at the 5' promoter site of
the 4-3-3 Û gene differed remarkably between the various histo-
pathological types. Muscle invasive high-grade TCC showed
a rate of hypermethylation that was twice as high (57.1%) as in
superficial low-grade TCC (28.6%), suggesting a crucial role of
aberrant methylation of the 14-3-3 Û gene in the progression of
TCC from a low to a high malignant potential. It might be
speculated that methylated low-grade, low-stage TCC are
possibly at a higher risk to transform into high-grade, high-
stage TCC than the unmethylated forms. The highest frequency
of promoter methylation was shown for squamous cell
carcinomas (80%) and the lowest for undifferentiated small
cell cancers (25%). In light of the above findings, aberrant
methylation of the 14-3-3 Û gene is obviously involved in the
conversion of TCC towards a more aggressive clinical
behaviour as well as in phenotypical tumor cell differentiation,
resulting in the formation of the different histopathological
cancer types.

The crucial role of promoter methylation of the 14-3-3 Û

gene in tumorigenesis is also evidenced for cancers arising in
organs other than the urinary bladder. Invasive ductal
carcinomas of the breast were reported to be hypermethylated
in between 86 and 96%, respectively, of cases (14,30).
Remarkably, 38% of atypical ductal hyperplasia and 83% of
ductal carcinomas in situ as precursor lesions of breast cancers
also proved to be hypermethylated, indicating promoter
methylation of the 14-3-3 Û gene as an early event in breast
cancer development (30). Like breast cancer, hepatocellular
(89%), gastric (43%) and oral (35%) carcinomas exhibited
frequent aberrant methylation (28,29,31). The role of promoter
methylation of the 14-3-3 Û gene in modulating phenotypical
tumor cell differentiation and transformation as observed in
bladder carcinomas is supported by findings in ovarian
cancers, clear cell carcinomas showing a significantly higher
frequency of methylated 5' CpG islands (78.6%) than
endometrioid (20.0%), serous (26.3%) and mucinous (36.4%)
adenocarcinomas (32).

Immunohistochemically, most TCC including all grades
and stages (20 of 28 cases, 71.4 %) and all squamous cell
carcinomas showed a moderate or strong homogeneous
immunostaining, while undifferentiated small cell carcinomas
were all characterised by a reduced or even lacking expression.
In TCC, immunoreactivity was inversely correlated with
DNA hypermethylation: frequently hypermethylated (57.1%)
high-grade, high-stage TCC exhibited a considerably lower
incidence with a diffuse moderate or strong immuno-
positivity (57.1%) than low-grade, low-stage TCC with a low
rate of hypermethylation (28.6%) and a homogeneous
moderate or strong protein expression in the overwhelming
majority of cases (85.7%). These findings indicate that the
14-3-3 Û gene is partially inactivated by promoter methy-
lation particularly in advanced TCC, but gene silencing with
total loss of protein expression was not apparent. However,
since the primers used covered only a short sequence of the
promoter site, it appears conceivable that other sequences were

in fact unmethylated, allowing transcriptional activity, though
at a lesser extent. Aberrant methylation was not detected to
suppress the expression of stratifin in squamous cell
carcinomas which were frequently hypermethylated (80%),
but displayed unanimously a strong homogeneous immuno-
reactivity. This may possibly be explained by a particularly
high activity and potential of the 14-3-3 Û gene for keratinocyte
differentiation that cannot be abrogated by promoter
methylation. The downregulation of stratifin expression in
undifferentiated small cell carcinomas is assumed to be the
result of cellular dedifferentiation rather than of DNA hyper-
methylation which occurred rarely in this cancer type. While
the protein expression of the 14-3-3 Û gene varied considerably
in bladder cancers, aberrant methylation of hepatocellular (31)
and ovarian cancers (32) always coincided with a total loss of
expression. Hypermethylated breast (14) and gastric cancers
(28) were reported to lack RNA expression, indicating
promoter methylation as an epigenetic mechanism of
transcriptional deregulation and silencing.

Methylation status and protein expression of the SYK gene. The
non-receptor type of SYK protein-tyrosine kinase, the locus
mapped to chromosome 9 at band q22, contains two Src
homology 2 domains in tandem and C-terminal kinase domains
with two interdomain regions (reviewed in refs. 33-37). The
SYK family of protein-tyrosine kinases was initially
documented to be implicated in development and activation of
B and T lymphocytes by immunoreceptor signalling
pathways and to regulate a variety of hematopoietic cell
functions (reviewed in refs. 33-37). The SYK gene product also
plays a role in several signal transduction pathways in
nonhematopoietic cells (reviewed in refs. 33-37), and there is
emerging evidence that the gene is involved in tumorigenesis
by suppressing cell growth, thus acting as a tumor suppressor
(38-41).

Analysing the methylation status of bladder carcinomas, we
observed considerable differences in the frequency of DNA
hypermethylation of the SYK gene among the various histo-
pathological tumor types. High-grade muscle invasive TCC
showed a higher rate (64.3%) than low-grade superficial
TCC (42.9%), indicating increased methylation to be correlated
with tumor progression. The frequent promoter methylation of
low-grade, low-stage TCC suggests aberrant methylation as an
early event during development of TCC. The relatively low
level of methylated CpG islands in squamous cell carcinomas
(13.3%) and undifferentiated small cell carcinomas (25%)
contradicts an essential role of DNA hypermethylation in the
formation of nonurothelial cancers. Involvement of 5' CpG
hypermethylation of the SYK gene in tumorigenesis is
supported by data obtained for cancers in organs other than the
urinary bladder. Carcinomas of the breast were reported to be
hypermethylated in 32% (39) and 42.5% (41), and gastric
cancers in 34.4% (15) of the studied cases. In both, breast
and gastric carcinomas, promoter methylation was significantly
correlated with lymph node metastases.

Immunohistochemically, all bladder carcinomas manifested
altered protein expression profiles, differing between the
various phenotypical tumor types. An approximately six-fold
lower incidence (14.3%) of advanced muscle invasive TCC
with a diffuse moderate or strong immunoreactivity in
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association with a higher rate of promoter methylation
compared to superficial noninvasive TCC (78.6%) suggests
aberrant methylation of the SYK gene concomitant with a
downregulation of the protein expression to play a
fundamental role in mediating progression of TCC towards a
poorer prognosis. In favor of this and a tumor suppressor
function is the further observation that, unlike low-grade
superficial TCC, half of the high-grade advanced TCC were
characterised by gene silencing, as evidenced by a total loss of
protein expression. Protein underexpression and a low
frequency of DNA hypermethylation in squamous cell and
undifferentiated small cell carcinomas indicate that
suppression of SYK gene activity in these cancer types is
caused by signalling pathways other than promoter
methylation. The reduced protein expression in high-grade,
high-stage TCC, squamous cell and undifferentiated small
cell carcinomas is assumed to be related to the development
of bladder cancers with a high malignant potential. The
importance of a decreased SYK gene activity in the progression
of tumorigenesis is supported by the findings that hyper-
methylated breast (38,40,41) and gastric (15) carcinomas
with a lowered mRNA production showed a high incidence
of lymph node (15) and distant metastases (40). The down-
regulation of mRNA expression points to a deregulation of the
protein expression at the transcriptional level.

Methylation status of the CAGE-1 gene. The cancer/testis
CT/antigen gene, CAGE-1, is a novel member of a large family
of approximately 20 closely related CT genes identified to
date, mapped to the X chromosome. The antigenic epitopes
of the CT genes were initially recognised either by cytotoxic
T lymphocytes (42) or detected by autologous antibody
screening (43). They encode autoimmunogenic tumor-
associated antigens, capable of eliciting a humoral immune
response, although to a limited extent (reviewed in ref. 44).
The CT genes, among which the MAGE multigene family and
the NY-ESO-1 gene are to date the most frequently explored,
are aberrantly expressed in a wide variety of human malignant
tumors including bladder cancers (43,45), demonstrated by
the expression of their mRNA transcripts and protein products.
Expression in adult normal tissues is restricted to the testis and
in the case of NY-ESO-1 additionally to the ovary (reviewed
in ref. 44). The biological function of the CT antigen family
and their potential relevance in tumorigenesis is not yet clear.

The CAGE-1 gene was originally discovered by SEREX
analysis (serological analysis of recombinant tumor cDNA
expression libraries with autologous serum) of sera from
patients with gastric cancers (46) and is expressed, like the
other CT antigens, in many various malignant tumor types,
but not in the normal tissue counterparts, except of the testis
(16,47,48). The significance of CAGE-1 in urothelial carcino-
genesis has not yet been evaluated. Since mutational alterations
of the antigen could not be identified (16) to possibly explain
the aberrant expression in cancers, we analysed the methylation
status, yielding a high frequency of hypermethylation in TCC
independent of the grades and stages (overall rate 64.3%) and
in undifferentiated small cell carcinomas (53.3%). The low
frequency of aberrant methylation of undifferentiated small
cell carcinomas (25%) might be the result of antigen loss
during the process of cellular dedifferentiation. The only

other study dealing with the methylation status of the CAGE-1
antigen documented a hypomethylation at a frequency of >60%
in breast, gastric, lung and hepatocellular carcinomas and at a
lower rate (<40%) in prostate, uterine, cervical and laryngeal
carcinomas (16). The authors conclude that hypomethylation
mediates the transcriptional activity of CAGE-1 in tumors
which is normally repressed by promoter methylation in non-
neoplastic tissues, leading to gene silencing. The involvement
of CT genes in progression of urothelial carcinogenesis is
supported by an increasing mRNA expression of the NY-
ESO-1 gene with increasing tumor grades (49) and of the
MAGE genes with increasing stages (50) of TCC.

CT antigens might be potential targets for the development
of an antigen-specific human cancer vaccine or for monoclonal
antibody-based anticancer immunotherapy. However, the
fundamental problem in establishing effective immunization
strategies is the fact that the expression of the immunogenic
proteins proved to be highly variable in the individual tumors,
ranging from an infrequent homogeneous to a heterogeneous
weak, moderate or strong staining pattern (45,49,51,52).
Moreover, seropositivity occurred, with the exception of NY-
ESO-1, only in a minority of cases (reviewed in ref. 45), as has
also been demonstrated for patients with bladder cancer (49).

In conclusion, our combined molecular-genetic and
immunohistochemical investigation provides evidence that
epigenetic gene regulation mediated by promoter methylation
is involved in the modification of urinary bladder carcino-
genesis. The high rate of DNA hypermethylation of the 14-3-3 Û
and SYK genes documented in high-grade, high-stage TCC
in association with a reduced or even lacking protein
expression compared to low-grade, low-stage TCC indicates
aberrant methylation to play a prominent role in the conversion
of TCC from a low to a high malignant potential. The
significance of epigenetic events in the progression of TCC is
strongly supported by the observation that muscle invasive
high-grade TCC were characterised by a concurrent
methylation of the 14-3-3 Û, SYK and CAGE-1 genes. The
different frequencies of promoter methylation determined in
the various histopathological cancer types suggest that
methylation-mediated alterations of gene functions are
implicated in phenotypical tumor cell differentiation and in the
development of nonurothelial carcinomas from pre-existing
TCC. A correlation between DNA hypermethylation of the
14-3-3 Û and SYK genes and the expression of their protein
products did not exist in squamous cell and undifferentiated
small cell carcinomas. However, the repressed or lacking
activity of the SYK gene in both cancer types and of 14-3-3 Û
in undifferentiated small cell cancers points to a relationship
between the altered protein expression patterns and the poor
clinical outcome of these nonurothelial cancers. The
relevance of the frequent promoter hypermethylation of the
CAGE-1 antigen in TCC and squamous cell carcinomas
remains to be clarified, particularly with regard to an
antibody based anticancer immunotherapy.
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