
Abstract. The molecular mechanisms underlying the histo-
genesis of nonurothelial carcinomas of the urinary bladder
are not yet clearly understood. There is a growing body of
evidence that, generally, epigenetic regulation mediated by
methylation of normally unmethylated CpG islands at the 5'
promoter regions of genes is involved in the modification of
tumorigenesis. This prompted the current study to explore the
methylation status of a broad panel of various genes implicated
in cell differentiation and tumor suppression in 10 adeno-
carcinomas and 6 signet ring cell carcinomas of the bladder.
Using methylation-specific PCR, we were able to detect a high
frequency of promoter methylation of the 14-3-3 σ (100%)
and CAGE-1 (80%) genes in adenocarcinomas, and in nearly
all signet ring cell carcinomas. The SYK and hDAB2IP genes
proved to be hypermethylated in only single cases, whereas
the caveolin-1 gene failed to be hypermethylated in all cases.
The present data suggest that promoter methylation of the 14-
3-3 σ and CAGE-1 genes plays a crucial role during the
phenotypical morphogenesis of vesical adenocarcinomas
including signet ring cell carcinomas by an epigenetic
mechanism.

Introduction

Primary nonurachal adenocarcinomas and particularly signet
ring cell carcinomas of the urinary bladder are rare and are
reported to account for 0.5-2% of all vesical cancers. At first
glance, the morphogenesis of adenocarcinomas appears
difficult to understand since the urinary bladder is normally
lined exclusively by transitional cell epithelium, but there is
strong evidence that they develop by a metaplastic

transformation of the urothelium. The well known inherent
potential of urothelial cells to convert to other cell types (1)
can best be explained by the embryologic origin of the urinary
bladder from the cloacal endoderm (dome and median regions)
and the Wolffian ducts (trigone), the pluripotent epithelia of
which are capable of differentiating in several directions
resulting in different cellular phenotypes. Adenocarcinomas
may develop either primarily from a columnar or glandular
metaplasia (cystitis glandularis of the intestinal type) of the
transitional cell epithelium following malignant trans-
formation (2,3, reviewed in ref. 4) or, more commonly,
secondarily from pre-existent transitional cell carcinomas
(TCC) via a glandular metaplasia of the neoplastic urothelial
cells (4-6). 

The signalling pathways leading to the development of
vesical adenocarcinomas are not clearly understood. An
abnormal protein production may be implicated since adeno-
carcinomas and signet ring cell carcinomas differ from TCC,
squamous cell and undifferentiated small cell carcinomas by
their protein expression. In favor of this are our previous
immunohistochemical studies documenting, for example, a
neoexpression or reexpression, respectively, of the MUC5A
apomucin (6-8) and of the trefoil peptide pS2 (8) in a high
percentage of adenocarcinomas including signet ring cell
carcinomas, as distinguished from common TCC and other
nonurothelial cancers which fail to synthesize these proteins. 

As a possible molecular mechanism underlying the
divergent protein expression, it is hypothesized that epigenetic
events may play a role, mediated by methylation of normally
unmethylated cytosine dinucleotides at the 5' promoter
regions. This is supported by our recent findings yielding
different frequencies of aberrant methylation of several genes
in TCC, squamous cell carcinomas and undifferentiated small
cell carcinomas (9,10). In continuation of our previous studies,
we now explored the methylation status of a panel of genes
implicated in cell differentiation or functioning as known or
putative tumor suppressors in adenocarcinomas including
signet ring cell carcinomas. Using methylation-specific PCR,
we were able to detect for the first time a high rate of promoter
methylation of the 14-3-3 σ and CAGE-1 genes, indicating that
these genes are significantly involved during the histogenesis
of vesical adenocarcinomas, while the caveolin-1 gene totally
lacked hypermethylation. 
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Materials and methods

Specimens. In this study we analysed archival formalin-fixed
and paraffin-embedded samples of 7 primary pure adeno-
carcinomas, 3 adenocarcinomas within pre-existent
transitional cell carcinomas (TCC), and 6 signet ring cell
carcinomas (4 pure forms and 2 admixed to TCC) of the
urinary bladder. The tumor samples were obtained from
patients who had undergone transurethral resection or radical
cystectomy. Five probes of normal, nonneoplastic bladder
mucosa from cystectomy specimens served as the controls.

Molecular pathological assays. For molecular genetic
analysis, histological sections, 5 μm in thickness, were
prepared from the paraffin-embedded samples. Following
identification of the cancer tissue in a section stained with
haemalum and eosin, between 10 and 15 consecutive sections
were prepared for the molecular pathological assays and were
not stained. To assure that all of these sections contained
cancer tissue, the last was stained with haemalum and eosin
and examined microscopically. The tumor tissue was separated
from nonneoplastic tissues and scraped from the sections with
a razor blade. Similarly, the foci of adenocarcinomas within
TCC were carefully excised.

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 centri-
fuging 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 anti-sense primer, 4 μl dNTPs (10 mM each), 5 μl
of 10X reaction buffer [Tris-HCI (pH 8.7), KCI, (NH4)2SO4,
15 mM MgCI2], and 1 unit HotStarTaq polymerase (Qiagen,
Germany). 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 40 cycles (95˚C for 30 sec, 55˚C for 60 sec,
and 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 Co., 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 various genes were the
following. 14-3-3 σ (11): for methylated sequences, sense 5'-
TGG TAG TTT TTA TGA AAG GCG TC-3' and anti-sense
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 anti-sense 5'-CCC TCT AAC
CAC CCA CCA CA-3' (product size 107 bp). SYK (12): for
methylated sequences, sense 5'-CGA TTT CGC GGG TTT
CGT TC-3' and anti-sense 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 anti-sense 5'-ACT TCC TTA ACA CAC CCA AAC-3'
(product size 243 bp). CAGE-1 (13): for methylated
sequences, sense 5'-TTT TAT ACG ATT CGG AAT TCG
AC-3' and anti-sense 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 anti-sense 5'-AAT TCA AAT CTA CAA CCT ATT TCC
CA (product size 150 bp). Caveolin-1 (14): for methylated
sequences, sense 5'-GGT ATT TTT GTA GGC GCG TC-3'
and anti-sense 5'-CTA ACA AAA AAC GAA AAA CG-3'
(product size 174 bp); for unmethylated sequences, sense 5'-
GTT TAT ATT GGG TAT TTT TGT AGG TGT GT-3' and
anti-sense 5'-TCC CCA AAA TTC TAA CAA CAA AAA
ACA AAA AAC-3' (product size 174 bp). hDAB2IP (15):
for methylated sequences, sense 5'-GAG GTG AGC GGG
GCG GTC-3' and anti-sense 5'-CGC TAT TAC CTT AAC
GAC GCC GA-3' (product size 163 bp); for unmethylated
sequences, sense 5'-ATT TAC GGT ATT AGC GGG GTG
GTT-3' and anti-sense 5'-CAC TAT TAC CTT AAC AAC
ACC AA-3' (product size 163 bp). 

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 anti-sense
primer, 4 μl dNTP's (200 mM each), 5 μl 10X reaction buffer
[Tris-HCI (pH 8.7), KCI, (NH4)2SO4, 15 mM MgCI2], and 1
unit HotStarTaq DNA polymerase. The thermocycling
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. 14-3-3 σ,
methylated and unmethylated: 45 cycles (95˚C for 45 sec,
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Figure 1. Analysis of PCR products amplified by methylation-specific PCR.
The fragments were separated on 3% agarose gel. Lane A shows molecular
weight standard; lanes B, C, D, E, and F show hDAB2IP, 14-3-3 σ, SYK,
Caveolin-1, and CAGE-1 products, respectively. Data document the correct
lengths of the gene promoter-specific fragments produced.
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56˚C for 30 sec, 72˚C for 30 sec); SYK, methylated and
unmethylated: 45 cycles (94˚C for 45 sec, 60˚C for 45 sec,
72˚C for 60 sec); CAGE-1, methylated and unmethylated: 45
cycles (94˚C for 30 sec, 57˚C for 30 sec, 72˚C for 60 sec);
caveolin-1, methylated and unmethylated: 45 cycles (94˚C
for 30 sec, 57˚C for 30 sec, 72˚C for 60 sec); hDAB2IP,
methylated: 45 cycles (94˚C for 20 sec, 61˚C for 30 sec, 72˚C
for 30 sec) and unmethylated: 45 cycles (94˚C for 20 sec,
50˚C for 30 sec, 72˚C for 30 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 methylated
promoter sequences are demonstrated in Figs. 1 and 2.

Results

Methylation status of the normal bladder mucosa. All five
probes of normal bladder mucosa lacked promoter methyl-
ation of the caveolin-1, SYK and hDAB2IP genes. Two

showed hypermethylation of the 14-3-3 σ and one of the
CAGE-1 gene; in our previous study an aberrant methylation
of both these genes was not observed (10).

Promoter methylation of adenocarcinomas. The frequency of
promoter methylation of the adenocarcinomas is listed in
Table I. All 10 cancers analysed disclosed a hypermethyl-
ation of the 14-3-3 σ gene (100%) and 80% revealed a
methylation at the promoter region of the CAGE-1 gene. Both
the hDAB2IP and the SYK genes proved to be hyper-
methylated in only single cases. The caveolin-1 gene totally
lacked DNA hypermethylation. However, the method
used was not suitable for quantifying the total extent of
methylation of the binding sequences and the amplified
product. This would have required a sequence analysis.

Promoter methylation of signet ring cell carcinomas. Signet
ring cell carcinomas showed a methylation pattern identical
with that determined in adenocarcinomas (Table II). The
14-3-3 σ gene was hypermethylated in all six and the
CAGE-1 gene in five (83%) tumors. Only one case revealed
a promoter methylation of each of the hDAB2IP and SYK
genes.

Discussion

There is a growing body of evidence that epigenetic gene
regulation, mediated by methylation of normally unmethylated
CpG islands at promoter sites, plays a crucial role in modifying
tumorigenesis (reviewed in refs. 16-19). Our previous studies
yielded a substantially different frequency of promoter
methylation of the 14-3-3 σ, caveolin-1 and SYK genes in
transitional cell carcinomas (TCC), squamous cell carcinomas
and undifferentiated small cell carcinomas of the urinary
bladder (9,10). These findings prompted the current investi-
gation to analyse the methylation status of a panel of genes
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Figure 2. Analyses of PCR products amplified by nonmethylation-specific
PCR. The fragments were separated on 3% agarose gel. Lane A shows
molecular weight standard; lanes B, C, D, E, and F show hDAB2IP, 14-3-3 σ,
SYK, Caveolin-1, and CAGE-1 products, respectively. Data document the
correct lengths of the gene promoter-specific fragments produced.

Table I. Frequency of promoter methylation of various genes in adenocarcinomas of the urinary bladder (+ promoter
methylation present, - promoter methylation absent).a

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

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Case no. 14-3-3 σ CAGE-1 SYK hDAB2IP Caveolin-1
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 + + - - -
2 + - - - -
3 + + - - -
4 + + + + -
5 + - - - -
6 + + - - -
7 + + - - -
8 + + - - -
9 + + - - -

10 + + - + -
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Rate of 10/10 10/8 10/1 10/2 10/0
hypermethylation (100%) (80%) (10%) (20%) (0%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aCases 1-7 represent pure adenocarcinomas, cases 8-10 are adenocarcinomas within transitional cell carcinomas.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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involved in cell differentiation or acting as known or putative
tumor suppressors in adenocarcinomas and signet ring cell
carcinomas. Among the various genes examined, the 14-3-3 σ
and CAGE-1 genes were identified as critical targets in the
morphogenesis of adenocarcinomas as suggested by a high
rate of hypermethylation.

Methylation status of the 14-3-3 σ gene. The 14-3-3 σ gene is
activated by the tumor suppressor gene p53 and is involved
in cell cycle regulation by arresting proliferating cells at the
transition from the G2 phase to the mitotic phase (G2 check
point), allowing repair of DNA damage caused, for example,
by ionising radiation (20). The underlying mechanism consists
in sequestering the protein kinase cdc2 and the cyclin B1
complex that triggers progession of cells through the G2
phase and initiates mitosis (21-23). The 14-3-3 σ gene encodes
for a protein named stratifin or HME1 that induces terminal
differentiation of keratinocytes and was initially observed to
be strongly expressed in stratified squamous epithelium
(21,24,25).

All adenocarcinomas and signet ring cell carcinomas
showed a methylation of the promoter region of the 14-3-3 σ
gene. This is the highest frequency of methylation of 14-3-3 σ
which we could determine among the various histo-
pathological types of bladder cancers (10). Squamous cell
carcinomas were aberrantly hypermethylated in 80%, high-
grade, high-stage TCC in 57.1%, and low-grade, low-stage
TCC as well as undifferentiated small cell carcinomas in only
a quarter of the cases. These data point to a correlation
between the methylation status of the 14-3-3 σ gene and tumor
cell differentiation, assumed to be responsible for the
formation of the various phenotypic cancer types, particularly
of adenocarcinomas. 

Immunohistochemically, all signet ring cell carcinomas
and more than half of the adenocarcinomas showed a total
loss of 14-3-3 protein expression. The majority of the
remaining cases revealed only a heterogeneous, patchy
immunoreactivity (8). These findings are compatible with a
transcriptional gene deregulation or silencing, respectively,
as a result of the aberrant methylation. Such a relationship

could not be verified in squamous cell carcinomas exhibiting
a high rate of promoter methylation (80%) of the 14-3-3 σ
gene but a strong diffuse protein expression (100%) and did
not exist in undifferentiated small cell cancers which disclosed
a low frequency of hypermethylation (25%) and a suppressed
heterogeneous or lacking expression (10).

Aberrant methylation of the 14-3-3 σ gene also plays a
prominent role in cancers in organs other than the urinary
bladder. Invasive ductal carcinomas of the breast were
reported to be hypermethylated between 86 and 96% (11,26),
hepatocellular carcinomas in 89% (27), gastric cancers in
43% (28) and oral carcinomas in 35% (29) of the cases.
The significance of promoter methylation of the 14-3-3 σ
gene in modulating phenotypical tumor cell differentiation
resulting in the development of different histopathological
tumor types is supported by findings in ovarian cancers;
clear cell carcinomas displayed a considerably higher
frequency of promoter methylation (78.6%) than mucinous
(36.4%), serous (26.3%) and endometrioid (20.0%) adeno-
carcinomas (30).

Methylation status of the CAGE-1 gene. The cancer/testis
(CT) antigen gene CAGE-1 was originally identified by
SEREX analysis (serological analysis of recombinant tumor
cDNA expression libraries with autologous serum) of sera
from patients with gastric cancers (reviewed in refs. 31-33).
This gene belongs to a large family of closely related CT
genes including the MAGE multigene family and the NY-
ESO-1 gene which are mapped to the X chromosome. They
encode autoimmunogenic tumor-associated antigens, capable
of triggering a tumoral immune response (reviewed in ref. 32).
The protein expression of the CT genes including CAGE-1 is
normally restricted to the testis, but aberrantly expressed in a
wide variety of human malignant tumors (31-35). 

Nearly all adenocarcinomas and signet ring cell carcinomas
were found to be methylated at the promoter region of the
CAGE-1 gene, indicating that the epigenetic alteration of this
gene plays a crucial role during the morphogenesis of vesical
adenocarcinomas. Among the other histological bladder cancer
types previously examined, TCC proved to be hyper-
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Table II. Frequency of promoter methylation of various genes in signet ring cell carcinomas of the urinary bladder (+ promoter
methylation present, - promoter methylation absent).a

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

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Case no. 14-3-3 σ CAGE-1 SYK hDAB2IP Caveolin-1
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 + + - - -
2 + + - - -
3 + + + - -
4 + - - + -
5 + + - - -
6 + + - - -

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Rate of 6/6 6/5 6/1 6/1 6/0
hypermethylation (100%) (83%) (17%) (17%) (0%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aCases 1-4 represent pure signet ring cell carcinomas, cases 5 and 6 signet ring cell carcinomas within transitional cell carcinomas.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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methylated in 64.3% independent of their grades and stages,
squamous cell carcinomas in 53.3%, and undifferentiated
small cell carcinomas in 25% (10). The only other study
exploring the methylation status of various malignant tumors
yielded hypomethylation at a rate of >60% in breast, gastric,
lung and hepatocellular carcinomas, and at a lower frequency
(<40%) in prostate, uterine, cervical and laryngeal cancers
(16). The significance of DNA hypomethylation remains to
be unveiled, however, there is evidence that it may promote
tumorigenesis by causing chromosomal instability (36,37).

From a clinical and therapeutic point of view, the CT
antigens are discussed as potential targets of an antibody-based
anticancer immunotherapy (reviewed in ref. 32). However,
the development of effective immunization strategies appears
problematic, since the production of immunogenic proteins
varied considerably in the individual tumors (35,38), and
seropositivity occurred only in a minority of cases (35).

Methylation status of the caveolin-1 gene. The caveolin-1
gene codes for a 21-to 24-kDa protein that is a major integral
component of caveolae. They represent vesicular invaginations
of the plasma membrane and occur in many cell types
(reviewed in ref. 39). The caveolin scaffolding protein contains
glycophospholipid-rich microdomains, mediates molecular
transport, regulates various signalling pathways including Src
family tyrosine kinases, epidermal growth factor receptor,
transforming growth factor, nitric oxide synthase and cyclin
D1 pathways (reviewed in ref. 39).

None of the adenocarcinomas and signet ring cell
carcinomas proved to be methylated at the promoter site of the
caveolin-1 gene, providing evidence that epigenetic control
of this gene is not involved at all in the histogenesis of
adenocarcinomas. This is supported by the fact that neither
adenocarcinomas nor normal transitional cell epithelium
synthesize the protein as determined by immunohisto-
chemistry (9). TCC also lacked DNA hypermethylation,
whereas half of undifferentiated small cell and a quarter of
squamous cell carcinomas were characterised by an aberrant
methylation (8). The different frequency of promoter methyl-
ation in the various phenotypical cancer types point to a
differential role of the caveolin-1 gene in bladder carcino-
genesis, possibly as a result of activation or inactivation of
different domains of the gene.

The significance of the caveolin-1 gene in tumorigenesis
is suggested by immunohistochemical findings obtained in
various other human cancers. A protein overexpression has
been reported, for example, in pancreatic ductal adeno-
carcinomas (40), renal cell carcinomas (41), prostate cancer
(42), lung cancer (43) and adenocarcinomas of the colon
(44). Overexpression was correlated with higher pathological
stages, an increased incidence of lymph node metastasis and
a poorer prognosis. The significance of the caveolin gene in
tumor cell differentiation as observed in bladder carcino-
genesis (9) is supported by immunohistochemical findings
obtained in other carcinomas. Undifferentiated carcinomas,
follicular carcinomas and adenomas of the thyroid failed to
express the protein, while papillary cancers were found to be
immunopositive (45). Ovarian serous adenomas expressed
the caveolin gene, serous and endometrioid carcinomas
showed substantially lower expression levels compared to the

normal ovarian surface epithelium, and mucinous adenomas
as well as mucinous carcinomas stained negatively (46).

Methylation status of the SYK gene. The SYK gene is located
on chromosome 9 at band q22, contains two Src homology 2
(SH2) domains in tandem and C-terminal kinase domains,
and encodes for the non-receptor type of protein-tyrosine
kinase (reviewed in ref. 47). The SYK family is involved in
the development and activation of B- and T-lymphocytes by
immunoreceptor signalling pathways and regulates haemato-
poietic cell functions. The SYK protein-tyrosine kinase is,
moreover, implicated in signal transduction pathways of
nonhaematopoietic cells and is likely to function as a tumor
suppressor (reviewed in ref. 47).

We detected only single cases of adenocarcinomas and
signet ring cell carcinomas with methylated CpG islands of
the SYK gene. This finding together with our previous
observations that undifferentiated small cell carcinomas
(25%) and squamous cell cancers (13.3%) disclosed a low rate
of DNA hypermethylation (10) argue against a substantial
role of promoter methylation of the SYK gene during the
morphogenesis of nonurothelial bladder carcinomas,
particularly of adenocarcinomas including signet ring cell
carcinomas. By contrast, superficial low-grade TCC were
hypermethylated in 42.9% and muscle-invasive high-grade
TCC in 64.3% of the cases (10), providing evidence that
aberrant methylation is associated with progression of TCC
from a low to a high malignant potential. This is supported
by a total loss of immunohistochemical protein expression in
half of the high-grade muscle-invasive TCC, while 78.6% of
the low-grade superficial TCC showed a diffuse moderate or
strong and the remaining cases a weak immunoreactivity, but
not a total loss of expression (10). Taken together, these
findings suggest that DNA hypermethylation impedes binding
of the transcriptional factors, causing downregulation or
silencing of the SYK gene activity. The significance of the
SYK gene as a tumor suppressor is apparent from findings
obtained in cancers of organs other than the urinary bladder.
Cancers of the breast were reported to be hypermethylated
in 32% (48) and gastric cancers in 34.4% (12) of the cases,
coinciding with a higher incidence of lymph node metastases.

Methylation status of the hDAB2IP gene. The hDAB2IP gene
maps to chromosome 9q33.1-q33.3 and produces a GTPase-
activating protein. hDAB2IP forms a complex with DOC-2/
DAB2 which contains a phosphotyrosine domain and
multiple C-terminal proline-rich SH3-binding domains
interacting with the Grb2 adapter protein (49,50). It is assumed
that the hDAB2IP gene acts as a tumor suppressor by
negatively regulating cell growth via downregulation of Ras-
controlled signal pathways.

The observed low rate of promoter hypermethylation of
the hDAB2IP gene indicates that epigenetic control of this
gene does not play a substantial role in the pathogenesis of
adenocarcinomas and signet ring cell carcinomas, as opposed
to TCC and the other nonurothelial cancer types. The highest
frequency of DNA hypermethylation was determined (9) in
high-grade, high-stage TCC (72.7%) followed by low-grade,
low-stage TCC (50%), undifferentiated small cell carcinomas
(50%), and squamous cell carcinomas (48.1%). The signifi-
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cance of aberrant methylation of the hDAB2IP gene has been
evidenced in some other cancers, as for example, in breast
carcinomas (15) and lung cancers (51) which were reported to
be hypermethylated in approximately one-third of the cases.
A repressed mRNA expression of disabled-2 in human
prostate cancer cell lines (52,53) and a decreased or even
lacking protein expression in ovarian cancers (54) support
the view that hDAB2IP represents a tumor suppressor, the
function of which appears abrogated by methylation of the
CpG sites (53). 

In conclusion, a high frequency of promoter methylation
of the 14-3-3 σ and CAGE-1 genes suggests that epigenetic
deregulation of these genes are involved in the morpho-
genesis of adenocarcinomas and signet ring cell carcinomas
of the urinary bladder. The low rate of aberrant methylation
of the SYK and hDAB2IP genes argues against a substantial
role in the phenotypical development of adenocarcinomas.
The caveolin-1 gene proved not to be implicated at all, since
none of the carcinomas were hypermethylated.
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