
Abstract Molecular and kinetic analyses have contrib-
uted to our understanding of the biology of transitional
cell carcinomas (TCC) of the bladder. The concordant
pattern of X-chromosome inactivation of multiple TCCs
appearing at different times and at different sites and
concordant genetic abnormalities in a subset of muscle-
invasive TCC strongly support a monoclonal origin and
a homogeneous tumor cell selection throughout the neo-
plasm. However, topographic intratumor heterogeneity
results from the accumulation of genetic lesions in tumor
suppressor genes, predominantly neurofibromatosis (NF)-
1-defective in the superficial compartment and tumor
protein p53 (TP53)-defective in the deep one, with lower
proliferation and down-regulation of apoptosis in the lat-
ter. TCCs follow the general concept of multistep carci-
nogenesis and proceed through two distinct genetic path-
ways responsible for generating different TCC morph-
ologies. These are the inactivation of cyclin-dependent
kinase inhibitors (p15, p16, and p21WAF/CIP1) in low-
grade TCC and early TP53-mediated abnormalities in
high-grade TCC. TCC progression correlates with genet-
ic instability and accumulation of collaborative genetic
lesions mainly involving TP53, retinoblastoma (RB)-1,
and growth factors. Distinctive genetic (low incidence of
RB-1 and NF-1 abnormalities) and kinetic (slower cell
turnover) profiles also correlate with a “single-file” infil-
tration pattern and poor survival in muscle-invasive
TCCs. The underlying molecular changes of carcinoma
in situ involve multiple and more extensive deletions

(normally TP53-defective) than coexistent invasive TCC,
suggesting an independent genetic evolution, while low-
grade dysplasia is mainly polyclonal and shows a low
rate of gene deletions.

Keywords Bladder · Transitional cell carcinoma ·
Oncogene · Tumor Suppressor Gene · Cell kinetics ·
Tumor progression · Tumor heterogeneity

Introduction

The heterogeneity and complexity of transitional cell
carcinomas (TCCs) of the urinary bladder are reflected
in the number of publications. More than 700 references
in the last 5 years can be retrieved from bibliography
databases regarding the molecular and kinetic features of
these tumors.

Two opposing theories explain multiple TCCs as 
multicentric (field carcinogenesis) or multifocal (spread
from a single tumor). Clonality analysis has helped to re-
solve this disparity, but the results of any analysis must
be interpreted in the appropriate setting of neoplastic
transformation and cellular kinetics (tumor cell selec-
tion) [15, 17, 18]. Additionally, the association between
clonality and cell kinetics closely correlates with intratu-
mor heterogeneity, depth of invasion, and the molecular
pathways [51, 52, 61]. Bladder TCCs have been classi-
fied into low-grade papillary TCC (usually superficial),
high-grade TCC (normally muscle-invasive), and flat in-
traurothelial lesions [dysplasia, carcinoma in situ (CIS)]
[19] However, this grading–staging system does not cor-
relate with the molecular patterns and leaves undefined
the relationship between low-grade dysplasia, primary
CIS, and secondary CIS.

We review the role and relationship of clonality and
cell kinetics in tumor progression of bladder TCC with
special emphasis on intratumor heterogeneity. The mo-
lecular pathways of bladder TCCs are then considered
for both invasive (low- and high-grade TCC) and intra-
urothelial neoplasms, with attention focusing on the ge-
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netic control of proliferation and apoptosis, the two key
elements in TCC development.

Tumor cell selection and kinetics in invasive TCC

Neoplasms are defined as abnormal, self-maintained pro-
liferations, which share a common kinetic advantage and
result from the accumulation of genetic lesions (multi-
step tumorigenesis) [7, 15, 17, 44, 53, 59, 66]. In that
setting, the results of any molecular test depend on the
timing between the biological feature evaluated and the
specific marker and are positive only if the target partici-
pates in the molecular pathway (Fig. 1) [15, 17, 18, 39].
In addition, one must consider cell kinetics. Some muta-
tions are, however, more important than others because
they facilitate additional phenotypic or genotypic chang-
es, thus explaining certain trends in the sequence of mu-
tations [15, 17]. Cooperative genetic alterations in kinet-
ically active tumor cells lead to progressive clone selec-
tion and enhance genetic diversity within a neoplasm, re-
sulting in tumor outgrowth only if they bypass the cell
repairing systems, do not activate the apoptotic pathway,
and maintain proliferation [15, 18]. The lack of a distinct
sequence and the unpredictability of genetic changes in
malignancies preclude the extensive clinical use of those
genetic markers for diagnostic and prognostic purposes.

Low-grade superficial TCC often present as multiple
tumors, appearing at different times and at different sites
in the bladder, indicating that a “field defect” has oc-
curred. The concordant pattern of X chromosome inacti-
vation and microsatellite markers in multiple TCC from
a single patient suggests that different TCC in a single
patient derive from the same progenitor cell [59, 63]. Al-
lele typing in each tumor from a given patient has shown
loss of the same allele on chromosome 9q, suggesting
that this loss preceded the spread of neoplastic cells in
the bladder. Losses of 17p and 18q alleles, however, are
not common to different tumors, suggesting late genetic
events [59]. Similarly, the superficial and deep compart-
ments of muscle-invasive TCCs have been demonstrated
to show a concordant microsatellite pattern of tumor sup-
pressor genes (TSG) and the same X-chromosome inac-
tivated [4].

Coexistent genetic abnormalities involving two or
more TSG loci in several samples strongly support a
monoclonal origin [15, 17]. The background level of loss
of heterozygosity (LOH) reported in tumors and normal
tissues ranges between 4% and 20% [14, 69]. Consider-
ing all genetic lesions to be equally important and fre-
quent, the probability of finding coexistent genetic alter-
ations randomly would be 0.22 for two genetic loci, 0.23

for three genetic loci, and so on. Applying this principle
to two separately microdissected samples (superficial
and deep) from a given tumor, the probability of getting
the same locus involved in both samples would be
(0.22)2 for two genetic loci or (0.23)2 for three genetic lo-
ci. We found the same inactivated X-chromosome and
concordant TSG microsatellite patterns in both compart-
ments in 68.2% of muscle-invasive TCC, strongly sup-
porting a monoclonal origin and a homogeneous tumor
cell selection throughout the neoplasm. This finding sug-
gests that this subset of muscle-invasive TCC arose from
the uncontrolled spread of a single transformed cell and
then grew through a multistep tumorigenesis that in-
volves “common” TSG, such as tumor protein p53
(TP53), retinoblastoma (RB-1), and neurofibromatosis
(NF)-1 [16].

Intratumor heterogeneity: correlation between 
molecular and kinetic profiles in TCC

Histological and genetic heterogeneity is well document-
ed in TCCs [2, 5, 28, 56, 63, 67]. After malignant trans-
formation, tumor cells can grow independently with vari-
able subsequent genetic alterations in each tumor com-
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Fig. 1 Clonality analyses and tumor progression. Tumors evolve
in multiple steps of initiation and promotion resulting in clone se-
lection and eventually progression. Two main stages can be identi-
fied (preneoplastic and neoplastic), and these are separated by an
irreversible genetic change. After the initial mutation, the kinetic
advantage determines a clonal proliferation detectable with tests,
such as X-chromosome inactivation. However, specific chromo-
some markers only provide positive information if mutated; they
are negative before that event. This reason justifies the dual ap-
proach for clonality assays in neoplastic conditions of the bladder

Fig. 2 Molecular pathways in bladder carcinogenesis. Both path-
ways can only be distinguished by the relative timing of genetic
abnormalities. Genetic instability (shaded area) is mainly related
to TP53 and/or RB-1 dysfunction that leads to tumor progression;
it has been described in late stages for low-grade superficial tran-
sitional cell carcinomas (TCC) and in early phases for high-grade
TCC. The biologic process of progression is determined by block-
age of cellular senescence, resulting in topographic cell selection
by compartments in muscle-invasive TCC [16]
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partment, explaining the heterogeneity [16, 63]. In that
sense, the presence of additional clonal abnormalities in
different cultures illustrates intratumoral heterogeneity
[43], but tumor cell topography in the bladder wall has
rarely been considered [16].

Multiple genetic lesions can be expected in muscle-
invasive TCC if we consider the accumulation of genetic
alterations to be an expression of molecular progression
[15]. It would help to explain the relatively high inci-
dence of genetic abnormalities reported in RB-1 and
Wilms Tumor (WT)-1 loci [16]. Inactivated retinoblasto-
ma protein (pRB-1) has been found in one-third of ran-
domly selected bladder cancers [29], and RB-1 abnor-
malities in 51.5% of muscle-invasive TCCs [16]. WT-1
exon mutations were not found in any of 11 randomly
selected bladder cancers using polymerase chain reaction
(PCR)-single strand conformation polymorphism analy-
sis and restriction fragment length polymorphism analy-
sis [30]. However, more sensitive microsatellite analysis
using PCR/denaturing gradient gel electrophoresis
(DGGE) demonstrated WT-1 abnormalities in 53.8% of
muscle-invasive TCCs [16].

Topographic genetic heterogeneity has been reported
in 31.8% of muscle-invasive TCC [16], but it did not oc-
cur at the phenotypic level: the pattern of protein expres-
sion showed no relationship with LOH or single nucleo-
tide polymorphism [4, 16]. The comparison of topograph-
ic compartments of muscle-invasive TCCs has suggested
that two processes of tumor cell selection should be re-
sponsible for the topographic heterogeneity. NF-1 was
more frequently altered in tumors in the superficial com-
partment (75% of cases), while the deep compartment al-
ways revealed TP53 abnormalities (Fig. 2) [16]. The NF-
1 gene has rarely been implicated in bladder carcinogene-
sis, and no mutations were initially reported [65]. Howev-
er, the presence of NF-1 gene abnormalities in 63.3% of
muscle-invasive TCCs [16], and the decreased NF-1
mRNA and protein levels in high-grade TCCs [1] support
an important role for NF-1 in bladder carcinogenesis, 
especially superficial TCC compartments [16]. The NF-1
gene product has an effect on ras inhibition, and ras pro-
tein is expressed with the highest levels in immature and
proliferating cells. The absence of the NF-1 inhibitory ef-
fect will favor increased proliferation. TP53 abnormali-
ties have been reported in 67.4% of the muscle-invasive
TCCs [16] and 61.1% of the invasive TCCs [58], fre-
quently showing coexistent allelic deletions and muta-
tions [58]. TP53 abnormalities are more frequently found
in the deep tumor compartment, a finding that may re-
present the consequence of tumor cell selection [16].
Similarly, the loss of chromosome 17p has been reported
as a late event in tumor progression in superficial TCC
[59]. Figure 2 summarizes this position [16].

The differential genetic profile by tumor compartments
is also reflected on the tumor proliferation and differentia-
tion grade. Kinetic markers (including proliferation and
apoptosis) have been used as diagnostic and prognostic
tools in TCC [31, 34, 37] but have revealed variability as
a result of intratumor heterogeneity. Using slide cytome-

try, the topographic evaluation of kinetic features in 72
muscle-invasive TCCs showed significantly higher mitot-
ic figure counts, Ki-67 index, and proliferation index in
the superficial compartment than in the deep compart-
ment. Apoptosis based on the in situ end labeling (ISEL)
of fragmented DNA was revealed to be less than 1% in
63% of the superficial compartments and 86% of the deep
compartments (P=0.05). These results suggest that lower
proliferation activity and downregulation of apoptosis
mainly define the kinetic profile in the deep compartment
of muscle-invasive TCC of the bladder and correlate with
the genetic profile described above [16, 51].

Molecular and kinetic patterns in urothelial 
dysplasia–CIS

Urothelial dysplasia is frequently identified as being as-
sociated with TCC of the urinary tract and is assumed to
be the redundant precursor of invasive TCC. The Con-
sensus Classification of Urothelial Neoplasms distin-
guishes low-grade urothelial dysplasia (LGUD) and
high-grade urothelial dysplasia (HGUD)–CIS only [19].
Urothelial dysplasia confers a significant risk for the de-
velopment of CIS and invasive TCC; cytological pro-
gression is documented but with different topography re-
ported for LGUD and CIS in a given patient [9]. This
finding supports the multifocal distribution of TCC, al-
though does not prove the clonal identity of LGUD and
CIS to sustain the sequence LGUD→CIS.

Fluorescence in situ hybridization using gene locus-
specific probes for chromosomes 9q22 (FACC), 9p21
(p16/CDKI2), and 17p13 (TP53) has shown the same
chromosome nine deletions in urothelial hyperplasias 
(10 of 14), coexistent low-grade papillary superficial
TCCs (8 of 9), and the surrounding histologically normal
urothelium (6 of 12) [27]. In contrast, 17p13 hemizygous
deletion was found in the urothelial hyperplasia and pap-
illary TCC from 1 of 12 patients, whereas the normal
urothelium was always normal [27]. This genetic profile
suggests a neoplastic potential for flat urothelial lesions,
regardless of whether or not cytologic atypia is present.
It also suggests that the earliest molecular alterations of
low-grade TCC involve chromosome 9 (p16/CDKI2) but
not chromosome 17 (TP53) [27]. However, this study
does not analyze urothelial dysplasia and high-grade
muscle-invasive TCC, which have been reported to
evolve through a different molecular pathway [52, 61].

The biologic and kinetic patterns of LGUD and CIS
have been revealed to be different. The analysis of dys-
plastic lesions associated with muscle-invasive TCC re-
vealed monoclonal patterns in CIS (6, 100%), invasive
TCC (13, 100%), and LGUD (2, 20%), whereas polyclo-
nal patterns were observed in LGUD only (8, 80%). CIS
showed aneuploid DNA content and more microsatellite
loci altered (PCR/DGGE analysis) than the correspond-
ing invasive compartments, always involving TP53 loci
and expressing abnormal p53 (12 cases) [52, 61]. In con-
trast, LGUD (18 cases) revealed diploid DNA content
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and microsatellite abnormalities in only two cases, one
monoclonal (RB-1) and one polyclonal (WT-1 and NF-1).
Opposite kinetic patterns were observed for CIS (higher
Ki-67 index, lower ISEL index) and LGUD (lower Ki-67
index, higher ISEL index). These genetic findings sug-
gest that CIS evolution is independent of muscle-inva-
sive TCC, whereas LGUD should not be closely con-
nected with this molecular progression. These kinetic
patterns would contribute to the accumulation of genetic
abnormalities in CIS but not in LGUD. LOH involving
several loci have been shown in CIS, especially 9p
(77%), 14q (70%), 8p (65%), 17p (60%), 13q (56%), 11p
(54%), and 4q (52%), and slightly less frequently 11q
(36%), 4p (32%), 3p (31%), 18q (29%), and 5q (20%)
[6, 8, 23, 24, 25, 26, 57, 70]. The key molecular changes
are largely unknown, but both p53 over-expression and
LOH of chromosome 9 have been implicated in the pro-
gression into muscle-invasive TCC [52]. Therefore, only
CIS displays the genetic alterations reported in invasive
TCC, potentially accounting for the aggressive nature of
these lesions [52]. However, both the differential LOH
pattern found in the superficial TCC compartment (NF-1
defective) and the accumulation of genetic damages in
CIS does not support the sequence CIS→superficial
TCC→deep TCC [16]. This incidence of genetic abnor-
malities has been revealed to be higher in CIS than in in-
vasive TCCs, suggesting an advanced molecular stage
for CIS. As presented above, several and coexistent dele-
tions, generally involving TP53 gene, characterize sec-
ondary CIS and suggest that CIS follows an independent
progression from the invasive TCC rather than its pre-
cursor lesion.

Molecular findings of use in the classification 
and pathogenesis of TCC

The molecular analysis of tumors on the basis of gene
expression can identify previously undetected and clini-
cally significant subtypes of cancer. DNA microarrays
are valuable in tumor classification and prognosis [21],
as demonstrated in gastrointestinal tumors. This strategy
will be useful in the future for discovering and predicting
cancer classes, but it will require certain identification of
cell populations, because it is based on gene expression.
The heterogeneous differentiation normally observed in
epithelial neoplasms would also limit its general applica-
tion in carcinomas, although the technique can reveal
useful genes for diagnosis and prognosis. In contrast, in
situ hybridization allows efficient recognition of the
chromosomes involved in the process of imbalance and
is a valid method to assess structural chromosome aber-
rations in interphase nuclei of TCC [46, 50, 68].

Molecular pathways in TCC

TCC is believed to arise through a series of genetic
changes affecting proliferation and apoptosis. TCC occur

via multistep carcinogenesis and proceed through two
distinct pathways of genetic alterations. One is associat-
ed with papillary low-grade TCC, where the initial key
factor is inactivation of CDK inhibitors (p15, p16, and
p21WAF/CIP1). The second is associated with high-grade
lesions, TP53 abnormalities being the key element. TCC
progression correlates with genetic instability and accu-
mulation of collaborative genetic lesions, mainly involv-
ing TP53, RB-1, and growth factors (Fig. 2) [32, 61].
Papillary pTa-pT1 TCCs are often multifocal and only
occasionally progress, whereas CIS frequently progress
to invasive disease [19]. This distinctive morphology re-
flects the differential molecular background: LOH of
chromosome 9 has been observed mainly in papillary
low-grade TCC, while TP53 alterations characterize
high-grade TCCs. Both TP53 and RB-1 alterations are
also known to occur in early stage bladder CIS where
they are thought to indicate a poor prognosis through
their propensity to progress, since these mutations are
known to destabilize the genome. The presence of TP53
mutations has been similarly reported in CIS and mus-
cle-invasive TCCs [16, 51, 61]. Analysis of several tu-
mor pairs involving a CIS and an invasive cancer provid-
ed evidence that chromosome 9 alteration may in some
cases be involved in the progression of CIS to invasive
TCC, in addition to its role in the initiation of pTa TCCs
[63].

Alterations in TP53 and RB-1 occur in approximately
50% and 33% of bladder cancers, respectively, and are
associated with high-stage, high-grade TCC [12, 13].
Amplification and/or over-expression of growth factor
receptors, such as c-erbB-2 and loss of 17p and 18q se-
quences are associated with advanced TCC [59]. Finally,
recent findings generated using in vitro transformation
systems with human urothelial cells provide strong evi-
dence that the loss of genes on 3p, reported in approxi-
mately 20% of TCC, and/or the gain of genes on 20q
play an important role in blocking cellular senescence.
This feature should represent a critical step in oncogene-
sis, because cells that do not senesce can survive to accu-
mulate multiple genetic alterations [15], such as those
associated with invasive TCC (Fig. 2) [51].

Additionally, the genetic profile has also been 
correlated with the infiltration pattern of muscle-
invasive TCC [16]. TSG microsatellite analysis using
PCR/DGGE in muscle-invasive TCCs has revealed a
distinctive genetic profile in “single-file” TCCs, char-
acterized by a low incidence of genetic abnormalities
not involving the RB-1 locus (P=0.0003) and very oc-
casionally involving the NF-1 locus (two cases, 13%;
P=0.0023). “Single-file” TCCs showed lower cell turn-
over (Ki-67 index 14.94±4.28, ISEL 14.1±10.0), lower
incidence of aneuploid DNA content, and shorter mean
survival (20 months) than solid TCCs (Ki-67 index
20.65±4.94, ISEL 20.2±22.7, 37-month survival, re-
spectively; unpublished observations). The relatively
low cell turnover would be consistent with the low inci-
dence of genetic alterations, especially RB-1 and NF-1,
suggesting that “single-file” muscle-invasive TCCs are
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related by having an alternative molecular pathway. It
is not known yet whether specific alterations targeting
cell adhesion molecules, thus disturbing the growth pat-
tern, are involved.

Deregulation of the genetic control of cell kinetics
in TCC

Those pathways mainly involve three basic types of
genes: oncogenes, TSG, and genes involved in DNA re-
pair. Most studies in bladder TCC have centered the at-
tention on cell kinetic regulators of proliferation-apopto-
sis [TP53, MDM-2, RB-1, E2F-1 transcription factor, and
cyclin-dependent kinase (CDK) inhibitors] and telom-
erase (Fig. 3).

TP53, probably the most extensively studied gene in
TCC [11, 20, 51, 54, 55, 60, 61, 64], shows diverse bio-
logical functions and a heterogeneous molecular mecha-
nism of inactivation [10]. Alterations in TP53 have been
reported to be associated with bad prognostic factors
such, as high grade or stage [20, 60], or higher prolifera-
tion rates [40, 41, 48]. However, TP53 is only one of the
cell cycle regulators at the restriction point (Fig. 3) and
must be considered together with other regulators, espe-
cially MDM-2. Its interaction with RB-1 and its associat-
ed transcription factor (E2F-1) is also important.

The MDM-2 gene is located on the long arm of chro-
mosome 12 (12q13–14) and encodes for a 90 kDa nucle-
ar protein (Mdm2) [10]. MDM-2 links the two main reg-
ulators of the restriction point, TP53 and RB-1. Mdm2
binds pRB-1 and is shown to be essential for RB-1 to
overcome both the anti-apoptotic function of Mdm2 
and the MDM-2-dependent degradation of p53. The

RB-MDM-2 interaction does not prevent MDM-2 from
inhibiting p53-dependent transcription, but the RB-
MDM-2 complex still binds to p53. Since RB-1 specifi-
cally rescues the apoptotic function [22], but not the
transcriptional activity of p53 from negative regulation
by MDM-2, transactivation by wild-type p53 is not re-
quired for the apoptotic function of p53. However, a
pRB-Mdm2-p53 trimeric complex is active in p53-
mediated transrepression. These data link directly the
function of p53 and pRB-1 and demonstrate a novel role
of RB-1 in regulating the apoptotic function of p53. TCC
have demonstrated a strong statistical association be-
tween Mdm2 and p53 overexpression, with Mdm2 over-
expressed in low-stage, low-grade TCC. Those results
suggest that aberrant Mdm2 and p53 phenotypes are fre-
quent events in bladder cancer and may be involved in
tumorigenesis or tumor progression [35].

RB-1 plays a role similar to TP53 in TCC: losses of
functional protein correlate with aggressive behavior,
high grade, and stage [38]. Both TP53 and RB-1 have
frequently been reported to be abnormal in TCC and
have prognostic significance, suggesting a cooperative
mechanism in tumor progression [12, 13]. Altered p53
and undetectable pRB-1 are commonly found together
and correlate with a marked increase in progression and
decreased overall survival, after stratifying cases for tu-
mor stage, tumor grade, and suspicion of vascular inva-
sion [12]. Likewise, TCC with altered p53 and pRB-1
have shown significant increased rates of recurrence and
survival, relative to patients with no alterations in either
p53 or pRB-1; patients with alterations in only one of
these proteins had intermediate rates of recurrence and
survival [13]. These data suggest that alterations of p53
and pRB-1 have a cooperative or synergistic negative ef-
fect to promote tumor progression and in decreasing sur-
vival in primary TCC. It may be postulated that aberrant
p53 and pRB-1 expression deregulates cell cycle control
at the G1 checkpoint and engenders tumor cells with re-
duced response to programmed cell death (Fig. 3), result-
ing in the aggressive clinical course of TCC harboring
both p53 and pRB-1 alterations [12]. In addition, cases
with undetectable and high pRB-1 reactivity had identi-
cal rates of recurrence, indicating that high levels of
pRB-1 expression may reflect a dysfunctional (altered)
RB-1 pathway and do not reflect the tumor suppressor
effects of the protein [13].

In the complex regulation of the restriction point, cy-
clin D1 and the transcription factor E2F-1 (Fig. 3) play a
role and have been implicated in bladder carcinogenesis.
Cyclin D1 can also cooperate to dysregulate the G1
checkpoint, which becomes completely abolished only if
RB-1 is lost, removing any selective advantage for cells
that alter additional cell cycle proteins [42]. E2F-1 is a
transcription factor that binds to pRB-1 [10]. The results
reported on TCC have demonstrated occasional nucleo-
tide polymorphism and no bandshifts in the nuclear-
localization or DNA-binding domains.[49]. E2F-1 alter-
ations occur at the phenotypic level, rather than at the
genotypic level, in TCC: the pattern of E2F-1 protein ex-
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Fig. 3 Main cell cycle regulators of the G1-S transition (‘restric-
tion point’). The final outcome (cell cycle progression vs G1 arrest –
apoptosis) is determined by the balance of several gene products



pression has shown no relationship with nucleotide poly-
morphism but correlated inversely with the percentage of
cells showing pRB-1 reactivity. Rabbani et al. also re-
ported that patients with lower E2F-1 reactivity had sta-
tistically significant increased risks of progression to me-
tastases and death, suggesting a possible tumor suppres-
sor role for E2F-1 in TCC [49].

CDK inhibitors implicated in bladder carcinogenesis
include p15, p16, and p21WAF/CIP1. p16 (also known as
CDKN2, INK4a, or MTS1) and p15 (also described as
INK4b or MTS2) are found in tandem on chromosome
9p21. They encode proteins that function as negative cell
cycle regulators encoding inactivating polypeptides that
inactivate specific cyclin-protein kinase complexes re-
quired for progression through the cell cycle (Fig. 3)
[10]. The overall frequency of alteration reported for
these genes in TCC is approximately 18% for each one,
being significantly associated with low stage and grade
TCC for p16 gene and low stage TCC for p15 gene alter-
ations [45]. Overall, 70% of the TCCs showed abnormal-
ities in one or more of the intrinsic proteins of the G1
checkpoint [42], supporting the cooperative role of p16
and p15 gene alterations (especially coincident homozy-
gous deletion) as a common event in bladder carcinogen-
esis [42, 45]. These CDK inhibitors cross-talk several
molecular pathways, as demonstrated for the INK4a gene
[47]. The INK4a gene encodes two distinct growth inhib-
itors – the CDK inhibitor p16Ink4a, which is a compo-
nent of the RB-1 pathway and the tumor suppressor
p19Arf, which has been functionally linked to p53.
p19Arf potently suppresses the oncogenic transformation
in primary cells, and this function is abrogated when
TP53 is neutralized by viral oncoproteins and dominant-
negative mutants but not by the TP53 antagonist MDM-2.
Coupled with the findings that p19Arf and Mdm2 physi-
cally interact and that p19Rrf blocks MDM-2-induced
p53 degradation and transactivational silencing, the re-
sults reported suggest that p19Arf functions mechanisti-
cally to prevent neutralization of p53 by MDM-2. All of
these findings together ascribe the potent tumor suppres-
sor activity of INK4a to the cooperative actions of its
two protein products and their relation to the two central
growth control pathways, RB-1 and TP53 [47]. The ac-
tion of TP53 on cell cycle regulation is mediated, in part,
through the expression of p21WAF/CIP1, as suggested by
the significant association between p21WAF/CIP1 expres-
sion and p53 status [62]. p21WAF/CIP1 expression has been
demonstrated to be an independent predictor of TCC re-
currence and of survival when assessed with tumor
grade, tumor stage, lymph node status, and p53 status:
patients with p53-altered/p21-negative TCC demonstrat-
ed a higher rate of recurrence and worse survival when
compared with those with p53-altered/p21-positive tu-
mors [62]. Those results also suggest that maintenance
of p21WAF/CIP1 expression appears to abrogate the delete-
rious effects of TP53 alterations on TCC progression.

Telomerase activation may be a critical step in TCC
pathogenesis.[33, 36, 71]. Unexpectedly, no significant
correlation was observed between levels of telomerase

expression and the clinicopathologic features of the tu-
mors, including clinical stage, pathologic grade, tumor
multiplicity, and status of recurrence [33]. However, pro-
liferating human urothelial cells in tissue culture reveal
telomerase activity, which is readily detected usually at
lower levels than in TCC, and telomeres did not shorten
[3]. Notably, telomerase activity was relatively low or
undetectable in non-proliferating cultures. These data
support a model in which the detection of telomerase in
TCC biopsies reflects differences in proliferation be-
tween tumor and normal cells in vivo [3].

In conclusion, the molecular analysis of bladder TCC
has improved the classification and our knowledge on
the pathogenesis of these neoplasms. Two main molecu-
lar pathways have been clearly demonstrated, which
closely correlate with the morphological appearance.
These are the inactivation of cyclin-dependent kinase in-
hibitors in low-grade TCC and early TP53-mediated ab-
normalities in high-grade TCC. However, the heteroge-
neity associated with advanced neoplasms needs a care-
ful correlation of genetic and kinetic features to under-
stand cellular progression and tumor cell selection in
TCC. This combined analysis becomes more powerful
when coupled with reliable topographic features, be-
cause it will allow the identification of aggressive tumor
cell clones susceptible of genetic therapy.
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