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Genetic considerations in bladder tumors

D. Purza, C. Albu, C. Cozman, G. Bumbu
Department of Urology, Emergency Clinical County Hospital, Oradea

EEdd
iitt

oorr
iiaa

ll

Correspondence: Darius Purza
Spitalul Clinic Judeflean Oradea, Clinica de Urologie
Str. Gheorghe Doja Nr. 65, 410169 Oradea, Judeflul Bihor 
Tel: 0259-13.71.93 
e-mail: dariuspurza@yahoo.com

Abstract

The role of heredity and environment in the determinism of human characters allowed us to point out two impor-
tant ideas: unique bio-psycho-social beings and interaction of each permanent, but bet on varying proportions, of
heredity and environment in genesis of human characters, normal and pathological.

At this moment, the researchers and clinicians recognize two distinct molecular pathways involved in tumorige-
nesis and in progression of bladder urothelial carcinomas: one of them leads to the genesis of superficial urothelial
tumors prone to frequent local recurrences and low risk of tumor progression and the other generates more aggres-
siveand invasive tumors.

Whether a cancer arises spontaneously from a single individual or occurs to many people in a family, as a hered-
itary - cancer is considered a genetic disease because the initiation and development of tumors involve the produc-
tion of multiple mutations, in different genes that control cell proliferation, DNA repairing, mitotic cycle and cell
death.
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ll Training, development, structure and function of
the human body, bet on normal or pathological condi-
tion are dependent on the two forces that govern our
existence: heredity and environment. The role of
heredity and environment in the determinism of
human characters allowed us to point out two impor-
tant ideas: unique bio-psycho-social beings and inter-
action of each permanent, but bet on varying propor-
tions, of heredity and environment in genesis of
human characters, normal and pathological. Biological
individuality of each person explains:
q differences in response of each body from environ-

mental aggressions and therefore different peo-
ple’s vulnerability to disease;

q the determinism of the common diseases, the
interaction between an individual’s genetic struc-
ture and aggressive environmental factors;

q variables manifestations and different severity of
the same disease in different patients;

q different response, particularly to the same treat-
ment applied to different patients suffering from
the same disease.[1]

Genetic anomalies in Bladder Cancer
Respecting the histological classification of bladder

tumors, there is a study on pathways and cytogenetic
subgroups in transitional carcinomas and recognizing
that the pattern of chromosomal aberrations is clearly
chaotic also the karyotype changes and the order of
their appearance during tumor progression remain
poorly known, it was suggested that there is a tempo-
ral order of appearance of unbalanced chromosomal
abnormalities, which is highly correlated with tumor
grade and stage, and that the tumor progression
involves the acquisition of new cytogenetic abnormal-
ities. Subsequent molecular studies have shown that
there is major genetic differences between non-inva-
sive and invasive urothelial carcinoma.

At this moment, the researchers and clinicians rec-
ognize two distinct molecular pathways involved in
tumorigenesis and in progression of bladder urothelial
carcinomas: one of them leads to the genesis of super-
ficial urothelial tumors prone to frequent local recur-
rences and low risk of tumor progression and the other
generates more aggressiveand invasive tumors.

At present, two genetic subtypes of bladder
urothelial tumors, with significant differences regard-
ing their level of genetic instability correspond mor-
phologically defined entities: genetically stable cate-
gory (more correctly - with a low level of genetic insta-

bility), which includes papillary urothelial tumors non-
invasive with low-grade of malignancy (G1/G2, pTA), and
genetically unstable category, represented by papil-
lary urothelial carcinoma non-invasive with high grade
malignancy (G3, pTA), urothelial carcinoma in situ (CIS /
pTis) and invasive urothelial carcinoma (pT1 -4).

Urothelial hyperplasia is a precursor lesion of non-
invasive urothelial tumors and invasive because even
in the absence of dysplasia, can demonstrate signifi-
cant aberrations, aberrations that otherwise can be
identified, „histologically normal urothelium“ from the
bladder of patients with urothelial carcinoma.

There are only a few studies that have analyzed
genetic changes in urothelial dysplasia (low-grade
intraurothelial neoplasia) and showed that certain
anomalies that are typical of urothelial carcinoma in
situ can be identified in some dysplasia, suggesting
that at least some of urothelial dysplasia can be consi-
dered precursors lesions of urothelial carcinoma in situ.

Urothelial tumors genetically stable, represented by
non-invasive papillary urothelial tumors with low level
of cyto - architectural atypia, frequent recurrences and
low risk of tumor progression (tumor G1/G2, PTA), has
only a few genetic alterations, deletions of chromo-
some 9 (often affecting entire chromosome) and
FGFR3 gene mutations are the most frequent in these
tumors, TP53 mutations and gene amplification are
rare, and aneuploiditatea tumors occur in less than
50% of cases.

Multiple chromosomal aberrations, TP53 mutations
and amplifications, aneuploid tumor found in over
90% of cases are genetic issues that define urothelial
tumors with marked cyto – architectural atypia and
noninvasive papillary growth pattern (G3, PTA), flat
non- invasive (CIS / pTis) and invasive (pT1 -4), as these
are the group of genetically unstable urothelial tumors.

Data from studies of urothelial tumors with highly
level of malignancy, noninvasive (high-grade papillary
urothelial carcinoma malignancy and urothelial carci-
noma in situ) demonstrated genetic abnormalities sim-
ilar to those found in invasive urothelial carcinomas
(pT1 -4), suggesting their precursor role for invasive
bladder cancer.

It is very unlikely that a significant proportion of
invasive urothelial carcinomas have their origin in non-
invasive papillary urothelial tumors with low-grade of
malignancy (G1/G2, PTA), given that the clinically,
most invasive urothelial carcinomas are not preceded
by these, and in terms of genetic, papillary urothelial
tumors non-invasive with low grade malignancy are
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Note that between minimally invasive urothelial

tumors (pT1) and extensively invasive (pT2-4) are only
small genetic differences.

It may be that the molecular changes that occur in
bladder urothelial carcinomas extremely numerous,
can be grouped into three categories: chromosomal
alterations involved in carcinogenesis, loss of cell cycle
regulation, responsible for cell proliferation; metastasis
induced by the events, such as tumor angiogenesis.

Although the frequent recurrences of non-invasive
urothelial tumors genetically stable raises numerous
therapeutic issues, the major cause of morbidity and
mortality in bladder urothelial carcinoma is represent-
ed by the group of aggressive urothelial tumors, gen-
etically unstable.

Non-invasive papillary urothelial tumors with low-
grade of malignancy (G1/G2, PTA) often show activa-
tion pathway constitutional TKR -Ras (Ras - MAPK path
actually) by activating mutations in FGFR3 and HRAS
gene.

In contrast, aggressive urothelial tumors, repre-
sented by the noninvasive papillary urothelial carcino-
ma highly malignancy (G3, PTA), urothelial carcinoma
in situ (CIS/pTis) and invasive urothelial carcinoma (pT1
-4) is characterized generally by alterations in path-
ways (via genetic alteration) TP53 and RB which nor-
mally regulate the cell cycle through interaction with
the Ras- MAPK pathway signal transduction; invasive
urothelial carcinoma, some of these molecules can be
modulated epigenetic (pretranscriptional) by an aber-
rant hypermethylation of promoter regions of the
genes involved.

Tumor angiogenesis also contributes to neoplastic
growth, ensuring a constant supply of oxygen, nutri-
ents and growth factors for the tumor cells. Under-
standing the interactions between molecular pathways
involved in the progression of urothelial carcinoma will
allow the identification of key molecules that can be tar-
geted therapeutically by tumor -specific molecular pro-
file, may be achieved in this way an individualisation of
treatment, in fact, at this time the therapeutic modali-
ties in bladder cancer primary aim the establishment of
clinical trials focused on critical molecular alterations
important in biological and prognosis. [2]

Classes of genes involved in cancer development
There are four categories of genes:

q Oncogenes are mutated versions of a class of nor-

mal genes called proto-oncogenes. Activation of
these genes is the result of the gain of function
mutations. Oncogenes have the dominant effect
on the cellular level, as such, a single mutant acti-
vated allele is enough to change the phenotype of
cells.

q Tumor suppressor genes are genes that block the
development of malignant neoplasia through reg-
ulation of cellular growth and proliferation. Loss of
function mutations in these genes lead to uncon-
trolled cell proliferation and ineffective apoptosis.
Tumor-suppressor genes occur on a cellular level as
recessive genes, to convert the phenotype is neces-
sary the loss or mutation of both alleles.

q Stability genes include genes involved in repairing
DNA lesions that occur during in normal DNA repli-
cation or induced mutations by exposure to muta-
gens and then bet on genome stability. Mutations
in these genes leads to overall increase in the fre-
quency of mutations, including those of the onco-
genes and tumor suppressor genes. Similar to
tumor suppressor genes, stability genes are reces-
sive, to produce a physiological effect inactivation
of both alleles is required.

q MicroRNA genes, in contrast to other types of
genes involved in cancer, do not encode proteins
but single-stranded RNA molecules of 21-23 nu-
cleotides in length. MicroRNA’s are involved in
post-transcriptional regulation of gene expression,
acting either by blocking translation ARNmesager
in protein or by its degradation. Functional, micro-
RNA genes could be also tumor suppressor genes,
if their target are some specific oncogenes, as well
as oncogenes if inhibits the expression of tumor
suppressor genes.
Whether a cancer arises spontaneously from a sin-

gle individual or occurs to many people in a family, as
a hereditary - cancer is considered a genetic disease
because the initiation and development of tumors in-
volve the production of multiple mutations, in differ-
ent genes that control cell proliferation, DNA repairing,
mitotic cycle and cell death.[1]
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