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Summary. Upper urothelial tract cancer (UUTC) is an uncommon disease presenting only 5 to 6% of all urothelial
tumors. In families affected with Balkan endemic nephropathy the incidence is 100 times greater. The most common
symptom of UUTC is hematuria (75%) and flank pain (30%). Excretory urography is still the first choice examination
in the exploration of hematuria. Urinary cytology testing has a high specificity (over 90%) but low sensitivity (below
50%). Flexible or rigid ureteroscopy enables taking biopsies and confirms the diagnosis with a sensitivity over 80%
but with a low specificity of about 60%. This diagnostic procedure does not permit an early diagnosis, and could miss
UUTC. However, the better understanding of the molecular mechanisms involved in carcinogenesis and tumor
progression has provided a large number of molecular markers of UUTC, with a potential diagnostic and prognostic
value. The characterization of the molecular features of urothelial carcinomas is still ongoing. The goal is to relate
the tumor genotype to am individual's phenotype and to discover a specific diagnostic marker associated to the
tumor's molecular biology. If an at-risk genetic profile could be established, it might be possible to predict, even
prevent urothelial carcinomas in some patients. Further investigations are needed in order to find the best marker for
early detection of UUTC. The ideal UUTC test is still unavailable, but the eventual "gold standard" will consist of
multiple assays that analyze nucleic acids and proteins for detection. In addition, these tests would also reveal to the

clinician both prognostic information and therapeutic targets for personalized medical treatment.
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Introduction

Transitional cell carcinoma of the upper urinary tract
is an uncommon disease presenting only 5 to 6% of all
urothelial tumors. Upper urothelial tract cancer (UUTC)
rarely occurs before the age of 40, having the peak inci-
dence in the fifties. UUTC are three times more preva-
lent in men than in women. In families affected with
Balkan endemic nephropathy the incidence is 100 times
higher (1).

Various histopathological and clinical parameters
are known to have prognostic significance in UUTC.
These parameters include tumor stage, histological
grade, multicentricity, tumor growth pattern (papillary
vs. solid), carcinoma in situ of the adjacent urothelium,
and tumor cell proliferation. The current treatment is
based on the pathological staging of the tumors. While
histopathological criteria can provide important mor-
phological information about tumors, they are not reli-
able to specify the risk for progression or response to
treatment for a patient with UUTC.

The most common symptom of UUTC is hematuria
(75%) and flank pain (30%). Excretory urography is
still the first choice examination in the exploration of

hematuria. Ultrasonography is helpful in distinguishing
between UUTC and calculosis. CT scan may be useful
in diagnosing and in staging renal parenchymal tumors,
but it is difficult to diagnose small volume tumors of the
renal pelvis and urether. Urinary cytology testing has a
high specificity (over 90%) but low sensitivity (below
50%). Flexible or rigid ureteroscopy enables taking bi-
opsies and confirms the diagnosis with a sensitivity over
80% but with a low specificity of about 60%. Cysto-
scopy is used to examine patients with painless hema-
turia or irritative voiding, symptoms that are often re-
lated to urinary tract infection or benign prostatic hy-
perplasia. Cytological examination of urine is specific
and noninvasive, comparing to cystoscopy. It has good
sensitivity for detection of high-grade bladder cancers,
but poor sensitivity for low-grade cancers (1, 8, 9). This
diagnostic procedure does not permit an early diagnosis,
and could miss UUTC.

There are several diagnostic tests for bladder carci-
noma (used also in UUTC), which detect the presence
of specific tumor product in urine samples, such as the
original bladder tumor antigen (BTA) test, immunoCiyt,
the detection of nuclear matrix protein 22, Vascular
endothelial growth factor test, Telomerase test, Hyalu-
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ronic acid test, detections of the specific cytokeratins
18, 19, and 20, LCA4, Lewis X, CD44 and mucin 7 de-
tection (5).

The initiation of DNA replication represents a po-
tentially attractive target for diagnostic analysis. Pro-
teins of the minichromosome maintenance (Mcm) fam-
ily (Mcm2, Mcm3, Mcm4, Mcm5, Mcm6, and Mcm7)
play a regulatory role in the initiation of DNA replica-
tion. These findings were used for detection of cervical
cancer. MCM proteins distinguish proliferating and
non-proliferating cells and their expression is a more
sensitive marker of epithelial carcinogenesis than ex-
pression of conventional proliferation markers. The
McmS5 test was significantly more sensitive than urine
cytology, 73% versus 48%. The fraction of Mcm5-ex-
pressing cells in urothelial carcinoma is associated with
the pathological grade of transitional cell carcinoma,
78% for poorly differentiated G3 tumors, 70% for mod-
erately differentiated G2 tumors, and 45% for well dif-
ferentiated G1 tumors (2).

Urine analysis
as noninvasive diagnostic procedure

The limited value of the established markers demands
analysis of new molecular parameters having the
potential to be used for an early diagnosis and in pre-
ventien of UUTC. Since urine contains various metabo-
lites, but also washes out urothelial cells and its protein
products throughout urinary tract, a concept of analyzing
urine in order to detect diseases, has been developed (12).

In the early stages of carcinogenesis, most of the ab-
errant cells have no apparent growth advantage, but
some genetic or epigenetic defects may be present in
multiple clones of cells. Therefore, it would be useful to
define these changes existing at the early stage, making
it possible to prevent the disease progression. Tumori-
genesis is a multistep process that results from the ac-
cumulation and interplay of genetic mutations and epi-
genetic changes (12).

Genetic modifications

Due to complex interactions and genomic instability
of the cancer cells it is challenging to identify changes
found in UUTC that are fundamental to the malignant
process. Such new parameters may be derived from our
increasing knowledge on the molecular alterations in
these tumors. The complex regulation of the protein ex-
pression at gene, transcriptional, translational and post-
translational levels makes the finding of highly specific
biomarkers for a particular disease, an extremely hard
task. Genetic analyses of UUTC tumors will prove that
hereditary background could help in facing the daunting
task of searching through the large number of indentified
genetic variants associated with malignant transforma-
tion, to identify the few among them that are involved in
the etiology, providing us with valuable biomarkers. Be-
cause of the similarities between UUTC and bladder tran-
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sitional cell carcinoma (TCC) with regard to etiology,
histology, and natural disease history, one would assume
that the tumorigenic mechanisms, including the karyo-
typic profile, are more or less identical.

Multifocal occurrence and frequent recurrence are
characteristic for urothelial carcinomas of the urinary
bladder and the upper urinary tract. The majority of
studies revealed a monoclonal origin of the multiple
tumors. Oligoclonal tumors might be more common in
precursor lesions and early tumor stages. The frequent
monoclonality found in patients with advanced tumors
could be due to outgrowth of 1 tumor cell clone with
specific genetic alterations. Superficial papillary tumors
have been shown to be relatively genetically stable and
the alterations found suggest that in all cases, multifocal
tumors share a common origin (24).

Hypermethylation at 11 CpG islands in upper uri-
nary tract transitional cell carcinomas (UTTC) and
lower tract urothelial carcinomas was reported. Despite
morphological similarities between these cancers, a
more extensive promoter hypermethylation was found
in UTTC (96%) than UCs (76%). Methylation of any
one of DAPK, RARB, E-cadherin, pl6 could be de-
tected in 90.9% of the urine samples, whereas urine
cytology was able to detect cancer cells in only 45.5%
of the samples. The negative side of this method is that
methylation could only be detected in those patients
whose tumor tissue also showed gene methylation. No
methylated copies of E-cadherin, DAPK, or pl6 were
detected in normal urine (100% specificity) (11).

Microsatellites are highly polymorphic short tandem
DNA repeats found throughout the human genome. Two
types can be present in many cancers. One is loss of
heterozygosity (LOH), which can be detected in exfoli-
ated cancer cells in urine, as well as bladder tumor tis-
sues. The other is a somatic alteration of the microsatel-
lite repeat in cancer cells, which can be detected as mi-
crosatellite instability (MIS). They can be used as mark-
ers of neoplasia and are known as 'microsatellite altera-
tions'. Micronuclei can be detected in exfoliated cells of
the buccal mucosa, urinary bladder, cervix or bronchi
and seem to reflect chromatid and chromosome aberra-
tions which occurred in the proliferating basal layers.
The MN assay has been a preliminary indicator for pre-
cancerous lesions (3). The sensitivity and specificity for
UUTC isn't yet explored.

Numerous chromosomal deletions have been de-
tected in bladder cancer. Genomic studies have shown
that the most frequently deleted chromosomal regions in
bladder cancer are 2q, 4q, 59, 6q, 8p, 9p, 9q, 11p, 11q
and 13q, and the most frequently over-represented are
1q, 3p, 5p, 6p, 8q, 17q, and 20q. Some of the regions
contain tumor suppressor genes and oncogenes, already
known to be involved in bladder cancer development.
Those are erbB-2, EGFR, c-myc, HRAS, p53, RB-
1,CdkN2 (25, 10). Except for deletions in chromosome
9, these deletions are found in high grade, high stage
bladder cancer.

Homozygous deletion and loss of heterozygosity in
3p21.3 genes including transcriptional silencing by
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promoter hypermethylation, altered mRNA splicing and
aberrant transcripts, lost or defect protein translation and
post-translational modifications, is found in most human
cancers. Inactivation of 3p21.3 genes in tumors affects
cell proliferation, cell cycle kinetics, signaling trans-
duction, ion exchange and transportation, apoptosis.
Deletions on chromosome 3p are associated with inva-
sive tumors. Two genomic regions have been identified
that are most frequently deleted, 3p12-14 and 3p21-23.
Chromosomal translocation from 3pl4.2 to chromo-
some 8q24 was suggested to affect a tumor suppressor
gene. In bladder cancer, reduced expression of gene
Fragile Histidine Triad (FHIT) has been correlated with
promoter hypermethylation (6). There is a suggestion
that these findings can be applied in UUTC detection.

Deletions of the short arm of 8 chromosome are cor-
related with cancer progression, tumor grade, stage and
invasiveness. There are four known putative tumor sup-
pressor genes in this region, LZTS1 (leucine zipper pu-
tative tumor suppressor 1), DBC2 (deleted in breast
cancer 2), DLC1 (deleted in liver cancer 1) and FGL1
(fibrinogen-like 1), but they haven't been further inves-
tigated in UUTC (18).

Chromosome 13 harbors the Retinoblastoma tumor
suppressor at 13ql4. Alterations of p53 and Rb are
found in the same tumors. Deletions of 17p have been
identified in almost every cancer studied. The most
prominent tumor suppressor is p53. Together with Rb,
p53 plays a role in DNA damage, apoptosis and cell
cycle to redox regulation and ageing (18).

Mutations of p53 are the most common genetic de-
fects in human tumors, including bladder cancer. Nu-
clear accumulation of p53 detected by immunohisto-
chemical staining correlates with increased p53 muta-
tions in DNA sequence analysis. Increased p53 nuclear
reactivity is associated with bladder cancer progression,
increased recurrence, decreased overall survival, de-
creased responsiveness to chemotherapy, higher grade,
and higher stage of urothelial carcinoma (18).

Recently the cell cycle has been shown to be impor-
tant in tumour proliferation and in determining the
prognosis of patients with cancer. Cell-cycle progres-
sion is governed by the sequential formation and degra-
dation of a series of cell-cycle regulating cyclins.
p27Kipl (p27) is a negative cell-cycle regulating gene
that codes a cyclin-dependent kinase inhibitor and is
thought to be an essential part of the transition from the
late G1 phase to the S phase. Low levels of p27 protein
are reported to be a negative prognostic factor in breast,
lung, gastric, colorectal and prostate cancer. Reduced
levels of p27 also correlate with higher stage and short-
ened survival in TCC of the bladder. Kamai et al
showed that there was no significant association be-
tween p27 immunohistochemically staining and grade
or tumour proliferation (Ki-67 index) in TCC of the up-
per urinary tract, whether p27 levels correlate with these
conventional prognostic factors (16).

Superficial papillary urothelial tumours of the blad-
der in young patients had a better prognosis than those
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in the elderly group, showing a lower grade and stage at
diagnosis, and a lower recurrence rate. Proliferative
activity and cyclin D1 expression levels were of prog-
nostic significance for the risk of recurrence in these
patients (19).

Ioachim et al. examined the expression pattern of
cyclins D1 and E, as well as cyclin-dependent kinase
inhibitors p21(Wal/Cipl) and p27(Kip1) and their rela-
tionship to tumour behaviour and patients' prognosis in
urothelial cell carcinomas of urinary bladder. They con-
cluded that the level of the cell cycle regulators studied
does not seem to have a clinical value in terms of pre-
dicting the risk of early recurrence and progression. In
addition, the interrelationship probably means their
contribution to the regulation of cell growth through
different pathways in bladder carcinogenesis (17).

Loss of chromosome 9 has been the only chromo-
some loss at the early tumor stages TO and T1. Loss of
the entire chromosome 9 represents an initial event in
bladder tumor formation. The four discovered deleted
loci on the long arm of chromosome 9 harbor 3 putative
tumor suppressor genes. An investigation of pl5 and
pl6 expression in superficial and invasive bladder can-
cer revealed a significantly lower expression of pl5 in
superficial but not in muscle invasive bladder cancer
suggesting that loss of p15 contributes to the tumor type
but not to progression (10).

Loss of the Y chromosome is common in bladder
tumors of male patients. It has been detected in all
stages in several reports. In contrast, bladder tumors in
females don't show the same incidence of X loss (10).

The contents of these chromosome deletions are
mostly tumor suppressor genes, which cause uncon-
trolled cell grown. Further investigations of UUTC ge-
netic modifications should find consequences of these
deletions in order to understand cancerogenesis proc-
esses.

Bladder cancers are classified into two types ac-
cording to genetic instability: microsatellite instability
(MSI) cancers showing good prognosis and chromoso-
mal instability (CIN) cancers that show highly malig-
nant potential. Defects in mismatch repair genes, in-
cluding hMLH1 and hMSH2, lead to MSI. MSI ac-
counts for 10% to 20% of sporadic colorectal carcino-
mas but the frequency of MSI in bladder cancer isn't
established. CIN results from abnormalities of genes
implicated in mitosis. Centrosome amplification, over
expression of STK15/ BTAK/Aurora-A kinase located
on 20q13, p53 mutation and cyclin E over expression
are linked with CIN (15).

Epigenetic changes

Pre-mRNA splicing is a nuclear process. Intronic
splice site mutations of tumor suppressor genes often
cause exon-skipping events. Affected proteins may in-
clude transcription factors, cell signal transducers, and
components of the extracellular matrix. Mutations can
cause aberrant splicing by making an inappropriate
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creation of cryptic splice site signals. The definition of
alternative splicing is the process whereby identical pre-
mRNA molecules are spliced in different ways, and this
is important in normal development as a means of cre-
ating protein diversity in complex organisms. Many
alternative splicing events have been noted in human
development, especially in the brain and the testes. In
cancer there are examples of every kind of alternative
splicing, which include the use of alternative individual
splice sites, alternative exons and introns. Alternative
splicing in small cell lung cancer involves the mutually
exclusive use of alternative exons, and a mutually ex-
clusive splice of the cytoskeletal protein actinin-4. The
extra exon is a potential clinical marker for this cancer.
Soluble cell signaling adaptor proteins are involved in
the spread of cancer, and several cellular factors in-
volved in the transduction of oncogenic signals are al-
ternatively spliced in specific cancers: medulloblas-
tomas and primitive neuroectodermal tumors, colorectal
cancer, glioblastoma, etc. Transmembrane receptor
proteins are essential for transmitting growth signals
from the extracellular matrix, and several are alterna-
tively spliced in cancer. Specific variants of two G-pro-
tein—coupled receptors have been found in pancreatic
tumors. The growth-inhibitory secretin receptor without
exon 3 has a 36 amino acid deletion, and this was the
predominant form in pancreatic tumors. Several proteins
involved in cell adhesion are alternatively spliced in
cancer. The tumor suppressor and cell adhesion mole-
cule C-CAMI has a short frame-shifted form lacking
exon 7, which encodes its cytoplasmic domain that is
implicated in insulin receptor signaling. The most stud-
ied alternatively spliced gene in cancer is CD44, which
is a transmembrane protein involved in cell-cell adhe-
sion. CD44 has 20 known isoforms due to variable in-
corporation of 10 alternative exons in its proximal ex-
tracellular domain (7).

It was proven that it is difficult to use these genetic
alterations as diagnostic markers of bladder cancer be-
cause of their low sensitivity. But these findings could
be an important source in exploring different options for
early carcinoma detection in upper urothelial tract. In-
vestigation of alternative splicing could lead to discov-
ery of special protein products which could be used in
developing prevention protocols.

The molecular pathways leading to apoptosis are
evolutionarily conserved and controlled by caspases
proteins either promoting or inhibiting the activation of
a cascade of intracellular cysteine proteases. Caspase
activity is inhibited by the inhibitor of apoptosis (IAP)
family. X-linked TAP (XIAP), whose gene is located at
Xq25,9 demonstrates significant inhibition of apoptosis.
Over expression of IAPs protects tumors cells in vitro
from apoptosis induced by different anticancer drugs.
IAPs promote tumor progression in vivo, suggesting
that it might be used as the novel prognostic factors.
Over expression of XIAP was found in bladder cancer.
XIAP might act as a new independent diagnostic and
prognostic marker of non-muscular invasive bladder
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carcinoma, but it could be used for UUPC detection in
early stage (13).

Analysis of apoptosis and p53 status of the UUTC
from Balkan endemic nephropathy regions showed
higher degrees of apoptosis in UUTC with extreme cell
atypia (grade 3). In addition, in endemic regions prolif-
eration does not dramatically increase with UUTC pro-
gression to high grade, UUTC slowly grows in condi-
tions of surrounding ischemia. Authors suggested that
chronic ischemia may facilitate triggering of apoptosis
in a tumor (20).

TEREI, a recently discovered gene/protein appears
to play a role in bladder tumor growth regulation but to
date does not have clear functional correlates. The
TERE1 gene has been localized at chromosome 1p36
and the TERE] transcript is generally expressed in nor-
mal human tissues including urothelium. The TEREI
transcript was under-expressed in muscle invasive TCC
tumors. Normal bladder mucosa and bladder tumor
specimens contain the apoE protein. ApoE is expressed
by normal and malignant urothelium including TCC cell
lines. In the kidney, apoE has been found to regulate
mesangial cell proliferation and may partially regulate
proliferation in the bladder. Recent reports have linked
either apoE transcript or apoE protein over expression in
ovarian and prostate cancer. There is an apparent inter-
action between TERE1 and ApoE. Both proteins control
cellular proliferation and their interaction could enhance
cell cycle arrest. Defined knockouts and functional as-
says may determine if the interaction between TERE1
and ApoE has a role in growth-related signal transduc-
tion pathway in carcinoma cells, and if this interaction
could be used in investigating UUTC (14).

A family of zona pellucida (ZP) domain proteins is
characterized by the presence of a single ZP domain
which was first recognized in three glycoproteins (ZP1,
ZP2 and ZP3). ZP domains were identified in several
other glycoproteins such as TGF-b receptor type III,
uromodulin, the major granule membrane glycoprotein
GP-2 and in more than 100 other proteins. ZP proteins
have been detected in soluble form but they can also
behave as integral membrane receptors. Hensin, a se-
creted ZP protein in rabbit collecting ducts of the kid-
ney, induces a reorganization of the apical membrane
and its associated cytoskeleton leading to columnariza-
tion of intercalated cells. Many ZP proteins that were
characterized in various organisms were shown to be
essential for epithelial morphogenesis. It would be in-
teresting to explore their presence in cancer cell during
cancerogenesis, and potential role in detection of malig-
nancy in upper urinary tract (23).

Cell adhesion is an elementary process in the estab-
lishment of tissue architecture and differentiation. In
neoplasia, in which there is a disruption of this process,
it has been postulated that changes in cell-cell and cell-
matrix interactions show the ability of cancer cells to
transgress normal tissue boundaries and disperse. Com-
plex reductions and increases in adhesion have been
necessary for tumor invasion and metastasis. These
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moleculs, involved in cell adhesion process, have an
important role in cell signaling. Alterations of expres-
sion of the cytoskeletal proteins Gelsolin and E-cad-
herin (E-CD) have been implicated in urothelial carci-
noma tumorigenesis. It is not clear how these altered
expressions associate with tumor progression. CIS and
superficial, noninvasive papillary TCC strongly express
E-CD. Loss of E-CD expression is associated with the
invasive TCC phenotype. Actin remodeling is the result
of activation of oncogenic actin signaling pathways
(e.g., Ras and Src), or inactivation of several important
actin-binding proteins that have tumor suppressor
functions (gelsolin). Actin dynamics are regulated by a
complex interplay of the small GTPase proteins of Ras
superfamily Rac, Rho, and Cdc42 (26).

Screening

Since the incidence of UUTC is very low, screening
the whole population wouldn't have an adequate cost-
benefit ratio. Though, it would be cost-effective
developing a cost-effective protocol for screening in
endemic territories. One of the important goals for
researchers should be finding a urinary biomarker test
that enables early detection of UUTC with high
sensitivity and specificity, and, at the same time, easy to
perform and cheap enough.

Treatment

The first choice for treating UUTC is nephroureter-
ectomy with bladder cuff excision, except in cases of
solitary kidneys, bilateral disease or renal dysfunction
when nephron-sparing surgery is being performed. Five-
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Kratak sadrzaj: Karcinom gornjeg urinarnog trakta (UUTC) je retko oboljenje koje predstavija samo 5 do 6% svih
urotelijalnih tumora. Incidenca tumora je 100 puta veca u porodicama obolelih od Balkanske endemske nefropatije. Najcesci
simptomi UUTC-a su hematurija (75%) i bol u slabinama (30%). Ekskretorna urografija je jos uvek metoda izbora u
ispitivanju hematurije. Urinarna citologija pokazuje visoku specificnost (preko 90%) ali nisku senzitivnost (ispod 50%).
Fleksibilna ili rigidna ureteroskopija omogucava biopsiju i sluzi za potvrdivanje dijagnoze sa senzitivnoséu preko 80% ali
niskom specificnoséu oko 60%. Ove dijagnosticke procedure ne omogucavaju ranu dijagnostiku, i mogu da propuste UUTC.
Medutim, bolje razumevanje molekularnih mehanizama ukljucenih u procese karcinogeneze i razvoja tumora donosi veliki
broj potencijalnih molekularnih markera UUTC-a, sa potencijalnom prognostickom i dijagnostickom vrednoscu. Ispitivanje
molekularnih karakteristika urotelijalnih karcinoma je u toku, sa ciljem da se otkrije veza izmedu genotipa tumora sa
individualnim fenotipom i da se otkrije specifican dijagnosticki marker koji je udruzen sa molekularnom biologijom tumora.
Ako bi se ustanovio genetski profil sa rizikom, bilo bi moguce predvideti ¢ak i spreciti razvoj urotelialnog karcinoma kod
odredenih pacijenata. Dalja isvazivanja su neophodna sa ciljem da se pronade najbolji marker za ranu detekciju UUTC-a.
Idealni UUTC test joS uvek nije dostupan, te eventualni "zlatni standard" bi predstavljao multiple eseje koji analiziraju
nukleinske kiseline i detektuju proteine. Pored toga, ovi testovi bi pruzali klinicarima istovremeno informacije o prognozi i
individualnom terapijskom pristupu.

Kljucne reci: Karcinom gornjeg urinarnog trakta, biomarkeri, dijagnoza, prognoza
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