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Abstract

Upper Tract Urothelial Carcinoma (UTUC) is an uncommon disease which occurs more frequently
in some regions of Balkan countries than in other areas in the world. Investigation of UTUC in the
South Morava River basin and its tributaries where BEN is endemic revealed increased frequency
not only of tumour of the renal pelvis and ureter but also of urinary bladder tumours. A comparative
morphological and immunohistochemical study of UTUC in the BEN region and control rural and
city populations free of BEN, identify growth pattern as the best morphological characteristic which
differentiated BEN and control tumours, i.e. solid growth for BEN tumours and papillary for control
tumours. Overexpression of tumour suppressor p53 as well as decreased expression of E-CD was
detected in BEN tumours. Other cells cycle related molecular markers — Cyclin D1, p16, and HER-2
showed no difference in expression between groups, as well as the proliferative marker Ki-67.
Investigation of apoptosis-related markers identifies Bax as a specific marker of BEN-associated
UTUC. Decrease of the pro-apoptotic protein Bax together with alteration of Survivin may be
indicative of specific disturbances of an intrinsic apoptotic pathway in UTUC arising in endemic
areas.

Key words: Balkan Endemic Nephropathy, Upper tract urothelial carcinoma, E-cadherin, Cells cycle related
markers, Apoptosis.

Introduction
Upper Tract Urothelial Carcinoma (UTUC)

renal pelvis and ureter but also of urinary blad-
der tumours. One of the major characteristics

is an uncommon disease, presenting only 5 to
6% of all epithelial tumours of the urinary tract
[1, 2]. In some regions of the world and in
patients with certain tubulointerstitial nephritis,
the incidence of urothelial neoplasms of the
renal pelvis and ureter is quite high [3, 4].
These tumours were 57 and 61.8 times more
frequent in endemic settlements than in control
rural and city populations free of Balkan ende-
mic nephropathy (BEN) [5]. Investigation of
UTUC in the South Morava River basin and its
tributaries where BEN is endemic revealed in-
creased frequency not only of tumours of the

of the UTUC from BEN regions and in anal-
gesic abusers is a slow growth of tumour mass
[6, 7]. Factors such as age, tumour stage, grade,
tumour location, lymph node involvement,
lymphovascular invasion (LVI), and necrosis
have been reported in the literature to be asso-
ciated with prognosis of patients with UTUC
[1,2,8,9].

Today, after a broad micromorphological
and immunohistochemical study of cells cycle
related molecular markers, apoptosis and cell
adhesion molecule in BEN-associated UTUC
and control UTUC - free of BEN, we are in a
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much better position to understand the mole-
cular biology of this enigmatic disease.

Balkan Endemic Nephropathy

Balkan endemic nephropathy (BEN) is an
interesting renal disease, because of its unique
clinical, epidemiological and morphological
characteristics [10—12]. BEN is a bilateral chro-
nic slow progressive tubulointerstitial disease
with a long evolution to terminal renal failure.
In the fifties it was described as a disease of the
population in the alluvial plains of South East
Europe, BEN encountered in a high rate among
the population of settlements along the tribu-
taries of the River Danube in Serbia, Bosnia,
Croatia, Bulgaria and Romania [10, 11].

The aetiology of the disease is still unk-
nown. Although the importance of inheritance
was suggested, the effect of environmental fac-
tors and the presence of disorders of the im-
mune system are strongly supported. Environ-
mental factors, which included toxicants, such
as herbs containing aristolochic acid (AA), my-
cotoxins and organic compounds leached from
coal deposits, have an influence in the pathoge-
nesis of BEN [10, 13—17]. Also, epidemiologi-
cal and pedigree analysis showed that genetic
factors are important in BEN, but genetic factors
interplay with the environmental factors [10].

Gross autopsy examination of BEN pa-
tients deceased due to end-stage renal failure
has revealed shrunken smooth-surface kidneys.
The kidneys are bilaterally and symmetrically
involved with severe superficial cortex atrophy
and sclerosis. They are usually very small and
weigh between 20 and 60 gr. Light microscopic
findings in those kidneys show enormous inte-
rstitial fibrosis predominantly localized in the
cortex and associated with huge tubular at-
rophy. Absence of interstitial inflammation is a
characteristic morphologic feature of BEN.
Glomerular sclerosis and hyalinization may be
found in subcapsular areas, where the morpho-
logical changes are the most severe [10—12].

Renal biopsy examination in the early
stage of the disease has predominantly shown
changes to proximal tubules. Focal tubular
atrophy has been accompanied by interstitial
edema and fibrosis. In cases with less intensive
involvement, scattered areas of interstitial fib-
rosis are usually observed in the superficial

cortex [10]. Vascular changes in the kidney, in
the early stages of BEN, included high expres-
sion of laminin in the interstitial capillaries. In
advanced stages kidneys showed severe arterio-
lar hyalinosis, intimal and medial fibrous hy-
perplasia of inter-lobular arteries and thickened
peritubular capillary basement membranes [7,
10]. However, classical morphological pictures
of ischaemic lesions due to vascular changes
are different and at the final stage there is fine
granular nephrosclerosis in contrast to smooth
shrunken kidneys in the case of BEN [12].

Renal interstitial fibrosis is the main
morphological feature of BEN and at the same
time the major cause of chronic renal failure in
those patients. Renal interstitial fibrosis is an
abnormal process associated with the deposi-
tion of huge amounts of the extracellular mat-
rix, which has a complex structure composed
of different connective tissue elements such as
collagen types I to VII, laminin, fibronectin, te-
nascein, elastin, proteoglycans, etc. The archi-
tectural structure of the tubulointerstitium in
healthy and nonfibrotic kidneys is based on the
balance between different parts of the renal
components: interstitial cells, the extracellular
matrix, tubular and endothelial cells. Whenever
any of these components are altered, the others
are also involved in the disease process. Renal
interstitial fibrosis will develop only when an
imbalance between these components appears,
and it seems that each of them could actively
participate in triggering and developing fibro-
sis. In addition to fibroblast, myofibroblast
could also be involved in developing renal in-
terstitial fibrosis. It seems that these cells are
more fibrogenic than fibroblasts. Renal intersti-
tial myofibroblasts derive from the differentia-
tion of fibroblasts or migration from perivascu-
lar smooth muscle cells. Also, tubular epithelial
cells are able to transdifferentiate into myofi-
broblasts and therefore could be responsible for
inducing interstitial fibrosis [12].

Lipkovski et al. have evaluated the inci-
dence of BEN from the morphological point of
view for the last decade. Therefore they analy-
zed material obtained from autopsies, kidney
biopsies and nephrectomy due to UTUC from
the patients, who were divided into two groups:
those with permanent residence in BEN areas
and those from nonendemic areas. The inci-
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dence of UTUC over the last five years in BEN
regions has significantly decreased, whereas at
the same time in non-BEN regions it has remai-
ned on the same level. There was no morpholo-
gical difference of the renal tissue adjacent to
tumours between patients from BEN and non-
BEN regions [18].

The Histology of Upper Tract

Urothelial Carcinoma (UTUC)

Upper Tract Urothelial Carcinoma (UTUC)
is an uncommon disease, presenting only 5 to
6% of all epithelial tumours of the urinary tract
[1, 2, 19]. Conventional urothelial carcinoma
accounts for most carcinomas of the urinary
tract lining. More than 95% of urothelial carci-
nomas are derived from the urothelium and
correspond to UTUCs or bladder tumours. Ot-
her histological subtypes include squamous cell
carcinomas of the upper urinary tract (< 10%)
and adenocarcinomas (< 1%) [20, 21]. Neoplas-
tic urothelium has the capacity to demonstrate
enormous plasticity. In addition, urothelial car-
cinoma has a propensity to demonstrate diver-
gent differentiation with glandular, squamous,
small cell neuroendocrine, lymphoepithelioma-
like, sarcomatoid or other elements [22].

The classification and morphology of
UTUCs are similar to those of bladder carci-
nomas. All variants of urothelial tumours des-
cribed in the bladder can also be observed in
the upper urinary tract. Thus the 2004 WHO
classification now takes histological data into
account to distinguish among three groups of
non-invasive tumours: papillary urothelial neo-
plasia of low malignant potential; low-grade
carcinomas; and high-grade carcinomas (Figs. 1
and 2). There are almost no tumours of low ma-
lignant potential in the upper urinary tract [21].

Also, some high-grade and high stage
UTUC may additionally show aberrant diffe-
rentiation, such as squamous or glandular diffe-
rentiation, which is a result of metaplastic
change (Fig. 3) [20, 23, 24].

Many factors, clinical and morphologi-
cal, have been reported in the literature to be
associated with prognosis of patients with
UTUC [1, 8, 19, 25-28]. UTUCs that invade
the muscle wall usually have a very poor prog-
nosis. The 5-year specific survival is < 50% for
pT2/pT3 and < 10% for pT4 (Fig. 3) [21].

Figure 1 — Papillary low-grade upper tract urothelial
carcinoma

e el ari”

Figure 2 — Solid high-grade upper tract urothelial
carcinoma

Figure 3 — Squamous divergent diferentiation
in high-grade and high-stage upper tract
urothelial carcinoma

According to the most recent classifica-
tions, the primary recognized prognostic fac-
tors are tumour stage and grade. Extranodal ex-
tension appears to be a powerful predictor of
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clinical outcomes in patients with UTUCs and
positive lymph node metastases. According to
the most recent findings, the initial location of
the tumour within the upper urinary tract (e.g.
ureter vs. renal pelvis) is a prognostic factor.
There is a prognostic impact of tumour location
when adjusted for tumour stage: ureteral and
multifocal tumours have a worse prognosis
than renal pelvic tumours. Lymphovascular in-
vasion is present in approximately 20% of
UTUC:s and is an independent predictor of sur-
vival. Lymphovascular invasion status should
be systematically included and specifically re-
ported in the pathological report of all speci-
mens. Extensive tumour necrosis is an indepen-
dent predictor of clinical outcomes and it can
be defined as > 10% of the tumour area (Fig. 4).
The tumour architecture (e.g., papillary vs. ses-
sile) of UTUCs appears to be associated with
the prognosis. A sessile growth pattern is asso-
ciated with the worst outcomes [21, 25, 28].

Figure 4 — Microscopic necrosis in high-grade upper
tract urothelial carcinoma

BEN-associated Upper Tract

Urothelial Carcinoma (UTUC)

In some regions of the world, and in
patients with certain tubulointerstitial nephritis,
the incidence of urothelial neoplasms of the
renal pelvis and ureter is quite high [10]. These
tumours were 57 and 61.8 times more frequent
in endemic settlements than in control rural and
city populations free of BEN [6]. Investigation
of UTUC in the South Morava River basin and
its tributaries where BEN is endemic, revealed
increased frequency not only of tumours of the
renal pelvis and ureter but also of urinary blad-
der tumours [6, 10]. Carcinomas may occur

alone or in combination with BEN. Some aut-
hors suggest that the same factor has some in-
fluence in the development of the tubulointer-
stitial disease and UTUC [17, 29].

One of the major characteristics of the
UTUC from BEN regions and in analgesic abu-
sers is a slow growth of tumour mass, i.e.
UTUC from BEN regions were found less ma-
lignant than those outside these regions in
former Yugoslavia, comparing tumour grade
and stage [29].

The comparative morphological study of
UTUC between patients from endemic and
non-endemic areas showed that UTUC in the
BEN region present as tumours with high his-
tological grade (62.5%), a trabecular and infil-
trative pattern of invasion (59.4%) and a high
stage (57.5%). These characteristics are indica-
tive of the agressiveness of BEN tumours. Con-
trol tumours were of predominantly low grade
(60.4%), nodular pattern of invasion (71.1%),
and low stage (58.3%). However, this study did
not find any significant difference in the patho-
logical stage of BEN and control tumours. Dis-
criminant analysis of BEN and control tumours
indicated that among many morphological cha-
racteristics, the most important variable which
discriminates them is growth pattern. Solid
growth is characteristic of BEN tumours, while
papillary growth is the best characteristic of
control tumours [30].

A fifty-year retrospective study of 477
cases with pathologically confirmed UTUC in
the region of the South Morava River in Serbia,
in two periods (first 1969 to 1988, second
1989-1998), showed that in the first period
UTUC had a 57.1-fold increased incidence in
endemic over nonendemic areas, but in the se-
cond period there was only a 11.2-fold incre-
ase. UTUC from endemic settlements was of a
lower grade in the period from1957 to 1986,
but in the period from1987 to 2006 they were
predominantly high grade. Low tumour stage
(pTa-pT1) predominated in transitional cell
carcinoma from the endemic and adjacent but
not the control settlements in the period from
1957 to 1986. However, in the last 20 years,
UTUC stage increased, the highest in the pe-
riod from 1997 to 2006 in all settlements stu-
died. The authors concluded that an increased
number of UTUC in endemic settlements was
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observed, markedly decreasing in the last de-
cade [31].

Molecular Markers in Upper Tract

Urothelial Carcinoma

Several research groups are working on
UTUC characteristics and carcinogenesis path-
ways. Several studies have investigated the
prognostic impact of various tissue-based mar-
kers that are related to cellular processes such
as cell adhesion (E-cadherin), angiogenesis
(hypoxia-inducible factor-1a and metalloprote-
inases), cell proliferation (Ki67), apoptosis
(Bcl-2 and survivin) and other molecular mar-
kers. However, because of the rarity of the di-
sease, the main limitations shared by these stu-
dies are their retrospective nature and their
small sample size [21, 32].

E-cadherin (E-CD) is one of the most fre-
quently examined molecules, which has a car-
dinal role in cell adhesion. The integrity of the
cell adhesion mechanism is crucial for tissue
architecture maintenance. Loss of E-CD ex-
pression leads to a dissociation of cells from
cohesive tissues and correlates with dedifferen-
tiation and invasiveness in a variety of solid tu-
mours. Many studies have verified the associa-
tion between the loss of E-CD expression and
the ability of many tumours, urothelial carci-
noma included, to be metastatic or invasive
[32-34].

Our comparative study of E-CD expres-
sion in 85 patients with UTUC from BEN and
control regions (rural and city populations free
of BEN) more often showed decreased E-CD
expression in BEN tumours than in control tu-
mours (Fig. 5). BEN low grade and low stage
tumors have a more important reduction of E-CD
expression than control tumours. Advanced
tumours showed abnormal E-CD immunorea-
ctivity in 53%, while no difference was found
between high grade and high stage tumours in
both groups. Decreased expression of E-CD in
BEN tumours was linked with the growth of
the tumour, while expression of E-CD in con-
trol tumours is associated with the tumour
grade [35].

Most urothelial cells are not dividing un-
der physiological conditions. Many proteins act
during the process of the DNA replication, but
also in cell grown regulation. Defects in the

regulation of the DNA replication can lead to
cancer. Activated cell proliferation may pro-
duce the loss of cell cycle arrest due to enco-
ding of cellular regulatory genes or deactiva-
tion of tumour-suppressor genes [36—38].

Figure 5 — Focal membranous and cytoplasm
immunostaining of E-cadherin in BEN upper tract
urothelial carcinoma

Deregulation of the normal cell cycle is
common in UTUC. A comparative study of cell
cycle related markers in BEN and control
UTUC showed relationships between conven-
tional pathological parameters and immunohi-
stochemical staining of p53, pl6, cyclin DI,
HER-2 and Ki-67 in BEN and control UTUC.
In regression analysis, between investigated
cells related molecular markers, only tumour
suppressor p53 was identified as a specific in-
dicator of the UTUC arising in patients with
BEN (Fig. 6). BEN UTUC has a significantly
higher p53 labelling index and alteration of p53
(more than 10% of the tumour cell nuclei) than
control tumours. On the other hand, prolifera-
tive marker Ki-67 correlated with the morpho-
logical characteristics of UTUC in the best
way, but not with the group (Fig. 7) [39].

Some authors have suggested that accu-
mulation of p53 protein in 10% or more of the
tumour cell nuclei strongly correlates with mu-
tations in the p53 gene [40]. Our investigation
showed that 42% of BEN tumours and 20% of
control tumours had an alteration of nuclear
pS53 immunoreactivity, with a statistically sig-
nificant difference. Krasteva et al. [41] scre-
ened 90 Bulgarian BEN patients for p53 gene
mutations and found that tumour-suppressor
gene mutations were present in BEN patients.
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Figure 6 — Immunostalnlng of p53 in BEN-associated
high grade urothelial carcinoma, with strong nuclear
p53 activity

Figure 7 — Ki-67 nuclear reactivity in high grade upper
tract urothelial carcinoma

The results obtained support their hypo-
thesis that p53 gene alterations are possibly
involved in BEN genetic pathways. Also,
Grollman et al. [42] demonstrated AA adducts
associated with p53 mutation in UTUC from a
BEN region in Croatia. In AA nephropathy
(AAN) there is an increased incidence of
UTUC. Rodent models of AAN may be used to
study biotransformation of AA and repair of
AL-DNA adducts and, importantly, to validate
the use of AL-DNA adducts as biomarkers of
disease. The murine model will be particularly
useful for determining genetic susceptibility to
AAN and, by implication, to BEN [11].

Investigation of apoptotic related markers
(Survivin, Bcl-2, Bax, Fas and Caspase 3) in
UTUC associated with BEN detected less fre-
quent alteration of pro-apoptotic protein Bax in
UTUC arising in endemic regions than in
control tumours. However, the difference in
cleaved Caspase 3 activity, effective apoptosis,

between the investigated groups was not sta-
tistically significant. On the other hand, altered
expression of Survivin was more often in BEN
UTUC with high grade and solid growth than
in control tumours (Fig. 8). Our findings sug-
gest that decreased pro-apoptotic activity of
Bax together with higher Survivin expression
may indicate specific disturbances of the intrin-
sic apoptotic pathway in UTUC arising in ende-
mic areas [43].

Immunostaining of Survivin
in BEN-associated upper tract urothelial carcinoma
with solid growth

Figure 8 —

Conclusion

Investigation of UTUC in the South Mo-
rava River basin and its tributaries where BEN
is endemic revealed growth pattern as the best
morphological characteristic which differenttia-
ted BEN and control tumours; over expression
of tumour-suppressor p53 as well as decreased
expression of E-CD in BEN tumour. Investiga-
tion of apoptosis-related markers identifies Bax
as a specific marker of BEN-associated UTUC.
Decrease of pro-apoptotic protein Bax together
with alteration of Survivin may be indicative of
specific disturbances of the intrinsic apoptotic
pathway in UTUC arising in endemic areas.
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Pe3zume

EHIEMCKATA HE®POITATHJA

U KAPHUHOM HA TOPHHUOT
YPOTEJINYM - HOBU CO3HAHUNJA
OJ MOJIEKYJIAPHATA BUOJIOTHJA

Jby6unka JankoBuk Beanukosui',
3ana I[OJIPI'{aHl/lHZ, Baaaucas CTe(])aHomzn'c3

' MncturyT 3a natonoruja, Meauuuuckn daxynrer,
Yuusepsurer Bo Humi, Hum, Cpouja

: Hpxasen ynusepzurer Bo Hosm Ilazap, Hosu
[Mazap, CpbOuja

* Opien 3a KIMHUYKY MCTPaKyBarba, MeIMIHHCKI
¢axynrer, YHusep3urer Bo Hum, Hum, Cpbuja

Kapuuaomot Ha ropauot yporenuym (UTUC)
€ HeBooOM4JaeHa 0OJIeCT Koja ce jaByBa IOYeCTO BO
HEKOW PETMOHU Ha OaJKaHCKUTE 3eMjU OTKOJKY BO
Opyrd o0jacTd BO CBETOT. MCHHUTyBameTo Ha
UTUC Bo ciuBoT Ha pekara Jy>xua Mopasa u Hej-
3UHHTE NMpPUTOKH, Kajge mTo BEH e ennemuuna co
srojeMeHa (pEeKBEeHIMja HE caMO Ha TYyMOp Ha
OyOpexHaTa Kapiuila U ypeTepoT, HO, UCTO TaKa, U
Ha TyMOpHUTe Ha MO4HHOT Meyp. KommapatusHa,
MOp}OJIONIKAa U MMYyHOXHCTOXEMHCKA CTyAMja Ha
UTUC Bo perunonotr Ha BEH u xoHTpona Ha cen-
CKOTO M Ha IpaJICKOTO HaceneHue mTo Hema bEH
ro HASHTU(UKYBaaT MOJENOT Ha pacT Kako Haj-
no0pa MopdoIonka KapaKTepHCTHKA Koja ja ande-
penuupa BEH u KoHTponmHUTE TyMOpH, OJHOCHO
COoNMJIEH pacT 3a Tymopure Ha bBEH u manunapesn 3a
KOHTPOJIHUTE TyMopH. [Iperojemara ekcripecuja Ha
TyMOp CYIpecopoT pS3, Kako W HaMajleHaTa eKc-
npecuja Ha E-CD Oea oTkpueHH Kaj TYMOpHUTE Ha
BEH. [Ipyru monexyiaapHH MapKepH MOBpP3aHHU CO
nuKIycoT Ha kierkara — Huknun D1, p16, u HER-
2 He NOKakaa HUKaKBa pa3jiMKa BO €KcIIpecujara
Merly TpyIHTe, KaKo H MpoM(pepaTHBHAOT MapKep
Ki-67. VUcnuryBameTo Ha MapKepuTe MOBP3aHHU CO
aronro3a ro uaeHTH(UKyBa Bax kako cnerudrieHn
mapkep Ha UTUC mnoBp3an co BEH. Hamanysa-
BETO Ha [IPOaronTU4YHUOT NpoTeuH Bax 3aemqHo co
anrepamnujara Ha Survivin Moxke J1a Ouze rnoxasaren
3a crneuuUYHM HapyllyBalka Ha BHATPELIHHOT
anonrornyed nat Bo UTUC 1wro ce jaByBa BO €H-
JIEMCKHTE 00JIacTH.

Kiyunun 360poBu: OankaHCKa eHAEMCKa HedporaTja,
KapIMHOM Ha TOPHHOT ypoTenujajieH Tpakt, E-cadherin,
MapKepH MOBP3aHH CO IUKITYCOT Ha KJIETKATa, arlonTo3a.



