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Summary. The incidence of upper urothelial carcinomas (UUC) is even more than hundred times higher in the foci of
Balkan endemic nephropathy (BEN), by investigations of our team, and others. Every tenth patient suffers from both
diseases. Etiology is unknown. It would seem that BEN is a tubulointerstitial nephritis associated with urothelial
malignancy. We found that apoptosis plays an important role in the early phase of BEN, similarly as in other toxic
nephropathies. Petronic shows great similarity between Balkan nephropathy and analgesic nephropathy, as well as
between upper urothelial carcinomas associated with both diseases. Based on investigation of grade to stage ratio in 100
tumors from our series of UUC, the upper urothelial carcinomas from BEN areas are characterized by slow growth of
tumor mass in comparison to the same carcinomas outside BEN regions in former Yugoslavia and the evaluated cut-off
point % cErb-B2+ cells for aggressive tumors of grade 3 or stage 2 is slightly greater for the UUC in the general
population. Smaller cell population in proliferation in the UUC from BEN regions than what is detected in the UUC
outside these regions may explain BEN tumor resistance to putative toxic agent effect during tumor progression in grade
2, although the same toxin has probably realized tumor induction. It would seem that the cErb-B2 (a receptor for EGF) is
differently involved in the control of a cell cycle proliferation in urothelial tumor associated with BEN.
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In some rural areas along tributaries of big rivers in has occurred at our Clinic of Urology in Belgrade (1). It
ex Yugoslavia the occurrence of Balkan nephropathy is became clear that these tumors happened more frequently
endemic and common. In the same areas the incidence of inhabitants in the villages with the Balkan endemic
of upper urothelial carcinoma is also very high. Since nephropathy (BEN). In addition, Balkan endemic ne-
1953, a rapid increase of the pelvic and ureteral tumors phropathy patients had more hematuria commonly, which

Table 1. Toxic nephropathies are characterized by apoptosis of tubular epithelial cells in the early phase of the disease evolution,
including Balkan endemic nephropathy

TUBULOINTERSTITIAL NEPHRITIS APOPTOSIS OF RENAL
ASSOCIATED WITH UROTHELIAL MALIGNANCES TUBULAR CELLS
Analgesic nephropathy (AN) Upper urothelial carcinomas 10% /RCC  YES
Analgesic abuse Jensen 1989 (6), McCredie 1993 (7) Rocha and Michea 2001 (8)
Balkan endemic nephropathy (BEN) Upper urothelial carcinomas 10-30% YES
Toxin(s) + genetic predisposition Petkovic (1,2) Petronic 1991, 2000 (3,4) Savin and Petronic 2001 (10)
3925/3926 Toncheva 1991 (9)
Chinese herbs (CHN) Upper urothelial carcinomas 40%
Aristolochia clematis-wheat (BEN areas) Slimming regimen + AA
Cosyns 1994, 1999 (11,12)
Ochratoxin Urothelial carcinomas YES
Food and feed — (BEN areas) Bach 1992 (13) Schwerdt 1999 (14)
Penicillium polonicum Karyomegaly YES
Food spoilage mould (the Balkans) Mantle 1991 (15) Mantle 1998 (16)
TOXIC NEPHROPATHY WITHOUT URINNARY TRACT MALIGNANCY
Cyclosporine associated nephropathy / transplant patients YES

Thomas 1998 (17)
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wasn't characteristic of that disease. The explanation was
that every tenth Balkan endemic nephropathy patient in
the sixties has been also affected with urothelial carci-
noma, mostly of the upper part of the urinary tract (UUC)
(2). The incidence of upper urothelial carcinomas is even
more than hundred times higher in the foci of Balkan
endemic nephropathy, according to investigations of our
team, and others (3,4). Until now, the etiology of Balkan
endemic nephropathy associated with urothelial tumors
has not been elucidated.

Balkan endemic nephropathy
is a tubulointerstitial nephritis associated
with urothelial malignancy

The lesions of tubules and vasculature in BEN develop
from discrete foci of tubular atrophy, vas afferent
hyalinosis and interstitial fibrosis, into vast parenchymal
fibrosis and they result in the smallest kidneys of few cen-
timeters in length (5). There is a body of evidence that
Balkan endemic nephropathy is apparently a toxic ne-
phropathy, like analgesic nephropathy, Chinese herbs ne-
phropathy (induced by nephrotoxin Aristolohia clematis),
or nephropathies in ochratoxicosis and diet of food con-
taminated by spoilage mould Penicillium aurantiogriseum
(polonicum). Even if they all do not represent single en-
tity, the remarkable similarities in the clinical course and
several pathological findings will assign a comparable
pathogenesis. It has been already documented that apopto-
sis takes place in the pathogenesis of BEN and other toxic
nephropathies (8,10,14,16,17), (Table 1).

Our investigation of early phase of BEN explains
how apoptosis (programmed cell death) of tubular cells
and endothelial cells of intertubular capillaries displays
the possibility for long-term repeated noxious action
which would result in renal ischemia (Table 2). Ische-
mia may further facilitate apoptosis (18). Interstitial
inflammatory response in BEN is faint.

Table 2. Vasoconstrictive molecule action and
capillarosclerosis / chronic ischemia seem to
potentiate direct effect of putative nephrotoxin on
tubular cells, in susceptible persons.

nephrotoxin action + genetic predisposition
tubules | direct toxic effects initiate tubular cell apoptosis
small vasoconstriction
vessels | chronic ischemia accelerates apoptosis
Result in tubular atrophy
interstitial fibrosis

All these nephropathies, including BEN, are char-
acterized by very frequent occurrence of urothelial car-
cinomas. It is not a rule, and a number of toxic ne-
phropathies are not related to the renal malignancies,
like cyclosporine nephropathy. Vice versa, in the re-
gions with BEN, several members of a household may
be affected either by one or both diseases, urothelial
carcinoma and BEN. They appeared concomitantly in
range of 10 to 30% of cases (1,2,4). BEN is unlikely to
be the additional lesion to (urothelial) malignancy, but it

is a nephropathy induced by the same toxin(s) which
initiate both carcinomas and/or nephropathy in suscepti-
ble persons. We may presume that the biological fea-
tures of the UUC associated with BEN or with other
toxic nephropathies are very similar. On the contrary, it
is possible that some tumor characteristics are quite
different from those that are usually seen in the same
urothelial carcinomas in the general population or those
generated outside endemic regions. Toncheva et al im-
plicated the 3q chromosome aberration in affected peo-
ple in BEN regions (9).

Similarities of analgesic nephropathy
and endemic nephropathy

Similarities are given in the Table 3.

Slow growth of the upper urothelial
carcinomas from the foci of Balkan
endemic nepropathy

Upper urothelial carcinomas are especially common
malignancies in BEN areas, and they are frequently de-
veloped in the patients with analgesic nephropathy. One
of the major characteristics of the UUC from BEN re-
gions and in analgesic abusers is slow growth of tumor
mass. We conclude upper urothelial tumors from BEN
regions are less malignant than those outside these re-
gions in former Yugoslavia, comparing tumor grade and
stage. The difference in grade to stage ratio for individ-
ual tumors at clinical presentations with respect to en-
demic nephropathy is in favor of delayed tumor growth
in the regions with BEN (n =100, F =5.66, p =0.019).
Tumors in BEN regions may progress into high grade 3
of cell atypia and start to invade the muscle wall of
urothelium. Tumors outside BEN regions may progress
into malignancy grade 2 and invade muscle wall of
urothelium (Figure 1). The former group of tumors have
a better overall survival (8 and 3 years), (19). The pres-
ence of some inhibiting molecules was identified in the
patient's serum from BEN regions (20). We find (ac-
cording to investigation of Dr Savin M.) that cells grow
more slowly in the primary culture of tumor tissue when
tumors were obtained from patients from the settlements
in foci of BEN (not yet published).

Although light microscopy assessment may not re-
veal any pathological peculiarity of those UUC associ-
ated with BEN or analgesic nephropathy, our molecular
investigation confirms slow evolution of the UUC from
the BEN regions. On a series of one hundred upper
urothelial carcinomas from the patients who underwent
surgery at the Clinic of Urology in Belgrade from 1977-
2000, we applied an immunohistochemic analysis of the
receptor of epidermal growth factor expression, cErb-
B2. The evaluated cut-off point % cErb-B2+ cells for
aggressive tumors of high grade / stage 2 is slightly
greater for the UUC in the general population, than that
for the UUC in BEN areas (1% of positive cells, and >0,
respectively), Figure 2. The cErb-B2 positive score
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(overexpression) usually means mutation of the cerb-B2
gene. In addition, those UUC with overexpression of
cErb-B2, coming from regions with BEN, exhibit sig-
nificantly lower increase in proliferation to apoptosis
ratio at clinical presentation. It would seem that cErb-2
is differently involved in the control of a cell cycle
proliferation in tumors associated with BEN, which are
with rare metastases. The cErb-B2 signaling in the UUC
from the BEN regions is a consequence of different
threshold levels of cErb-B2 (homo and hetero) ligation
to EGF receptors, resulting possibly in different
intracellular signal transduction via surface cErb-B2 R.
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Fig. 1. The grade to stage ratio of the upper urothelial
carcinomas from different regions.

It has been recognized the signal specificity and di-
versity of cErbB2 ligation on cell surface resulting in
proliferation in one carcinoma cell line, but inhibition of
proliferation in another cell line from breast carcinoma
with the same amount of cErb-B2 molecules (21). Our
current investigation on a group of 100 UUC has clearly
made known an inclination of the UUC from BEN re-
gions to much more tumor cell apoptosis and lesser cells
in proliferation in tumors with cErb-B2 overexpression,
in comparison to the cErb-B2 negative UUC.

Fig. 2.
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The relation between Index of cErb-B2 and grade (a),
or stage (b) of the upper urothelial carcinomas (UUC)
from the foci of the Balkan endemic nephropathy and
outside these regions in former Yugoslavia. Index of
cErb-B2+ cells is in range 0-; 0 = 0; 1 =0-1%;
2=1-10%; 3 = 10-33%; 4 =33-66%; 5 = 66-100%,
6=100%.
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Table 3. Characteristics of analgesic and Balkan endemic nephropathy

Analgesic nephropathy

Balkan endemic nephropathy

- exposure to the agent should persist for 15-20 years before the
occurrence of the disease

- the disease is manifested between the ages of 40 and 60

- pathohistologically it is characterized by changes in the renal
tubulo-interstitium and papillary necrosis

- it is not sex related, but depends on duration and level of expo-
sure to the noxious agent

- the disease is chronic and progresses to terminal renal failure

- high incidence of upper urothelial carcinoma (renal, pelvis,
ureter). They are much more common than in patients affected
by other renal diseases or individuals with no renal diseases

- urothelial carcinoma in the urinary bladder is somewhat more
common or occurs in the same percentage as in patients with
other renal diseases or no renal diseases

- the ratio of the carcinoma of the upper urothelium and the
same tumors in the urinary bladder is 11 vs. 1, while this ratio in
patients without analgesic nephropathy or endemic nephropathy
is1vs. 15

- carcinoma of the upper urothelium occurring in analgesic ne-
phropathy is frequently accompanied with renal failure, more
commonly than in people without renal diseases or even pa-
tients with other renal diseases, except for analgesic nephropa-
thy and endemic nephropathy

- carcinoma of the upper urothelium occurs in about 8 % of
patients with analgesic nephropathy

- bilateral occurrence of upper urothelial carcinoma in patients
with analgesic nephropathy is recorded in about 5% (simultane-
ous or successive)

- multiple occurrence of upper urothelial carcinoma in patients
with analgesic nephropathy is frequent

- in patients with analgesic nephropathy hyperplasia, dysplasia
and other urothelial atypias are found along with the whole
urothelium. They are located on several different places and
manifested to a different degree

- discontinuation of exposure to the noxious agent after 20 years
does not provide protection from the occurrence of upper uro-
thelial carcinoma

- the agent is mildly cancerogenic for the renal parenchyma and
very carcinogenic for the upper urothelium

- in the terminal stage of renal failure (even in anuria) 44% of
patients with analgesic nephropathy subjected to dialysis (hemo-
or peritoneal) develop urothelial carcinoma as compared to 14%
of those with transplanted kidney (urothelial carcinoma of their
own kidney). These carcinomas on the urothelium do not occur in
patients in the terminal stage of renal failure induced by other
renal diseases, except for endemic nephropathy

- exposure to the agent should persist for 20 years before the
occurrence of the disease

- the disease used to become manifested between the ages of 20
and 40 years, but now it is manifested between the ages 40 and
60

- pathohistologically it is characterized by changes in the renal
tubulo-interstitium

- it is not sex related, but depends on duration and level of ex-
posure to the noxious agent

- the disease is chronic and progresses to terminal renal failure

- high incidence of upper urothelial carcinoma (renal, pelvis,
ureter). They are much more common than in patients affected
by other renal diseases or individuals with no renal diseases

- urothelial carcinoma in the urinary bladder is somewhat more
common or occurs in the same percentage as in patients with
other renal diseases or no renal diseases

- the ratio of the carcinoma of the upper urothelium and the
same tumors in the urinary bladder is 15 vs. 1, while this ratio
in patients without analgesic nephropathy or endemic ne-
phropathy is 1 vs. 17

- carcinoma of the upper urothelium occurring in endemic ne-
phropathy is frequently accompanied with renal failure, more
commonly than in people without renal diseases or even pa-
tients with other renal diseases, except for analgesic ne-
phropathy and endemic nephropathy

- carcinoma of the upper urothelium occurs in about 10 % of
patients with endemic nephropathy

- bilateral occurrence of upper urothelial carcinoma in patients
with endemic nephropathy is recorded in about 10-14% (si-
multaneous or successive)

- multiple occurrence of upper urothelial carcinoma in patients
with analgesic nephropathy is recorded in 1/3 of the cases

- in patients with endemic nephropathy hyperplasia, dysplasia
and other urothelial atypias are found along with the whole
urothelium. They are located on several different places and
manifested to a different degree (even carcinoma in situ)

- discontinuation of exposure to the noxious agent after 15 - 20
years does not provide protection from the occurrence of upper
urothelial carcinoma

- the agent is mildly carcinogenic for the renal parenchyma and
very carcinogenic for the upper urothelium

- in the terminal stage of renal failure (even in anuria) 44% of
patients with endemic nephropathy subjected to dialysis
(hemo- or peritoneal) develop urothelial carcinoma as com-
pared to 14% of those with transplanted kidney (urothelial car-
cinoma of their own kidney). These carcinomas on the urothe-
lium do not occur in patients in the terminal stage of renal fail-
ure induced by other renal diseases, except for analgesic ne-
phropathy

From (ref 4) Petronic V. Tumors of the upper urothelium and endemic nephropathy; in: Radovanovic Z, Sindjic M, Polenakovic
M, Djukanovic Lj, Petronic V (eds): Endemic nephropathy. Office for Textbooks and Teaching Aids, Belgrade, 2000: 350-439.
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Smaller cell population in proliferation in the UUC
from BEN regions than what is detected in the UUC
outside these regions may explain BEN tumor resistance
to putative toxic agent effect during tumor progression
in grade 2, although the same toxin has probably real-
ized tumor induction (22). This could alter tumor
growth. The same option may act in analgesic ne-
phropathy associated with urothelial tumors, by antipy-
retic analgesics taken in large doses over a prolonged
period >20 years. Rocha and Michea (8) explain why
only very high doses of the drugs, taken over a very
long time, lead to chronic renal failure with renal papil-
lary necrosis and late urothelial carcinomas. The thera-
peutic level of acetaminophen and / or salycilate that are
directly toxic to rapidly proliferating cells of the inner
medulla (mIMCD3) in culture might occur in renal me-
dulla in vivo, when excessive amount of drugs are
chronically ingested. Very small population of IMCD3
cells is proliferating and they are particularly vulnerable
to toxic agents. In addition, genotoxic effects of aceta-
minophen that may contribute to the development of
urothelial tumors that accompany analgesic nephropathy
had been earlier described. These are: 1) direct inhibi-
tion of RNA reductase, which reduces cell growth by
stopping DNA replication, 2) the relative number of
cells in S phase increases, with damaged DNA leading
to formation of sister chromatide exchange and chromo-
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