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Abstract - Balkan endemic nephropathy (BEN) was recognized as a distinct entity more than 50 years ago, but the exact
environmental and genetic causes of the disease remain elusive. Considering the role of the renin-angiotensin system
(RAS) in the emergence of various nephropathies, in the present study we evaluated the possible association with BEN
of polymorphisms in two RAS genes: I/D ACE (an angiotensin-converting enzyme) and A1166C AT1R (an angiotensin
type 1 receptor). The study groups consisted of 48 BEN patients from the endemic region in the district of Kolubara,
Serbia, 33 patients with other nephropathies and 42 healthy individuals. The ACE DD genotype was significantly more
represented in the NBEN group (OR=5.447; 95%CI=1.862-15.932, p<0.01). The frequency of the AT1R CC genotype
was higher in BEN patients compared to controls (0.104 vs. 0.048), but the difference was not significant. Though the
analyzed polymorphisms are associated with certain nephropathies, we found no support for their specific role in BEN

susceptibility.
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INTRODUCTION

Although Balkan endemic nephropathy (BEN) was
recognized as a distinct entity more than 50 years
ago (Tanchev et al., 1956; Danilovi¢ et al., 1957),
today it is in the focus of renewed research interest
(e.g. Dimitrov et al., 2006; Grollman et al., 2007; Ba-
mias and Boletis, 2008; Dukanovi¢ et al., 2009;
Karmaus et al., 2009; Slade et al., 2009; Stefanovi¢ et
al., 2009; Dukanovic et al., 2010).

Balkan endemic nephropathy is a chronic non-
inflammatory tubulointerstitial kidney disease cha-
racterized by slow progression to renal failure and
shrinkage of the kidneys. It is frequently associated
with urothelial carcinoma of the upper urinary
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tract. The characteristic feature of the disease is its
spatial distribution — BEN occurs in certain rural
areas of Serbia, Bulgaria, Romania, Croatia, and
Bosnia and Herzegovina (e.g. Radovanovi¢, 1991).
The endemic villages are situated at low altitudes
along the tributaries of the Danube; in Serbia, 73
endemic villages were found in the Kolubara valley,
Podrinje, Mac¢va and Pomoravlje (Stefanovi¢, 1998).
The disease shows a mosaic pattern of distribution
of endemic settlements within the area and familial
clustering within the villages.

The etiology of BEN has been the subject of
numerous studies, but despite decades of extensive
research the exact causes remain elusive. Several li-
nes of evidence confirm the concept of BEN as an
environmentally induced disease, i.e. that at least
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one environmental factor with known nephrotoxic
(and cancerogenic) effects plays a key role in its
development (Stefanovi¢, 1998; Batuman, 2006;
Long and Voice 2007). The main hypotheses inclu-
de: chronic dietary exposure to aristolochic acid
(AA) or mycotoxin ochratoxin A (OTA); exposure
to metals and metalloids; the presence of soluble or-
ganic compounds in drinking water, such as po-
lycyclic aromatic hydrocarbons (PAH) leached
from Pliocene lignites.

The hypothesis that aristolochic acid (found in
wheat contaminated with the seeds of Aristolochia
clematitis) is responsible for BEN has gained new
support recently. A number of studies (Arlt et al,,
2007; Grollman et al., 2007; Slade et al., 2009) have
provided molecular evidence that chronic exposure
to AA is a significant risk factor for the develop-
ment of nephropathy and the associated urothelial
cancer. Another food contaminant, ochratoxin A, is
also known for its nephrotoxic and carcinogenic
effect (Petkova-Bocharova et al., 1991); however, it
has not been confirmed as the primary cause of
BEN (Long and Voice, 2007).

Exposure to metals and metalloids (cadmium,
lead, arsenic, selenium) was also proposed as having
a significant role in the etiology of BEN, but this hy-
pothesis has subsequently been rejected (Karmaus
et al., 2008). One of the most intriguing approaches
is based on the geographic correlation of BEN-
endemic areas with Pliocene lignite deposits. It is
suggested that BEN is caused by long-term exposu-
re to drinking water contaminated with toxic or-
ganic compounds leaching from lignite deposits; so
far the evidence for this has been equivocal (Feder
etal., 1991; Voice et al., 2006; Pavlovi¢ et al., 2008).

Along with environmental causes, genetic
contributions to the etiology of BEN have been in-
vestigated as well. Since the first reports of familial
clustering of the disease, the issue of a genetic pre-
disposition to BEN has attracted much attention.
Recently, various polymorphisms have been inves-
tigated in the context of interaction between an in-
dividual genetic variation in susceptibility and ex-
posure to environmental toxic agents that can trig-

ger the disease or influence its progression. So far, a
small number of candidate genes have been found
to be associated with an increased risk for BEN,
mostly those involved in xenobiotic detoxification
mechanisms that can result in nephrotoxic pro-
ducts. Andonova et al. (2004) analyzed glutathione
S-transferase (GST) polymorphisms and found that
the GSTM1 wt- allele was associated with an in-
creased risk for BEN; the same was found for the
CYP3A5*1 allele of cytochrome P450 (Atanasova et
al., 2005). Toncheva et al. (2004) found no signi-
ficant  association of  polymorphisms in
NAD(P)H:quinone oxidoreductase (NQO1) with
BEN, while MDRI 12 haplotype appeared to pro-
tect against BEN (Atanasova et al, 2004). Also,
recent analysis of p53 single-base changes has sug-
gested that these changes might be involved in ge-
netic pathways leading to BEN (Krasteva and
Georgieva, 2006).

Considering the role of the renin-angiotensin
system (RAS) in the emergence of nephropathies,
we have chosen candidate gene polymorphisms for
our study: I/D ACE (angiotensin-converting enzy-
me) and Al1166C ATIR (angiotensin type 1
receptor). These polymorphisms of two of the main
RAS genes have been studied previously with res-
pect to various diseases, but not to BEN.

Angiotensin-converting enzyme (ACE) acts on
two important hormonal regulatory systems. It
cleaves angiotensin I to generate the active angio-
tensin II, a potent vasoconstrictor that plays an
important role in the homeostatic control of arterial
pressure. ACE also metabolizes the vasodilators bra-
dykinin and kallidin to inactive metabolites. Thus,
functionally, the actions of ACE potentially result in
increased vasoconstriction or decreased vasodilation
(Atlas, 2007). The ACE insertion/deletion (I/D)
polymorphism results from the presence/absence of
a 287 bp DNA fragment, representing an Alu
repetitive sequence, in intron 16. A strong
association of the this polymorphism with the level
of circulating enzyme was found: the mean plasma
ACE level of DD subjects was about twice that of the
IT subjects, with heterozygotes having intermediate
levels (Rigat et al., 1990; Tiret et al., 1992).
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Type I receptor for angiotensin II (ATI1R)
mediates the effects of angiotensin II on a number
of functions, including vasoconstriction and kidney
functions, such as renal tubular sodium reabsorp-
tion and inhibition of renin release (Atlas, 2007).
Several variants in the human ATIR gene may
affect blood pressure; specifically, the ATIR
A1166C variant that shows a significantly higher
frequency in patients with essential hypertension
(Bonnardeaux et al., 1994).

The aim of the present study was to examine
the possible association between the candidate gene
polymorphisms ACE I/D and AT1R A1166C and
susceptibility to Balkan endemic nephropathy, as
well as to other types of nephropathies.

MATERIALS AND METHODS

Subjects

The study was carried out on 123 unrelated indi-
viduals: 48 patients with BEN (BEN group) from
the endemic region in Kolubara district, 33 pa-
tients with other types of nephropathies (NBEN
group) and 42 healthy persons (control - CTR
group). The patients were treated at the Institute
of Endemic Nephropathy in Lazarevac and the
Institute of Nephrology CCS in Belgrade. BEN
was diagnosed according to the criteria of
Danilovi¢ (1973): place of birth and residence in
an endemic village, family history, anemia,
specific color of face and palms, absence of
arterial hypertension, mild proteinuria, low spe-
cific gravity of urine, retention of nitrous com-
pounds in the blood and shrunken kidneys. The
NBEN group consisted of patients with glome-
rulonephritis, polycystic kidney disease, rapidly
progressive glomerulonephritis and system di-
seases. Written informed consent was obtained
from all participants involved in this study. Ge-
netic analyses were performed at the Institute of
Human Genetics, School of Medicine, Belgrade.

Genetic analyses

DNA for gene analysis was extracted from periphe-
ral blood leukocytes, from 10 mL whole blood, by a
standard salting out procedure for DNA isolation.

ACE I/D genotyping

The insertion/deletion DNA polymorphism was
detected using polymerase chain reaction (PCR)
and polyacryilamide gel electrophoresis.

PCR conditions

Reactions were performed using 0.5 ul of each primer
(Fw: 5-CTGGAGACCACTCCCATCCTTTCT-3’ and
Rev:5-GATGTGGCCATCACATTCGTCAGAT-3’)
in a final volume of 25 pl, containing 25 mM MgCL,
10mM of each ANTP, 10xB (8500 mM KCI, 100 mM
TRIS HC], pH 8.3, 15 mM MgCl,, 0.01% gelatin), 1 unit
of Taq polymerase. The DNA was amplified for 30
cycles with denaturation at 94°C for 1 min, annealing at
60°C for 1 min, and extension at 72°C for 1 min using
an Applied Biosystem Thermocycler. The PCR product
is a 203 bp long amplificon in the absence of the
insertion, or 490 bp long amplificon in the presence of
the insertion.

ATIR genotyping

The single nucleotide polymorphism A1166C, an A-to-
C variant in the 3> UTR at nucleotide 1166, was
detected using PCR and restriction fragment length
polymorphism (RFLP). PCR conditions: Reactions were
performed using 0.5 ul of each primer (Fw: 5-
GCAGCACTTCACTACCAAATGGGC-3 and Rew:
5-CAGGACAAAAGCAGGCTAGGGAGA-3) in a
final volume of 25 pl, containing 25 mM MgCl,, 10mM
of each dNTP, 10xB (8500 mM KCl, 100 mM TRIS
HCl, pH 8,3, 15 mM MgCl, 0,01% gelatin), 1 unit of
Taq polymerase. The DNA was amplified for 30 cycles
with denaturation at 94°C for 1 min, annealing at 58°C
for 1 min, and extension at 72°C for 1 min using an
Applied Biosystem Thermocycler. The PCR product is
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Table 1. Demographic and clinical characteristics of patients with nephropathies (BEN - Balkan endemic nephropathy,
NBEN - other types of nephropathies) and healthy control subjects (CTR).

BEN NBEN CTR
n mean * SE range n mean * SE range n mean * SE range
Age (years)
total 48 72.6 £1.2 51-88 33 524+23 21-82 42 51.8+2.0 22-82
males 30 719+ 1.6 51-85 16 49.8 +£3.8 21-82 22 58.3+2.5 33-82
females 18 73.8+1.9 57-88 17 569 +2.5 37-73 20 446+2.4 22-61
Age at first dialysis (years)
29 63.2+1.97 42-80 33 45.0+2.32 20-71
Months on dialysis
29 104.0 £ 10.9 6-264 33 101.8 £12.1 14-283

a 255 bp long amplificon, which is futher digested using
Haelll restriction enzyme; the presence of C variant
results in restriction fragments of 231 bp and 24 bp.

Statistical analyses

Statistical analyses were performed using the statis-
tical package Statistica (v. 5.1, Statsoft Inc, Tulsa,
OK, USA). To test for association with the disease,
odds ratios with 95% confidence intervals were cal-
culated.

RESULTS

The demographic and clinical characteristics of the
study participants (patients with nephropathies and
healthy control subjects) are given in Table 1. With
respect to age distribution, the BEN group differed
significantly from both the NBEN and the CTR
(Kolmogorov Smirnov test, p<0.01); no significant
differences were found between males and females
in the patient groups (KS test, p >0.2).

Genotype and allele frequencies of ACE I/D
and AT1R A1166C polymorphisms in the ana-
lyzed groups are given in Table 2; genotype
distributions did not differ significantly between
the sexes (results not shown; chi square,
p>0.05). An electropherogram showing the
ATIR A1166C genotypes in the group of BEN
patients is given in Fig. 1.

To test for association with the disease, odds
ratios were calculated; first, we tested a DD vs. (ID
+ II) model for ACE I/D polymorphism, and a CC
vs. (AC + AA) model for ATIR A1166C poly-
morphism. A statistically significant association was
found for ACE, but not for ATIR polymorphism.
The frequency of the ACE DD genotype was signifi-
cantly elevated only in the NBEN group (Table 2).
Although D-allele carriers were more represented
in the BEN patients than in the healthy subjects,
this was not significant (D- wvs. II, OR=1.23;
95%CI=0.67-2.27; p>0.05). The frequency of the
ATIR C allele, as well as the CC genotype, was
higher in the BEN patients compared to the con-
trols, but not significantly; the difference between
the NBEN and CTR was even smaller (Table 2). The
CC genotype was not significantly associated with
the disease (BEN vs. CTR: OR=2.326; 95% CI =
0.427-12.672; p>> 0.05).

When both loci were compared, in the DD CC
vs. (ID + II) (AC + AA) model the frequency of DD
CC was higher in patients with nephropathies than
in healthy controls (0.129, 0.250 and 0.08 in BEN,
NBEN and CTR group, respectively), but the small
number of carriers precludes conclusions about the
significance of this difference.

We also tested if the carriers of different ACE
I/D genotypes differed in age at first dialysis, taken
as the indicator of disease progression, i.e. timing of
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Table 2. Genotype and allele frequencies of ACE I/D and AT1R A1166C polymorphisms in patients with nephropathies and healthy
control subjects (BEN - Balkan endemic nephropathy; NBEN - other types of nephropathies; CTR - controls; OR - odds ratio, CI -

confidence interval).

Genotype allele BEN NBEN CTR
ACE frequency (n) frequency (n) frequency (n)
DD 0.417 (20) 0.818 (27) 0.452 (19)
ID 0.500 (24) 0.121 (4) 0.333 (14)
1 0.083 (4) 0.061 (2) 0.214 (9)
D 0.667 0.879 0.619
I 0.333 0.121 0.381
ATIR
AA 0.479 (23) 0.606 (20) 0.642 (27)
AC 0.417 (20) 0.333 (11) 0.310 (13)
cC 0.104 (5) 0.061 (2) 0.048 (2)
A 0.688 0.773 0.798
C 0.312 0.227 0.202
ACE DDuvs. ID +11 OR 95% CI p
BEN vs. C 0.865 0.375-1.994 p>>0.05
NBEN vs. C 5.447 1.862-15.932 p<0.01

end-stage renal failure (Fig. 2). In both groups, the
IT carriers started with dialysis later. Though this
difference was not significant, it is worth further
testing on a larger sample of patients.

DISCUSSION

Many studies indicate that genetic susceptibility
plays an important role in the rate of renal function
decline. Considering the genetic component of BEN
etiology, previous studies have focused mainly on
the genes involved in xenobiotic detoxification me-
chanisms (e.g. Andonova et al., 2004). On the other
hand, the RAS system is one of the key mediators in
kidney fibrosis. The molecular mechanisms of this
process are both the induction of matrix synthesis
and the inhibition of matrix degradation in renal
tubulointerstitium. Moreover, the RAS system has a
crucial role in human kidney development. Homo-
zygous or compound heterozygous mutations in
the genes encoding renin, angiotensinogen, ACE, or
ATRI1 have been found in cases of renal tubular
dysgenesis (Gribouval et al., 2005). As a result, po-
lymorphisms in the genes that control the RAS sys-

tem have been extensively studied in various renal
disorders (e.g. Doria et al., 1994; Marre et al., 1997;
Coll et al., 2003; Gribouval et al., 2005; Lee et al.,
2008; Ahluwalia et al., 2009), but not in BEN so far.

In the present study, we analyzed polymor-
phisms in two of the main genes of the RAS system,
in patients with BEN, as well as in patients with
other types of nephropathies (NBEN). Contrary to
expectations, our results did not show any statisti-
cally significant association between ACE geno-
types and BEN; however, we found a significantly
higher frequency of the ACE DD genotype in the
NBEN group compared to the control. In addition,
it should be noted that, although the D allele is
considered a "risk allele" for a number of diseases,
in our healthy control group both the D allele and
DD genotype were represented at higher frequen-
cies compared to the data reported for other popu-
lations (e.g. Schena et al., 2001; Cooper Worobey et
al., 2009; Fatini et al., 2009). The obtained values
are in accordance with the highest frequencies
reported for this region of Europe in the meta-ana-
lysis of Lehmann et al. (2005) and with our previous
findings (Novakovi¢ et al., 2010).
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255bp

231bp

AC AC AC AA AC M AC AA AC AA

Fig. 1. Electropherogram of AT1R A1166C genotypes in BEN
patients: 255bp and 231bp fragments represent A and C alleles,
respectively (M — DNA ladder).

Our results contribute to a growing body of da-
ta, collected over 15 years, and to the debate about
the association of ACE and ATIR gene polymor-
phisms with various renal disorders. The results are
still controversial. Doria et al. (1994) reported that
the I/D polymorphism of the ACE gene is asso-
ciated with diabetic nephropathy (DN), but this was
disputed by others (e.g. Tarnow et al., 1995). The
large-scale, multicenter study on individuals with
insulin-dependent diabetes mellitus at risk of kid-
ney complications, called GENEDIAB (GEnetique
de la NEphropathie DIABetique), concluded that
the ACE gene is involved in both the susceptibility
to DN and its progression toward renal failure
(Marre et al., 1997). In addition, Jacobsen et al.
(2003) observed that ACE polymorphism alone and
in interaction with other polymorphisms of the
RAS genes plays a role in the progression of DN.
However, a recent study of 115 candidate genes did
not support the significance of this association
(Ewens et al., 2005).

The ATIR A1166C polymorphism has also
been extensively studied with regard to its asso-
ciation with renal function decline, as well as with
essential hypertension (e.g. Bonnardeaux et al,
1994). However, the issue of the “risk allele” is still
controversial. Though some studies indicate that
the A allele is associated with the risk of renal func-
tion decline (Jacobsen et al., 2003; Lee et al., 2009),
most data point to the C allele. Thus, Coll et al.
(2003) showed that the faster progression to end-
stage renal disease is associated with the C allele,
and this association remained significant after
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Fig. 2. Age at first dialysis in carriers of different ACE I/D
genotypes (AFD - age at first dialysis in years, mean and
standard error; dashed line - patients with Balkan endemic
nephropathy, BEN group; solid line - patients with other types
of nephropathies, NBEN group).

adjustment for relevant covariates. Lin et al. (2009)
confirmed the association of the C allele with renal
dysfunction in diabetics, while Cooper Worobey et
al. (2009) found a marginally significant association
of the CC genotype with a higher risk of renal
function decline in female Caucasians. In our study,
the frequencies of the C allele and CC genotype
were higher in both the BEN and NBEN groups
compared to the controls; though this difference
was not significant, it should be further tested on a
larger number of patients.

This study is the first that deals with RAS gene
polymorphisms in renal disease patients in Serbia,
and specifically in patients with BEN. As a
conclusion, the genetic component of BEN remains
unclear - though the analyzed polymorphisms were
found to be associated with certain nephropathies,
we found no support for their specific role in BEN
susceptibility. More studies are needed on genetic
variants in other members of the RAS system and
on larger groups of patients in order to further
contribute to what Batuman (2006) called the
‘deciphering a complex mystery’ - i.e. the solving
the problem of the complex etiology of Balkan
endemic nephropathy.
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YIOEO TEHETUYKE OCHOBE Y ETOJIOINJN BAJIKAHCKE EHIEMCKE HE®POIIATUJE:
NCIIMTUBAIBE YIOT'E IOIMMOP®N3AMA IT'EHA ACEUN ATIR

30PMIIA KPIIYHOBI'R", UBAHA HOBAKOBIR', HEJIA MAKCYMOBU'R},
ITAHUITA BYKBUR?, CAFbA CUMIK-OTPU30BU'R’, CTABEHKA JAHKOBI'R?,
JbYBUIIA BYKAHOBU'R’, u IPATAHA IIBETKOBU'R’

' Uncmumym 3a xymany eenemuxy, Meounyuncku gaxynmem Ynusepsumema y Beozpady, 11000 beorpan, Cpbuja
2 Unucmumym 3a endemcky Heponamujy, 11000 Jlazapesarr, Cpbuja
* Uncmumym 3a negpponoeujy KIJC, 11000 Beorpan, Cpbuja
! Uncmumym 3a enudemuonozujy, Meduyuncku paxynmem Yuueepsumema y Beoepady, 11000 Beorpag, Cpbuja
* Buonowixu gaxynmem Ynusepsumema y Beozpady, 11000 Beorpan, Cp6uja

Bankancka engemcka Hedpomatuja (BEH) mosHara je
Kao 3acebaH eHtuTer Beh Bume opn 50 ropuHa; MIaK,
CPENMHCKM M TeHeTHMUKM (GaKTopyu KOju [OBOZE O
6ormecTi HUCY OBO/BHO jacHM. VIMmajyhm y Bupmy ymory
cucrema pennH-anrroreHsu (PAC) y etnonarorenesu
pasnuuuTux Hedpomatuja, y OBOj CTyAMju CMO aHa-
mmsupanmu Moryhe aconmjaruje ca BEH momimopdnsama
rnaBHux PAC rena: I/D ACE (aHrnoreHsuH KoHBepTase)
n A1166C ATIR (tmn 1 pemerntopa 3a aHIMOTEH3MH).
VicniutvBane rpyme unHuio je 48 6onecunka ca BEH u3

engeMcke obmactu y Komybapckom pernony, 33 6omec-
HuKa ca fpyrum Hedpomnarujama (HBEH) u 42 3ppase
ocobe. ACE DD renotur je 6uo 3Ha4ajHO yemrhu camo y
HBEH rpynu (OR=5.447; 95%CI=1.862-15.932, p<0.01).
Yuecranoct ATIR CC renoruna je 6uaa seha y BEH
rpynu Hero Kof Kourtpose (0.104 vs. 0.048), anu pasnuka
HMje CTaTMCTMYKM 3HadajHa. Jlako ce 3a aHalusupaHe
nonumopdusMe Beh mokasana aconujanuja ca oppebe-
HUM HedpollaTujama, y HallleM MCTPaXVBaWby HHUje HO-
KasaHa BbIX0Ba crernduiHa mosesaHoct ca BEH.








