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Abstract

Endemic nephropathy is a syndrome that comprises two entities: chronic interstitial nephropathy and
urothelial cell cancers predominantly of the upper urinary tract. The etiological agent for the disease
is aristolochic acid, a compound found in the plants of Aristolochia spp. The development of
urothelial cancers is characterized by the formation of aristolactam DNA adducts leading to
mutations, predominantly A: T- > T: A transversions. In order to comprehensively understand the
gene regulation programs in upper urothelial cancers we performed integrated miRNA and mRNA
expression profiling of paired tumours and unaffected urothelium samples. The obtained data will
help us to understand the carcinogenesis caused by aristolochic acid and might be the source for the
design of a diagnostic biomarker.
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Endemic (Balkan) Nephropathy (EN),
nowadays known as Aristolochic acid nephro-
pathy, is a syndrome that comprises two enti-
ties: chronic interstitial nephropathy and uro-
thelial cell cancers predominantly of the upper
urinary tract. Based on our results, the etiolo-
gical agent for the disease was recently disco-
vered: the presence of the disease in the ende-
mic regions is due to the plant called Aristolo-
chia clematitis, a weed that grows in the farm
fields and whose seeds, comingled with wheat
seeds, eventually lead to chronic intoxication
by poisoned flour/bread [1, 2]. The culprit lies
in aristolochic acid, a nephrotoxic, mutagenic
and carcinogenic compound that all Aristolo-
chia species plants contain [3].

As mentioned, aristolochic acid in ende-
mic regions was usually ingested via contami-
nated bread. Once ingested it metabolizes and
in genetically predisposed individuals cova-
lently binds to the DNA, predominantly to the
purine bases, forming DNA-adducts. Deoxya-
denosine-aristolactam is the most frequent one.
Aristolactam DNA adducts persist in the renal
cortex for many years (even lifelong), and the-
refore present a biomarker of previous expo-
sure to aristolochic acid. There are two target
tissues affected by aristolochic acid: the renal
cortex, especially the proximal renal tubule and
urothelial cells of the upper urinary tract. Re-
cent studies show that aristolochic acid may
play a role in liver disease and possibly other
exposed organs [4].
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The aforementioned DNA adducts lead to
mutations, predominantly A: T -> T: A transver-
sion, which are now considered to be the finge-
rprint mutations of aristolochic acid. These
mutations were firstly described on the p53
tumour suppressor gene [2, 5]. However, our
recent results showed that this mutation is
widely present throughout the genome (Kara-
novi¢ et al., unpublished data). The mutated
adenosines are predominantly present on the
nontranscribed strand of DNA and thus resis-
tant to the global genomic nucleotide excision
repair, eventually leading to the development
of cancer. It is important to stress that genetic
factors play a significant role in the develop-
ment of the nephropathy/tumour. There is a
certain genetic predisposition/susceptibility since
not all exposed subjects do exhibit the disease
[6, 7].

Urothelial cancers in en

Urothelial carcinomas of the upper uri-
nary tract (pyelocaliceal cavities and ureter) are
extremely rare in the general population with
an incidence of 2 new cases per 100.000 inha-
bitants [8]. Interestingly, as many as 50% of
patients with endemic nephropathy develop
upper urothelial cancers [9]. The specific mor-
tality from this type of cancer in the Croatian
endemic focus is 55 times higher than in other
parts of Croatia [10]. These tumours can occur
simultaneously with renal disease, can precede
it, but also appear independently of it [11]. Up-
per urothelial cancers in endemic regions equ-
ally affect both genders, with a peak incidence
in the 7th decade of life. The tumours are often
bilateral with frequent relapses but are usually
of low grade and rarely metastasize.

MICRORNASs in EN

MiRNAs (miRs) are small, non-coding,
endogenous RNAs that have been involved in
the regulation of gene expression both in nor-
mal development but also in disease. They are
approximately 21-25 nucleotides in length,
single-stranded RNAs that are widely expre-
ssed in eukaryotes. The first microRNA was
discovered in Caenorhabditis elegans in 1993,
and since thenthe roles of miRNAs in various
diseases have been investigated. Approxima-
tely 1,872 precursors and 2,578 mature miRs

have been identified in humans. In tumours
microRNAs are usually dismodulated, either
over- or underexpressed. In the last few years a
number of studies have been published sho-
wing miRs' roles in cancer pathogenesis, che-
mo/radiotherapy resistance, tumour relapse, and
metastasis. Its importance lies in the possibility
of the development of new targeted thera-
peutics [12].

In this part of our research, our aim is to
determine specific patterns of gene expression
and their posttranscriptional regulation in pa-
tients with upper urothelial cancers from ende-
mic regions using methods of functional geno-
mics. In order to comprehensively understand
the gene regulation programs we performed
integrated miRNA and mRNA expression pro-
filing of paired tumours and the adjacent unaf-
fected urothelium of a dozen of patients from
endemic areas who undewent surgery due to
transitional cell cancers of the upper urinary
tract. Patients were enrolled consecutively bet-
ween 2009 and 2010 and were residing in two
endemic regions, one in Croatia and the other
in Bosnia and Herzegovina. Detailed medical
history, residency information, dietary practi-
ces and habits were acquired prior to the sur-
gery. During surgery fresh tumour, renal cortex
and normal urothelial tissue were taken and
used for mutational, DNA adduct and mRNA
and microRNA profiling analyses. Pathohisto-
logical diagnosis was confirmed by two inde-
pendent pathologists. The level of AL-DNA
adducts in the renal cortex DNA was deter-
mined using 32P-postlabelling polyacrylamide
gel electrophoresis [13]. TP53 mutations in
DNA isolated from tumour samples were iden-
tified with the AmpliChip p53 detection algo-
rithm (Roche Molecular Diagnostics, Pleasan-
ton, CA) that detects all single basepair substi-
tutions and single-base deletions in the TP53
gene. MiRNA profiling was performed by
high-capacity qPCR using Applied Biosystems
RT primers and TagMan Low Density Arrays,
while mRNA profiling of the same RNAs was
performed using Affymetrix arrays. At the mo-
ment data are being analysed using bioinforma-
tical and biostatistical methods. The final step
in the study will be data validations, i.e. results
obtained by molecular analysis will be valida-
ted/confirmed by means of immunohistoche-
mistry.
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Scientific contribution

We are hoping the obtained data will help
us better understand the carcinogenesis caused
by aristolochic acid. The data might be the
source for the design of diagnostic biomarkers,
or even more could be used as a basis for new
therapeutic strategies. Since we now know that
endemic nephropathy is an environmental form
of aristolochic acid nephropathy, a disease pre-
sent around the world, these achievements
might be applicable worldwide.
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Pesume

EHJIEMCKATA (BAJIKAHCKA)
HE®POIIATHJA E HE®POIIATHJA
O APUCTOJIOXUYHATA KUCEJINHA

Cannpa Kapanosuxk', Kapsia Tomux?,
Jammup I[nTpnx3, ®pan Bopone‘nm",
Jupzku 3aBaaun’, MBana Bykosuk-Jlena',
Kpemmnmup Kapiosuic', Matej Knesxepuic',
Bojan JenakoBui'

' Menuuuncky pakynrer, YHUBEp3UTET Bo 3arped,
Opmpen 3a apTeprucka XUIIepTCH3H)a, JIHjali3a

u TpaHcruanTanuja, Y XI[ 3arpe0, 3arpe0,
XpBatcka

2 Omen 3a narosiortja, Ommra 60THUIA

,»J-p Jocun benueBuk*, CnaBoncku bpon,
XpBaTcka

3 Opzen 3a yposoruja, Onmrra 6omumua ,,J1-p Jocun
benueBuk®, CnaBoncku bpox, XpBarcka

* Meauuuucky pakyrer, YHUBEpP3UTET BO 3arped,
IenTtap 3a TpaHCIALMOHAIHO U KIMHUYKO
ucTpakyBame, OaJieln 3a QyHKIIMOHATHA
rererukara, ¥ X1 3arpe6, 3arped, XpBaTcka

* MefyHapoHaTa areHIHja 3a HCTPaKyBambe

Ha pakot, Jlnon, ®pannuja

Ennemckara HedpomnaTHja € CHHAPOM KOj ce
COCTOM O] JIBA €HTUTETA: XPOHHYHA WHTEPCTUIIH-
jamHa HedponaTvja U KaHUEPU HA ypOTENUjaHUTE
KJIETKH, TPETeKHO Ha TOPHUOT YpUHApEH TPAaKT.
ETtnonomxkunoT areHc 3a 0ojecta € apHCTOJIOXHY-
HaTa KHCEJIMHA, COEIMHEHNE KOE Ce Haofa BO pac-
TeHujata Ha Aristolochia spp. Pa3Bojor Ha ypoTe-
JMjaJieHnoT KaHLEep ce KapakTepusupa co Gpopmu-
pamero Ha aristolactam JIHK-agyktu mro nosenmy-
BaaT J0 MYyTallUH, IPETEKHO TPAHCBEP3UUTE Ha A:
T ->T : A. Co uen ceonpatHo na ce pazdepar mpo-
rpaMMTe 3a peryJialyja Ha FeHUTe Ha KaHLIepoT Kaj
TOPHUOT YpPOTEINYM, H3BELOBME HHTErpHpaHa
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miRNA u mRNA-ekcnpecuja co npoduimpame Ha
MapupaHuTe TYMOPH M HE3aCETHATHTE MPHUMEPOIH
Ha ypoTenuyM. [loOueHnTe noaaTouu Ke Hl IIoMOr-
HaT Ja ja pasz0OepeMe KapUWHOTEHe3aTa Mpeau3-
BHKaHa OJ1 QpUCTOJIOXUYHATA KUCETMHA U MOXKe J1a

Ouze M3BOpP 3a JM3ajHUPAE JTUjarHOCTHYKUA OHO-
Mapkep.

Kiyunu 300poBu: eHnemcka Hedpomnaruja, HedpomnaTuja
O]l apUCTOJIOXUYHATA KHUCENHMHA, apUCTOJIOXMYHA KHUCe-
JIMHA, KaHIIEPH Ha TOpEH ypoTenujaienyM, microRNA.



