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Vnimani chuti, oxidacni poskozeni a mikroprostredi streva
v kolorektalni karcinogenezi: vliv na riziko nemoci,
jeji prognodzu a prevenci

L. Vodickoval? V. Vymetalkoval? A. Opattova®? K. Jiraskova®?, A. Cumovat?, L. Bart(?, A. Rejhova?,
M. Kroupa?, S. Vodenkova?, P. Bendova'?, V. Liska®, K.Klimesova* a P. Vodickal?

1stav experimentalni mediciny, AV CR, Videriska 1083, 142 20 Praha 4
2stav biologie a Iékarské genetiky, Albertov 4, 1. LF UK 120 00 Praha 2
SLékarska fakulta Plzen, LF UK Praha, Plzen
“Mikrobiologicky ustav AV CR, Videfiska 1083, 142 20 Praha 4

ludovod @seznam.cz

Soucasny stav poznani predpoklada, Ze vznik sporadickych solidnich nador je ovlivnén jak genetickym
podkladem, tak mikroprostredim ve stfevé. Mikrofléra vyznamné ovliviiuje akumulaci poskozeni DNA, jejich
opravu (udrZujici genomovou stabilitu a bunééné funkce), jakoZ i stfevni metabolismus, imunologickou
aktivitu, a hraje vyraznou roli v odpovédi na chemoterapii. V nasem prispévku se pokusime podat ponékud
komplexnéjsi obraz zahrnujici podil vybéru stravy dle chuti, stfevni mikrofléry, poskozeni a opravy DNA
na riziko vzniku CRC, predevsim z hlediska genetického pozadi uvedenych proces(i a moznych vzajemnych
interakci. Zaroven se zminime o novych pohledech ve vztahu excizni opravy DNA, fixaci relevantnich mutaci
a rozvoji nadorovych procesu.

V nasich studiich se budeme zabyvat: A) Vnimanim chuti, stfevni mikroflérou, poskozenim DNA
a kapacitou DNA oprav jako faktort °vliviujicich vznik CRC (pacienti versus kontrolni osoby); B) Strevni
mikroflérou, poskozenim DNA a kapacitou DNA oprav jako znaky progrese CRC, Gicinnosti terapie a prezivani.

Monitorovani chutového vnimani a stfevni mikrofléry pri sou¢asném stanovovani kapacity oprav DNA
poskozeni u pacient s CRC predstavuje zasadné novy pristup. V nasi praci dale zvazujeme integrovat
sledované parametry do prognostickych a terapeutickych Gvah, jez v konecném dusledku pfrispéji
k individualizované terapii a zlepsené kvalité Zivota pacient(.

Podékovani a podpora: grant AZV MzCR 15-27580 A, COST.cz LD 14050



Studium opravné kapacity dvouretézcovych zlomia DNA
v perifernich lymfocytech u zdravé populace a u pacientt
s malignitami prsu a gastrointestinalniho traktu

M. Kroupa®?, Z. Polivkova*, V. Filipiova®*, M. Schneiderova?, T. Blichler!?,
R. Kumar?, AT. Natarajan?, P. Vodicka'?
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Klicova slova: Chromozomalni aberace, dvouvlaknové zlomy DNA,
bleomycin, kolorektalni karcinom, karcinom prsu

Prednasejici: misa.kroupa @ gmail.com

Vychodisko: Chromozomalni aberace (CAs) jsou prokazany biomarker spojeny s onkologickym
onemocnénim. Cytogenetické zmény v perifernich lymfocytech (PBL) odraZeji nejen miru expozice fadé
karcinogennich latek, ale také individuaini citlivost ke genotoxickému plsobeni. CAs jsou dlsledkem
neopraveného nebo chybné opraveného poskozeni DNA, zvlasté dvouvldknovych zlomG DNA (DSBs).
Kapacita opravy DNA je tudiZ rozhodujicim mechanizmem pro udrzeni genomové stability, zabranujicim
akumulaci mutaci v genomu a nasledné maligni bunécné transformaci.

Cile: Stanoveni frekvence CAs v PBL 75 zdravych osob a 100 incidentnich onkologickych pacientt
(karcinomy prsu a kolorekta (CRC)) s cilem posouzeni opravné kapacity DSBs pomoci testu senzitivity
na mutagen. Porovnani chemiluminiscencniho méreni Gamma-H2AX s cytogenetickou analyzou PBL.
Stanoveni délky telomer u pacient( i zdravych osob.

Metodika: Ve studii bylo doposud cytogeneticky analyzovano 74 zdravych osob, 87 incidentnich
a nelécenych pacientli s onkologickym onemocnénim (50 CRC a 37 nadord prsu). Ve vzorku kazdého
jedince bylo zhodnoceno 100 metafaznich PBL po plsobeni bleomycinu (BLM) a 100 kontrolnich bunék
bez ovlivnéni timto radiomimetikem. U 15 pacienti odebranych od 1. 6. 2015 byla testovana metoda
Gamma-H2AX ELISA jako alternativa k cytogenetické analyze. Dale byla izolovana DNA pro stanoveni délky
telomer pomoci Real-Time PCR, ktera bude provedena pod vedenim prof. Rajiva Kumara (German Cancer
Research Center).

Vysledky: Neparametrickymi testy byl prokazan statisticky vyznamny rozdil v prdmérné hladiné
CAs vyvolanych BLM v PBL zdravych osob ve srovnani s CRC (p=0,05), coZ naznacuje snizenou opravu
DSBs u pacientl s CRC. Prokazali jsme rovnéz, Zze opravna kapacita DSBs je vyznamné vyssi u pacientek
s nadory prsu nez u pacient s CRC (p=0,02). Dale byl prokdzan vyznamny rozdil mezi nddory prsu a CRC
v mnozstvi aberantnich bunék s CAs vyvolanych pomoci BLM (p=0,05). Odhalili jsme rovnéz rozdil mezi
zdravymi osobami a pacienty s CRC pfi porovnani mnozstvi aberantnich bunék s vysokym poskozenim
(212 CAs/ bunka; p=0,03). Vysledky obdrzené metodou Gamma-H2AX ELISA nekoreluji s namérenymi daty
cytogenetické analyzy.

Zavér: Z nasich vysledk( vyplyva, Ze PBL pacientli s CRC vykazuji snizenou opravnou kapacitu DSBs ve
opravy Vv souvislosti s onemocnénim CRC (Slyskova et al., 2012). Prokazali jsme také vyznamné sniZzenou
opravu DSBs v PBL u pacient( s CRC ve srovnani s nadory prsu, coz naznacuje rozdily v reparaéni kapacité
DNA u rliznych typt malignit a podtrhuje nadorovou heterogenicitu.

Tato prace byla podporena z vyzkumného projektu P27/2012PRVOUK Univerzity Karlovy v Praze
a projektu GACR 15-147895.



Prirodné latky a terapia kolorektalneho karcinému

A. Opattova 2, K. Kozics®, A. Cumovat?, J. Horak?, D. Sliva?, P. Vodi¢ka®?
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3 Ustav experimentalnej onkoldgie, SAV, Bratislava, Slovenska republika
“Indiana University School of Medicine, Indianopolis, United States

Email prezentujuceho autora: alenaopattova @ gmail.com

Prirodné extrakty z huby Ganoderma lucidum (Lesklokorka leskla, Reishi), sa vd'aka svojim blahodarnym
u¢inkom na zdravie, pouzivaji v tradi¢nej Cinskej medicine uz po starocia. Hlavnymi fyziologicky aktivnymi
zloZzkami extraktov Ganoderma lucidum (GLC) st polysacharidy (glukany, glykoproteiiny) a triterpény
(kyselina ganodermova). Polysacharidy obsiahnuté v GLC maji najma protizapalovy, protinadorovy,
imunostimulacny a antioxidacny efekt. Triterpény vykazuju najma cytotoxicky efekt, indukuji apoptdzu
v nadorovych bunkovych liniach, a zaroven i ovplyviuji migraciu nadorovych buniek a tym mozu posobit
na tvorbu metastaz.

Kolorektalny karciném (CRC) je jednou z najéastejsich onkologickych diagnéz v Ceskej Republike a na
Slovensku. Znepokojujuca je najma jeho narastajuica incidencia a mortalita. Riziko sa vyrazne zvySuje po 50
roku Zivota. Klasicka liecba kolorektalneho karcinému pozostava z chirurgickej resekcie nadoru a naslednej
chemoterapie 5-fluorouracilom. Tento synteticky pyrimidinovy analég, nielenZe spomaluje progres
ochorenia, méa vsak aj mnoZstvo negativnych cytotoxickych Gcinkov.

Predpokladame, Ze pouzitim prirodnych zlG¢enin so $pecifickym Gc¢inkom na nadorové bunky, budeme
schopny zvysit Ucinnost chemoterapeutik a zaroven znizit ich negativny dopad na ludsky organizmus.
Mnohé prirodné zlGéeniny vykazuja protinadorovu aktivitu vytvaranim reaktivnych oxidativnych castic
(ROS). Nerovnovaha medzi prooxidativnym a antioxidativnym systémom vedie k akumulacii ROS a nasledné
oxidativne poskodenie DNA. KedZe nadorové bunky st nachylnejsie na oxidativne poskodenie DNA ako
nenadorové bunky, mohlo by dochadzat k ich Specifickému poskodeniu. Modulacia tvorby ROS pomocou
prirodnych zlG¢enin by mohla viest k selektivnej smrti nadorovych buniek a taktiez pripadnu senzitivizaciu
nadorovych buniek na chemoterapeutika.

Cielom nasej prace bolo detailne objasnit Glohu a regulaciu bunkového antioxidativneho systému
v procese oxidativneho poskodenia DNA v kolorektalnych nadorovych bunkovych liniach.

Nase vysledky na kolorektalnych bunkovych liniach (HCT116, HT29, SW480) ukazuju po 24 hodinovom
pbsobeni 0.5 pg/ul extraktu GLC vyrazné zniZenie aktivity superoxid dizmutazy 1 (25%, p<0.01), ako aj
pokles enzymatickej aktivity glutation peroxidazy (20%, p<0.01). Tento proces vyvolal nasledn akumulaciu
ROS (o 35% oproti kontrole). NavySe dochadza k zniZeniu expresie Nrfl (nuclear respiratory factor 1),
transkripéného faktora zodpovedného za expresiu génov zapojenych v antioxidativnej odpovedi bunky.
Tento proces vedie k poklesu prezZivania nadorovych buniek (25%, p<0.05).

Dokazali sme, Ze extrakty GLC znizZuja aktivitu bunkového antioxidativnheho systému, ¢o vedie
k zvysenému oxidativnemu poskodeniu DNA a naslednej bunkovej smrti kolorektalnych nadorovych
buniek. Predpokladame, Ze tento proces je regulovany pomocou Nrfl. VyuZitie prirodnych zlGcenin, ako
doplnku ku klasickej liecbe nddorovych ochoreni, by mohlo byt potencionalnym novym pristupom k terapii
kolorektalneho karcinému.

Pod'akovanie: tato praca bola podporena projektom AMVIS LH13061 a GACR 15-14789S, AZV 15-27580 A



Natural compounds and their effect on 5-fluorouracil
in colorectal cancer cell lines

A. Cumova®?, A. Opattova'?, S. Vodenkova'*, J. Horak?, D. Sliva®, P. Vodicka'?
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®Indiana University School of Medicine, Indianapolis, United States
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Presenting author email: andrea.partlova @ gmail.com

Colorectal cancer (CRC) is the second most common type of cancer and the second most common cause
of cancer related deaths in Europe. 5-Fluorouracil (5-FU) is widely used in treatment of various cancers
including CRC, but apart from the cytotoxic effect on cancer cells may also cause adverse toxic side effects.
5-FU is an anti-metabolite with chemical structure similar to that of the pyrimidine molecules of DNA and
RNA. However, response to chemotherapy is often limited by drug resistance. The p53 protein is one of the
most widely studied tumour suppressors and mutations in TP53 gene are frequently detected in different
types of tumours. Anti-cancer activity of 5-FU is partly attributed to its ability to induce p53-dependent
cell-cycle arrest and apoptosis. Therefore mutations or deletions of p53 can often cause cancer cells to
become resistant to 5-FUwhich leads to worse response and poor prognosis. Ganoderma Lucidum(GLC) is
a mushroom used in Traditional Eastern Medicine which exhibitsanti-cancer and anti-proliferative effects
in vitro. Potentiatingthe anti-cancer effects of conventional chemotherapeutics such as 5-FU by natural
compounds may modify their necessary dose andcan contribute to decrease of drug resistance and toxic
side effects.

The aim of our study is to define the interaction between 5-FU and GLC extract and their simultaneous
effect on survival in CRC cell lines.

We have studied the response of several CRC cell lines (HCT116, HCT116 p53”- and HT29) with different
p53 status to 5-FU and GLC treatment alone and in combination. We observed decreased survival in CRC
cell lines after combined 5-FU and GLC treatment. Survival of HCT116 after 24h treatment with 5uM 5-FU
decreased only insignificantly (by 5%, p=0.5), but after 24h treatment with 5uM 5-FU + 0.5 mg/ml GLC
survival decreased by 75% (p<0.05). Our preliminary results suggest that survival of HCT116 p537 after
24h treatment of 5uM 5-FU was not significantly decreased, but after 0.5 mg/ml GLC treatment survival
decreased by 43.9% and after combined 5uM 5-FU + 0.5 mg/ml GLC treatment survival decreased by
73.4%.

Our results suggest that GLC extract significantly increases cytotoxicity and genotoxicity of 5-FU in CRC
lines with different p53 status and may potentially modulate the response of p53 knock-out cells which are
less sensitive to 5-FU treatment. Interaction of conventional chemotherapeutics with natural compounds
introduces a novel aspect in cancer research and therapy.

Acknowledgement: AMVIS LH13061 and AZV 15-27580 A (Ministry of Health of the Czech Republic)



Vliv prirodnich latek na poskozeni DNA a reparacni kapacitu
u kolorektalnich bunécnych linii
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Kolorektalni karcinom (CRC) predstavuje celosvétovou zdravotni zatéZ s velmi vysokou incidenci
i mortalitou. Problematika CRC se potyka s nedostatkem spolehlivych prediktivnich a prognostickych
biomarkert, pozdni diagnézou a s pomérné nizkou efektivitou 1é¢by (pouze 50 %). Vyvoj nadoru je ve
vétsiné pripadl iniciovan defektem v opravé poskozeni DNA, a zaroven rada cytostatik plsobi na zakladé
neselektivni indukce poskozeni DNA a nasledné apoptozy.

CRC je po dlouha léta konvencné l1écen 5-fluorouracilem (5-FU), ktery je i v soucasné dobé hlavni slozkou
kombinacnich chemoterapeutickych rezim(. 5-FU, halogenovany pyrimidin, je budto pfimo inkorporovan
do DNA nebo zplsobuje naruseni syntézy thymidinu z uracilu, ktery je pak chybné inkorporovan do DNA.
Oprava téchto poskozeni DNA vyZaduje Gcast bazové excizni opravy (BER) a systému opravy chybného
parovani bazi (MMR).

Navzdory tomu, Ze chemoterapeutika pUsobi cytotoxicky na nadorové bunky a prodluzuji dobu
prezivani u pacientd s pokrocilymi stadii CRC, zpUsobuiji téZ (kvili jejich neselektivnimu ucinku) vyrazné
vedlejsi ucinky, véetné toxicity (poskozeni téZ zdravé tkané). Ideadlnim prostiedkem k redukci téchto
vedlejsich efektll je zahrnuti pfirodnich latek s prokdzanym toxickym Gcinkem na nadorové burnky do
|éCebnych program(, coZ by mohlo vést ke snizeni potfebné davky cytostatik. Velmi nadéjnou latkou je
extrakt z houby Ganoderma Lucidum (GLC), ktery se uziva v tradi¢ni vychodni medicing, a jehoZ slozky
vykazuji jak pfimé (ovlivnéni signalizace nadorovych bunék, oxidacni stres), tak i nepfimé (stimulace
imunitni odpovédi) protinddorové Gcinky.

Predpokladame, Ze vysoka aktivita DNA opravnych mechanisma v cilové tkani mGze prispét k velmi
nizké ucinnosti léCby, v nékterych pripadech az k rezistenci nadorovych bunék k chemoterapeutikiim. Proto
mUzZe mit cilend modulace aktivity opravy DNA zasadni vliv na efektivitu protinddorové Iécby. Cilem této
studie je sledovani Gc¢inkd 5-FU, GLC a zaroven jejich kombinace na poskozeni DNA (predevsim oxidacni)
a bazové excizni opravu DNA u rGznych typl bunécénych linii kolorektalniho karcinomu.

V nasi studii jsme poutzili linie HCT116, HT29, SW480 a NCM460. Bunky byly ovliviiovany po dobu 10,
30, 60 a 90 minut pomoci 5-FU (5uM), GLC (0,5ug/ul) a kombinaci 5-FU s GLC. Mira celkového a oxidac¢niho
poskozeni DNA a bazové excizni opravy DNA byly méreny metodou Comet assay.

Predbézné vysledky naznacuiji, Ze se po pridani jak samotného extraktu z Ganoderma Lucidum, tak jeho
kombinace s 5-FU ke kolorektalnim liniim, zvySuje oxida¢ni poskozeni DNA u HCT116 (Obrazek 1) a HT29
bunék v ¢ase. Zaroven tento extrakt vyrazné tlumi bazové excizni opravu DNA (Obrazek 2). Tyto vysledky téz
koreluji s dalsimi vysledky nasi studie, kdy byla pomoci GLC prokazana inhibice genu Nrf1, jehoZ proteinovy
produkt hraje duleZitou roli pFi sniZzovani regulace antioxidacnich a xenobiotika metabolizujicich enzymu
béhem oxidac¢niho stresu.

Modulace reparacni aktivity DNA pomoci prirodnich extrakt( predstavuje novy pristup v protinddorové
terapii.

Podékovani: Tato studie byla podporena projekty AMVIS LH13061 a AZV 15-27580 A.
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Colorectal cancer (CRC) is the third most common cause of cancer and the second leading cause of
cancer death in Europe. From a clinical point of view, cancers of the colon and the rectum (RC) are 2
distinct entities that require different preventive and treatment strategies. Accordingly, when analyzing
the genetics and biology of these tumor entities, they should be treated separately. With respect to CRC,
extensive catalogues of genome-wide methylation changes have been identified in the past few years.
However, for RC only, very limited data are available, since existing studies usually failed to separate these
entities.

We have analysed 32 paired samples using the Human Methylation 450 K Bead chip which interrogates
485,577 CpG sites. The methylation results from our study on RC patients were compared with a publically
available, open-access dataset of RC individuals from The Cancer Genome Atlas (TCGA).

We found 5929 CpG sites differentially methylated in RC with majority of them located within the
5'UTR and 3'UTR regions of a gene. These CpG sites are mapped to 1192 different genes mostly found on
chromosomes 1, 4, 6-8, and 13.

We aimed to identify genes with the highest quantitative differences in methylation between tumor
and healthy tissues. The differential methylation ranged between -0.53 and 0.62 for the selected top ten
hypo- and hypermethylated CpG sites.

Our results were comfirmed by data on RC individualrs from TCGA. We have observed several targets
for further evaluation of possible clinical diagnostic and prognostic utility.

Acknowledgements: This work was supported by Czech Science Foundation (P301/12/1585;
GA15-08239S).
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Colorectal cancer (CRC) has one of the highest mortality due to the late diagnosis and a lack of proper
predictive and prognostic markers. According to the current knowledge, DNA repair processes are involved
both in the onset of CRC and in the treatment efficacy.

In the present study, we analyzed the link between functional genetic polymorphisms (SNPs) in DNA
repair genes covering the main DNA repair pathways (relevant for therapy response) in relation with the
risk of CRC and clinical outcomes. Our set of candidate polymorphisms was selected according to different
functional and genomic databases (FSNP, GAD, Linkage Disequilibrium, Gerp++, SiPhy). FSNP database
provides integrated information about the functional effects of SNPs which are predicted and indicated
at several levels (protein coding, splicing regulation, transcriptional regulation, post translation). We have
focused on those affecting protein coding. We hypothesize that these modified proteins modulate the
function/efficiency of DNA repair, and thus may have an effect on CRC.

Sixteen polymorphisms in twelve DNA repair genes (C19orf40, EME1, FANCI, MUS81, NEIL3, POLE,
POLN, POLQ, RAD51D, REV1, REV3L, RPA1) were analyzed in DNA samples of 1172 cases and 1831 controls
from the Czech Republic. Clinical data at the time of diagnosis and complete information on follow up
were provided for all patients.

Preliminary results show that genetic variations in several DNA repair genes were associated with
clinical outcome. In particular, CRC patients carrying the AG heterozygous genotype for rs5030755 in RPA1
gene displayed a longer survival and decreased recurrence risk (Overall Survival (OS): HR 0.74; 95% ClI
0.56-0.98; p=0.04 and Event-free survival (EFS): HR 0.72; 95% Cl 0.54-0.95; p=0.02). This association with
better OS was more pronounced in individuals with colon and sigmoideum cancer (HR 0.58; 95% Cl 0.4-
0.83; p=0.0035).

Understanding the SNPs effect on the treatment response, resulting ultimately into low-cost and
low-invasive markers, is regarded as very important for the possibility to tailor patient specific treatment
strategy. Individualized therapy will eventually help to improve therapeutic efficacy and to minimize
toxicities. The present results identified plausible candidate DNA repair gene variants potentially affecting
clinical outcome in relation to CRC patient’s survival.

Acknowledgements: This work wassupported by the Grant Agency of the Charles University GAUK
112515 and GA CR 15-14789S.
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Mucins, high molecular weight glycoproteins predominantly expressed at the epithelial surface of
tissues, provide protection for colon surface under normal physiological conditions. Mucinous colorectal
carcinomais generally defined as having greater than 50% of the tumor area with a mucinous differentiation
by histologic examination.

miRNAs have recently emerged as important regulators for altered mucin expression during malignant
development. miRNAs are short non-coding RNAs that regulate gene expression by binding to the
3'untranslated regions (3’UTR) of target mRNA thereby hampering protein translation or inducing mRNA
destabilization. Aberrant miRNA expression and/or function are frequently observed in colorectal cancer
(CRC). Polymorphisms in miRNA binding sites may affect miRNA binding to target genes, resulting in
differential mRNA and protein expression and susceptibility to common diseases. We hypothesize that
variations in mucin genes may modulate signaling response affecting cancer susceptibility, cancer survival
and efficacy of chemotherapy.

Thirteen polymorphisms in nine mucin genes (MUC6, MUC7, MUC13, MUC14, MUC15, MUC17,
MUC20, MUC21 and MUC24) were analyzed in DNA samples of 1111 cases and 1469 controls from the
Czech Republic. Investigated variants were also studied in association with clinical outcome in all patients
provided with detailed information on follow up.

Genetic variations in mucin genes were associated with clinical outcome. In particular, CRC patients
carrying the CC genotype for rs886403 in MUC21 gene displayed a shorter survival and higher recurrence
risk (HR 1.69; 95% Cl 1.13-2.46; p=0.01 and EFS: HR 1.99; 95% Cl 1.38-2.84; p=0.0002, resp.). The observed
association was strikingly pronounced in colon cancer patients while individuals with rectal cancer and
carrying variant CC genotype of rs4729655 in MUC17 displayed better overall survival (HR 0.27; 95% Cl
0.14-0.54; p=0.0002).

Expanding our knowledge on mucin involvement in CRC may help us better understand the
etiopathogenesis of this disease and thereby contribute to the development of new treatment strategies.
The present results identified plausible candidate SNPs potentially affecting miRNAs that target mucin
genes in relation to CRC patients’ survival.

Work supported by IGA MZ: NT 15-26535 A and NT 13424
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Kolorektalni karcinom (CRC) je druhym nejcasté&jsim rakovinovym onemocnénim v rozvinutych zemich.
V roce 2008 bylo v Evropé zaznamenano 436 000 novych pripad(i CRC a 212 000 pacientll béhem tohoto
roku zemrelo v ddisledku onemocnéni (Ferlay et al., 2010). Ceska republika se v Evropé Fadi na druhé misto
v incidenci CRC, ktery je druhou nejcastéjsi pricinou Gmrti. Jak bylo ukazano v nasich predeslych studiich,
polymorfismy v miRNA vazebnych mistech u gen(i pro muciny mohou signifikantné sniZovat riziko pro vznik
CRC u SNP rs1532602 v genu MUC13 (Vymetalkova et al., 2016).

MUC13 je membranovy mucin, ktery je v normalnich bunkach exprimovan na nizké Grovniv epitelialnich
bunkach gastrointesticialniho, respiracniho a reprodukéniho traktu (Maher et al. 2011, Packer et al., 2004;
Gupta et al., 2012). Gupta a kol. (2014, 2012) popisuji vliv MUC13 na tumorgenezi a metastazovani bunék
u karcinomu tlustého streva. Jeho over-expese byla prokazana u ovarialniho a pankreatického karcinomu
jak ve studiich in vitro, tak v modelech in vivo (Chauchan et al. 2012, 2009). MUC13 je vysoce exprimovany
na povrchu stfevni sliznice, kde je spojovan se zanétlivym stfevnim onemocnénim (Sheng et al., 2013).
Jeho aberantni lokalizace je popisovana u nadoru tlustého streva, kde zaroven zvySuje bunécny rist,
bunécnou migraci a invazivitu tumoru.

miRNA jsou kratké (~22 nucleotidd) nekddujici RNA exprimované jak u rostlin, tak u Zivocichd. Tyto
malé molekuly se vazi na 3’konec exprimované mRNA ¢imZ spousti degradaci mRNA nebo inhibuji jeji
translaci (Shromon, 2010). Aberantni exprese miRNA gent mGze u ¢lovéka vést k fadé onemocnéni véetné
nadorového bujeni (Papagiannakopoulos et al., 2008). Nedavné poznatky poukazuji na potencialni vliv
miRNA pro vznik, diagnostiku a progn6zu u CRC. Proto se miRNA jevi jako logicky cil pfi vyzkumu nové anti-
nadorové terapie (Dong, 2001 a Huang, 2009).

Soucasné prace potvrzuji, Ze miRNA (miR-137, miR-145 and miR-4647) pfimo reguluji MUC13. Bylo
prokazano, Ze miR-145 vaze mRNAMUC13 ¢imZ suprimuje rUst ainvazivitu rakovinnych bunék pankreatického
tumoru(Khanetal.,2014). Insilicoanalyzy svyuzitim MicroSniper (http://epicenter.ie-freiburg.mpg.de/services
/microsniper/), online algoritmus, poukazuji na mozné 6-, 7-, 8-mer vazebna mista pro miR-4647 pro
rs1532602 na 3° UTR konci mRNA pro MUC13.

miR-137 se muZe podilet pfi tumorgenezi (véetné CRC) jako tumorsupresor, a to prostfednictvim
regulace genl Ucastnicich se kontroly bunéc¢ného cyklu (Liu et al., 2011).

miR-145 je povaZovana za tumorsupresor u mnoha nadord, véetné CRC. Nedavna studie ukazuje,
Ze miRNA-145 je downregulovana u lidského ovaridlniho karcinomu, ¢imZ dochazi ke stimulaci nadoru
(Wu et al., 2013).

Vysledky:
Bunécné linie HCT-116 jsme transfekovali pomoci 10 nM pre-miR-137, pre-miR-145 a pre-miR-4647.
Po navyseni jejich hladin jsme sledovali vliv téchto miRNA na expresi genu MUC13.

Zajimavé bylo zjisteni, Ze miRNA-137 netlumi expresi MUC13, ale naopak u transfekovanych
bunék doslo k narustu exprese genu MUC13 a zaroven ke snizené proliferaci, coz mlze byt vysvétleno
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tumorsupresorovym efektem miRNA-137. MUC13 naopak pravdépodobné diky svym 3 EGFI-lIl doménam
(epidermal growth factor like) zvysuje expresi a proliferaci bunek.

Nejvyraznési pokles exprese MUC13 byl prokazan u miRNA-4647, a to ve viech sledovanych casech
(24h, 48h, 72h, 96h).

Obdobné vysledky jsme ziskali i pri sledovani expresnich profil(i u 200 parovych vzork( od CRC pacientd.

Vysledky budou jesté potvrzeny metodou Western Blot, prolifera¢nimi a migracnimi testy.

Tato prace byla financovana: NT 13424, Grant Agency of the Ministry of Health of the Czech Republic
AZV MZ 15-26535 A,
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For non-invasive drug administration, nanoparticulate delivery systems offer the advantage of
providing a prolonged residence time on mucosal membranes and the possibility to reach greater mucosal
surface areas leading to a comparatively higher drug uptake. However, it is believed that the full potential
of non-invasive delivery systems for uptake across mucosal barriers has by far not been reached. The
development of controlled release systems for drug delivery to mucosal surfaces is of widespread interest.

To gain mechanistic insight to penetrate through mucosa and rationally engineer particles to cross
mucus layer, we looked to nature for guidance. The choice of system primarily depends on the therapeutic
target and peculiar properties of the target mucosa including thickness of the mucus gel layer, mucus
turnover rate and water movement within the mucus. Future trends are heading in the direction of
combining both systems to one i.e. mucoadhesive and mucopenetrating properties on the same particles.
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Alternative engine fuels made from renewable sources are currently of great interest and importance
due to their growing production and use. Despite their undisputable benefits such as sustainability or
energy security and balance, recent findings on the toxicity of their combustion-related emissions are
contradictive and give rise to several concerns related to environmental and health risks. In the present
study, we compared toxicity of organic compounds extracted from emissions of four different diesel/
biodiesel fuels and their blend, respectively (DEPs). Human lung BEAS-2 B cells were incubated 4 and 24
hours with equivalent subtoxic dose of each DEP extract. To detect transcriptional changes and generate
gene expression profiles, we used whole-genome microarrays (lllumina). Detailed chemical analysis of
DEP extracts was performed to assess the chemical composition possibly associated with the toxicity.

Our results suggest distinct qualitative and quantitative molecular response upon 4h treatment
comparingto 24h treatment. After 4h incubation, we observed modulation of many processes and pathways
mostly related to oxidative stress response, DNA damage response or apoptosis while 24h incubation
resulted in deregulation of genes involved in metabolic activation of polycyclic aromatic hydrocarbons,
cell cycle, lipid and steroid hormone metabolisms and many others. We also found differences among
individual DEP extracts. NEXBTL100, a low carbon biofuel, exhibited after 4h and 24 incubation modest
changes and distinct molecular response comparing to others (conventional fossil diesel fuel, 30% blend
with biocomponent and 100% biodiesel fuel).

In conclusion, we used microarray analysis as a robust and high-throuput method to describe a complex
molecular response on transcriptional level and to reveal a ,fingerprint of genome-wide expression
changes characteristic for each diesel/biodiesel engine emissions extract. Supported by the Czech Science
Foundation, project BIOTOX - Mechanisms of toxicity of biofuel particulate emissions (13-01438S) and by
project MEDETOX (LIFE10-ENV-CZ-651).
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Aryluhlovodikovy receptor (AhR) hraje klicovou roli v toxicité persistentnich polychlorovanych
aromatickych sloucenin jako je 2,3,7,8-tetrachlordibenzo-p-dioxin (TCDD) a polycyklickych aromatickych
uhlovodik(, jejichz nejvyznamné;jsim zastupcem je benzo[a]pyren (BaP). V této praci byly studovany 1)
zmény genové exprese a vybranych proteint po kratkodobé expozici TCDD nebo BaP (6-72 hod.), kdy
dochazi k adaptacnim indukcim detoxikacnich enzym( a ranym zménam genové exprese, které mohou byt
spojeny s vyvojem dioxinové toxicity; 2) procesy prechodu bunék ze statutu epitelialniho na mesenchymalni
(EMT) po 14tidenni a del3i expozici TCDD, BaP nebo TGFbeta (modelovy induktor EMT); pouZité metody
zahrnovaly zmény genové exprese (qRT-PCR), Western blotting marker( EMT, test migrace, sledovani
morfologie bunék a zmén bunécného cyklu a proliferace pritokovou cytometrii. Bunéénymi modely byly
lidské epitelialni bunky - plicni adenokarcinoma A549 buriky, lidské bronchialni netumorigenni epitelialni
bunky HBEC-3KT a HBEC-12KT a také BaP-transformované HBEC-12KT-B1 bunky.

Adaptacni geny (CYP1A1, CYP1B1, TIPARP, AHRR, ALDH1A3) byly indukovany shodné ve vsech
bunécnych liniich a jejich exprese byla zvysena jiz po 6hod. expozici TCDD. Dalsi geny, ackoliv také AhR-
dependentni byly deregulovany nepfimo az po 24-72hod. expozici. Byly sledovany nasledujici mozné
mechanismy této nepfimé regulace: vliv methylacniho/demethylacniho statutu sledovaného genu,
modulace bunécného cyklu a proliferace a byla uvazovana mozna AhR-dependentni exprese/regulace
jiného transkripcniho faktoru. Byla také provedena meta-analyza promotort vybranych deregulovanych
cilovych AhR gen( (Genomatix). Prace v této oblasti intenzivné pokracuje. Na rozdil od spole¢né indukce
adaptacnich gen( v rliznych typech plicnich bunék byly nalezeny vyznamné rozdily mezi zménami genové
exprese v bunkach A549, HBEC-3KT a 12KT a to jak po kratkych, tak také 2-6tydennich expozicich. Také
exprese genu a proteind, které souviseji s EMT, zmény v morfologii a migracni aktivité bunék se vyznamné
lisily. V bunikach A549 byla EMT indukovana jiz po 2 tydnech po expozici BaP nebo TGFbeta, nikoliv vsak po
TCDD. Ackoliv AhR prispival k Fadé ranych efekt( spojovanych s nadorovou promoci (efekty ligand( AhR -
TCDD a BaP), dalsi mechanismy, napt. genotoxické, jsou nutné k plné indukci EMT.

Podé&kovani: Tato prace byla podporena grantem GACR €. 14-22016S.
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Extensive use of nanomaterials (NM) in industry, medicine, consumer goods and other fields and
products creates potential health hazards both for workers in NM-producing plants and users of NM-
containing products. Therefore, it is essential to identify the NM with potential negative biological effects
and understand mechanisms of their toxicity. In general, toxicity of NM may be modulated by surface
modification of nanoparticles (NP), their chemical composition, shape, size, tendency to form aggregates
and other physico-chemical properties. The mechanisms of toxicity mostly involve formation of reactive
oxygen species (ROS) resulting in oxidative stress induction. ROS production may be induced either
primarily due to the presence of reactive compounds on the surface of NP, or as a secondary process
associated with inflammatory response induced by the presence of NP in the organism, particularly in the
immune cells. Despite the amount of NM produced every year and the number of applications where NM
are used, toxicity studies are mostly limited to in vitro cell models. Thus, biological impact of NM exposure
in complex organisms, including mammals, is not well characterized.

To evaluate possible effects of NM exposure on gene expression we used adult female ICR mice in
inhalation experiments with several commonly used NP (CdO, MnOx, ZnO). The mice were exposed for
three time intervals (three days, six weeks or three months) to mimic acute, sub-chronic and chronic
NM exposure effects. Gene expression changes were evaluated in mRNA extracted from lung tissue. For
analysis, we selected genes whose products are involved in processes most relevant to expected biological
effects of NM: oxidative stress, immune response, inflammation, apoptosis, DNA damage and repair, and
cell cycle regulation. We used a novel approach based on next-generation sequencing (MiSeq, lllumina) of
298 isoforms of 68 selected genes. Unlike standard Illumina microarray analysis this method allowed us
to evaluate gene expression changes of individual transcription variants thus giving us the opportunity to
elucidate their role in the response of the organism to the inhalation exposure to NM.

In our presentation we will discuss advantages and disadvantages of the novel approach of gene
expression analysis when compared with microarrays. We will explain the steps needed to design targeted
RNA expression assay and show the preliminary data of gene expression changes following the exposure
of mice to NM.

Acknowledgements: This work was supported by the Ministry of Youth, Education and Sports of the
Czech Republic (LO1508) and Czech Science Foundation (P503/12/G147).
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Studium toxickych vlastnosti PAHs je tématem mnoha desetileti. Toxicita a karcinogenita PAHs je
vysledkem nékolika mechanism( a vzajemnych interakci. Sledované parametry toxicity rozdélit do
nékolika skupin: 1) aktivace genové exprese kontrolované aryluhlovodikovym receptorem (AhR) spojena
s tzv. ,dioxinovou” toxicitou; 2) genotoxicita a mutagenita (produkce stabilnich DNA adukt s metabolity
PAHs, oxidativni poskozeni DNA, chromosomalni aberace, mutagenita v bakteridlnich a savcich
modelech atd.); 3) nadorové promocni vlastnosti PAHs (inhibice mezibunécnych mezerovych spojeni -
GJIC, nddorova promoce v modelech in vivo); 4) karcinogenita v rodentech a novéji bunééné transformace
v jaternich a plicnich bunkach; 5) dalsi efekty jako imunotoxicita, endokrinni disrupce (napf. estrogenita)
a jiné. Velmi diskutovanych a ¢asto sledovanym mechanismem je vznik oxidativniho stresu a oxidac¢niho
poskozeni DNA, fosfolipidll a proteind. Zda se oviem, Ze tyto procesy nejsou aZz na vyjimky hlavnim
mechanismem toxicity PAHs a jejich derivata.

Systematickad kvantitativni data pro velké série PAHs jsou ovsem k dispozici jen pro AhR aktivaci
v jaternich in vitro modelech (DR-CALUX, AZ-AhR, indukce CYP1A1), mutagenitu PAHs v Amesové
testu (kterd ovsem neposkytuje pfilis relevantni informaci, napf. pro nitroderivaty PAHs), mutagenitu
v lymfoblastoma bunkach transfekovanych bioaktivaénim enzymem CYP1A1 a dale pro inhibici GJIC
a sumarni data pro karcinogenni potence PAHs. Byly publikovany relativni efektivni potence (REP)
nebo tzv. toxické ekvivalencni faktory (TEF), které porovnavaji efekty individualnich latek s referencnim
toxikantem, nejcastéji benzo[a]pyrenem (BaP), v pfipadé aktivace AhR s 2,3,7,8-tetrachlérdibenzo-p-
dioxinem (TCDD).

Aktivace AhR, ktera je klicova jak pro tzv. dioxinovou toxicitu (spojenou predevsim s negenotoxickymi
procesy - zménou genové exprese a signalni transdukce), tak i pro metabolickou aktivaci PAHSs, je vsak
bezesporu jednim z hlavnich parametru toxicity a karcinogenity PAHs. V soucasné dobé byla dokoncena
studie sledujici potence velké skupiny PAHs a jejich derivat aktivovat AhR v modelu lidskych hepatoma
bunék HepG2 stabilné transfekovanych luciferdzovym reportérovym genem pod kontrolou aktivovanym
AhR. Porovnanim s REP hodnotami ziskanymi v potkanich modelech jako je systém DR-CALUX ukazuje
v nékterych pripadech velké mezidruhové rozdily.

Extrémné vysoké mutagenni a karcinogenni potence byly stanoveny v rliznych modelech in vivo
a in vitro pro dibenzo[a,l]pyren. Také cyklopenta[c,d]pyren je silny mutagen. Rada dalsich PAHs naopak
vykazuje jen nizkou genoxicitu a mutagenitu v savCich bunkach a jejich efekty jsou prevazné negenotoxické.
Benzo[a]pyren a také napf. dalsi silny karcinogen 5-methylchrysen jsou relativné potentnimi induktory
AhR, genotoxiny a inhibitory GJIC.

Velmi vyznamnym faktorem je koncentrace individualnich latek. Je zfejmé, Ze i velmi toxické slouceniny
nemohou hrat vyznamnou roli, pokud se vyskytuji pouze ve stopovych mnoZstvich (to je priklad silného
genotoxinu 3-nitrobenzanthronu). PoufZiti toxickych ekvivalent( (TEF x koncentrace jednotlivé latky) ma
své limity (predevsim nedochazi k aditivité toxickych odpovédi ve smésich), nicméné je to nastroj, ktery
ukazuje relativni prispévek individualnich latek k toxicité smési.
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RGzné slozeni komplexnich smési motorovych emisi a latek vazanych na vzdusny aerosol rozhoduje
o rlzné toxicité téchto smési. V emisich ze vznétového (dieselového) motoru prevladdaji PAHs s nizkou
molekulovou hmotnosti 178 a 202 (fenantren, anthracen, fluoranthen, pyren), které vykazuji minimalni
dioxinovou aktivitu a genotoxicitu; tyto latky pfi vyssich koncentracich inhibuji GJIC. Emise z benzinovych
motord obsahuji vyznamna mnozstvi PAHs s molekulovou hmotnosti 228 (chrysen, benz[a]anthracen)
a také PAHs s molekulovou hmotnosti 252 (benzo[a]pyren, benzo[k]fluoranthen) a 276 (indenopyren),
které maiji vysokou dioxinovou aktivitu a vyssi genotoxicitu. Vzorky vzdusného aerosolu obsahuji asi 10x
vy$si mnozstvi PAHs s molekulovou hmotnosti 252; nejvyznamnéjsi prispévky dioxinové toxicity vykazuji
benzo[k]fluoranthen, indenopyren, dibenzo[a,h]anthracen a benzo[jlfluoranthen. Tyto efekty, predikované
z dat o potencich individualnich latek, byly potvrzeny mérenim dioxinové aktivity v testech DR-CALUX
a AZ-AhR.

Tyto testy také odhalily vysokou dioxinovou aktivitu polarni aromaticka frakce, ktera obsahuje oxy-
PAHSs; individualni oxy-PAHs identifikované ve vyssich koncentracich vsak v téchto testech vykazovaly
velmi nizkou indukci AhR a Gc¢inné toxikanty dosud nebyly identifikovany. Naopak stfedné polarni aromaty
véetné nitro-PAHs maji velmi nizkou dioxinovou aktivitu a genotoxicitu, ale produkuji nizké, ale signifikantni
oxidativni poskozeni DNA a membranovych fosfolipidd.

Porovnanim karcinogennich potenci s dalSimi toxickymi parametry se ovsem ukazalo, Ze jednotlivym
parametrem nelze predikovat karcinogenitu individualnich latek nebo smési. Proto je nutné sledovat vice
parametr( a usilovat o ziskani dalSich systematickych dat pro velké série PAHs a jejich derivata, pokud
moZno v humannich modelech.

Podékovani: Tato prace byla podporena grantem GACR €. 14-220168.
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Heterocyklické aromatické uhlovodiky (HAH) st stcastou mnohych komplexnych zmesi organickych
latok, ktoré vznikaju pri nedokonalom spalovani organickych materialov. Napriek tomu, Ze v tychto
zmesiach HAH tvoria relativne malu frakciu, mnohé z nich si mutagénne a karcinogénne, a predstavuju
potencialne riziko pre ludi. Do skupiny HAH patri aj 7H-dibenzo[c,g]karbazol (DBC) a jeho tkanivovo
Specifické derivaty, N-metyl DBC a 5,9-dimetyl DBC. DBC sa beZne vyskytuje v znecistenom Zivotnom
prostredi ako su vyfukové plyny alebo cigaretovy dym. Je to lokalny a systémovy karcinogén; ktory vyvolava
nadory v mnohych experimentalnych zvieratach ako je mys, potkan, Skrecok alebo pes. V stcasnosti je
DBC zaradeny do skupiny 2 B, t.j. mozny karcinogén pre cloveka. DBC je silna lipofilna zlGcenina, ktora
extrémne rychlo prenika cez modelovl cytoplazmaticki membranu. Navyse DBC je substratom pre ludské
cytochrémy P450 (CYP) a v procese biotransformacie sa tvoria rovnaké metabolity, hlavne fenoly, ako po
aktivacii u potkana alebo mysi. Na zaklade vysledkov z in vivo experimentov boli navrhnuté dve drahy
biotransformacie: i) na aromatickej kostre, podobne ako v pripade PAH zl(cenin a ii) na heterocyklickom
dusiku ako pri metabolizme aromatickyck aminov. Predpoklada sa, Ze heterocyklicky dusik zohrava délezitu
tlohu v hepatokarcinogénnej aktivite tohto karcinogénu. Aktivacia DBC a jeho tkanivovo Specifickych
derivatov, DiMeDBC and N-MeDBC, rovnakymi [udskymi CYP enzymami, vyvolavaju rozdielnu biologicku
odpoved v cicavcich bunkach. Biologicka aktivita a mechanizmus toxicity tychto dibenzokarbazolov tizko
sQvisi s expresiou aktivacnych enzymov v cielovom tkanive.
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V poslednom obdobi stipa zaujem o vyuzitie prirodnych latok, bud cCistych zlG¢enin alebo komplexnych
rastlinnych extraktov, ktoré by boli schopné vychytavat volné radikaly. Rastlinné extrakty su bohaté na
zlti€eniny oznacované ako sekundarne metabolity a rastline slizia napr. na ochranu proti biologickym
agensom alebo voci UV Ziareniu. Najvyznamnejsim rizikovym faktorom vzniku rakoviny koze vseobecne,
ako aj konkrétne melanému, je UV Ziarenie a jeho nadmerné p6sobenie na pokozku. Jednou z moznosti
ochrany koze pred $kodlivym pdsobenim UV Ziarenia su opalovacie krémy obohatené o antioxidanty
alebo latky, ktoré pohlcuju alebo odrazaji UV lGce. Etericky olej z levandule (Lavandula angustifolia) sa
dlhodobo vyuziva v ludovej medicine, kozmetike a aromaterapii. Informacie o jeho chemoprotektivnych
a fotoprotektivnych tc¢inkoch a mechanizme pésobenia s vSak nedostatocné. Nasim cielom bolo stadium
cytotoxicity, genotoxicity a fotoprotektivneho Gcinku éterického oleja ziskaného z Lavandula angustifolia
voCi UVA Ziarenia na bunkovych linidch HaCaT (ludské nenadorové keratinocyty) a HMB-2 (ludské
melanémové bunky). Cytotoxicita bola stanovend pomocou MTT testu, genotoxicita a fotoprotektivny
ucinok - pomocou metédy SCGE (jednobunkovej gélovej elektroforézy). Bola detegovana aj aktivita
a expresia antioxidac¢nych enzymov. Zo ziskanych vysledkov vyplyva, Ze étericky olej Lavandula angustifolia
ma vyznamné fotoprotektivne Gcinky voci UVA Ziareniu v sledovanych zdravych a nadorovych bunkovych
liniach.

Tato studia vznikla vdaka podpore grantov VEGA, 2/0012/12 a v rdmci opera¢ného programu Vyskum
a vyvoj pre projekt: TRANSMED, ITMS: 26240120008 a projekt: ITMS: 26240220071 a TRANSMED 2,
ITMS: 26240120030, spolufinancovany zo zdrojov Eurépskeho fondu regionalneho rozvoja.
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Oblicky patria k Zivotne déleZzitym orgdnom a sU najdéleZitejsSim organom vylucovacieho systému.
Filtracia krvnej plazmy cez oblickovy filter je kritickym procesom, ktory ak je naruseny vedie ku zlyhavaniu
rovnovahy celého organizmu. Filtracna kapacita obliciek je velmi zavisla od zdravych a neposkodenych
epitelovych buniek glomerularneho filtra - podocytov. Podocyty, ako vysoko $pecializované epitelidlne
bunky prisadnuté ku glomerularnej bazalnej membrane s esencidlnou zloZzkou glomerularnej filtracnej
bariéry a zabranuju Gniku proteinov z krvi do mocu. Aj malé zmeny aktinového cytoskeletu podocytov
vedu ku ich poskodeniu, ku strate ich funkcie a tym aj vaZznemu poskodeniu funkcie oblicky.

Jednym z prvych znakov poskodenia podocytov je zmena ich cytoskeletu spojena s aktivaciou RhoA
a Rac-1 z Rho-rodiny GTPaz. Zvyseny glomerularny tlak méze byt takouto pricinou, ktord vznika pri
chronickom zlyhavani obliciek. Takyto zvySeny mechanicky stres aktivuje bunky podocytov, dochadza k ich
poskodeniu a ¢astokrat aj ku strate, ktoré v kone¢nom dosledku vedu ku zlyhavaniu filtracnej schopnosti
obliciek (1). Procesy straty podocytov st spojené so vzrastom apoptdzy tychto buniek v dosledku aktivacie
signalnych drah TGFb (2). Dal§im mechanizmom, ktory prispieva ku znizovaniu po¢tu podocytov je aktivacia
lokalneho angiotenzinového systému ako odpovedi na mechanicky stres (3). RhoA a Rac-1 sl potrebné
pre normalne fungujlice bunkové procesy, avsak ich nadmerna aktivita vyvolana napriklad reakciou na
zvy$eny angiotenzin Il prispieva ku chorobnym procesom nielen vaskularneho, ale aj renalneho systému.
Potvrdenie pozitivneho tcinku Rac-1 a ROCK (RhoA kinaza) inhibitorov v rozvoji chronickej choroby obli¢iek
sa ukazalo na znizeni albuminurie u SV129 mysi, ktoré podstupili 5/6-nefrektémiu. Navyse, kladné Gc¢inky
oboch inhibitorov sa potvrdili aj konkrétne pre podocyty, kde mechanickym stresom indukovana aktivacia
TGFb a epitelilalno-mezenchymalny fenotypovy prechod boli za pritomnosti tychto inhibitorov oddialené
a oslabené, a tym podocyty vykazovali mensie poskodenie (4).

Avsak aj nanocastice kovov, by mohli mat podobné Gcinky atakujuce cytoskelet podocytov. Anorganické
nanocastice ako napr. oxidy Zeleza alebo zlato su slubné a perspektivne diagnostické a terapeutické
prostriedky v medicine (5). A hoci benefity z vyuZitia nanomaterialov v klinickej praxi s nesporné
(zniZenie toxickych Gcinkov cytostatik podavanych formou nanocastic, zabranenie predcasnej degradacii
lieCiva a i.), pri aplikacii nanomterialov do organizmu st nanolie¢ivami exponované aj zdravé tkaniva
a organy. Viaceré studie potvrdili, Ze nanocastice sa akumuluja v oblickach a maji nefrotoxicky efekt,
napriek tomu su informacie o vplyve nanocastic na jednotlivé Specializované typy buniek oblicky, na ich
morfoldgiu, Struktaru a funkciu stale nedostato¢né. Preto v naSom dalSom vyskume sa chceme venovat
komplexnému posideniu nefrotoxicity vybranych nanocastic zlata a oxidu Zeleza s pouzitim réznych typov
Specializovanych buniek oblicky, a to modelovych bunkovych linii aj primarnych bunkovych kultar.

Acknowledgements: This work was supported by the Goethe University and a grant from Sanofi-Aventis
and will further be supported by VEGA 2/0113/15 and SASPRO_0084-01-02.

References:
1. Kriz W,, Elger M., Nagata M., Kretzler M., Uiker S. et al. (1994) Kidney Int. Suppl. 45, S64-S72.

2. Schiffer M., Bitzer M., Roberts I.S., Kopp J.B., ten D.P. et al. (2001) J. Clin. Invest. 108, 807-816.

3. Durvasula R. V., Petermann A.T., Hiromura K., Blonski M., Pippin J. et al. (2004) Kidney Int. 65, 30-39.
4. Babelova A., Jansen F., Sander K., Lohn M. et al. (2013) PLoS. One. 8, (11) p1.

5. Kumar A., Zhang X., Liang X.J. (2013) Biotechnol. Adv. 31, 593.

24



Protektivne Gcinky rastlinnych extraktov zo Salvia officinalis
a Thymus vulgaris voci poskodeniam DNA indukovanym
nanocasticami striebra v bunkam HepG2

A.Srancikova?, K. Kozics', M. Dusinska?, A. Gabelovat

stav experimentalnej onkolégie, Biomedicinske centrum SAV, Dibravska cesta 9
845 05 Bratislava

2 Norsky institut pre vyskum ovzdusia (NILU), Kjeller, Norsko
annamaria.srancikova @savba.sk

Salvia officinalis a Thymus vulgaris, rastliny z ¢elade Hluchavkovité, st zname liecivé byliny, ktoré sa
pouzivali po starocia nielen v tradi¢nej ludovej medicine na lie¢bu réznych ochoreni, ale aj ako koreniny pri
priprave jedal. Antioxida¢ny potencial tychto extraktov sa potvrdil v in vitro ako aj in vivo experimentoch
(Berrington a kol., 2012, Kozics a kol., 2013).

Unikatné vlastnosti nanomaterialov nachadzaju ¢oraz SirSie uplatnenie v réznych odvetviach priemyslu,
vratane molekularnej biolégie a mediciny. Antimikrobialne vlastnosti nanocastic striebra (AgNPs) sa
vyuzivaju v potravinarskom a kozmetickom priemysle ako aj v medicine. Zvysena expozicia AgNPs vyzaduje
dokladné postdenie ich biologickej bezpecnosti pre udi. Viaceré in vitro a in vivo studie povrdili cytotoxicitu
a genotoxicitu AgNPs. Oxidacny stres sa povazuje za hlavnu pric¢inu genotoxického Gcinku AgNPs.

Cielom nasej prace bolo zistit, ¢i extrakty Salvie a tymianu, ktoré maja antioxidacna aktivitu, su
schopné znizit toxicitu AgNPs v HepG2 bunkach. V experimentoch sme pouZzili AgNPs s priemerom 20 nm.
Bunky HepG2 sme predovplyvnili 24 h rastlinnymi extraktami (3alvia 2 mg/ml, tymian 0,5 mg/ml) a potom
ovplyviovali 2 h réznymi koncentraciami AgNPs (10-50 pg/ml). Nase predbezné vysledky ukazuli, Ze
rastlinné extrakty nedokazali znizit hladiny zlomov DNA a ani oxidac¢nych poskodeni vyvolanych AgNPs.

V praci diskutujeme doévody, ktoré mohli byt pric¢inou, Ze sa neprejavili protektivne Gcinky tychto
rastlinnych extraktov voci pésobeniu AgNPs.

Moje podakovanie patri prof. Mucajovi z Farmaceutickej fakulty,Univerzity Komenského za stanovenie
antioxidacnej aktivity rastlinnych extraktov. Tato praca vznikla za podpory grantu VEGA 2/0012/12
a projektu Quality Nano Transnational Access, NILU-TAF-33.
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Air pollution poses a long-term problem for human health. Effects of respirable particles, particularly
those of aerodynamic diameter < 2.5 um (PM2.5), are being intensively studied along with carcinogenic
polycyclic aromatic hydrocarbons (PAHs) bound to them. A whole range of negative health issues are linked
to high exposure to these pollutants. Some PAHs are carcinogenic (IARC 2012), genotoxic (Topinka et al.,
2000) and embryotoxic (Binkova et al., 1999). Their harmful impact on human body manifests itself often
after metabolic activation (Shimada and Fujii-Kuriyama, 2004). There are several mechanisms of metabolic
activation of PAHs, one of them gives rise to reactive oxygen species - ROS (Park et al., 2006). High levels
of ROS lead to oxidative stress in the body, which results in oxidative damage to macromolecules (DNA,
proteins, lipids), subsequently in tissue damage and cell death, and may ultimately cause disease (Dalle-
Donne et al., 2003).

Although there is no comprehensive study comparing a potential of PAHs to produce ROS, available
data suggests that the ability to induce oxidative stress may vary depending on the particular compound.
Furthermore, organic extracts (EOMs) derived from PM, that contain complex mixtures of various chemicals
(e.g. nitro, and oxo-PAH derivatives, reactive aldehydes, quinones etc.), were proved to be more effective
oxidative stress inductors than PAHs alone. Oxidative DNA damage induced by EOMs, but not by individual
PAHs, in HepG2 and HEL cells was observed in our previous study (Hanzalova et al., 2010). Inflammatory
processes are other contributors to the induction of oxidative stress and ROS production. It was found that
increased production of ROS is closely connected with a release of proinflammatory cytokines through the
activation of nuclear factor kB (NF-kB) (Yao et al., 2007).

Lipids are also important target for ROS. Lipid peroxidation is a process where ROS attack lipids
containing unsaturated bonds, particularly in polyunsaturated fatty acids (PUFAs) (Ayala et al., 2014).
Three different mechanisms of peroxidation were described: 1. a free radical-mediated oxidation; 2.
a free-radical-independent nonenzymatic oxidation; and 3. an enzymatic oxidation (Niki, 2009). The first
two mechanisms do not require enzymes to induce peroxidation. Enzymatic formation of oxidized lipids
is based on lipoxygenase and cyclooxygenases (COX), which catalyze the oxidation of arachidonic acid.
This yields a range of products, including, for example, hydroperoxyeicosatetraenoic acid, prostaglandins,
prostacyclin, thromboxane or leukotriene (Niki, 2009). Two forms of COX were identified: COX-1, which is
constitutively expressed in cytoplasm of most cells, and COX-2 which is a highly inducible enzyme, activated
in response to various stimuli (Tsatsanis et al., 2006). COX-2 is overexpressed during inflammation and the
association of increased oxidative stress and the activation of NF-kB (Lu and Wahl, 2005) is assumed.
NF-kB is a key transcription factor participating in processes such as inflammation, stress response, cell
differentiation and proliferation, or cell death. It can be activated by numerous stimuli and regulates
awide range of target genes such as: cytokines, growth factors, adhesion molecules, intracellular signalling
molecules, transcription factors and miRNAs (Hoesel and Schnid, 2013).

Arachidonic acid, a polyunsaturated fatty acid, abundant in cell membranes, is one of the first targets
of ROS during the oxidative stress. Arachidonic acid can serve as a substrate for COX, which transform this
compound into prostaglandins. However, peroxidation of arachidonic acid mediated by free radicals, which
does not require COX or other enzyme has also been documented (Morrow et al., 1990). This process leads
to the formation of F2-isoprostanes (ISOP) in cell membranes. ISOP are cleaved off the membranes by the
effect of phospholipases and circulate in the blood plasma. From there, they are filtered in the kidneys
and excreted in urine. ISOP levels, namely 15-F2t-ISOP, in plasma and/or urine have become a reliable
biomarker of lipid peroxidation in population studies.

Therateof lipid peroxidation canalso be determined by measuringthe productsformed by decomposition
of lipid peroxides. Such secondary products of peroxidation include e.g. acrolein, malondialdehyde (MDA)
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and 4-hydroxy-2-nonenal (HNE) (Esterbauer et al., 1991). MDA is an often monitored biomarker of lipid
peroxidation. Its presence can easily be determined by reaction with thiobarbituric acid (TBARS). The
disadvantage of this type of analysis is a relatively low specificity and also the fact that MDA represents
only a very small amount (ca. 1%) of the products resulting from the disintegration of lipid peroxides. Yet,
it is still the most frequently used approach to the analysis of lipid peroxidation (Lykkesfeldt, 2007). The
specificity of the test is increased by the acid precipitation of lipoproteins in samples.

In our previous in vitro study, the oxidation of macromolecules, induced by individual PAHs and EOMs
in HepG2 and HEL cells, has been analyzed (Hanzalova et al., 2010). Unexpectedly, lipid peroxidation,
determined by measuring the levels of 15-F2t-ISOP in cell lysates, has significantly decreased below the
control levels, particularly in HEL cells exposed to EOMs. We assume that the levels of 15-F2t-ISOP were
affected by the activity of COX-2, which reduced the concentration of arachidonic acid in the cells. COX-2
expression can be induced by the aryl hydrocarbon receptor (AHR), that serves as a ligand for polycyclic
aromatic hydrocarbons (Dalton et al, 2002). Moreover, our recent transcriptomic data (Libalova et al.,
2014) showed that in A549 cells, EOMs are effective activators of NF-kB and subsequently of COX-2.
This represents another potential course for activation of COX-2. However, the exact mechanism of NF-
kB activation using EOMs is still unclear. Previous studies have shown that PAHs and EOMs, being AhR
inducers, may interact with NF-kB (Vogel et al., 2014; Pei et al., 2002).

In short, EOMs and PAHs in some cell lines reduce the levels of 15-F2t-ISOP through an unknown
mechanism. We assume that EOMs/PAHs induce NF-kB, either directly or through the activation of AhR. NF-
kB then induces COX-2 activity that leads to a decrease in the level of arachidonic acid due to its conversion
into prostaglandins. A limited amount of arachidonic acid leads to a reduction in the concentration of
15-F2t-ISOP. EOMs/PAHSs, otherwise harmful, thus show “antioxidant” effects in vitro. To explain this
phenomenon, we plan to study the processes linked with lipid peroxidation in human lung model cells
after their exposure to PAHs and EOMs. We are going to analyze ROS production, selected products of
lipid peroxidation and the possible relationship between lipid peroxidation and other processes affected
by PAHs and EOMs, including an analysis of changes in the expression of relevant genes.
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The presentation is focused on several important areas of nanotoxicology. In the introduction we will
discuss general aspects of nanotoxicology and its importance in the era of global application of products
produced by nanotechnological industry. Some examples of global health risk will be presented.

Second part will deal with the importance of physical-chemical characterisation of nanoparticles and
application of advanced methods to understand behaviour of nanoparticles in environment and organisms.
Effect of nanoparticle size, morphology, composition and surface charge will be considered with respect to
their ability to penetrate into organisms and accumulate within various body compartments.

Third part will be aimed to in vitro models for screening toxicological properties of nanoparticles.
Relatively new area of “organ on chip” technology and genetically engineered cell models will be presented.
Experimental data of our study with nanodiamonds will be presented as an example of application of
modern methods in nanotoxicology.

In vivo imaging methods is the topic of fourth. Modern sensitive and high resolution methods like puCT,
SPECT/PET, whole body luminiscence, MRI will be presented to demonstrate the power of in vivo imaging
in nanotoxicological studies on animal models.

g e “oth 1 3 ol —
Characterisation of nanodiamonds by Nanoparticle Tracking Analysis metnods (NanoSight 500
instrument, Malvern); Confocal microscopy analyses of localization of fluorescence nanodiamonds
in HeLa cells; Subcellular localization of NDs in the A 549 cell viewed by TEM. NDs (black points) are
localized in the cytoplasm outside the nucleus. Clusters of NDs are formed around vesicles (black

arrows); Detail of nanodiamonds localised onto the surface of cellular vesicles.
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Nanoparticles exhibit broad spectrum of applications in current medicine. Growing concern of
nanotechnology represents potential toxicity of nanoparticles associated for example with induction
of ROS production and oxidative stress, hepatic, splenic, central nervous system, kidney, and lung toxicity,
ER stress, lung interstitial inflammation and in general inflammatory activation of several subpoppulations
of immune cells. Furthermore DNA damage and cell death could be outcome of nanoparticles toxicity.

Cancer initiation, promotion, malignant conversion, invasion, and metastasis is interconnected with
inflammation. Therefore, due to their potential to trigger inflammation, nanoparticles should be considered
as potential tumor promoter and cancerogenesis associated with nanoparticles should be considered and
thoroughly explored for each individual formulation.

The presentation will summarize dominant immune cell populations generally involved in the tumor
surveillance and in tumor promotion such as CD8+ T cells, Th1, Th2, Th17 and Treg cells, macrophages
M1 and M2 sub-populations, myeloid-derived suppressor cells, Nk and Nk T cells, B cells and neutrophils.
Furthermore, dominant cytokines (IL-1B, TNF-a, IL-6, IL-11, IL-21, IL-23, TGF-B, BAFF, etc.), chemokines
(CCL1, CCL2,CCLY, CCL19, CCL21, CCL22, CXCL1, CXCL8, CXCL12), transcription factors (STAT3, AP-1, NF-kB)
and other factors (VEGFs, HIF1a) involved in tumor-promotion, metastasizing, and angiogenesis will
be reviewed. Examples of such immune factors promoted by various nanoparticle preparations will be
discussed.

Acknowledgements: This work was supported by the grant IGA_LF_2016_011 of Palacky University,
Olomouc and by the grant AZV 15-32198 A of the Ministry of Health, Czech Republic.
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Superparamagnetické nanocastice oxidu Zeleza ako napr. nanocastice magnetitu (MNPs) st perspektivne
multifunkéné teranostika, ktoré umoznia cielene dopravit lie¢ivd do nadoru, sledovat ich akumulaciu
v nadore, a tym monitorovat G¢innost zvolenej liecby (Gobbo a kol., 2015). Fyzikalno-chemické vlastnosti
nanocastic ako su velkost, tvar, povrchové vlastnosti a ndboj determinuju interakcie MNPs s biologickym
materidlom ako aj spdsob ich internalizacie (Iversen a kol., 2011). Stanovenie mnozstva internalizovanych
MNPs je klticové pre postudenie ich bezpeénosti/toxicity (Friedrich a kol., 2015). Mechanizmus transportu
MNPs do bunky je doéleZitym faktorom pri ich syntéze a funkcionalizacii ako aj pre vypocet davkovania pri
cielenej terapii (Yang a kol., 2011). MNPs vstupuju do bunky niektorou zo $pecifickych drah endocytozy ako
je klatrin- (CME) alebo kaveolin-sprostredkovana endocyt6za (CavME), lipidické rafty, ¢i fagocytéza. CME
aj CavME su zavislé na dynamin GTPaze, ktora zabezpeci oddelenie transportnej vezikuly od membrany
(McMahon a Boucrot, 2011; Mosesson a kol., 2008). DéleZitd Glohu v endocytdzy zohrava aj cytoskelet
bunky (aktinové a tubulinové filamenty) (Doherty a McMahon, 2009).

Cielom nasej prace bolozistit vhodnost analytickych metéd tiokyanat kolorimetrie (KSCN-K), ultrafialovej
spektroskopie (UVS), atdbmovej absorpénej spektrometrie (AAS) a prietokovej cytomerie na kvalitativne/
kvantitativne stanovovenie MNPs v bunkach a mechanizmus internalizacie. MNPs (magnetitové jadro @
10 nm) s hydrofilnym obalom oleat sodny (SO) a polyetylén glykol (PEG) [SO-PEG-MNPs] boli syntetizované
a detailne charakterizované réznymi fyzikalnymi a chemickymi metédami na Ustave experimentalnej fyziky
SAV v Kosiciach. Ich stabilita a hydrodynamicky rozmer v médiu boli stanovené DLS (dynamic light scatering).
Pritomnost MNPs v alveolarnych adenokarcinémovych bunkach A549 sme sledovali po 1h expozicii. Na
Studium mechanizmu endocytézy MNPs boli pouzité r6zne metabolické inhibitory endocytoézy.

Zistili sme, Ze vSetky pouzité analytické metddy je mozné pouzit na kvalitativne stanovenie pritomnosti
MNPs v bunkach. Na rozdiel od prietokovej cytometrie, KSCN-K, UVS a AAS metédy umoziuju aj
kvantifikovat mnozstvo internalizovanych MNPs. AAS je velmi citliva analytickd metoda, ale vzhladom na
finan¢nd naro¢nost analyz, nie je bezne dostupnou metdédou. Presna kvantifikacia MNPs vyZzaduje pomerne
velké mnoZstvo buniek, najma v pripade nizkej internalizacie MNPs. KSCN-K je relativne jednoduch3,
kolorimetricka, ¢asovo nenarocnd metdda. Zistili sme vsak rozdiely v stanovenom internalizovanom
mnoZstve Zeleza medzi KSCN-K a AAS, ktoré mohli byt spdsobené tym, Ze kym KSCN- K deteguje iba Fe*,
AAS stanovuje celkové mnoZstvo Zeleza v bunke. Magnetit je tvoreny ako Fe® tak aj Fe? ionmi Zeleza
(Gorski a Scherer, 2010). Vzhladom na citlivost a finan¢nd nenaroc¢nost UVS, by prave tato metéda mohla
byt perspektivnou technikou na kvantifikaciu MNPs v bunkach. Napriek tomu, Ze prietokova cytometria
neumoznuje kvantifikovat internlizované mnozstvo MNPs, metéda je vhodna na sledovanie mechanizmu
internalizacie MNPs. Nakolko efektivnost internalizacie MNPs ovplyviuje taktiez denzita exponovanych
buniek, pri kvalitativnych/kvantitativnych stanoveniach ako aj mechanizme vstupu MNPs do buniek je
nevyhnutné ovplyvinovat rovnaké inokulum buniek.

Podakovanie patri Ing. Filipovi Razgovi, PhD. a Mgr. Dominike Némethovej za UV-VIS spektrofotometriu.
Tato praca vznikla za podpory VEGA grantu 2/0143/13 a grantu EEA FM a NFM (projekt SK0020).
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V poslednych rokoch sa dostava do popredia skiimanie novych moznosti lie¢by rakoviny. Stadium
nanocastic je jednym z potencidlnych moznosti pre diagnostické a terapeutické Gcely. Spomedzi réznych
typov nanocastic sa ako najslubnejSie pre tieto Ucely povazuji nanocastice oxidov Zeleza, napriklad
nanocastice magnetitu (MNPs). Lahko sa syntetizuja, st biokompaktibilné a netoxické, lebo metabolizmus
Zeleza je v tele pod striktnou kontrolou. Nakolko prinosy MNPs su pre biomedicinske aplikacie zrejmé,
expozicia ludi sa bude zvysovat, preto je potrebné stanovenie ich biologickej bezpecnosti.

Ciefom nasej prace bolo zistit schopnost MNPs vyvolat poskodenia na Grovni chromozémov. MNPs
pouzité v experimentoch boli charakterizované roznymi fyzikalnymi a chemickymi metédami. Ich stabilita
a hydrodynamicka velkost v kultivathnom médiu bola stanovend DLS (dynamic light scatering). Ludské
nadorové plucne bunky A549 boli ovplyvnené réznymi koncentraciami povrchovo upravenych nanocastic
po dobu 24 hodin. Tvorba mikrojadier a chromozomalne aberacie boli hodnotené v niekolkych ¢asovych
intervaloch po ovplyvneni. Okrem toho vplyv nanocastic na mitotické vretienko bol hodnoteny porovnanim
farbenia B-tubulinu a progres bunkového cyklu bol sledovany prietokovou cytometriou. Ovplyvnené bunky
boli tieZ charakterizované pomocou western blot analyzy na zmeny v expresii proteinov p-Aurora A/B/C,
[ -tubulinu a p-53.

Vsetky typy nanocastic mierne zvysili hladiny mikrojadier v ovplyvnenych bunkach v porovnani
s neovplyvnenymi bunkami. Za rovnakych podmienok ovplyvnenia viak nebolo pozorované Ziadne vyrazné
zvySenie chromozomalnych aberacii. Na druhej strane, zvySenie poctu endoreplikacii, polyploidnych
a viacjadrovych buniek naznacilo, Ze MNPs by mohli ovplyviovat distriblciu chromozémov do dcérskych
buniek. Narusenie tubulinovych vlakien, spolu so zniZzenou expresiou p-Aurora A/B/C a p53 poukazuje
na to, Ze MNPs moZu ovplyvitovat komplex, ktory kontroluje segregaciu chromozémov (chromosome
passenger complex) alebo maturaciu centrozémov.

Nase vysledky ukazuju, Ze MNPs maju aneugénnu aktivitu, t.j. ich biologické efekty nie st spésobené
priamou interakciou s DNA. MNPs p6sobia ako tzv. vretienkovy jed, nakolko brania polymerizacii tubulinu.
Tieto vysledky vzbudzuju obavy tykajlce sa bezpecnosti MNPs pre ludské zdravie. Z toho dévodu su
potrebné dalSie toxikologické studie na podrobné preskimanie ich moznych negativnych Gcinkov na
[udské zdravie.

Klicové slova: nanocastice oxidu Zeleza, bunkova linia A549, mikrotubuly.
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Rat mesenchymal stem cells (rMSCs) labeled with (1) superparamagnetic iron oxide nanoparticles
coated with poly-L-lysine (SPION) or (2) silica-coated cobalt-zinc-iron nanoparticles (CZF-NP) were
implanted into brains of rats with the aim to assess their effects on the levels of oxidative damage to
biological macromolecules in brain tissue.

The rMSCs were cultured for 48 h in D-MEM medium (Dulbecco’s Modified Eagle Medium) with the
SPIONs or CZF-NPs at concentration 0.11 mM. Then, the cells were harvested, washed and diluted in D-MEM
to a concentration of 100,000 cells /2 ul D-MEM. Rats (males of Lewis strain) were anesthetised with 2 %
of isoflurane and 2 ml of cell suspension was implanted into the left striatum (coordinates from bregma
A-P 0.5 mm, 3 mm lateral, D-V 5 mm from dura). The suspension of unlabeled cells was used as a positive
control. Two rats from each group were sacrificed next day by intracardial injection of Té1, the brains
were removed and the implantation site with surrounding tissue (5 x 5 x 5 mm fragment) was isolated. In
parallel, the samples from the right untreated hemisphere were taken as a negative control. Subsequently,
the tissue samples were mechanically and enzymatically (trypsin and collagenase) processed to prepare
cell suspension (800,000 cells /1 ml D-MEM with 10% FBS). Sampling and processing of samples from the
remaining animals were performed in the same manner 1 month after implantation of rMSCs. The comet
assay with enzymes of excision DNA repair (ENDO Il and FPG) was used to analyze breaks and oxidative
damage to DNA. From each hemisphere, 2 x 100 cells were measured and the median was calculated from
each hundred of cells. Values between the two animals in the group did not differ and they were therefore
pooled. Hence, 4 medians per group were obtained for statistical analysis. Oxidative damage to proteins

and lipids was determined by measuring the levels of carbonyl groups and 15 F,,Isoprostane (ELISA). Each
sample was divided into thirds so that 6 values per group were yielded for statistical analysis. Differences
between the groups were evaluated by T-test.

None of the brain samples with implant of labeled rMSCs exhibited an increase of oxidative damage to
biological macromolecules over the control values either in short (24 h) or long (1 month) interval after the
treatment. No effect was noticed even in the case when SPION-labeled cells were used for implantation,
although in previous in vitro experiments these cells had showed significant damage to DNA, proteins and
lipids. The measurement of DNA integrity (DNA strand breaks) 24 h after implantation indicated some
increase of DNA fragmentation in the brain tissues with the SPION-labeled implants compared to positive
control, i.e. the samples treated with pure rMSCs. However, no differences between the samples were
demonstrated one month after the treatment.

The results of this pilot in vivo study suggest that the implantation of rMSCs labeled with SPIONs or
CZF-NPs does not induce oxidative stress in brain tissue. From the viewpoint of long-term effects, not only
CZF nanoparticles, but also SPIONs coated with poly-L-lysine appear as prospective label for tracking of
transplanted cells by magnetic resonance.

Acknowledgements: The authors acknowledge the assistance provided by the Research Infrastructure
NanoEnviCz, supported by the Ministry of Education, Youth and Sports of the Czech Republic under
Project No. LM2015073. The work was supported by the Ministry of Education, Youth and Sports of the
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S rozvojem mikroskopie a novych technologii se od 80. let 20. stoleti zvysuje poptavka a vyroba
nanomaterial(, tj. materialt s velikosti ¢astic mezi 1 - 100 nm. Nanomaterialy maji unikatni vlastnosti
dané jejich tvarem, velikosti a velkym povrchem a jejich vyuZiti u véci denni potreby stale stoupa. Mezi
nejcastéji pouzivané nanomaterialy patfi kovy a jejich oxidy, uhlikové slouceniny a kfemik.

Nanocastice, které byly v nasem pripadé vybrany pro testovani genotoxicity, zahrnujl'TiO2 [formaanatas;
velikost ¢astice tvaru sféroidu 5-6 nm; kod materidlu NM-101 (Joint Research Centre)], SiO2 [synteticky
amorfni kiemik vyrobeny precipitaci; velikost ¢astice 14-23 nm; kéd materialu NM200 (Fraunhofer)] a Ag
[disperze tycinek (8,6% w/w) ve smési polyvinylpyrrolidonu (<1% w/w), akryl/akrylatovych kopolymert
(< 2% w/w), polykarboxylat éteru (< 2% w/w) v deionizované vodé s odporem 18,2 MQ; velikost
Castice100-200 nm S§ife, 5-10 um délka; kod materidlu NM302 (Fraunhofer)]. Vsechny nanocastice byly
opatreny v rdmci projektu NanoReg.

Mira genotoxicity nanocastic TiO, i SiO, je nejednoznacna, pficemz hlavni rozdil ve vysledcich je
zplsoben formou TiO, (anatas ¢i rutil) a velikosti testovanych nanocastic. Samotna toxicita TiO, je
nejasna, nékteré prace udavaji jako plivodce pozorovanych toxickych efektl pfimou vazbu nanocastic na
biomolekuly v bunce zplsobujici jeji disbalanci. Oproti tomu nanocastice stribra primo uvoliuji reaktivni
ionty Ag*, které prokazatelné zplsobuji zanétlivou reakci pfi inhalacnich i in vitro studiich (Gonzalez et al.,
2011; Sung et al., 2009)efforts have been made to evaluate the adequacy of Organisation for Economic
Co-operation and Development-standardised tests to assess the genotoxicity of nanomaterials. The aim of
this review was to examine whether the current guideline for the in vitro micronucleus (MN.

Test mikrojader za poufZiti cytochalasinu-B predstavuje spolehlivou a na vybaveni nenaroc¢nou metodu
stanoveni nespecifického poskozeni DNA bunék. V nasem pripadé byla tato metoda, ktera je standardné
pouzivana pro lidské periferni lymfocyty (Fenech, 2007), upravena pro poufZiti v Lab-Tek™ Chamber
Slide systému. Tento pfistup nékolikanasobné sniZil spotrebu kultivacniho média BEGM a laboratorniho
plastiku. Bunécna linie BEAS-2 B (lidska nenadorova plicni epitelidlni linie) jiz pro analyzu mikrojader
vyuZita byla a i nase pilotni studie ukazuji, Ze se jedna o vhodny model testovani genotoxicity, ktery je
Casové i koncentracné senzitivni (Ruosaari et al., 2008)and our previous studies have suggested that
specific chromosomal regions, such as 19p13, are preferentially aberrant in lung tumours of asbestos-
exposed patients. Here, we further examined the association between the 19p region and exposure to
asbestos using array comparative genomic hybridization and fluorescence in situ hybridization (FISH.
Buniky byly vystaveny 3 koncentracim (25, 10, 1 pg/ml) po dobu 28 a 48 hodin a dale pak byly testovany
nizké koncentrace po dobu 72 hodin (10, 5, 1 pg/ml). Zadny nanomaterial nebyl v testované koncentraci
cytotoxicky a konkrétni vysledky genotoxicity budou uvedeny v prezentaci.

Podékovani: The authors acknowledge the assistance provided by the Research Infrastructure
NanoEnviCz, supported by the Ministry of Education, Youth and Sports of the Czech Republic under
Project No. LM2015073 and LO1508.
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Uvod: Diikazy negativnich uc&ink( kratkodobé expozice ultrajemnym ¢asticim na nase zdravi nejsou
konzistentni. | proto, Ze predevsim v Evropé, bylo dosud provedeno jenom malo srovnatelnych studii.

Cile: V ramci projektu UFIREG byly sledovany asociace kratkodobé ultrajemnym (UFP, <100 um)
a jemnym prachovym ¢asticim (<2.5um, PMz.s) na pric¢iny a denni pocty hospitalizaci v péti evropskych
méstech.

Metody: Denni pocty hospitalizaci pro definované diagnézy kardiovaskularnich a respiracnich
onemocnéni v pribéhu dvou let byly k dispozici pro pét evropskych mést: Augsburg a Drazdany (Némecko,
2011-2012), Cernovice (Ukrajina, 2013-bfezen 2014), Lublaf (Slovinsko) a Praha (CR) v letech 2012-2013.
Znecisténi ovzdusi a dal$i meteorologickd data byly méreny na méstskych pozadovych monitorovacich
stanicich ve vSech péti méstech. Pro jednotlivd mésta byly pouZita Poissonova regrese adjustovana pro
konfoundery pro hodnoceni vztahu znecisténého ovzdusi a dennich poctd hospitalizaci. Vypocétené odhady
asociaci pro jednotlivd mésta byly poolovany a vyhodnoceny s pouzitim meta-analyzy.

Hlavni vysledky: Vzestup koncentrace UFP o 2750 ¢astic/cm® (primérné interquartilové rozpéti v péti
méstech) vedlo k opoZzdénému protrahovanému zvySeni poolovaného relativniho rizika respiracnich
hospitalizaci (pro 6denni priimér vzestup o 3.4% [95%-konfiden¢ni interval: -1.7; 8.8]).

Rovnéz zvySeni koncentrace PM,. 12.4 ug/m?® bylo asociovano se zvySenim relativniho rizika
kardiovaskularnich hospitalizaci: prdmérny lag 2-5: 1.8% [0.1; 3.4]). Respiracni hospitalizace pfi tomto
zvyseni priméru predchozich é6dn( byly vyssi o 7.5% [4.9; 10.2]).

Zavéry: Nase vysledky naznacuji odloZzeny ucinek prolongované ezpoxice UFP na denni pocet
hospitalizaci pro respiracni onemocnéni ve sledovanych méstech. Kardiovaskularni a respiracni
hoospitalizace mély rovnéz vyznamné vyssi poolované riziko v souvislosti s expozici PM2. 5. Tyto vysledky
studie UFIREG zaslouZi dal$i harmonizované monitorovani koncentraci UFP a jejich zdravotnich G¢inkd
v dalSich lokalitach.

Podékovani: Strategie AV21 - Qualitas, GACR 13_134585. Projekt UFIREG byl finanéné& podporen
Programem CENTRAL EUROPE kofinancovanym fondem European Regional Development Fund (ERDF),
grant agreement no.: 3CE288P3.
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Uvod: Dosud existuje jenom malo dtikaz(i o vlivu ultrajemnych prachovych ¢astic (ultrafine particles -
UFP, < 100 nm) na nase zdravi, protoze UFP jsou zfidka rutinné monitorovany.

Cile: Hlavnim cilem projektu UFIREG bylo analyzovat asociace kratkodobé expozice UFP jemnym
prachovym ¢asticim (PM2.5, t.j. PM=<2.5 um) a PM10 (=<10 um) s respirac¢ni a kardiovaskularni tmrtnosti
v péti evropskych méstech.

Metody: UFP (20-100 nm), PM a meteorologické Gidaje byly monitorovany v péti evropskych méstech
-v Drazdanech, v Augsburgu, v Praze, v Lublani a v Cernovicich (Ukrajina). V téchto méstech byly sledovany
denni pocty amrti z pfirozenych a kardiorespiracnich pricin. Z dlivodd dostupnosti dat se analyzovana
¢asova rozmezi lisila: Augsburg a Drazdany 2011-2012, Lublafi a Praha 2012-2013, Cernovice 2013-
bfezen 2014. Asociace denni Gmrtnosti s koncentraci polutantd byly hodnoceny Poissonovou regresi,
s adjustaci pro konfoundery, pro jednoducha zpoZdéni - lagy ucinku (lag 0 az lag 5) a kumulativni zpozdéni
(lag 0-1, lag 2-5, a lag 0-5). Modelované odhady hodnot pro jednotlivd mésta byly poolovany s pouZzitim
metod pro metaanalyzu.

Hlavni vysledky: Respiracni mortalita: Vysledky naznacuji casové zpoZdénou asociaci prolongované
koncentrace UFP a respiracni mortality. Pfi zvySeni 6denniho priiméru o 2750 c¢astic/cm?® byla respiracni
mortalita zvysena o 9.9% [95% konfidenéni interval: -6.3%; 28.8%]. Kardiovaskularni mortalita: stoupla
0 3.0% [95% Cl;-2.7%; 9.1%] pfi zvyseni primérné koncentrace PM2.5 0 12.4 ug/m?®s lagem 2-5.

Zaveéry: Vysledky dosavadnich analyz ukazuji statisticky nevyznamné zvyseni rizika kardiovaskularni
umrtnosti pri zvysené koncentraci PM2.5 a statisticky nevyznamnou korelaci respiracni mortality s expozici
UFP. Potvrzeni negativnich dusledk( expozice UFP na zdravotni stav vyZaduje dalsi studie.

Podé&kovani: Strategie AV21 - Qualitas, GACR 13_134585. Projekt UFIREG byl finan¢né podporen
Programem CENTRAL EUROPE kofinancovanym fondem European Regional Development Fund (ERDF),
grant agreement no.: 3CE288P3.
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Spalovaci motory, hojné vyuZivané pro pohon silni¢nich dopravnich prostfedkd a mobilnich
strojl, s sebou prinaseji dvé podstatna rizika. Oxid uhli¢ity uvolnény spalovanim fosilnich paliv, spolu
s elementarnim uhlikem, metanem a oxidem dusnym, prispivaji ke sklenikovému efektu a tim ke globalnim
klimatickym zménam. Uhlikaté nanocastice v prvni fadé a oxidy dusiku v fadé druhé maji vyznamny
negativni dopad na lidské zdravi. Zatimco doprava se podili na celkové hmotnosti emitovanych c¢astic
nékolika desitkami procent, diky tomu, Ze spalovaci motory vypoustéji emise v bezprostiedni blizkosti
obcand, naprosta vétsina nanocastic nalezenych v dychatelné vysce ve vice lokalitach byla jednoznacné
spojena s vyfukovymi emisemi spalovacich motort (Stolcpartova 2015).

Vétsina ¢astic byla historicky prifazovana vznétovym (naftovym) motordm. Zavedenim technologie
filtrd Castic se vsak koncentrace castic ve vyfukovych plynech naftovych motor( sniZily natolik, Ze jsou
mnohdy niZsi, neZ koncentrace ¢astic ve vzduchu, ktery si motor nasava. Filtry vSak nejsou instalovany na
starsich vozidlech, a i z téch novéjsich jsou raznymi pokoutnymi, le¢ vefejné nabizenymi, praktikami filtry
odstranovany. Spolu se zanedbavanim Udrzby a rovnéz nezdkonnymi praktikami precipovavani motort
na vyssi vykon se emise naftovych motor( vyrazné (odhadem o dva az tfi Fady, mnohdy i vice) zvysuiji.
Tyto vozy nasledné prochazeji netcinnym a ¢asto obchazenym systémem pravidelnych kontrol na stanicich
méreni emisi, jehoZ cilem by mélo byt pravé nalezeni a nasledna oprava vozidel s nadmérnymi emisemi,
kterd se nepomérné velkou mérou podili na celkovych emisich.

Nezanedbatelné mnoZzstvi ¢astic produkuji také benzinové motory, a to zvlasté motory s pomérné
novou technologii primého vstriku paliva. | klasické benzinové motory s nepfimym vstrikem pak produkuji
velmi vysoké emise Castic pri provozu na bohatou smés, tj. s prebytkem paliva. U mnohych evropskych
automobilll se obohaceni vyuZiva pro chlazeni vyfukovych plyni a dosaZeni vyssiho vykonu pfi plném
zatizeni. V USA byla tato praktika federalnim Gradem pro Zivotni prostfedi (EPA) zakazana. Velmi vysoké
emise Castic pak zpravidla produkuji malé motory v zahradni technice a dalSich strojich, na které se
nevztahuje, a to dosud nikde na svéte, zadny emisni limit na ¢astice. Jeden krovinorez tak mGze produkovat
vice Castic neZ jeden az nékolik desitek autobust s funkénimi filtry ¢astic.

Problém nanocastic Ize resit kombinaci dostupné technologie (napriklad filtry ¢astic pro vznétové motory
a elektrické pohony pro mala vozitka a zafizeni) a organizacnich opatreni (sniZzeni narokd na prepravu osob
a nakladu, zvyseni podilu nemotorizované a hromadné dopravy na prepravé osob, presun prepravy naklad(i ze
silnice na Zeleznici). Takova opatreni vSak musi mit oporu v povédomi obcant (technologicka kazen pri vyuzivani
spalovacich motor(i), v legislativé a zejména v jejim dodrZovani (netrpéni inzerce demontaze filtrd Castic
a podvodu na stanicich méreni emisi), a v rozhodnutich mistni, regionalni a statni spravy (napfiklad branim
v potaz otazky kapacity dopravni infrastruktury a vyfukovych emisi pri Gzemnim planovani a Gzemnich fizenich).

Podékovani: Tato prace byla podporena finan¢nim nastrojem EU LIFE: LIFE10- ENV-CZ- 651 (Projekt MEDETOX).
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Hlavnim cilem projektu MEDETOX je vyuZiti existujicich metod analyzy toxicity komplexnich smési
pro hodnoceni motorovych emisi v redlném provozu. Aplikace jeho vysledkd by méla vést ke zlepseni
legislativy Evropské unie v oblasti regulace motorovych emisi.

Projekt se sklada z 5 hlavnich akci: 1. Optimalizace odbér(i pfenosnym zafizenim v redlném provozu. 2.
Optimalizace testU toxicity na realnych vzorcich pomoci acelularnich a in vitro pokus. 3. Verifikace odbér(
a testl toxicity - srovnani vzork( z laboratornich a realnych odbérl. 4. Méreni automobilovych emisi
a jejich toxicity v redlném provozu v Praze. 5. Pilotni studie vlivu vybranych palivovych primési (biopaliv)
na toxicitu naftovych zplodin v redlném provozu.

V prezentaci budou ukazany nejdulezitéjsi priklady pouZziti optimalizovanych protokolt pro vzorkovani
atestovani toxicity motorovych emisi za riznych redlnych provoznich a laboratiornch podminek a s pouzitim
rznych motord a paliv jako nastroj identifikace a hodnoceni rizik toxickych Gcink( automobilovych
emisi. Tyto testy jsou podrobné popsany na www.medetox.cz/methods a zahrnuji: vzorkovani, stanoveni
cytotoxicity, stanoveni DNA adukt(, mikrojadrovy test, stanoveni oxidacniho stresu, kometovy test

Acelularni testy stanoveni DNA aduktll a oxida¢niho poskozeni miZe v budoucnosti slouZit jako rychla
metoda posouzeni toxickych Gcink( motorovych emisi, kterd mdze byt alternativou detailni chemické
charakterizace emisi. Jeji vyuZiti pro hodnoceni genotoxcity emisi za réiznych provoznich podminek motoru
je demonstrovano na Obr. 1.
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Obr. 1: Indukce adukt v DNA inkubované po dobu 24 h s organickymi extrakty (EOM) z pevnych
motorovych emisi za podminek s metabolickou aktivaci PAU (+59) a bez metabolické aktivace PAU (-59).
Vysledky ukazuji znacné rozdily v genotoxicité emisi mezi riznymi provoznimi reZimy motoru a téz
vysokou Gc¢innost poutziti filtru ¢astic (DPF) ke sniZeni genotoxicity.

40



Aplikace a rozsifeni metod pouZivanych pro tézka naftova vozidla na benzinové motory, na malé

a nesilniéni motory a domaci kotle je detailné naplanovano v dalSich navrhovanych projektech véetné
dvou navrh( projektd LIFE.

Podékovani: Tato prace byla podporena finanénim nastrojem EU LIFE: LIFE10- ENV-CZ- 651 (Projekt
MEDETOX).
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Internal combustion engines are often a dominant source of fine particles in urban air, which cause
several times more premature deaths than traffic accidents (Caiazzo et al 2013, EEA 2013). Direct injection
(DI1) engine technology overwhelmingly predominates in new gasoline cars, among others, due to lower

CO, emissions. Combination of biofuels and DI engines has ability to reduce co, production; however,
it could have implications for emission of other pollutants harmful for human health such as ultrafine
particles and polyaromatic hydrocarbons (PAHs). This work investigates particle production of a car with

DI engine as well as amount of PAHs on the particles.

Ford Focus with a direct injection 1.0-liter EcoBoost was mounted on a dynamometer. The car was
driven through Worldwide harmonized Light vehicles Test Procedures (WLTP, cold and hot start), a global
harmonized standard for determining the levels of pollutants, and Common Artemis Driving Cycles (CADC).
CADC were driven through its three parts: Urban (Art Ur), Rural (Art Ru), Motorway 130 (Art 130). Four
types of fuels were used: gasoline, gasoline + 15% ethanol, Gasoline + 25% nbutanol, and gasoline + 25%
iso-butanol. Gases were diluted by constant volume sampler (set on 11mmin). Diluted exhaust gases
were then sampled on 20 x 25 cm PTFE coated borosilicate glass filters (68 m*h). As control, particulate
mass was sampled simultaneously on 47 mm filter of the same type (45 l.min™).

The large filters were used for further chemical analysis. Samples were used for fractionation into four
fractions using low-pressure silica gel column chromatography. Fractionation was performed to facilitate
the chemical analysis of complex mixtures of polar and nonpolar contaminants of the air samples. Aliquots
of these fractions were redissolved in the required volume of acetonitrile for HPLC/DAD, LC/MSMS and in
2,2,4-trimethylpentane for GC/MS analysis.

Both butanols decreased particle emissions of particulate mass for all cycles. N-butanol was more
effective than iso-butanol except WLTP with cold start (Figure 1). The results were confirmed by particulate
mass according to the 47 mm filters. cPAHs (carcinogenic polyartomatic hydrocarbons) concentrations per
kilometer suggested strong decrease in butanol containing fuels. This is important finding for potential
health effects.

WLTP cold WLTP hot ArtUr ArtRu Art130

B Gasoline @ Gasoline + 15% ethanol

O Gasoline + 25% iBut W Gasoline + 25% nBut

Figure 1. Particle mass per cycle in dependence on cycle and used fuel.
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Aerosolové Castice znecistujici ovzdusi zplsobuji kardiovaskularni a respira¢ni choroby (WHO, 2004)
a v roce 2015 byly Mezinarodni agenturou pro vyzkum rakoviny (IARC) zarazeny do skupiny 1 jako
karcinogenni pro ¢lovéka (IARC, 2015). Zejména ultrajemné ¢astice mensi nez 100 nm nejenom snadno
vstupuji a jsou distribuovany v Zivych organismech, ale jejich interakce s burikami a bunécnymi komponenty
vede k radé toxickych odpovédi (Oberdorster, 2005). Pfiprava realného vzorku aerosolovych ¢astic pro
toxikologické studie in vitro vsak narazi na urcité problémy vyplyvajici z charakteru vzorku. Cilem této prace
bylo sledovat chovani vzork( readlnych ¢astic atmosférického aerosolu v jednotlivych krocich pripravy, které
predchazeji in vitro studiim na bunécnych kulturach, zejména se zamérenim na jejich agregaci.

Aerosolové castice ovzdusi byly odebrany v centru Prahy na prelomu Unora a brezna 2015
vysokoobjemovym kaskadnim impaktorem BGI-900, v némz se castice rozdéluji podle aerodynamického
praméru do 5 velikostnich frakci (Demokritou, 2002). V jednotlivych patrech impaktoru jsou umistény
impakéni substraty z polyurethanové pény (PUF), na néz jsou zachytavany ¢astice rozdélené do frakci <
10 um (v nasi praci oznaceno jako A), 10 - 1 um (frakce B), 1 - 0,5 um (frakce C) a 0,5 - 0,17 um (D,
jemna frakce). Koncovy filtr ze skelnych vlaken pokrytych Teflonem zachycuje ultrajemnou frakci ¢astic
o aerodynamickém priméru < 170 nm (ultrajemna frakce E). Byly odebrany dva vzorky po integra¢ni dobé
20 hodin a 10 dni; u dvacetihodinového odbéru pro mikroskopické hodnoceni byly na jednotliva patra také
umistény médéné mrizky pro elektronovou mikroskopii.

Vsechny frakce na filtrech i mfizkach byly charakterizovany skenovaci a transmisni elektronovou
mikroskopii, véetné stanoveni velikosti ¢astic. Castice jemné frakce (D) z PUF substratu a ultrajemné frakce
(E) z teflonového filtru po desetidennim odbéru byly extrahovany do vody ptsobenim ultrazvukové lazné
3 x 20 min (Gualtieri, 2009); ve vzorku byla stanovena hmotnost €astic, vzorek byl rozdélen do alikvott
a zamrazen pfri -20 °C. Po rozmrazZeni byly ¢astice ve vodé homogenizovany ultrazvukem. Velikost ¢astic
a jejich agregatl byla stanovena po extrakci, po rozmrazeni pred a po ultrazvukové homogenizaci pomoci
elektronové mikroskopie a metody Dynamic Light Scattering (DLS). Metoda DLS byla dale pouzita pro
charakterizaci chovani ¢astic v kultivaénim médiu bez pfitomnosti fetalniho bovinniho séra (FBS) a pfi jeho
koncentraci 1 nebo 5 % v médiu.

Mikroskopickym hodnocenim geometrického priméru individualnich prachovych ¢astic frakci B a C
bylo zjisténo, Ze obsahuji vyrazné mnozstvi ¢astic mensich, neZ je odpovidajici spodni hranice frakce.
Pricinou mlZe byt jednak vyssi hustota castic, kterd navysuje jejich aerodynamicky primér, nebo se
primarni ¢astice shlukuji do agregat(i ¢i aglomeratt s dalsimi ¢asticemi. V B a C frakcich se také vyskytovaly
shluky zfetézenych ¢astic dosahujicich velikosti az nékolik mikrometr(, pricemz velikost primarnich ¢astic
v téchto shlucich se pohybovala v rozmezi cca 80 - 120 nm. Dle charakteristické struktury predpokladame,
Ze se jedna o uhlikaté castice, v nékterych pripadech byly na povrchu téchto ¢astic nalezeny jesté mensi
Castice o velikosti 10 - 25 nm. Jemna frakce D také obsahovala mensi ¢astice vyskytujici se ve shlucich.
Ultrajemna E frakce mensi neZ 170 nm obsahovala predevsim retizky uhlikovych ¢astic. Po desetidennim
odbéru ¢astic bylo na PUF a teflonovém filtru zifejmé, Ze dochazi k agregaci a koalescenci ¢astic. Zejména
u frakce E aZ 40 % castic a jejich shlukl mélo geometricky primér vétsi nez 170 nm. Nicméné agregace
uhlikovych nanocastic probiha prirozené i v ovzdusi.

Prevedeni (extrakce) prachovych ¢astic do vody pomoci ultrazvukové lazné mélo v pripadé substratu
PUF vysokou (odhadem 95%) Gcinnost na rozdil od extrakce teflonového filtru, ze kterého se uvolnilo
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jen velmi malo ¢astic. Ani pouZiti metanolu pro extrakci ¢astic z teflonového filtru nebylo Gcinné. Pri
predchozich experimentech s extrakcemi do metanolu po jeho odpareni dochazelo k vyrazné, okem
viditelné agregaci ¢astic, pricemz nékteré agregaty nebylo mozno homogenizovat po resuspenzi ve vodé
ani pomoci ultrazvuku. Pfimou extrakci ¢astic do vody s vynechanim odparovani k takto masivni agregaci
nedochazelo. Extrakce prachovych ¢astic do vody pomoci ultrazvuku je vhodna pro ¢astice vzorkované na
PUF, zatimco v pfipadé teflonového filtru je nutno hledat alternativni extrakéni metodu nebo spise jiny
zpUsob odbéru ultrajemné frakce.

Metodou DLS byla stanovena velikostni distribuce prachovych castic suspendovanych ve vodé. Jako
parametry srovnavajici charakteristiky distribuci byly pouZity Z-average a index polydisperzity (Pdl).
Z-average je hydrodynamicky parametr pouzivany jako souhrnna primeérna velikost. Index polydisperzity
je bezrozmérny parametr, ktery je pouzivan jako mira Sirky velikostni distribuce. Homogenita frakce D a E
po extrakci ¢astic do vody byla podobna, jediny rozdil byl v koncentraci ¢astic, ktera byla v pripadé frakce
E velmi nizkd. Zmrazenim a rozmrazenim frakce D doslo ke zvySeni Z-average a Pdl, tedy ke shlukovani
Castic. Pasobenim ultrazvuku doslo naopak k poklesu obou téchto parametra, tedy k homogenizaci vzorku.
V pripadé vodni suspenze ultrajemné frakce E nedoslo zmrazenim a rozmrazenim ke shlukovani ¢astic.

Dale byla metodou DLS sledovana stabilita suspenze aerosolovych ¢astic v kultivaénim médiu béhem
24 hod pfri 37 °C se zamérenim na mozny vliv pfitomnosti a koncentrace FBS. U frakce D i E doslo k agregaci
Castic (zvyseni Z-average) v médiu bez FBS, zatimco v médiu s 1% a 5% FBS k agregaci nedochazelo. PouZiti
FBS v kultivaénim médiu pro tento typ vzorku je proto vhodné.

Nase data ukazuji, Ze vlastnosti jemnych a ultrajemnych aerosolovych ¢astic mohou byt vyznamné
zménény béhem extrakce a pripravy téchto vzork( pro testovani in vitro.

Podékovani: Tato prace byla finanéné podporena v rdmci Centra studii toxickych vlastnosti nanocastic
CENATOX (GACR, €. P503-12-G147).
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Uvod: Polycyklické aromatické uhlovodiky (PAU) a nékteré jejich derivaty jsou toxické slouceniny
negativné pusobici na ¢lovéka i Zivotni prostfedi (Oeder et al, 2015, Vojtisek-Lom et al, 2015). S ohledem
na narudst emisi z dopravy proto vyznamné roste potreba jejich chemické a toxikologické charakterizace.

V této studii byly porovnany chemické sloZeni a distribuce toxicity v emisich dieselového a benzinovych
motorl. Chemicka charakterizace emisi byla provedena pomoci analyzy extrakttl emitovaného aerosolu
plynovou a kapalinovou chromatografii s detekci hmotnostnim spektrometrem (GC/MS a LC/MS-MS).
Toxikologicka charakterizace emisi byla provedena prostrednictvim in vitro testu dioxinové toxicity (DR-
CALUX, H4IIE.Luc) a pomoci vypoctd z chemickych dat a toxickych ekvivalent(l mutagenity, karcinogenni
potence a dioxinové toxicity.

Material a metody: Vsechny pouZivané chemikalie a materialy byly Cistoty pro stopovou analyzu. P¥i
studii byl pouZit jeden vznétovy motor testovany v rezimu WHTC (World Harmonized Transient Cycle) a tfi
zazehové motory, jeden typu TSI (Twincharged Stratified Injection, prepliiovany motor s pfimym vstfikem
paliva) objemu 1,4 dm? a dva typu MPI (Multi Point Injection, vicebodové vstrikovani paliva) objemu
1,4 dm?, z nichZ jeden mél ujeto 208 tisic km. Tyto motory byly testovany v rezimu WLTP (Worldwide
harmonized light vehicles test procedure). Emisemi exponované filtry byly extrahovany v automatickém
extraktoru pomoci dichlormethanu 2 hod. ve vroucim rozpoustédle a 1 hod. v jeho kondenzujicich parach.
Hruby extrakt nebo jeho nepolarni a polarni LC frakce byly pouZity pro chemickou analyzu pomoci GC/
MS a LC/MS-MS a pro toxikologickou charakterizaci pomoci in vitro testu DR-CALUX (BD, Amsterdam),
viz Ciganek et al (2004). Pouzité standardni operacni postupy jsou k dispozici u autord.

PAU, jejich derivaty a n-alkany byly kvantifikovany pomoci autentickych standardd, ostatni skupiny
slouceniny byly identifikovany pomoci jejich charakteristickych fragmentovych iontl v systému GC/MS
a kvantifikovany prostfednictvim standardd s podobnou chemickou strukturou (semi-kvantifikace).

Toxické ekvivalenéni faktory (TEF) byly vyvinuty v agentuie pro ochranu Zivotni prostiedi USA (US-EPA)
pro hodnoceni toxicity a posuzovani rizik smési strukturné pribuznych chemickych sloucenin se spole¢nym
mechanismem Ucinku. TEF je odhad relativni toxicity chemické slouceniny ve srovnani s referencnim
toxikantem. V pfipadé dioxinové toxicity je referencni latkou 2,3,7,8tetrachlordibenzo-p-dioxin (TCDD)
a v pripadé mutagenity a karcinogenity benzo[alpyren (BaP). Tyto parametry byly vypocteny podle
nasledujici vzorc(:

Dioxinova aktivita: IEQ [ng TCDD eq./g] = IEF x konc. [ng/g]
Mutagenita: MEQ [ng BaP eq./g] = RMF x konc. [ng/g]
Karcinogenita: CEQ [ng BaP eq./g] =RF (RPF) x konc. [ng/g]

Pomoci téchto faktor(i a koncentrace dané slouceniny v realnych vzorcich mdze byt odhadnuta
jejich celkova toxicita. Jedna se tedy o aditivni model. Kromé toho miZze byt také uréen kontaminant, ktery
vykazuje nejvyssi podil na daném typu toxického efektu.
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Vysledky:
1. Chemické sloZzeni emisi

Vysledky chemickych analyz pouzité pro chemickou charakterizaci emisi jsou uvedeny v tab. 1. Obsahy
jednotlivych skupin i individualnich sloucenin byly stanoveny v ng/mg emitovaného aerosolu. Celkem byly
sledovany Ctyri typy polycyklickych aromatickych sloucenin a tfinact skupin dalsich uhlovodik.

Mizev sloudenin [ne/mel Dicsel 14781 1.4 MPL_1.4 MPI2OZK]
LIS EPA PAL 282 206 5 2bb7
Ostatni PAU 13 [ 38 822
Viechny PAU 295 271 13 3489
Alkylované PALI 48 36 4.9 27
Oxidované PAL 49 12 a0 117
Niuované PAL 0,49 0.2 0.08 0,45
Soudetviech PAU 393 g 121 3634
AU [26] 5.2 5.1 B4 2.0
UCM {Unresalved Complex Mixture) 16585 235133 230340 45619
n-Alkany 73 1447 4747 1415
Alkiny, alkenyly, cyldoalkenyly 1572 2422 743 605
Alkany, isoalkany, aldehydy a ketony 1481 2111 759 L
Aldehydy a ketony 1124 1414 20 EE0Y
Alkeny, cykloalkeny 520 507 257 29
Nitrily 323 437 139 125
Dialkylbe nzeny 259 1190 /48 22
Monoalleylbe nze my 216 742 123 158
Benzeny 151 491 it} 55
Aminy 145 179 a6 67
Thioly, sulfidy 116 381 93 58
Alkoholy, ethery, kvseliny. estery. amidy 25 138 74 20

Tab. 1: Koncentrace skupin kontaminant( v emisich z testovanych motort

Nejvyssi koncentrace byly zjistény pro uhlovodiky, hlavné skupinu oznac¢enou UCM. Tuto skupinu tvori stovky
az tisice rozvétvenych a cyklickych struktur uhlovodikd, které nejsou, diky jejich velkému poctu, rozdéleny ani
pomoci kapilarni plynové chromatografie. Tato skupina sloucenin nevykazuje Zadny z typU sledované toxicity.
Dalsi skupinou byly PAU a jejich derivaty. Nejvyssi koncentrace byly zjistény pro MPI s vysokym poctem ujetych
km (1,4 MPI (208Kk)), které byly asi 10x vy3si neZ u ostatnich testovanych motord. Napriklad v porovnani se
stejnym typem motoru s nizkym poctem najetych km byly koncentrace 30x vyssi. Vyznamné také vzrostla
koncentrace oxidovanych forem PAU. Emise PAU byly srovnatelné pro vznétovy a zazehovy motor 1,4 TSI. Emise

PAU z 1,4 MPI, ktery mél podobny pocet najetych km jako 1,4 TSI byla asi polovi¢ni.

Vzhledem k rozdilnostem ve slozeni paliva a principu spalovani se dalo predpokladat, Ze bude
i rozdilné zastoupeni PAU v emisich. Tato rozdilnost je patrna z jejich relativniho obsahu v emisich
uvedeného na obr. 1.

an Diesel 1.4 MPI
35 35
30 3
25 2
= #
20 2

. o L. Ll

o ow @ £ WL o>

L0 < LR
45 a5
0 1,4 TSI a0 1,4 MPI(208K)
35 35
30 30

Pk
Cor

BFE |—
 —

CPP p

Obr. 1: Relativni obsah vybranych PAU v emisich z testovanych motor(
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Podstatny rozdil v emisich PAU ze vznétového a zaZzehovych motort spocival v tom, Ze ze vznétového
motoru prevladdala emise nizkomolekularnich polycyklickych aromatickych uhlovodikd s molekulovou
hmotnosti 178 a 202 g/mol. (fenantrén (Phe), antracén (Ant), fluorantén (Flu) a pyren (Py)). V pfipadé
benzinovych motord byly navic vyznamné zastoupena také slouceniny s vyssi molekulovou hmotnosti
228, 252, 278 a 300 g/mol. Hlavné v pfipadé 1,4 MPI byly vyznamné emise benzo[ghilperylenu (BPE)
a koronenu (Cor). Tato skute¢nost méa také vliv na rozdilnou toxicitu emisi z téchto dvou typt motora.
Charakteristickou slouc¢eninou emisi ze zdZzehovych motor( byl cyklopental[cd]pyren (CPP), ktery nebyl
detekovan v emisich ze vznétového motoru.

2. Porovndni toxickych potenci extraktii emitovaného aerosolu v in vitro testu dioxinové toxicity

Dioxinova toxicita emisi byla testovana pomoci in vitro testu (DR-CALUX). Tento test umoznuje pouze
stanoveni celkové toxicity vzorku, nemohou byt stanoveny prispévky individualnich latek pritomnych ve
vzorcich emisi. Vysledky testu jsou uvedeny v obr. 2. Nejvyssi toxicita byla zjisténa podle oc¢ekavani pro

byla o jeden aZ dva fady nizsi nez u zazehovych motor(. Tato skutecnost souvisi s absenci PAU s vyssi
molekulovou hmotnosti v emisich ze vznétového motoru.

S000

Dioxinova activita (DR-CALUX)
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Obr. 2: Dioxinova toxicita emisi z testovanych motor( stanovena pomoci testu DR-CALUX

3. Metodika toxickych ekvivalenénich faktort (TEF)

Celkova dioxinova toxicita, mutagenni a karcinogenni potence vzork(i emisi byly stanoveny
z koncentracnich dat a jiz dfive publikovanych relativnich efektivnich potenci jednotlivych PAU v modelech
pro dioxinovou toxicitu
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Obr. 3: Dioxinova toxicita individualnich PAU stanovena pomoci toxickych ekvivalent( a chemickych dat
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(Machala et al, 2010), mutagenni potenci (Durant et al, 1996, 1999) a karcinogenni potenci (USEPA,
2010). Dale byly uréeny individualni PAU s nejvy3$simi toxickymi potencidly v emitovaném aerosolu
z testovanych motora.

Nejvyssi dioxinovou toxicitu, stanovenou z chemickych dat, vykazovaly benzo[k]fluorantén (BkF),
chrysen (Chry), indeno[1,2,3 cd]pyren (IPY), benzo[jlfluorantén (BjF) a benzo[alpyren (obr. 3). Nejvyssi
mutagenni potenci vykazoval cyklopenta[cd]pyren, kromé emise ze vznétového motoru, ve které nebyl
detekovan. Dale nasledovaly benzola]pyren, benzo[b]fluorantén (BbF) a benzoljlfluorantén. V pripadé
karcinogenni potence to byl fluorantén (Flu), benzo[a]pyren a benzo[b]fluorantén.

Zavéry:
e Byl vypracovan postup pro souc¢asnou chemickou a toxikologickou charakterizaci emisi motort

e  Byly zjistény rozdily v zastoupeni jednotlivych PAU v zavislosti na typu motoru a poctu ujetych
kilometr(

e Emise PAU z motoru 1,4 MPI (najeto 208 tis. km) byly asi o jeden aZ dva Fady vyssi a obsahovaly
vétsi podil PAU s molekulovou hmotnosti 302 g/mol, které vykazuji vétsi mutagenni a karcinogenni
potenci a dioxinovou toxicitu

e Nejvyssiemise PAU a toxické potence vykazoval motor 1,4 MPI s vysokym poctem ujetych kilometr(

e Charakteristickou slouceninou emisi ze zazehovych motor( byl cyklopenta[cd]pyren, ktery
ma vysokou reaktivitu a tim i toxicitu; tato sloucenina v emisich z dieselovych motor( nebyla
detekovana.

Podé&kovani: Studie byla finanéné podporena projekty GACR 13-0148S (JT, MV) a P503/12/G147 (MC, N,
KP, MM).
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Recent epidemiological studies indicate the potential impact of air pollution on central nervous system
(CNS) health and disease.

Increased PAHs (polycyclic aromatic hydrocarbons) exposure in the third trimester reduced white
matter surface in later childhood. Reduced left hemisphere white matter was associated with slower
information processing speed during intelligence testing and with more severe externalizing behavioral
problems, including attention-deficit/hyperactivity disorder symptoms (Peterson et al. 2015). Perera et al.
studied repeatedly impact of PAHs exposure to cognitive dysfunction in children in Krakow, Poland. They
observed depressed verbal IQ index, related to PAH-DNA adducts in cord blood. They concluded that PAHs
are harmful to the developing fetal brain with effects extending through childhood (Jedrychowski et al.
2015).

Human studies have shown that living in conditions with elevated air pollution is linked to decrease
cognitive function, lower neurobehavioral testing scores in children, decline in neuropsychological
development in the first 4 years of life, increased stroke incidence, and elevated autism risk (Block et al.
2012).

Recent studies in Sweden observed the impact of air pollution to dementia incidence in Sweden
(Oudin et al. 2016) and Parkinson’s disease in Denmark (Ritz et al. 2016).

Study in China analyzed the relationship between PAH-DNA adducts and brain-derived neurotrophic
factor (BDNF), a protein involved in neuronal growth, in cord blood. They followed two cohorts, before and
after the closure of a coal burning power plant. At age two was tested the development of these children.
The closure of power plant resulted in the reduction of PAH-DNA adducts in newborns and increased
BDNF protein levels, which were positively associated with neurocognitive development (Tang et al. 2014).

In utero PM2.5 exposure during the first trimester of pregnancy (15.8+6.6 mg/m?) was negatively
associated with the placental transcription of genes BDNF and SYN1 (synapsin1) implicated in neural
development (Saenen et al. 2015). Therefore they believe, that placenta might be a useful surrogate tissue
to explore fetal brain development.

Epigenetic factors may influence how air pollution can induce adverse effects on brain. Epigenetic
factors may also account for the enhanced susceptibility of certain subpopulations including alterations in
gene function during development or senescence.
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The level of DNA damage in human population is a result of many factors. Among them chemical or
radiation exposure from the environment plays crucial role.

During the last decade Czech biomonitoring research focused on the investigation of genetic damage
in populations living in locations with various levels and sources of air pollution: in Prague (P) (moderate
levels of pollutants due to traffic), Southern Bohemia (SB) (moderate levels of pollutants due to local
heating), and Moravian-Silesian Region (MS) (a highly polluted region due to steel industry). E.g., in 2011,
average concentration of benzo[a]pyrene (B[a]P) in the air was 0.9 ng/m?, 1.3 ng/m?, 10.1 ng/m?3, in P,
SB and MS respectively. Another research focused also on the effect of radiation exposure in a group of
former uranium processing plant workers from SB.

As some results of biomarker analyzes were unexpected, we revised cytogenetics and -omics findings
with the aim to suggest mechanisms of the effect of air pollution on the integrity of DNA and function of
genes and also the effect of former uranium exposure on the sensitivity to new radiation exposure. We
found that: (i) DNA damage increased with elevated concentration of B[a]P in subjects living in P; (ii) DNA
damage in subjects from MS had different trend and in general did not increase with exposure to B[a]
P; (iii) Subjects that lived in P, temporarily moved to MS and were exposed to very high concentrations
of B[a]P exhibited significant increase of DNA damage; (iv) Subjects from studied locations differed by
gene expression and DNA methylation pattern; (v) Increased exposure during prenatal development
significantly impacted function of genes and DNA damage later in life; (vi) Former uranium exposure can
lead to lower DNA damage level after radiation exposure in future live.

We suggest, that prenatal and early life exposure is critical for sensitivity to negative factors later in
life and that it specifically programs the organism for survival in the conditions in which the prenatal
development was completed. Subjects living in MS seem to be adapted to the increased level of air
pollution, probably due to changes in DNA methylation pattern during the prenatal development and its
impact on gene expression levels. Also long time exposure during the life (e.g. uranium exposure in the
presented study) can be hypothetically connected with reprograming of gene functions.
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Radiation exposure can be retrospectively assessed with the help of certain biological indicators; the
most commonly used being based on radiation induced damage to the DNA. Micronuclei are structures in
the cytoplasm which stain similarly to the main nucleus but are typically an order of magnitude smaller in
diameter. They contain whole chromosomes or chromosome fragments, and it is the latter that typically
appear after radiation exposure, probably due to the processing of DNA double strand breaks. Distinguishing
between spontaneous and radiation induced micronuclei with the help of centromere-specific labelling
has greatly increased the sensitivity of the micronucleus test. Here we tested its applicability in uranium
miners and radon spa personnel.

We earlier reported a significant increase in the frequency of micronucleus-containing cells as well
as the percentage of centromere-free micronuclei (micronuclei with chromosomal fragments) in the
lymphocytes of both uranium miners and radon spa personnel when compared with a control group. For
the miners, both parameters correlated with the effective dose received during work, which was in the
order of several tens of mSv (Z6lzer et al., 2012a). No individual dosimetry data were available for the spa
personnel, but a comparison with the results from uranium miners suggested that accumulated effective
doses were very similar in both cases (Z6lzer et al. 2013). We conclude that the micronucleus-centromere
test is able to pick up relatively small effective doses which are due preferentially to the inhalation of
radionuclides.

In a more recent study, we assessed micronuclei and their content in lymphocytes of 98 men from
Southern Bohemia. 46 of them had worked at the uranium processing plant, “MAPE Mydlovary”, which has
been defunct since 1991; 52 men were controls from the same area. No differences were found between
formerly exposed workers and the control group, neither in the total frequency of cells with micronuclei
per 1000 cells (mean levels + standard deviation were 9.1+3.1 and 9.8+2.5, resp.), nor in the percentage of
centromere negative micronuclei was nearly equal for both groups (50+18 and 49+17, resp.). Also, there
was no difference between individuals living in the three villages closest to the uranium processing plant
and those living further away (9.1+3.0 and 9.6+2.8, resp., for the frequency of cells with micronucleus per
1000 cells and 50+20 and 50+17, resp., for the percentage of centromere negative micronuclei).

Considering the fact that effective doses of the workers at MAPE Mydlovary were overall similar to
those of former uranium miners (Z6lzer et al., 2012 b) with whom higher frequencies of centromere
negative micronuclei have been found more than 10 years after they had finished work underground,
these results are somewhat surprising. A more detailed analysis of the exposures indicates that uranium
miners received a greater percentage of their effective dose from the inhalation of radon and its daughters,
whereas uranium processing workers received it from the incorporation of long-lived radioactive nuclides
such as uranium. If, as has been suggested before, the higher level of DNA damage in miners is due
to induced genomic instability, then this phenomenon may be related to radon exposure rather than
exposure to uranium.
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Cytostatika a ionizujici zafeni jsou znamé svym karcinogennim, mutagennim a teratogennim ptsobenim.
Zdravotnicti pracovnici a pacienti, ktefi s nimi prichazeji do kontaktu, jsou tak v potencialnim riziku vzniku
nadorového onemocnéni a/nebo problému s plodnosti. Chromozomové aberace (ChA) lymfocyt( jsou
biomarkerem expozice genotoxickym faktoriim (GF) a mohou predikovat jeji dusledky. Bohuzel, bézné
pouzivané standardni cytogenetické metody zamérujici se na nestabilni zmény genomu maji znacné limity,
které zplsobuiji, Ze vysledky téchto metod odrazi spise kratkodobou expozici GF. Nepresnost testu mUze vést
ke zbyte¢nému stazeni zaméstnance z pracovniho procesu nebo naopak k podhodnoceni rizika malignity.
Detekce stabilnich ChA metodou FISH je presnéjsi k vysetfeni kumulativni (dlouhodobé) expozice GF. Cilem
realizace celého projektu je zjistit, 1. zda je tato metoda pouzitelna k biologické dozimetrii u pracovnikd
v rizikovych provozech a 2. zda existuji rozdily ve vyskytu chromozomalnich aberaci u pacientl po
razné protinadorové 1écbé, kterych by bylo mozné vyuzit k predikci rizika vzniku sekundarnich malignit.
Z predchozi studie vime, Ze vysoka frekvence prestaveb chromosom( pretrvava nékolik let po ukoncéeni
|éCby a v jejich poklesu jsou inter individualni rozdily.

Pro FISH je pouzita ¢ervené znacena malovaci sonda pro chromosom 1 a zelené znacené sondy pro
chromosomy 2 a 4. Sonda jsou smichany tak, aby vSsechny 3 pary chromosoma byly dobre viditelné pod
double-filtrem (pro ¢ervenou a zelenou) ve fluorescenénim mikroskopu. Jednotlivé vzorky jsou zakédovany
a slepé analyzovany. Preparaty jsou predhledany pomoci mikroskopu s automatickym vyhledavanim
metafaznich bunék (Metafer, MetaSystems). Vsechny metafazni buriky, které se v mikroskopu jevily jako
aberantni nebo potencidlné aberantni byly pomoci kamery nasnimany a hodnoceny v programu pro
analyzu obrazu (ISIS, MetaSystems) dvéma hodnotiteli. U vybranych jedinct jsou vysledky ziskané FISH
s tfemi chromosomy a extrapolovanymi na genom ovérovany pomoci multicolor FISH, vyuzZivajici barevné
znaceni vsech chromosomd.

PoEet aberantnich bunék na tisic vydetfenych
T
*
Pofet aberantnich bundk na 1000 vyZetfanych

T

o o = = =

T T T T T T T
kontroly rizko pacient 1 kontroty tiziko pacient 1 pacienti 2

Obraz 1. Boxploty znazoriuji pocet aberantnich bunék u kontrol, zaméstnancu v riziku prace s cytostatiky
nebo radiaci (riziko), pacienty pfed chemo nebo radioterapii (pacienti 1) a pacienty s metastazemi,
ktefi dostavaji vice nez tri roky chemoterapii (pacienti 2). Soucasné kontroly jsou lidé, ktefi prijdou na
skriningové vysetfeni do MOU. Bude doplnéno kontrolou zaméstnanc(i Gstavu, ktefi nejsou v riziku
expozice. * znazornuji extrémni hodnoty, o odlehlé hodnoty. Vysledky zatim nejsou extrapolovanymi na
cely genom. Aberantni bunky predstavuji udalosti na 38 % genomu.
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Zaveér: Predbézné vysledky ukazuji, Ze pouZitd metoda umoznuje identifikovat pracovniky v riziku prace
se cytostatiky nebo radiaci, ktefi maji odlehlé nebo extrémni hodnoty naruseni chromosom. U pacientd,

ktefi podstupuji chemoterapii je vysoky vyskyt chromozomalnich prestaveb, ktery vykazuje extrémni inter
individudIni rozdily v reakci na chemoterapii.

Oznameni: Tato prace je podporovana Agenturou pro zdravotnicky vyzkum CR reg. €. 15-33968 A
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Crop plants under radiation were intensively studied in the past in the former Czechoslovakia and
a significant sensitivity of Vicia faba L. to irradiation was reported. It is known that there is no direct
relation between irradiation and cancer processes. Furthermore, in our previous study a significant radio-
resistance of wild plants for a higher radioactivity around NPP Jaslovské Bohunice was confirmed (Murin
and Micieta, 2009). It is well known from the Chernobyl case that plants not only are able to resist high
doses radioactivity, but after years may develop a significant adaptability to radiation (Klubicova, et al.
2010). Our aim was to find a scale of doses to show this effect at seeds of Vicia faba L. using seeds of
different age (expecting higher sensitivity of older ones). Our results showed that plant seeds can resist
very high doses of irradiation by ©°Co up to 10 kGy, especially in their dry stage.

. Length of roots (mm) Chromosomal aberrations after 96 hours
Cultivar Treatment ber of ¢ p
and time of dose after 48 after 72 after 96 number o requen.cy ©
torage (Gy) evaluated F B F+B  aberrations
storag, Y hours hours hours o
ana-telophase (%)

0.5 578+0.92 14.67+3.60 18.44+4.54 84 3 3 0 7.14+ 1.44

Inovec 1.0 400058 9.67+287 1322+4.38 338 3 9 0  355+0.76
(21 years)

2.5 6.67+1.14 14.00+£3.82 20.89+5.98 364 7 5 1 3.57+1.33

0.5 422+0.74 7.89+249 9.89+3.81 181 7 5 0 6.63+2.01

Inovec 1.0 567+104 13.00£3.89 19.22+6.34 286 1 1 0  070+0.22
(18 years)

2.5 456+0.84 6.55+243 8.44+4.20 122 1 1 0 1.64 +0.45

0.5 9.89+0.96 22.44+248 36.00+4.15 500 3 3 0 1.20+0.38

Inovec 1.0 7.78+074 18.33+3.14 2589+4.87 500 3 2 0 1.00+007
(13 years)

2.5 756+0.73 20.22+3.10 33.00%5.57 500 1 0 0 0.20+0.11

0.5 8.89+0.75 24.00+£2.92 34.89+5.01 500 1 1 0 0.40 +0.08

( 4L;2ers) 1.0 9.56+0.88 23.89+2.75 35.89+5.04 500 0 1 0 0.20+0.06

2.5 8.11£0.70 22.67+3.61 38.67+6.25 500 2 1 0 0.60 +0.28

0.5 15.33+0.50 33.78+2.23 52.00+4.01 500 3 3 0 1.20+0.64

(ZL;IZ(;:S) 1.0 13.89+0.75 30.33+2.02 46.22+3.84 500 1 1 0 0.40+0.22

2.5 11.89+£0.84 26.33+1.28 42.00+2.29 500 0 1 0 0.20+0.06

control 14.00£0.80 28.89+0.93 44.44+2.26 500 2 0 0 0.40+0.09

Table 1: Vitality and frequency of chromosomal aberrations for Vicia faba L. seeds sets different in
cultivars, time of storage and doses of irradiation
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Nuclear retinoid X/retinoid receptor heterodimers (RXR/RAR) are considered to be ligand-activated,
DNA-binding, trans-acting, transcription-modulating proteins involved in a general molecular mechanism
responsible for transcriptional responses in target genes. Retinoids and also retinoid receptor X natural or
synthetic ligands are known to inhibit carcinogenesis, suppress tumour growth and invasion in a variety of
tumour tissues. Both natural and synthetic retinoids have therapeutical effects due to their antiproliferative
and apoptosis-inducing effects (Brtko and Thalhamer, 2003; Brtko and Dvorak, 2011).

In the current presentation, the effect of all-trans retinoic acid and 9-cis retinoic acid or their
combination on RARalpha, RARgamma, RXRalpha, RXRbeta expression and protein profile in human MCF-
7 breast cancer line were investigated. The expression of the retinoid/rexinoid nuclear receptor subtypes
has been analyzed by the RT-PCR technique. The proteins after SDS-PAGE separation were digested in-
gel by trypsin and identified by matrix assisted laser desorption ionization technique with time of flight
mass analyzer (MALDI-TOF/TOF). In MCF-7 cells, we have found significantly decreased expression of
RARalpha when cells were treated with 10 umol.I* all-trans retinoic acid for 48 h. Significantly decreased
expression of RARalpha, RARgamma, RXRalpha, RXRbeta was detected when MCF-7 cells were treated by
the combination of 10 umol.I* all-trans retinoic acid and 0.1 umol.I"* 9-cis retinoic acid for 48 h (Table 1).

Nuclear Mock All-trans All-trans 9-cis P:I(I)-;rans IT;:\
receptor | treated 10RA in |10 ORA 1] 01RA I +é'°$:1;‘°‘

.0 ymo .0 ymo A pmo 01 "
subtype |samples +£3D +5D +SD tpSmDo
RARalpha 1.000 1.041+0.094 ' 0.931£0.082 | 1.033%0.276 | 0.712%0.122
RARgamma 1.000 1.201£0.279 | 0.912%0.142 | 0.813%0.212 | 0.580£0.047
RXRalpha 1.000 1.051£0.194 | 0.474%0.036 | 1.030£0.330 | 0.450£0.013
RXRbeta 1.000 1.154£0.096 @ 0.943%0.199 | 0.890%0.239 | 0.756%0.116
P < 0.05

Table 1. Effect of retinoic acids on the expression of selected nuclear retinoic acid receptors subtypes
(RARalpha, RARgamma, RXRalpha, RXRbeta) mRNAs

Minor qualitative (about 70 kDa and 44 kDa proteins) together with some quantitative differences
were found in the gel of MCF 7 lines after treatment with retinoids. Among the important proteins, with
regard to treatment of the cells with retinoids, there are mainly quantitative changes in heat shock protein
HSP 90-beta and heat shock cognate 71 kDa protein (Table 2).

In conclusion, our data offer basic information about RAR and RXR subtype expression and the

representation of proteins that belong to the specific breast cancer biomarkers after the treatment of
MCF-7 cells with retinoic acid isomers.
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N - . mass peptide | coverage R
line protein gi number (Da) matches (%) function
heat shock protein HSF . malecular chaperaon,
90-beta gij20149594 83334 " 7 protein bindingfolding
heat shock protein HSF . muolecular chaperon,
1. 90-alpha isofomm 1 9il153792590 98670 5 7 protein bindingfolding
tumor necrosis factor type .
1 receptor assodated gi[1082836 75694 1 2 apf{ﬁgﬁﬁ;ﬁﬁfesi
protein TRAP-1 - human g
heat shock cognate 71 kDa ) malecular chaperon,
protein isofonm 1 gila729877 71082 6 14 protein bindingfalding
chain A, atpase domain of
' ) malecular chaperon,
2. E:Jg?eam I1'|eat shock TOkKDa Qi|6729803 41973 5] 20 protein bindingfolding
heat shock 70kDa protein & ) malecular chaperon,
isoform 1 variant 0il62897129 71083 8 16 protein bindingfalding
structural constituent of
3. cytokeratin 18 (424 AA) gi|20311 47305 3 [ cytoskeleton, protein
binding
; structural constituent of
4. Korain bpelotoskeleldl | gip034600 | 44079 5 14 cytoskeleton, protein
pinding
o ) . regulation of signaling
14-3-3 protein zetaldelta gil4507953 27899 3 16 pathways
5. chain A, binary complex of ' ' )
14-3-3 sigma and P53 gil291463605 | 28225 2 8 regulation of signaling

Pt387-peptide

pathways

Table 2. Summary of identified proteins

Acknowledgemens: This work was supported by APVV-0160-11, VEGA 2/0171/14, institutional support
RVO: 68081715 of the Institute of Analytical Chemistry of the CAS, v. v. i., SAV-15-01 and SAV-AVCR-15-01
grants.

References:
Brtko, J., Thalhamer, J. (2003) Curr. Pharm. Design 9, 2067-2077.

Brtko, J., Dvorak, Z. (2011) Curr. Drug Metab. 12, 71-88.

61



Immunotoxic and immunomodulatory effects of subchronic
inhalation exposure to zinc oxide nanoparticles
on splenocytes in mice

T. Brzicoval, E. Javorkova?, A. Zajicova?, V. Holan?, Z. Vecera®, O. Sery?, K. Vrbova?, J. Topinka?, P. Réssner?!

tDepartment of Genetic Ecotoxicology, Institute of Experimental Medicine, Czech Academy of Sciences,
Prague, 142 20, Czech Republic

2Department of Transplantation Immunology, Institute of Experimental Medicine, Czech Academy of
Sciences, Prague, 142 20, Czech Republic

3 Department of Environmental Analytical Chemistry, Institute of Analytical Chemistry, Czech Academy of
Sciences, Brno, 602 00, Czech Republic

Presenting author email: tana.brzicova @biomed.cas.cz

Zinc oxide nanoparticles (ZnO-NPs) represent one of the most widely used nanomaterials. Due to their
specific chemical, mechanical, optical and electrical properties, ZnO-NPs are being applied in solar cells,
sensors, UV filters, drug delivery systems, electronics and many other fields (Kotodziejczak-Radzimska and
Jesionowski, 2014).

As it is the case of nanomaterials in general, the unique nanoscale-related properties of ZnO-NPs may
be associated with enhanced or unexpected toxicity. Toxicity of ZnO-NPs has been extensively investigated
(Pandurangan and Kim, 2015), however in vivo studies evaluating potential effects of ZnO-NPs on immune
system are scarce. Immune system plays a crucial role in eliminating potentially dangerous agents,
including nanomaterials, from the body, on the other hand, exaggerated activation of immune responses
may lead to harmful consequences (Luo et al, 2015). Interactions of nanomaterials with immune cells may
thus determine potential adverse health effects of nanomaterial exposure.

In the present work, spleens of mice exposed to ZnO-NPs were used to study potential immunotoxic
and immunomodulatory effects of subchronic (90-day) inhalation exposure to ZnO-NPs. Mice (8 per
group) were exposed to ZnO-NPs (geometric mean diameter <10 nm) in a whole-body inhalation chamber
in concentrations of 6 x 10* particles/cm® and 2 x 10° particles/cm?®, corresponding to 20 and 625 g/
m?, respectively. Mice exposed to filtered air served as a control group. ZnO-NPs were continuously
synthetized using an evaporation-condensation-oxidation technique. Particle concentration and particle
size distribution in the whole-body inhalation chamber were monitored thoughout the whole experiment
by scanning mobility particle size analyzer. Generated nanoparticles were sampled for further physico-
chemical analyses (transmission electron microscopy, X-ray photoelectron spectroscopy and energy
dispersive X-ray spectroscopy).

Spleens of the exposed mice did not exhibit any signs of pathology and no difference in spleen size
between mouse groups was observed. Analyses of zinc content in mouse organs are ongoing.

Alterations in composition of spleen cell populations were evaluated by phenotyping different immune
cell subtypes by flow cytometry. The proportions of T-lymphocytes and their subpopulations (CD3+, CD4+,
CD8+) and B-lymphocytes (CD19+) in fresh splenocytes did not differ between exposed and control mice.
However, a significant decrease in granulocytes in exposed mice was observed, namely in eosinophils
(CD11b+ CD193+) and neutrophils (CD11b+ Gri+). Similarly, antigen presenting cell counts were reduced
in spleens from both higher and lower dose exposed mice. Using ELISA, production of selected cytokines
(pro-inflammatory IL-2, IL-4, IL-6, IL-17, IFN-y, and anti-inflammatory IL-10) was measured in non-
stimulated and lipopolysaccharide- or concanavalin A-stimulated spleen cells. Overall, ZnO-NPs did not
significantly affect cytokine concentrations.

The results suggest that subchronic inhalation exposure of mice to Zn-ONPs in concentrations of 20 and
625 pg/m?d did not cause profound changes in immune response. However, slightly decreased neutrophils
and antigen presenting cell populations may indicate potential immunosuppressive effects of ZnO-NPs
and related increased host susceptibility towards infections or cancerous diseases.
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The Northern Moravia Region is the most polluted region in the Czech Republic by particulare matter
(PM 2.5) and benzo[a]pyrene (B[a]P) mainly by heavy industry. This specific situation was used to study the
impact of air pollution to newborns in the exposed district Karvina and control district Ceske Budejovice.

In the present study, we focused on the effects of prenatal exposure to air pollution to modulate the
gene expression in newborns. The aim was to determine differently expressed transcripts (DETs) related
to different localities and seasons.

340 children from the regions of the CR with different level of air pollution (Karvina and Ceske
Budejovice) were born on summer 2013 and winter 2014 period. Sample groups are defined by different
concentrations of air pollutants. The highest concentration of air pollutants was detected in winter 2014
when mothers were exposed to: PM2.5 (55.35 + 11.50 vs. 26.39 + 5.79 ug/m?®) and B[a]P (5.15 £ 1.62
vs. 1.43 + 0.47 ng/m?) in Karvina and Ceske Budejovice, respectively. Summer values from Karvina were
similar to winter values in Ceske Budejovice.

RNA from frozen leucocytes of cord blood samples was isolated. Quantity and quality was tested. Only
samples with RNA integrity number (RIN) > 5 were processed. cRNA of 231 samples was prepared by in
vitro transcription. The biotinylated cRNA was hybridized to Human Expression Beadchips and chips were
scanned on the iScan (lllumina). The arrays were processed in R environment and Genedata Expressionist
software. Each array targets more than 20,000 annotated genes with more than 47,000 probes derived
from the NCBI. Global gene expression profile was performed using lllumina Human Expression BeadChips
microarrays.

3865 differentially expressed transcripts were correlated with the exposure data. Differentially
regulated biological processes in Gene Ontology categories for fold change values were analyzed using
the Functional classification analysis in the DAVID v6.7 tool. A higher number of DETs and affected KEGG
pathways was found in newborns from Ceske Budejovice. Some affected pathways for winter season in
both locations were primary immunodeficiency and neurotrophin signalization pathways. For Karvina
T-Cell receptor signaling pathway was found. Affected KEGG pathways for Ceske Budejovice are long-term
potentiation, non-small cell lung cancer or B-cell receptor signaling pathways.

The study is still in process. We have tested reference (housekeeping) genes for normalization of gPCR
method which will be used for verification of 8 selected genes of significant pathways.

The study is supported by the Grant Agency of the Czech Republic (13-13458S).
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Paracetamol (acetaminophen; PCA) is a common analgesic and antipyretic drug extensively used in
pharmaceutical formulations including in the treatment of mild to moderate pain and fever. PCA has
been studied taking into account mainly animal/human models, where PCA effects on cardiovascular,
gastrointestinal, and renal systems were studied (Roberts et al. 2016). Earlier, the possible effect of PCA to
renal cells and its ability to influence neoplastic transformation were also investigated (McCredie et al. 1993).
Additionally, literature is also available on the role of PCA in the reduction of incidence of cancerogenesis
including epithelial ovarian cancer (Rodriguez et al. 1998; Bonovas et al. 2006; Baandrup et al. 2014).
However, exhaustive investigation is warranted on the potential toxicity of PCA on plants, essential base
component of all ecosystem because of obvious entry of PCA in environmental compartments due to
its wide use in human health-protection and its availability in the market without a prescription (Kocak
2015)). Employing important toxicological biomarkers, this study aimed to reveal oxidative stress-casing
potential of PCA in the seedlings of food crop model - barley (Hordeum vulgare L.). In addition, efforts
were also made to minimize the toxic effect of PCA on H. vulgare seedlings with the supplementation of
PCA-exposed seedlings with acetylcysteine, used so far in animal/human models against PCA overdose
(Chiew et al. 2016).

Methods: Paracetamol (acetaminophen; PCA) and all other chemicals were purchased from the Sigma-
Aldrich, unless stated otherwise. Prior to their germination, the caryopses of barley (Hordeum vulgare L.)
were surface-sterilized in 5% (v/v) calcium hypochlorite for 10 min and then rinsed tree times with deionized
water. After 10 days, the barley plants were transferred into hydroponic solution. The concentrations of
PCA tested in half-strength Hoagland nutrient solution were 0, 500, and 2000 uM. Acetylcysteine (AC;
500 uM) was used as a reference compound and antioxidant in order to evaluate its possible role against
PCA-accrued oxidative stress/phytotoxicity. Sodium nitroprusside (100 uM), donor of nitric oxide (NO)
was used as a second reference compound. Ten-day old seedlings of H. vulgare were exposed to PCA for
7 days in two concentrations (500 and 2000 uM). Treatment combinations were as follows: PCA + 500 uM
acetylcysteine (AC; reactive oxygen species, ROS-scavenger) and PCA + 100 uM NS). Important parameters
studied were: shoot/root length, fresh weight, viability (MTT and TTC assays)/”intactness” (Evans blue
dye accumulation) of root tissues, content of total (soluble) proteins, total (soluble) thiols, phenols,
hydrogen peroxide, and malondialdehyde (MDA). New analytical techniques were designed and tested for
the studying PCA in plant material (electrochemistry and photometry; Ip (LA = 5.8345x+172.93 uM). All
the probes used in the study were purchased from Life Technologies, USA. Voltammetric measurements
were carried out using a pu-Autolablll (Eco Chemie, Amsterdam, The Netherlands) potentiostat/galvanostat
controlled by Autolab GPES software. The cyclic voltammetric parameters were as follows: initial potential
of 0 V; vertex potential 1.5 V; end potential 0 V; step potential 5 mV (Fernandez et al. (2015). Absorption
spectra of paracetamol were measured with an WWR Germany spectrophotometer (Thumar et al. (2012).
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Results: Though few studies are available in literature on PCA phytotoxicity (An et al. (2009; Huber et al.
(2009; Kummerova et al. (2016) exhaustive reports unveiling the major insights into PCA phytotoxicity are
meagre. Herein, all PCA concentrations alone led to significant depression of growth; however, both AC
and NS alleviated PCA-induced growth depression as well as improved cell viability and intactness of the
roots. The content of total (soluble) proteins was higher in shoots compared to roots (132 % of amount in
roots). Amount of total (soluble) phenolics increased in the PCA variants in both shoots (150 and 216 % of
the control, respectively) and roots (120 and 201 % of the control, respectively). Compared to PCA variants
themselves, addition of AC led to the increase in total (soluble) phenolics to a lesser extent that remained
100 and 158 % of the control in shoots, and 115 and 155 % of the control in roots. NS changed the amount
of total (soluble) phenolics to 112 and 122 % of the control in shoots and to 87 and 112 % of the control in
roots. All these changes were critically discussed especially in the light of uptake and possible metabolism
of PCA. Application of PCA led to a significant increase in ROS and MDA; where, application of AC and NS
alleviated ROS and MDA productions. In the case of MDA, PCA induced an increase to 168 and 343 % of the
control in shoots and to 176 and 549 % of the control in roots. Notably, AC alleviated MDA production to
99 and 160 % of the control in shoots and to 123 and 259 % of the control in roots. Additionally, application
of NS reduced the amounts of MDA to 135 and 208 % of the control in shoots and to 132 and 252 % of
the control in roots. Application of PCA also caused significant changes in the levels of (soluble) thiols.
The amounts of (soluble) thiols increased to 157 and 216 % of the control in shoots and to 222 and 556 %
of the control in roots under PCA alone exposure. AC slightly reduced the content of root total (soluble)
thiols in the variant of 500 uM PCA (79 % of the control); whereas, the variant of 2000 mM PCA slightly
increased amount of root total (soluble) thiols (to 141 % of the control). Moreover, the content of total
(soluble) thiols in combined PCA-AC treatment increased slightly (to 115 and 269 % of the control). NS
reduced amount of total (soluble) thiols in shoots (78 % of the control) exposed to with the concentration
of 500 uM PCA; whereas, under higher concentration of PCA (2000 uM), NS increased amount of total
(soluble) thiols in shoots to 153 % of the control. On the other hand, the content of total (soluble) thiols in
roots after PCA+NS combined treatment was significantly increased (128 and 250 % of the control). All the
highlighted above results were well-supported by the light/fluorescence microscopy (Figure 1). Obtained
experimental data point toward the severe phytotoxicity and genotoxicity potential of PCA.

Control 500 P 2000 P 500 P + Ac 2000 P+ Ac

autofluorescence

FDA+PI

DIOCE(3) + P1

CellROX Deep RED

Figure 1. Effect of Paracetamol (acetaminophen; PCA; 500 and 2000 mM) in combination with
reactive oxygen species (ROS)-scavenger acetylcysteine (AC; 500 uM) on the experimental Hordeum
vulgare L. seedlings. Light microscopy (first row) revealed ability of PCA to induce damage of root
cap. Observed changes included changes in autofluorescence, viability (FDA + PI staining, living cells -
green fluorescence, dead cells - red fluorescence), ER stress (DiOC6(3) in combination with PI - green,
respectively red fluorescence), and creation of ROS (CellROX Deep RED reagent, red fluorescence).
Combination of PCA with AC showed protective effect of AC against PCA-induced phytotoxicity and
possible involvement of ROS in this toxicity. The bar represents 100 um.

66



Acknowledgements: This work was supported by the project for conceptual development of research
organization.

References:
AnJ., Zhou Q. X., Sun F. H., et al. (2009) J. Hazard. Mater. 169, 751-757.

Baandrup L., Friis S., Dehlendorff C., et al. (2014) JNCI-J. Natl. Cancer Inst. 106.
Bonovas S., Filioussi K., Sitaras N. M. (2006) Br. J. Clin. Pharmacol. 62, 113-121.
Fernandez C., Heger Z., Kizek R., et al. (2015) Int. J. Electrochem. Sci. 10, 7440-7452.
Huber C., Bartha B., Harpaintner R., et al. (2009) Environ. Sci. Pollut. Res. 16, 206-213.
Chiew A. L., Ishister G. K., Duffull S. B., et al. (2016) Br. J. Clin. Pharmacol. 81, 471-481.
Kocak E. (2015) J. Environ. Health Sci. Eng 13.

Kummerova M., Zezulka S., Babula P, et al. (2016) J. Hazard. Mater. 302, 351-361.
McCredie M., Stewart J. H., Day N. E. (1993) Int. J. Cancer 53, 245-249.

Roberts E., Nunes V. D., Buckner S., et al. (2016) Ann. Rheum. Dis. 75, 552-559.
Rodriguez C., Henley S. J., Calle E. E., et al. (1998) Lancet 352, 1354-1355.

Thumar R., Savaliya P., Boda J., et al. (2012) Inventi Rapid: Pharm Ana & Qual Assur 8, 79-89.

67



The results of interconnection of the Evidence of Professional

Exposure to Genotoxic Factors (REGEX) and Cancer Registry in

Moravian - Silesian Region of the Czech Republic (Evaluation of
occupational exposure to genotoxic factors in relation to cancer)

Hana Lehocka?, Ivona Zavacka?, Jana Vavrosova®, Vladimir Janout*

Department of Biomedical Sciences, Faculty of Medicine University of Ostrava
2Department of Work Physiology, Institute of Public Health in Ostrava
3Department od Emergency Medicine and Forensic Studies, Faculty of Medicine University of Ostrava
“Department of Epidemiology and Public Health, Faculty of Medicine University of Ostrava

This study aims to analyze the genotoxic risks in Moravian - Silesian Region and assess the significance
of genotoxic factors in the etiology of cancer by bringing together Registry of Occupational Exposure to
genotoxic factors and Cancer Registry and compare the rate of detected cancer in persons occupationally
exposed to genotoxic factors in Moravian - Silesian Region with the occurrence of cancer in the population
of the Czech Republic.

The set of individuals consisted of 748 subjects whose records of occupational exposure have been
available since the year 2005 and have been updated at least once. The most common carcinogens
were polycyclic aromatic hydrocarbons (PAHs), particularly benzo[alpyrene, benzo[d,e,flchrysene and
cytostatics applied in healthcare facilities. The file has been linked to Cancer Registry in Ostrava in June
2009 and again in June 2011 and there was found 22 cases of cancer in the year 2008 and 27 cases of
cancer in 2011.

The incidence of 22 tumor diseases in the set of 748 individuals professionally exposed to genotoxic
agents between the years 1996 and 2009 represents the incidence rate of 210/100000 per year. For
simplified comparison, in 2009 the incidence of neoplasms in the Czech Republic was 751.5 /100 000 per
year. The incidence in the occupationally exposed individuals was therefore more than 3 times lower in
comparison with the situation in the country.

Cytogenetic analysis was performed on 492 individuals out of 748 subjects, where 151 persons were
examined (30.7%) within the reference values (up to 2.0% AB.C.), in the group of increased exposure to
genotoxic agents (2.0 to 4.0% AB.C.) there was 263 examined subjects (53.5%) and in the group with high
exposure to genotoxic substances > 4 was 78 examined subjects (15.8%).

The reasons for the relatively low incidence of cancer in people exposed to genotoxic agents may be
related to reducing exposure to genotoxic agents as a result of measures ordered by the Public Health
Authority after demonstrating increased levels of chromosomal aberrations in high-risk environments.
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Kolorektalni karcinom (CRC) a karcinom pankreatu patii mezi nej¢astéjsi zhoubné nadory traviciho
traktu. Oba majiv pokrocilém stadiu nepfiznivou prognézu. Pacienti ve IV. stddiu onemocnéni (metastaticky
CRC) maji 5-leté relativni preziti 11% a pacienti s karcinomem pankreatu pouze 5%. Oba typy karcinomu
nejcastéji metastazuji do jater, plic a pobfisnice. Dlilezitym mechanismem progrese onemocnéni a rozvoje
metastaz je bunécna migrace.

Identifikace latek s antimetastatickym plsobenim mize vést ke zpomaleni rozvoje onemocnéni
a prodloufZit relativni pfezivani pacientd se zhoubnym nadorem. Ganoderma lucidum (GLC), v ¢eském
nazvoslovi lesklokorka leskld, je houba uzivana v tradi¢ni ¢inské mediciné, u které byly in vitro prokazany
protinadorové ucinky.

Cilem nasi prace bylo blize popsat anti-proliferacni a anti-migracni Ucinky pfirodni slouc¢eniny GLC na
bunécnych liniich kolorektalniho a pankreatického karcinomu.

U linii kolorektalniho karcinomu (HCT116, HT29) a karcinomu pankreatu (MiaPaca2, Pancl) jsme
sledovali prezivani bunék a jejich schopnost migrace po ovlivnéni extraktem GLC. V koncentraci 0,5ug/
ul snizovala GLC prezivani linii HCT116 o 25% (p<0.05), HT29 o 15% (p<0.05), MiaPaca2 o 36% (p<0.01)
a Pancl o 48% (p<0.05). Navic GLC sniZovala schopnost migrace kolorektalnich i pankreatickych linii (HCT
116, 64%, p<0.05 a HT29 52%, p<0.05).

Prokazali jsme, Ze extrakt GLC signifikantné sniZuje prezivani bunék a zaroven jejich migraci u linii
karcinomu pankreatu i kolorektalniho karcinomu. Prirodni slouceny, jako je napf. Ganoderma Lucidum, by
mohly najit uplatnéni jako doplnék standardni protinadorové |écby s vyraznym vlivem na rozvoj metastaz.

Podékovani: tato prace byla podporena projekty AMVIS LH13061 and GACR 15-14789S
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Modelovani expozic v pracovnim prostredi jako prostfedku zlepseni odhadu Grovné rizik souvisejicich
s expozici chemickym latkdm a aerosollim na pracovisti se s rozvojem vypocetni techniky v poslednim
desetileti postupné objevuje a uvadi do praxe jako nastroj rovnocenny experimentalnim mérenim,
pfipadné se modelované vysledky s terénnimi vysledky a vysledky biologickych expozi¢nich testu
srovnavaji ¢i kombinuji. V soucasné dobé je k dispozici nékolik typt softwarovych produktt rizného stupné
propracovanosti pro odhad inhalacni (a také dermalni) expozice v nékolika desitkach typ( pramyslovych
situaci, pricemz stéZejnim kriteriem pro kvalitu o¢ekdvaného vystupu - modelu a nasledné interpretace
vysledku, je dostupnost a kvalita vstupnich dat o chemickych latkach v provoze pouzivanych, prostorovém
usporadani pracovisté a parametrech vétrani a odsavani nezamérné produkovanych emisi latek unikajicich
do pracovniho ovzdusi.

AC¢ mUGze byt model expozice chemickym latkdm zatizen mnoha chybami a nejistotami plynoucich
ze vstupnich Gdajud, v industridlni hygiené a potazmo v praxi hygienickych laboratofi mohou nastat
situace, kdy model mUZe byt jedinym nastrojem poskytujicim alespon néjakou informaci o Grovni hladin
expozic, napf. pri Setfeni podminek vzniku nemoci z povolani v ptvodnich pracovnich podminkach na
technologicky inovovaném pracovisti, dalsi typickou situaci je odhad expozi¢nich hladin budoucich obsluh
projektovanych provoz(i nejen ve vztahu k obsluze pracovisté, ale i k okoli, tzn. pozadové koncentrace
ocekavané v halach, vnitrnich komunikacnich prostorech, nebo zhodnoceni mozného prenosu latek na
mista s nepredpokladanym vyskytem téchto latek. S rozvojem nanotechnologii pak moznost prospektivniho
odhadu expozic nanorozmérnym ¢i ultrajemnym aerosoliim, at uz zamérné ¢i nezdmérné produkovanym,
nabyva obzvlastniho vyznamu (obr. 1a, b).

Contours of Velocity Magnilude (mis) Jan 12, 2016 Contours of DPM Concentration (kpin3) Jan 12, 2016
ANSYS FLUENT 13,0 (3d. dp, pbns, mgke, fransient) AMSYS FLUENT 13.0 (3d, dp. pbns. mgke, ransient)

Obr. 1a, 1 b: Vyplnéné kontury rychlosti proudéni vzduchu a koncentrace Castic v rozsahu
0-1m/s a 0-1 e-08 kg/m?® ve vysce 1,5 m nad podlahou v ¢ase 0-600 s v pramyslové hale (ANSYS Fluent
13.0, numericky model proudéni, RNG k-e model, model turbulence, DiscretePhase model).
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Biofuels and their blends with standard fuels became a popular alternative to diesel and gasoline.
We compared chemical composition and genotoxicity of organic extracts from extractable organic matter
(EOM) obtained from emissions from various blends of biofuels with diesel and gasoline.

For diesel engines, we studied emissions from standard diesel (BO), diesel fuel with 30% biodiesel
(B30), biodiesel only (B100) and a new generation biodiesel (NEXBTL100). We tested two types of gasoline
engines: Direct Injection Spark Ignition (DISI; operated using standard gasoline, gasoline with 15% ethanol
(E15), 25% n-butanol and 25% iso-butanol) and Multi-Point Injection engine (MPI; operated using standard
gasoline and E15).

For the diesel fuels, the highest content of polycyclic aromatic hydrocarbons (PAHSs), their oxy-, nitro-
and dinitro- derivatives/mg EOM was found for B30 and B100; the lowest PAHs concentrations were
observed for NEXBTL100.

For gasoline-operated engines, the lowest PAH content was detected in EOMs from MPI/standard
gasoline; MPI/E15 produced highest levels of both PAHs and oxy-PAHs. EOMs from DISI/standard gasoline
were characterized by low PAH-derivatives content.

Genotoxicity was tested in calf thymus DNA (CT-DNA) acellular system in the presence of rat liver
microsomal S9 fraction. Levels of bulky DNA adducts and 8-oxo-7,8-dihydro-2’-deoxyguanosine (8-oxodG)
in CT-DNA after 24-h treatment with EOMs (50, 100, 250 pg/mL) were analyzed.

All diesel emission EOMs induced similar DNA adduct levels. Oxidative DNA damage was also
comparable, with the exception of B100 where no induction of oxidative damage was observed. EOMs
from emissions from all DISI fuels had 2-3-fold higher genotoxicity then EOMs from MPI emissions. On the
contrary the MPI engines generated EOMs with slightly higher oxidative potential than the DISI emissions.

All results were evaluated per mg of extract and do not take into the account changes in the total mass
of the emitted particulate matter as a function of the fuel used.

In summary, EOMs from the biofuels contained comparable or higher PAHs levels than standard fuel.
The highest genotoxicity was observed for EOMs generated by the DISI engines regardless the fuel used.

Acknowledgements: This work was supported by the Czech Science Foundation (13-01438S), EU LIFE+
(LIFE10 ENV/CZ/65Grant for Research HJ123.
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Introduction:

Plants have long been considered a valuable source of compounds beneficial for humans. Many
compounds that are found in plants exhibit a biological activity such as antimicrobial, antioxidative,
antiviral, antiinflammatory, antimutagenic and anticarcinogenic (Boubaker et al, 2010). Polyphenolics in
medicinal and fragrant plants, fruit and vegetables belong to such compounds. Their broad protective effect
consists in a number of individual complementary actions contributing to the upbuilding and maintenance
of homeostasis. Vitis vinifera L. is a species of Vitis, its production is widespread throughout the world
for fresh consumption and industrial processing (Fernandes et al, 2013). This plant has been used for the
production of food and beverage as well as a remedy against various complaints in traditional medicine
(Orhan et al, 2006). The varied chemical composition of Vitis vinifera grapes appears to contribute to
their biological potential. The grapes are rich in polyphenolic compounds such as anthocyanins, flavanols,
flavonols, proanthocyanidins, stilbenes (resveratrol), and phenolic acids (Liang et al, 2011; Perestrelo et al,
2012; Xia et al, 2010). Phenolic compounds are important phytochemicals in grape because they possess
many biological activities and health-promoting benefits (lacopini et al, 2008; Thiruchenduran et al, 2011).

The above findings led us to investigate the antimutagenic and DNA protective abilities of the grape
extract VinOserae from Vitis vinifera applicable as a promising supplement with effective biological
potential. In this work, in order to detect a protective effect of the grape extract that prevents induction
of oxidative DNA damages, a molecular biology method based on detection of changes in the topological
state of the pBluescript Il SK(-) plasmid was used. A different electrophoretic mobility of topological DNA
forms was measured by the agarose gel electrophoresis. In the plasmid DNA test, the protective effect of
the extract was determined on the basis of its capability to inhibit formation of DNA strand breaks in the
plasmid DNA induced by hydrogen peroxide in the presence of transition metal ions.

The protective effect of the extract was independently evaluated with the Ames test using Salmonella
typhimurium His™ TA102 suitable to detect mutagenic effects of oxidative compounds. The evaluation
of antimutagenic effects of the extract included detection of the ability to inhibit a mutagenic effect
induced by hydrogen peroxide or tert-butyl hydroperoxide. These in vitro tests are useful to screen
the antigenotoxic potential of plant extracts and to search potential bioactive compounds for possible
aplication in food industry. To the best of our knowledge this is the first report on DNA strand scission
inhibitory and antimutagenic activities of the VinOserae extract.

Material and methods:
Chemicals and material

The chemical reagents D-glucose-6-phosphate sodium salt, hydrogen peroxide, L-histidine, nicotinamide
adenine dinucleotide phosphate and tert-butyl hydroperoxide (t-BHP) were purchased from Sigma-Aldrich
(St. Louis, USA), agarose and ethidium bromide from Serva Electrophoresis (Heidelberg, Germany). All
reagents used were of analytical grade. The dry grape extract was obtained from Favea, spol. s r. o.
(Kopf¥ivnice, Czech Republic). In the extract, phenolic compounds such as oligomeric proanthocyanidins
and trans-resveratrol were identified.
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Bacterial strain and plasmid DNA

Plasmid pBluescript Il SK(-) DNA was isolated from the bacterial strain Escherichia coli TOP10. The
isolation of plasmid pBluescript Il SK(-) was carried out using columns Qiagen (QIAGEN Plasmid Mini Kit).
The obtained plasmid DNA was dissolved in TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0) and stored at
-20 °C. Detection of mutagenic and antimutagenic activities of the plant extract was investigated using
the auxotrophic bacterial strain Salmonella typhimurium His~ TA102. For each experiment, a frozen stock
of the tester strain culture was grown overnight in Oxoid nutrient broth No. 2 using the procedure of
Mortelmans and Zeiger (2000).

Antimutagenicity test

The Ames test standard plate incorporation procedure was used for the assessment of antimutagenicity
of the grape extract (Amesetal, 1975). In order to detect the effect of the extract on tert-butyl hydroperoxide

(t-BHP) or hydrogen peroxide (Hzoz)’ an induced mutagenicity assay was employed using the Salmonella
typhimurium His~ TA102 strain sensitive to oxidant mutagens (Levin et al, 1982; 1984). A volume of 100
ul of a bacterial culture (prepared as described by Mortelmans and Zeiger, 2000), 50 pl of the test sample

(50-300 pg/plate), 50 ul of a mutagen (t-BHP or H,0,, 100 ug/plate) and 500 ul of phosphate buffer (0.1
mM, pH 7.4) were added to 2 ml of the top agar that was supplemented with 0.05 mM histidine. The
mixture was poured on minimal agar plates that were subsequently incubated at 37 °C for 48 h and then

histidine-revertant colonies on each plate were counted.

The number of induced revertants was obtained by subtracting the number of spontaneous revertants
from the number of revertants on the plates containing mutagen and antioxidant. The inhibition rate of
mutagenicity (%) was calculated as follows: percent inhibiton (%) = [1 - (number of revertants on plates
with oxidant and test compound - number of spontaneous revertants)/(number of revertants on plates
with oxidant alone - number of spontaneous revertants)] x 100 (Stagos et al, 2006). The results were
analyzed with the statistical software “R” (R Development Core Team, 2011).

DNA strand scission assay

The plasmid pBluescript Il SK(-) DNA was used to study the protective effect of the VinOserae extract
on DNA damage induced by hydroxyl radicals. The method using plasmid DNA is based on different
electrophoretic mobility of topological forms of the plasmid DNA. DNA strand breaks were measured
by a conversion of supercoiled (Sc) form to open circular (Oc) and linear (Lin) forms of DNA (Cao et al,
2008; Russo et al, 2000). Plasmid DNA (0.5 ug) was incubated with various concentrations of the extract

(0.02-0.4 pg/ul), 0.1 M Tris-HCI (pH 8.0), 0.1 mM FeSO4, and 0.3% H202 in an Eppendorf tube (37 °C, 30
min). The final volume of the mixture was 10 ul. DNA conformation changes were analyzed by agarose gel
electrophoresis in 1XTAE buffer (1% agarose, 7 V/cm, 80 min, room temperature). The gels were stained
with ethidium bromide for 30 min, followed by 30 min destaining in water. Photos of the gels were taken
in UV light (transilluminator GeneGenius, SynGene, Cambridge, UK) and the bands were quantified using
the software ImageJ (Abramoff et al, 2004).

Results:

Detection of the antimutagenic activity of the extract was carried out using the Ames test with
Salmonella typhimurium His™ TA102. The antimutagenic effect of compounds can be evaluated on the
basis of their ability to inhibit mutagen’s mutagenicity. In order to measure an antimutagenic effect of the

extract, both H,0, and tert-butyl hydroperoxide (t-BHP) were used at a concentration of 100 ug per plate
to ensure a sufficient amount of revertants compared to the negative control. The extract was tested at
a range of 50-300 ug sample per plate. The results showed that a significant antimutagenic effect of the
extract was detected with both oxidative mutagens used (Fig. 1). The maximal decrease in the revertant
numbers was found when the highest concentration of the extract was used with the two mutagens. The
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respective percentages of the inhibition of mutagenicity with t-BHP and H,0, when a concentration of 300
ug of the extract per plate was used were 44.2 and 67.0 %.

We were interested to find out whether the extract itself did not exhibit a mutagenic activity. Using the
VinOserae extract (50-300 ug/plate), no mutagenic effect was detected with the strain TA102.
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Figure 1. Antimutagenic activity of VinOserae extract in Ames test
(without metabolic activation, strain TA102).

Mutations were induced by t-BHP or H,0, (100 ug/plate).
The amount of spontaneous revertants is subtracted.

Line —: t-BHP; line ——: H_.O

,0, line - - - -: standard error

The ability of the extract to inhibit oxidative damage of DNA was further investigated using the
DNA strand scission assay where the protective effect of the extract was evaluated on the basis of its
capability to inhibit formation of strand breaks in the plasmid pBluescript Il SK(-) DNA. The principle of
detection includes electrophoretic evaluation of changes in the topological state of the plasmid DNA. In
its native form the double strand DNA of the plasmid pBluescript Il SK(-) is in a compact supercoiled (Sc)
conformation and has a relatively high electrophoretic mobility (Fig. 2, lane 1). After a single strand break
is introduced in the DNA, the supercoiled tertiary structure is impaired and results in the formation of an
open circular (Oc) DNA form with a decreased electrophoretic mobility in the agarose gel. The linear (Lin)
DNA form whose formation is induced by double strand breaks has a medium electrophoretic mobility
between those of the supercoiled (Sc) and open circular (Oc) forms of plasmid DNA.

Figure 2 shows how the extract affected the formation of DNA strand breaks induced by H,0, in the

presence of FeSO, (Oc and Lin forms of DNA, lane 3). The sample was tested in a concentration range
of 0.02-0.4 pg/pl. When the smallest dose of 0.02 pg/ul was applied, no inhibition of the formation
of the open circular (Oc) and linear (Lin) DNA forms was observed (lane 4). The protective effect was
observed when a dose of 0.05 pg/ul was used (lane 5). The strongest effect of inhibition of DNA strand
breaks formation was found in lanes 7-10 when 0.15-0.4 pg/ul sample was applied. The protective effect
measured probably reflected the presence of these compounds in the extract since the ability to inhibit
damage of plasmid DNA had been proven for many polyphenolic compounds.
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Figure 2. Electrophoretic pattern of pBluescript Il SK(-) plasmid where DNA strand breaks were induced
by 0.3% H,0, and 0.1 mM FesO, in the presence of VinOserae extract.

Lane 1: control DNA; lane 2: H202 treatment alone; lane 3: H202 and FeSO4;

lanes 4-10: H,0, and FeSO, in the presence of the extract (4: 0.02 pg/ul; 5: 0.05 pg/ul; 6: 0.1 pg/ul;
7:0.15 pg/ul; 8: 0.2 pug/ul; 9: 0.3 pug/ul; 10: 0.4 pg/ul).

Figure 3 shows results of quantitative measurement of the protective activity of the VinOserae extract
capable to inhibit formation of DNA strand breaks in the plasmid pBluescript Il SK(-). In the case of any
extract concentration tested, a quantitative measurement of the content of supercoiled (Sc) DNA form
was made using software Image). The value obtained for the supercoiled DNA form was related to that of
the control. In a concentration range of 0.05-0.4 pg/pl used an increasing rate of the protective activity of
the extract was found, expressed by per cent value of the presence of supercoiled (Sc) form of the plasmid
pBluescript 1l SK(-). The experiments showed no potential genotoxicity of the extract when applied to the
plasmid pBluescript 1l SK(-).
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Figure 3. Analysis of supercoiled form of the plasmid pBluescript Il SK(-) after oxidative DNA damage in
the presence of VinOserae extract (0.02-0.4 pg/ul).

Conclusions:

Using DNA strand scission assay and the Ames test with Salmonella typhimurium His™, an ability of
the extract from Vitis vinifera grapes to efficiently inhibit oxidative damage of DNA was documented.
No potential genotoxicity of the extract was detected. The results extend the knowledge of beneficial
biological effects of compounds isolated from natural raw materials and bring further evidence of the

extract to be an interesting source of compounds with protective biological effect and applicability at food
industry.
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the Structural Funds of the Europe Union and project LO1208 of the National Feasibility Programme I of
the Czech Republic.

76



References:
Abramoff, M.D., Magalh3es, P.J., Ram, S.J. (2004) Biophotonics Int. 11, 36-42.

Ames, B. N., McCann, J., Yamasaki, E. (1975) Mutat. Res. 31, 347-364.

Boubaker, J., Skandrani, 1., Bouhlel, I., Ben Sghaier, M., Neffati, A., Ghedira, K., Chekir-Ghedira, L. (2010) Food Chem. Toxicol. 48,
2283-2290.

Cao, W., Chen, W.J,, Suo, Z.R., Yao, Y.P. (2008) Food Res. Int. 41, 924-929.

Fernandes, F., Ramalhosa, E., Pires, P., Verdial, J., Valentao, P., Andrade, P., Bento, A., Pereira, J.A. (2013) Ind. Crops. Prod. 43, 434-440.
lacopini, P., Baldi, M., Storchi, P., Sebastiani, L. (2008) J. Food Compost. Anal. 21, 589-598.

Liang, Z., Owens, C.L., Zhong, G.-Y., Cheng, L. (2011) Food Chem. 129, 940-950.

Levin, D.E., Hollstein, M., Christman, M.F., Schwiers, E.A., Ames, B.N. (1982) Proc. Natl. Acad. Sci. U. S. A. 79, 7445-7449.

Levin, D.E., Hollstein, M., Christman, M.F., Ames, B.N. (1984) Methods Enzymol. 105, 249-254.

Mortelmans, K. and Zeiger, E. (2000) Mutat. Res. 455, 29-60.

Orhan, N., Aslan, M., Deliorman Orhan, D., Ergun, F., Yesilada, E. (2006) J. Ethnopharmacol. 108, 280-286.

Perestrelo, R., Lu, Y., Santos, S.A.O., Silvestre, A.J.D. et al. (2012) Food Chem. 135, 94-104.

R Development Core Team (2011) R Foundation for Statistical Computing, Vienna, Austria.

Russo, A., Acquaviva, R., Campisi, A., Sorrenti, V., Di Giacomo, C., Virgata, G., Barcellona, M.L., Vanella, A. (2000) Cell Biol. Toxicol.
16, 91-98.

Stagos, D., Kazantzoglou, G., Theofanidou, D., Kakalopoulou, G., Magiatis, P., Mitaku, S., Kouretas, D. (2006) Mutat. Res. 609, 165-175.
Thiruchenduran, M., Vijayan, N.A., Sawaminathan, J.K., Devaraj, S.N. (2011) Cardiovasc. Pathology 20, 361-368.

Xia, E-Q., Deng, G.-F., Guo, Y-J., Li, H.-B. (2010) Int. J. Mol. Sci. 11, 622-646.

77



Personal exposure to PM_, and benzo[a]pyrene in Ostrava,
Czech Republic

V. Svecova!l, I. Solansky?, T. Cole-Hunter?, the CITI-SENSE Consortium?, R. J. Sram?, A. Bartonova*

! Institute of Experimental Medicine, CAS, Prague, Czech Republic

2 Centre for Research in Environmental Epidemiology (CREAL), Barcelona, Spain
% http://www.citi-sense.eu/Project/Consortium.aspx

4 NILU Norwegian Institute for Air Research, Oslo, Norway
Key words: Air pollution, personal exposure, PM2.5, benzo[a]pyrene, citizen participation

Presenting author email: svecova @biomed.cas.cz

Introduction: Benzo[a]pyrene (B[a]P) is a proven human carcinogen. In the air, it is associated with

particulate matter < 2.5 um (PMz.s)' High concentrations of both compounds found in the Ostrava region,
CZ, have led to concern in the local population. To support the local needs for a communication platform,
we started a case study of the CITI-SENSE project ,,Citizen Observatories for Quality of Life“, with a special
study on personal exposure.

Methods: Twenty non-smoking adult volunteers were recruited in the most polluted part of Ostrava
to participate in three biomonitoring campaigns. All participants completed a personal questionnaire and

time-location-acitivity diary. High precision personal monitors for PM, . were used next to the new sensor

technology for NO, assessment. Outdoor concentrations of PM, . and B[a]P were measured using High
Volume Air Sampler.

Results: The campaigns were held in winter 2013, summer 2015 and winter 2016. Average two-day
personal exposures to PM, . were 68.8, 45.3 and 33.6 ug/m?, respectively. Personal exposures to B[a]P
were 5.5, 1.3 and 3 ng/m?, respectively. The outdoor concentrations for 2013 and 2015 were 35.4 and 17.6
pg/m? of PM,and 5.3 and 1.2 ng/m? for B[a]P in two weeks period during the campaigns. Correlation
between outdoor PMZ.5 and B[a]P in 2013 was significant R=0.8, P<0.001. High correlation was found also
between personal B[a]P exposure and PM10 from stationary outdoor monitoring R=0.8, P<0.001.

Conclusions: With use of low-cost sensors, we created a Citizens' Observatory to boost the cooperation
between scientists, citizens and other stakeholders, to increase opportunities for environmental health
governance. To improve relevance to local population, we combined low-cost online measurements,
with high precision instumentation, and with measurements and information campaigns in schools, all in
cooperation with city authorities. Such activities provide context necessary for communicating the results
of the biomonitoring study to citizens as well as authorities.

Acknowledgement: This work was supported by the Grant for Research FP7/ENV-2012-308524-2/CITI-
SENSE.
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Organisms are continuously exposed to external structures (xenobiotics), specifically environmental
pollutants. The excessive usage of these compounds by industrial processes have resulted in their
incorporation into the environment. Consequent exposure to organisms causes numerous toxic effects:
endocrine-disruptive, immunosuppressive, metabolic, reproductive or developmental disorders. Majority
of these chemicals belong to the structurally heterogeneous group of chemicals that trigger adverse
health effects by mimicking or antagonizing the action of endogenous signalling molecules (Schug, et al.,
2011). Plenty of experimental and epidemiological studies have underlined an important role of nuclear
receptors in transducing of the noxious effects of these chemicals (Swedenborg, et al., 2009). Nuclear
receptors belong to a superfamily of evolutionally related transcription factors regulating complex gene
networks that are involved in signalling pathways governing vital processes such as cell differentiation,
growth, reproduction, or death. According to nuclear receptor’s canonical structure, they contain a ligand-
binding domain (LBD) that responds to a wide variety of endogenous hormonal and metabolic ligands.
Thus, retinoic acid (RA) is the natural ligand that can modulate gene expression through binding to two
families of nuclear receptors, retinoic acid receptors (RAR) and retinoid X receptors (RXR). While RARs are
activated by all-trans retinoic acid (ATRA) and 9-cis retinoic acid (9cRA), RXRs are activated only by 9cRA
(Brtko and Thalhamer, 2003). Moreover, RXRs serve also as heterodimeric partners for a wide range of
other nuclear receptors such as vitamin D receptor, thyroid hormone receptors, peroxisome proliferator-
activated receptors, liver X receptors, pregnan X receptor, farnesoid X receptor or constitutive androstan
receptor. This versatility could contribute to cross-talk among various hormone receptor networks (Evans
and Mangelsdorf, 2014).

As we have previously reported, the endocrine-disrupting action of several chemicals relies on their
ability to substitute natural nuclear receptor ligands, and thus deregulate nuclear receptor signalling
(Brtko and Dvorak, 2011; Brtko and Dvorak, 2015). Triorganotins, organic compounds widely produced
in industry as antifouling agents in paints, repellents against insect and rodents, as well as agricultural
fungicides, are considered to be high-affinity ligands for nuclear retinoid X receptors acting predominantly
in agonistic manner. Trialkyltins and triaryltins, specifically tributyltin (TBT) and triphenyltin (TPT) are
capable to bind to the ligand-binding domain of RXR subtypes and function as transcriptional activators.

In our laboratory, we have established the radioligand binding assay for accurate determination of
nuclear retinoid X receptors, taking experience from our previously established radioligand binding assay
for all-trans retinoic acid receptors (Brtko, 1994). We demonstrated one type of high affinity and limited

capacity RXR specific binding sites with the K, value ranging from 1.011 to 1.727 x 10° I/mol and the B, ax
value ranging from 0.346 to 0.567 pmol/mg. These data based on radioligand binding assay has clearly
confirmed the property of TBT-Cl, TPT-Cl and several other TBTs or TPTs to bind to a high affinity and

limited capacity RXR binding sites. Obtained data enabled us to calculate maximal binding capacity (Bmax)

and affinity (Ka) values for these compounds. This study provides an original RXR radioligand binding assay
that can be employed for investigation of novel RXR ligands that might play a role as nuclear retinoid X
signalling disrupting chemicals.
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References:
Brtko, J., (1994) Biochem. Biophys. Res. Commun., 204: 439-445.

Brtko, J., Thalhamer, J. (2003) Curr. Pharm. Design 9, 2067-2077.
Brtko, J., Dvorak, Z. (2011) Curr. Drug Metab. 12, 71-88.

79



Brtko, J., Dvorak, Z. (2015) Toxicol. Lett. 234, 50-58.

Evans, R. M., Mangelsdorf, D.J., (2014) Cell 157, 255-266.

Schug, T. T, Janesick, A., Blumberg, B., Heindel, J. J. (2011) J. Steroid Biochem. Mol. Biol. 127, 204-215.
Swedenborg, E., Ruegg, J., Makela, S., Pongratz, I., (2009) J. Mol. Endocrinol. 43, 1-10

Odborna garance konference:

RNDr. Pavel Rossner, PhD. (Ustav experimentalni mediciny AV CR, v. v. i., Praha), mistopredseda Spole¢nosti
RNDr. Alena Gabelova, CSc. (Ustav experimentalnej onkologie SAV, Bratislava), predsedkyné Spole¢nosti
Ing. Jan Topinka, DrSc. (Ustav experimentalni mediciny AV CR, v. v. i., Praha)

RNDr. Miroslav Machala, CSc. (Vyzkumny Gstav veterinarniho |ékarstvi, v. v. i., Brno)

MUDr. Hana Lehocka, Ph.D. (Zdravotni Gstav se sidlem v Ostravé)

Organizacni zajisténi konference:
Bezpecnostné technologicky klastr, z. s., Mgr. Simona Guzdkova (e-mail: simona.guzdkova @ btklastr.cz)

Geneticka toxikologie a prevence rakoviny

Kolektiv autort

Vydavatel: Anna Vavrusova - Alisa Group

Grafika a predtiskova priprava: Mgr. Jifi Kucaty

Vyslo: kvéten 2016

Vydani: prvni

Pocet stran: 80

Vytiskl: Anna Vavrusova - Alisa Group

Tato publikace neprosla redakéni ani jazykovou Gpravou.
Titulni foto: Scotch Mist (Vlastni dilo) [CC BY-SA 4.0 (http://creativecommons.org/licenses/by-sa/4.0)],
prostrednictvim Wikimedia Commons

© 2016

ISBN: 978-80-88038-04-7

80



BEZPECNOSTNE |
TECHNOLOGICKY

ll!lllll“-

. Iﬂ‘ J !"

ml 1 ' 1_”].” wr :m 'an m"r mr "ru-

Www btklastr B2l "

2 i 4
= '8L. gy,

MOBILNI MERICI N
LABORATOR (MERICiVUZ)

NABIZi AKREDITOVANE MERENI
IMISNICH KONCENTRACI V ROZSAHU:

Bezpeénostné technologicky klastr, z. s.
Pikartska 1337/7,716 00 Ostrava - Radvanice
Mobil: 734 232 532, e-mail: info@btklastr.cz
www.btklastr.cz

kontinualni méfeni koncentraci ¢astic frakci PM,, PM,, PM
aPM,

nizkoobjemové sekvenéni odbéry a stanoveni koncentraci
Castic frakci PM, a PM, ,

vysokoobjemové odbéry a stanoveni koncentraci ¢astic frakci
PM, aPM_,

kontinualni méfeni koncentraci oxidd dusiku (NO , NO a NO,)
kontinualni méfeni koncentraci ozonu (O,)

kontinudlni méfeni koncentraci oxidu sifi¢itého (SO,)
kontinudlni méreni koncentraci oxidu uhelnatého (CO)

DALSI CINNOSTIV OBLASTI MERENI
IMISNICH KONCENTRACI:

kontinudlni stanoveni koncentraci BTX (benzen, toluen
a xyleny)

stanoveni imisnich koncentraci persistentnich organickych
latek (PCDD/F, PAH a PCB) rozborem z filtr(i

stanoveni imisnich koncentraci tézkych kovu (As, Hg, Cd, Tl,
Pb apod.) rozborem z filtr(i

stanoveni prekurzor( vzniku 0zédnu do specidlnich
odbérovych kanystrd

MERENI METEOROLOGICKYCH
A DOPROVODNYCH VELICIN:

stanoveni intenzity slune¢niho zéfeni

stanoveni sméru a rychlosti vétru

stanoveni mnozstvi srazek

stanoveni teploty a barometrického tlaku
stanoveni intenzity dopravy pomoci ¢itace dopravy

specialni odbéry priimyslovych emisi odbérovou aparaturou
pro odbér mikrocastic (emise PM, a PM, )







