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Organizace lidského téla
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Cells are made up of
molecules.
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@Chemical level
Atoms combine to
form molecules.

(&) Organismal level
The human organism
is made up of many

@ Organ level
Organs are made up
of different types
of tissues.

Molekuly:

DNA - sloZena z bdzi; bilkoviny (proteiny) - slozeny z aminokyselin

organ systems.

& Organ system level
Organ systems consist of
different organs that
work together closely.



Lidska burnka
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Fakta o bunkach:
Rozmery bunky: 10 ym (setina mm), hmotnost buriky: 1 ng (miliardtina gramu)
Podet bunék v lidském téle: 100 biliont (100x1012)



Geneticka informace - DNA

chromosom Fakta o DNA:
jadro
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Celkova délka DNA ve viech
burkdach téla: 180 miliard km
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Geny koduji strukturu a funkci bilkovin

Geny koduji instrukce
pro tvorbu bilkovin

Fakta o DNA:
Pocet gent pro proteiny: ~ 25 000 (1.5% genomu); vSichni lidé maji stejné

geny, odchylky mohou byt v jednotlivych bdzich a regulaci genové exprese



Realizace genetické informace - genova exprese
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Regulace genové exprese

Zmena v oblasti DNA zvané promotor vedouci k zapnuti, nebo vypnuti genové

exprese.

Moznosti:
vazba bilkovin zvanych transkripcni faktory

pritomnost metylové skupiny (-CH;) - metylace DNA

®<—Tmnskripé’ni faktor

Me;hyl Melthyl X AT Me'rylace

CpG CpG
- | EE Target gene

‘ o> 5- Methylation inhibitor
J‘/ Methy!
Target gene

Metylove skupiny funguji jako drobné vypinace



Vliv Zivotniho prostredi na clovéka - biomarkery

Biomarker

méritelny biologicky parametr odrazejici zmény
v organismu vyvolané prostredim, nemocemi...

Priklady:
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Vliv Zivotniho prostredi na clovéka - biomarkery

Priklady:

chromozomalni aberace

mikrojadra




Mozné vztahy mezi davkou a Gcinkem
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Davka karcinogenu
Calabrese and Baldwin, Nature, 421, 2003



Co je adaptivni odpovéd?




Organismy, u nichz byla adaptivni odpovéd’ zjiSténa

Jednobunécné organismy: bakterie (E.coli, V. cholerea)

kvasinky (S. cerevisiae)

Mnohobunécné organismy:

rostliny
hmyz

makkysi

ryby _ .
savCi bunky — lidské lymfocyty, fibroblasty, kifecci bunky



Adaptivni odpovéd’ po pusobeni zdareni

Ptdci Zijici v oblasti kolem jaderné elektrdrny Cernobyl nejsou negativné
postiZeni vlivem chronického pusobeni radiace v disledku zvySenych
hladin glutationu, ktery chrdni proti oxidaénimu poskozeni zplisobenym
zarenim.
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Chronic exposure to low-dose radiation at Chernobyl favors
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Adaptivni odpoved’ vyvolana PCB

Reka Hudson byla v letech 1947-1976 zneéi$téna témér 600 tunami PCB.

Treska Microgadus tomcod Zijici v Fece se stala odolnou k plisobeni PCB.

Mechanismu rezistence: U ryb doslo k mutaci v genu AHRZ2, ktera zajistila odolnost
k PCB a odolni jedinci v rece previadli.

Priklad rychlé evoluce.

REPORTS

Mechanistic Basis of Resistance
to PCBs in Atlantic Tomcod
from the Hudson River

Isaac Wirgin,'* Nirmal K. Roy,! Matthew Loftus, R. Christopher Chambers,?

Diana G. Franks,®> Mark E. Hahn?

The mechanistic basis of resistance of vertebrate populations to contaminants, including Atlantic
tomcod from the Hudson River (HR) to polychlorinated biphenyls (PCBs), is unknown. HR tomcod
exhibited variants in the aryl hydrocarbon receptor 2 (AHR2) that were nearly absent elsewhere. In
ligand-binding assays, AHR2-1 protein (common in the HR) was impaired as compared to widespread
AHR2-2 in binding TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin) and in driving expression in reporter
gene assays in AHR-deficient cells treated with TCDD or PCB126. We identified a six-base deletion in
AHR2 as the basis of resistance and suggest that the HR population has undergone rapid evolution,
probably due to contaminant exposure. This mechanistic basis of resistance in a vertebrate population
provides evidence of evolutionary change due to selective pressure at a single locus.

rom 1947 to 1976, two General Electric
F facilities 315 km upstream of the mouth of

the Hudson River (HR) released 590,000
kg of polychlorinated biphenyls (PCBs) into the
river. Atlantic tomcod Microgadus tomcod is an
abundant, bottom-dwelling, and resident finfish
of'the HR (7). Levels of PCBs and polychlorinated
dibenzo-p-dioxins/furans (PCDD/Fs) [including the
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most toxic congener, 2.3,7 8-tetrachlorodibenzo-p-
dioxin (TCDD)] in tomcod livers from the HR
and Hackensack River in the western HR estuary
are among the highest known in nature (2). Most
toxicities from halogenated aromatic hydrocar-
bons (HAHs) such as PCBs and PCDD/Fs and
induction of xenobiotic metabolizing enzymes
such as cytochrome P4501A (CYPLA) are me-
diated by the aryl hydrocarbon receptor (AHR)
(3). The pathway is activated when ligands bind
cytoplasmic AHR at its ligand-binding domain
(LBD), and the AHR-ligand complex translo-
cates to the nucleus, where it binds dioxin re-
sponse elements in the promoter of genes such as
CYPIA and activates their transcription. There
are two AHRs in fishes (4), of which AHR2 is
the more functionally active (5). CYPIA expres-

sion is 100-fold less sensitive to induction by PCBs
and TCDD in all tissues (6, 7) and life stages of
tomcod (/) from throughout the HR (&) as com-
pared to tomcod from cleaner locales. Decreased
inducibility is heritable to at least the F5 gener-
ation, is co-dominant (fig. S1), and co-occurs
with a 100-fold reduction in the sensitivity of HR
tomcod to early-life stage toxicities (/).

We characterized full-length AHR2 c¢DNAs
by sequencing overlapping AHR2 amplicons in
10 tomeod from each of three locales: the HR and
two reference locales, one distant from [the Miramichi
River (MR) in New Brunswick, Canada] and one
proximal to [Shinnecock Bay (SB) in New York]
the HR. Four of five polymorphisms that were
observed showed fixed differences between
tomcod from the HR and the other locales. These
were two synonymous base substitutions; one
nonsynonymous base substitution [nucleotide
(nt) 3274 in exon 11: A (Asn) in the HR; T (Tyr)
in SB and the MR]; and a six-nt deletion (nts
1314 to 1319 in exon 10; TTCCTC) in HR fish
that resulted in a two-amino acid (Phe-Leu) de-
letion located 43 amino acids downstream of the
amino terminal of the AHR2 LBD.

We screened for the AHR2 deletion and the nt
3274 base substitution in tomcod from larger
collections (n =31 to 62 specimens per site) from
seven Atlantic Coast estuaries ranging from the
HR to the St. Lawrence (Fig. 1, A and B). The
AHR2-1 allele [with the 6-base pair (bp) deletion
and nt 3274 substitution] was detected only in
tomcod from the four southernmost populations
[frequencies were as follows: 99% in the HR;; 92%
in the Hackensack River, New Jersey (westemn
HR estuary); 6% in the Niantic River, Connecticut;
and 5% in SB]. Populations more distant from




Adaptivni odpovéd’ u clovéeka?
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MozZna existence u Elovéka je témér vyhradné vdzdana na plsobeni
radioaktivniho zareni - radiacni hormeze.

Atomové bombardovani (Hirosima, Nagasaki)
Jaderné havarie (Three Mile Island, éernobyl, Fukusima)

Prirozené pozadi

UKRC 2004 debate Human exposure to high natural background
Evidence for beneficial low level radiation effects and radiation: what can it teach us about radiation risks?

radiation hormesis :
Jolyon H Hendry'®, Steven L Simon?, Andrzej Wojcik®#19,
L E FEINENDEGEN, mD Mehdi Sohrabi', Werner Burkart', Elisabeth Cardis®,

. . . 6 7.8
Heinrich-Heine-University Disseldorf, Germany and Brookhaven National Laboratory, Upton, NY, USA Dommique Laurlerﬁ, Margot Tirmarche and Isamu. Hayata

VERY HIGH BACKGROUND RADIATION AREAS OF RAMSAR, Chernobyl: the true scale of the accident
IRAN: PRELIMINARY BIOLOGICAL STUDIES 20 Years Later a UN Report Provides Definitive Answers and Ways to
Repair Lives

M. Ghiassi-nejad,*" S. M. J. Mortazavi,** I. R. Cameron,* A. Niroomand-rad,' and
P. A. Karam! Joint Mews Release WHONAEA/UNDP

Chromosome aberrations in peripheral blood lymphocytes
of individuals living in high background radiation areas
of Ramsar, Iran

5 SEPTEMBER 2005 | GENEVA - A total of up to 4000 people could eventually die
of radiation exposure from the Chermobyl nuclear power plant (WPF) accident nearly

]HI&I’HB[JGHHIDQ\FR 20 years ago, an international team of more than 100 scientists has concluded.
F. Zakeri - M. R. Rajabpour - S. A. Haeri -
R. Kanda - I. Hayata - S. Nakamura -

T. Sugahara - M. J. Ahmadpour

As of mid-2005, however, fewer than 50 deaths had been directly attributed to
radiation from the disaster, almost all being highly exposed rescue workers, many

LINEAR NO-THRESHOLD MODEL VS. RADIATION HORMESIS who died within months of the accident but others who died as late as 2004

Mohan Doss o Fox Chase Cancer Center



Lokality s vysokou hladinou prirozené radiace | e seon

bézné populace:
2.4 nilisievertu
(mSv)

Brazilie: ~20 000 osob, primérnad rocni expozice 7 mSv

Cina: postiZeno vice nez 125 000 osob, primérnd
rocni expozice 6.4 mSv

Indie: cca 360 000 osob, primérna roéni expozice:
externi - 4.5 mGy, interni - 2.4 mSv

Irdn: asi 1 000 osob, primérnd roéni expozice: 2.5 aZ
72 mSv

U osob Zijicich v uvedenych oblastech nebyl zjiStén zvysSeny vyskyt nadorovych onemocnéni



OSTRAVA PRAHA

EXPONOVANA POPULACE KONTROLNI SKUPINA

347 osob 187 osob

Hlavni zdroj zneéi$téni: Prumysl Hlavni zdroj znecisténi: Doprava

Znecist'ujici latky: prachové castice, polycyklic aromatické uhlovodiky

Odbér vzorki: zima 2009, léto 2009, zima 2010



Expozice benzo[a]pyrenu v Praze a Ostrave
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Biomarkery u Ostravanu a PraZanu (zima 2010)

PAU-DNA adukty/108 nukleotidi F¢/100 Mikrojadra/1000 DB

median (min, max) median (min, max) median (min, max)

Praha (N=65) 1.35 (0.59, 2.87) 1.12 (0.00, 4.11) 6.67 (3.00, 14.0)
Ostravsko (N=149) 1.02 (0.44,1.94) ¢ 0.94 (0.00, 6.35) 6.33 (2.00, 15.0)

Ostrava centrum N=78) 1.07 (0.58, 1.94) ¢ 0.75 (0.00, 5.23) b 6.50 (3.00, 14.0)
Bartovice (N=28) 119 (0.54, 1.94) 0.75 (0.00, 6.35) 6.17 (3.00, 15.0)
Karvind (N=31) 0.67 (0.51,1.82) ¢ 1.49 (0.00, 4.48) 6.00 (2.00, 15.0)
Havirov (N=12) 0.96 (0.44,1.62) " 1.49 (0.00, 4.48) 6.67 (4.00, 9.00)

@ p<0.001; b p<0.05; porovndni Havifov a Ostrava centrum vs. Praha

Vztah davky a Gcinku zde evidentné neplati...

Vysvétleni jsme hledali pomoci analyzy genové exprese.



Principal Component Analysis

Data z analyzy genové exprese pro odbérova obdobi a lokality

Eigenrow 2: 10.5%
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Vennovy diagramy

Deregulované transkripty specifické pro lokalitu a spolecné pro obé lokality

Ostrava

1,167

Spolecné




Vennovy diagramy podle lokality

Diferencidalné exprimované transkripty - vliv obdobi

639 transkript
1vs. 2

PRAHA

4093 transkripti
1vs.3

1 - zima 2009
2 - léeto 2009
3 - zima 2010

1082 transkripti
2vs. 3

Koncentrace B[a]P

Z 2009 L 2009 Z 2010

3012 transkripti
1vs.3

462 transkripti
1vs. 2
1376 transkripti
OSTRAVA trensk




Up- a downregulované transkripty (%) - vliv obdobi

Koncentrace polutanti
4 1 Ll (pokles/vzestup)

PRAHA

Koncentrace B[a]P

1vs?2 1vs3 2vs 3

B Upregulated (%) ™ Downregulated (%)

. Z 2009 L 2009 Z 2010
2 a0 | OSTRAVA

1 - zima 2009
2 - léto 2009
3 - zima 2010
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M Upregulated (%) ® Downregulated (%)




Co déla XRCC5
Zlom v DNA At Ostragen sviti jako hvézda
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Mladenov a Iliakis, Mutat. Res. 711, 61, 2011 prostredi Dalibor Madej (ODS)

29.11.2011



DalSi kandidati

na ,Ostragen”

Gen Cely nazev Funkce

IL1B Interleukin 1, beta Zanét

GSTM1 Glutathion S-transferdza M1 Metabolismus PAU

PTGS2 Prostanglandin-endoperoxiddza syntdza 2 Metabolismus PAU

ATM Ataxia telangiectasia mutated Regulace bunécného cyklu po poskozeni DNA
GADD45A Z::A;Th arrest and DNA-damage-inducible, Zastaveni bunécného cyklu po poskozeni DNA
DMAP1 Protein asociovany s DNA methyltransferdzou Blokuje transkripci

RAD21 RAD21 homolog Oprava dvouretézcovych zloml v DNA




b < 14

ZneciSténé ovzdusi ovliviuje metylaci DNA u déti

Contents lists available at SciVerse ScienceDirect
Mutation Research/Fundamental and Molecular
Mechanisms of Mutagenesis

journal homepage: www.elsevier.com/locate/malmut
Community address: www.elsevier.com/locate/mutres

Factors affecting the 27K DNA methylation pattern in asthmatic and healthy
children from locations with various environments

Andrea Rossnerova?, Elena Tulupova™®, Nana Tabashidze?, Jana Schmuczerova?, Miroslav Dostal?,
Pavel Rossner Jr?, Hans Gmuender*©, Radim J. Sram®*

Studované skupiny (@) | !
Celkem 200 d&ti (7-15 let): T e
- 100 - Ostrava Bartovice a Radvanice .l rachadep
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Vysledky
- Analyza 27 578 metylovanych mist ve vice nez
14 000 genech
- 9 916 mist bylo rozdilné metylovanych, z toho
58 mist s rozdilem metylace > 10%
(hypometylace)

Eigenrow 1. 15.4%




Zavery

Zivé organismy maji schopnost adaptovat se na nepriznivé vlivy prostiedi.

Adaptivni odpovéd' na znecisténé ovzdusi pravdépodobné stoji za zménami
genové exprese u Ostravani.

Tyto zmény ale neresi rfadu nepriznivych disledki zneéiSténi na Elovéka,
napr. vysokou nemocnost déti.

Z dlouhodobého hlediska dochadzi k rychlejSimu ,opotrebeni” organismu v
disledku vyssi aktivity opravnych a regulaénich mechanismi v burikach,
které se mohou projevit ve zkrdceni primérné délce Zivota.
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