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and
the Broad Street pump
London, 1854

@ Location of pumps
- Location of fatal cholera cases
e Boundary of equal distances between

Broad Street pump and o SU Q Q G\
W\ S\ W2
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¥ Pricina onemocnéni je udalost, stav,

| charakteristika nebo kombinace téchto

faktoru, které hraji dulezitou roli pfi vzniku

4 onemocneni

8 PriCina muze byt dostateCna nebo nezbytna

Nezbytna = musi byt pritomna, aby se nhemoc
objevila

DostateCna = nevyhnutelné vyvolava nebo

spousti nemoc



LRy Identlflkace nezbytnych priCin onemocneniu . ,
jednotliveu je proveditelna S '
i Identifikace dostatecnych pfiin je obtizngjsi ;;.fj- 7/
i |dentifikace dostatednych pfiin pro jednotlivce N } $:
pro multikauzalni onemocnéeni neni mozna ;
: Epidemiologie resi tento problém tim, Ze se

zabyva populacemi

Rose, G. (1985). Sick individuals and sick populations.
International Journal of Epldemlology 14( 1), 32-38.
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Methodologlc Evidence questions
al questions

Could selection or Is there a relationship

measurement between exposure

bias cause the and biological
response?

| association?

Could it be due Is an association

to confounding? biologically

plausible?
Could it be due Is there a
to chance? strong

relationship?

AD 1L



Casovy vztah

Vztah expozice-
odpovéd

Sila asociace

Specificita

Konzistence

Experimentalni potvrzeni

Biologicka prijatelnost

= -

Predchazi predpokladana pri¢ina onemocnéni?

Vedou rozdily v expozici k rozdilim v manifestaci
onemocneéni?

ZvySuje expozice riziko onemocnéni?

Zpusobuje expozice specificka onemocnéni a existuji
onemocnéni s omezenym poctem typu expozice?

Je asociace konzistentni napriC studiemi a
populaénimi podskupinami?

Muze ovlivnéni stupné expozice ovlivnit
onemocnéni?

Je objasnén mechanismus pusobeni?



"Non smokers
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3radford Hillova kriteria kauzality
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1 Causal and mechanisms /
understood

2 Causal

3 Non-causal

4 Confounded

5 Spurious [/ artefact

6 Chance
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Etlopatogeneze hemoci
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Vzacné alely T
zpusobuijici '

Bézné varianty

| nemoci s e:e‘ll(:le'znr:a
N L mendelovskou b&3né nemoci
-2 dédi€nosti

 Vzacné varianty . Bézné varianty
S nizkym ~. ucastnici se
efektem (velmi . rozvoje béznych
1(:¥4 () onemoceéni
"y identifikovatelné) £ _ s : (GWA studie)
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RECETOX Komplexnionemocnéni
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GENOTYPOVANI
Genome-wide
genotypovani SNP a

dalSich variant

GENOVA EXPRESE
Microarray analyza
hladin transkriptu v

cilové tkani

EPIGENETIKE
MODIFIKACE

Asociace genetickych
markerkd s genovou
expresi

ity

INTEGRACE S
CELOGENOMOVYMI
STUDIEMI

RIZIKO
VZNIKU

NEGENETICKE
EFEKTY .
Vlivy vnéjSiho prostredi /8
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‘Mapy pro Barkerovu hypotézu
' E”‘% Intant mortality Coronary Heart Disease
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Prehled stézejnich praci Barkera et al. P

ek Barker DJ et al: Infant mortality,
__Kﬁév childhood nutrition, ischaemic heart

Zasadni vliv na
vznik onemocnéni

| _ — ma nesoulad mezi
i Barker D] et al: Weight in infancy and prostfedim, které

g death from ischaemic heart disease. | dité pfes matku
B Lancet. 1989 Sep 9;2(8663):577-80. & vnimalo b&hem

Barker D] et al. Fetal nutrition and intrauterinniho
cardiovascular disease in adult life. zivota a prostredim,

disease in England and Wales.

Lancet. 1993 Apr 10;341(8850):938-4 I ve kterém v
Barker DJe |ns of the deveallgns postnatalplm
i theory. A obdobi zije.

iJ Intern Med. 2007 May; 261(5) 412- 7
e - ‘
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d’i',i’e g birth weights after maternal intrauterine undernutrition: a 4
AR o
mparison within sibships.

: 25\ 5Epldemlol 1997; 146 810-819

;.

e R
Wiy

4

.
A%

. ._y?,xn

A -.,1,‘%“- __.i,
=0 § St
sy booa | hAT,

r -
> | -
! d

S e T -",1-5'
S
'y T
I | [ \
R L4 e o b
I s gt g
} coe o e Be MUV 7
gy 53 =, i
F o B L
(¥ 3 <, il By ‘
s A
'h" 'f.-_. __- ad
J . 4 g e
| AT
N s . % 1 ] 1|
3 g L ot
e - Hc] -
Pt - y d
.:mr S ,
¥ o T
" " S = L) -
¥, 1 i
¥

omz2a Thodlilll gt -n-h;.mﬂ i]l!IHIEI

.
\'! '.|'|| H- HEI"
L(‘ii%:__,ﬁi?'h- Occupation
CORNELIA FUYKSCHOT

N =

Prenatadlni modelovdni
PaERE . R



Offspring birth weights after maternal
| _Intrauterine undernutrition: a comparison
within sibships.‘ _

o e

Hmotnost prvorozeného ve srovnani
s hmotnosti
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Vrozené vs. ziskané charakteristiky

V své knize z roku 1809 , Philosophie Zoalagiqué‘E LHAI\I ARC K

uvadi Jean-Baptiste Lamarck, ze kazdy druh celi 50

unikatnimu typu stimulace ze svého okoli. Tyto vlivy
& oznacil jako ,nervova tekutina". Podle Lamarcka mUze
byt tato nervova tekutina prenasena na jednotlivé
potomky.

Lamarkismus byl standardnim vysvétlenim nekterych
mechanism{ evoluce az do doby, kdy Charles Darwin a
Alfred Russel Wallace prisli s teorii evoluce prirozenym
vybérem v roce 1859. Revidovana teorie neolamarkismu
ﬁ uz nepritahla dostateCnou pozornost v ramci védecke

$ k| komunity. Jako obecné prijimana teorie tedy dlouhou
Bl dobu platilo, Ze ziskané charakteristiky se nemohou

Prenatdlni modelovdni % -
2 FPE P
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| PROSTREDI doie Rl el W
$SFE - strava | el ~ [EPIGENOTYPY
. toxiny ﬁq * DNA-methylace

: N | * genove 8
* intrauterinni | polymorfismy = |+ Modifikace

!Jrostfedl' % . somatické/ hlstcfnﬁ

F mfe!(ce’ M L srodeiné g malé !RNA

! « koureni mutace . Proteiny
udalost v modifikujici
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NA metylace
‘| DNA Demetylace?

udrzovani DNMT

de novo DNMT

-

(o

\_

hemimethylovana DNA

Vazba na methylovanou
DNA cestou URHF1

Nepfima suprese
miR-29b prostirednictvim SP1 )

hYS

\_

(orwr3

Vazba cestou EZH2 a G9A (HMTs)

Interakce s nukleozé6my obsahujicimi
metylovanou DNA

Pfim

DNMT3A vazba cestou HRR3me

a represe miR-29b

~

i W - B

SRR T T

Methylace

Acetylace

HDAC1 a 2 mohou byt
vazany pres MeCP2

miR-449a ma za cil HDAC1

SET7 (HMT) reguluje

DNMT1 stabilitu

J

Fosforylace

komplexu NuRD

KDM1B (HDM) je nutny
pro maternalni imprint

/. SETDB1 a Suv39h
(HMTs) se vazou pres
MBD1

LSD1 je podjednotkou

~

Remodelace

SWI/SNF

ISWI

-

H3S10ph blokuje H3K9

H3S10ph usnadiuje

me

rozpoznani H3 pres GCN5

(HAT)

JAK2 fosforyluje H3, s
uvolnénim HP1la

»

INO80

chromatinu

npBAF

@R-Q* a miR-124
zprostiredkovavaji switch BAF,

BRM se vaze pies MeCP2

ISW2 vyluéuje SWI/SNF z
promotorl prostfednictvim
zmény polohy nukleozému

~N

H3K4me3

(NURF rozpoznava

H4K16ac inhibuje remodelaci
chromatinu cestou ISWI

SET domény (HMT) rozpozna-
vaji ISWI-remodelované typy

Knukleozémﬁ

~

ﬁHDS exprese je
reprimovana metylaci
CpG ostruvku

MBD3 je integralni
podjednotka Mi-2/NurD

HDAC a 2 jsou integralni

Qouc':a’sti Mi-2/NuRD /

~

with H2A.Z-H2B dimmers

p400 ma HAT aktivitu

g

GNRl removes the H2AHQ
dimmers and replaces them

H2Aph zvySuje vazbu INO80

).




, , 1 n| model vyvojove plasticity
#1 : B

Perinatalni Funkeni Strukturalni

L, - . Vysledny fenotyp
modelovani reprogramovani reprogramovani

mr. rol.

Prenatdlni modelovdni % -

. . . : L ket e T o
& W L - o h’i‘-"m iﬂ. i




NTRAUTERINNI PODMINKY KY /
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s ijky mOdeI puvodu onemochnéni
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Obezita
Diabetes 2. typu
Hypertenze

Rakovina
Psychiatricka onemocnéni
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Na zZiviny chudé
prostredi

Vyhoda pro preziti
potomstva

Programing
epigenomu

Gl T N _ : Zvysené riziko k
Na Ziviny chudé Vo e Na Ziviny bohaté % | metabolickému
prostiedi béhem 8.4 prostredi onemocnéni
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28" Potvrzeni rizika

Nedavné epidemiologické studie benzenu ve vztahu k hematologickym
malignitam
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B = Pochopeni vztahu mezi expozici a nemoci

Sl C4stice vyfukovych plyn( dieselovych motoru a rakovina plic

Odhaleni neznamych pficin
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High , Low vitA Low
Drugs
cholesterol  -€ad g\\@mel L/ zinc
Alcohol

High sodium

High blood
sugar

Airborne
particles

Rappaport S. M, Barupal D. K., Wishart, D., Vineis, P., & Scalbert, A. (2014) The Blood Exposome and Its Role in
Discovering Ca esS QO I ease 1 llll nialHeal \(g
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qgg, The exposome is composed of

every exposure to which an i
individual is subjected from
conception to death.
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Podle odhad(i méa bezna metoda genotypizace Tagman 96%
¥senzitivitu a 98% specificitu, coz umoznuje malou chybu v
klasifikaci. Senzitivita pri hodnoceni expozice zivotniho prostredi je
naopak pomerne casto nizsSi nez 70 % a specificita jeste nizsi.

Genotyp je stabilni, presné mérena (sens, spec=90-100%),
frekvence alel je vysoka

SeElF xpozice prostiedi se méni (Zivotni udalosti), dasto méfeny
nepresne, frekvence muze byt prilis nlzka



¥ Nekteré environmentalni exp021ce lze epldemlologlcky studovat s 1
- ‘};-f-” jistotou, tj. chyba méreni je relativné nizka a ma maly dopad na |
® odhady (napr. koureni). Pokrok v hodnoceni expozice v disledku = )

napr. na techniky GIS pro znecisténi ovzdusi.

e

Kdyz je chyba méFeni pnlls vysoka potrebUJeme blomarkery (napr B
pocet sexualnich partnert, NEBO pro rakovinu délozniho ¢ipku ;
kolem 2 HPV kmeny, NEBO kolem 100-500)
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Koncept exposomu se tyka souhrnu envwonmentalmch expozm od
ipocCeti dale. Vnitrni exposom je zalozen na méfeni v biologickém
materialu kompletnich soubort biomarkert expozice pomoci
opakovanych biologickych vzorku zejména v kritickych zivotnich fa2|ch

Biomarkery, které Ize v tomto kontextu méfit, pokryvaji Sirokou skalu
molekul, od xenobiotik a jejich metabolitu v krvi (metabolomika) az po
kovalentni komplexy s DNA a proteiny (aduktomika).

Termin omika obecné oznacuje rigorozni studium kompletniho souboru
biologickych a nebiologickych molekul pomoci vysoce vykonnych
®technik (Rappaport a Smith 2010).
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Cancer Epidemiol Biomarkers Prev 2005;14(8). August 2005

Complementmg the Genome with an “Exposome’’:

i The Outstanding Challenge of Environmental
| Exposure Measurement in Molecular Epidemiology

! Christopher Paul Wild

- Molecular Epidemiology Unit, Centre for Epidemiology and Biostatistics, Leeds Institute of Genetics, Health

EPIDEMIOLOGY

Environment and Disease Risks

Stephen M. Rappaport and Martyn T. Smith

Ithough the risks of developing
chronic dis es are attributed to
oth genetic and environmental fac-

tors, 70 to 90% of \.l ease risks are probably
due to differenc environments (/-3). Yet,
:‘mdfm logists increas use genome-
i /AS) to investi-

s, while rel\'inLnnquesnnnnmr :

ation is diminished when in:
environmental data lead
to hmsui inferences regarding gene-environ-
ment interactions (4). A more comprehensive
and quantitative view of environmental expo-

School of Health, Unn of California, Be
(A 94720-7356, USA. E-mail: srappaport,

sure is needed if ewdenunlmm- are to dis-
cover the major chre Ses.
An obstacle to identifying (hr most
important environmental exposures is the
fragmentation of epidemiological research
along lines defined by different factors.
iologi estigate environ-
mental risks, they tend to concentrate on a
particular gory of exposures involving
air and water pollution, occupation, diet
and behavior, or types
of the disease pie

along parochial lines leads to scientific

separation and confu
“environmental exp«
these exposure categ
chronic diseases and
collectively rather th
To develop a mon
ronmental exposure,
nize that toxic effect

22 OCTOBER 2010 VOL 330

Publishes

Bk and Therapeutics, Faculty of Medicine and Health, University of Leeds, Leeds, United Kingdom

N
A new paradigm is needed to assess how a

lifetime of exposure to environmental factors
affects the risk of developing chronic diseases.

EMERGING SCIENCE
FOR ENVIRONMENTAL
HEALTH DECISIONS

WORKSHOP

‘The Exposome: A Powerful Approach for Evaluating Environmental
Exposures and Their Influences on Human Disease

Fesruary 25-26, 2010 . WasHineTon, DC
-NOON . NAS BUILDING, 2100 G STREET, NW, AUDITORIUM

chemicals that alter critical molecules, cells,

and physiological processes inside the body.

Thus, it would be reasonable to consider

the “environment™ as the box

chemical environment and

the amounts of biologically

cals in this intemal environment. Under this

view, exposures are not restricted to chemi-
toxicants) entering the body from air,

water, or food, for example, but also include

chemicals produced by inflammation

tive stress, lipid peroxidation, infe

flora, and other natural pro

the figure). This internal chemical environ.

ment continually fichiates durine 1if

THURSDAY, 8:30-5:

EMERGING SCIENCE
FOR ENVIRONMENTAL
HEALTH DECISIONS

AGENDA

Y
) ) ) e
Emerging Technologies for Measuring =
Individual Exposomes _
DECEMBER 8-9, 2011 = THURSDAY, 8:30-5:00, FRIDAY, 8:30-NOON*
HOUSE OF SWEDEN EVENT CENTER, 2900 K STREET, NW, WASHINGTON, DC
THIS WORKSHOP WILL BE WEBCAST.
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% Potencialni kohorty poskytuji idealni kontext, ve kterém lze

# spojit nejlepsi laboratorni vedu, epidemiologii, biostatistiku a = ==

;;. bioinformatiku za Ucelem zkoumani rizikovych faktoru rakoviny. _? IS S

.

o~

K realizaci tohoto potencialu je vsak zapotrebi odhodlani
vyvinout a prizpusobit laboratorni nastroje pro aplikaci na
odebrané bio- vzorky.

Kromé toho je treba klast duraz na odbér a zpracovani
biologickych vzorku zpusobem, pokud je to predvidatelné, v
souladu s budoucimi laboratornimi analyzami a vyhnout se
zkresleni v dobé odbéru vzorku.



R ‘~1 vzacny a omezeny materlal v biobankach, ktery Pl nesnadno
8 ziskavaji

% J2. jednotlivé (bodove) biologicke vzorky ¥
) obvykle krev, ne moc (coz muze byt lepSi napft. pro metabolomiky) [,‘ RS
4 zadné kohorty neumoznuiji epidemiologii zivotniho béhu -
4-13 15. hloubkové posouzeni expozice je omezeno proveditelnosti (pro
nadorova onemocnéni je nutné mnozstvi vzorku)
6. laboratorni méreni a omics maji stejna omezeni tykajici se velikosti
vzorku a proveditelnosti
7. biostatistické pristupy a kauzalni interpretace
8. etické problémy
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hematic rgpréikwgop of the implementation of the ‘meet-in-the middle’ approach

(Chadeau-Hyam et al, Bioma

Selected exposure
measurments:
anthropometry,

lifestyle, diet...

] Putative
Correlation assessment: Exposure
ANOVA //]' Markers
Y Spearman correlation” |(spectralregions)
-~
Plasma ~ 3 Putative Putative
'H NMR Profiles: IS Intermediate | Molecular Effective
235 spectral regions s Markers o e Marker
(resolution 0.04 ppm) E (spectral regions) (molecule)
v Significance assessment Putative
O2PLS-bootstrap Disease
Bonferroni correction Markers
(spectral regions)

Disease
Outcomes:
Breast/Colon cancer,
cases and controls




: HIavn| ZJIStenI Y pllotnl studii z EPIC-Italie o rakoviné tlustého streva - Role

istrevni mikroflory? Koncept "zdravi strev" o g |
a0

Nebyly nalezeny zadné markery ve spojeni s nadorem prsu, 8 signall zjisténych| = _; g -

“Sve spojitosti s rakovinou tlustého stfeva (Chadeau-Hyam et al, 2011) }‘ s M""“
s

4Bylo zjisteno, ze prijem dietni vlakniny souvisi se Ctyrmi predpokladanymi
imarkery z 235 (s odpovidajicimi hodnotami p v rozmezi od 0,003 do 0,02).
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A
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Jeden marker naznacuje moznou souvislost se strevni mikrobialni fermentaci
rostlinnych fenolickych latek v tlustém strevé (Nicholson et al., 2005, Phipps etji
al., 1998, Aura, 2007), coz je proces, ktery je také vérohodné spojen s vyssi =%
expozici vldakninam a nizsim vyskytem rakoviny tlustého streva. riziko.
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Human metabollc phenotype diversity and its

-assoqatlon with diet and blood pressure

QEE aine Holmes'*, Ruey Leng Loo"2*, Jeremiah Stamler®, Magda Bictash'?, Ivan K. S. Yap"?, Queenie Chan?,
8Tim Ebbels’, Maria De lorio?, lan J. Brown?, Kirill A. Veselkov', Martha L. Daviglus3, Hugo Kesteloot?,
Hirotsug Zhao®, Jeremy K. Nlcholson & PauI Elllott"

® China @ Japan ® UK @ USA
Similarity index
1.0 0.8 0.6 0.4 0.2 0.0
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Table 1| Estimated mean differences in systolic and diastolic BP

o ‘l—fonolulu ? o Urinary metabolite A*
vakayama
l. ;Hr‘ '1 Japan — Not adjusted for BMI
. a A 2,69 (6.06)
% Ssplbady, " 1 ’ anine ) i
Alto Jown pJapan Aito TO“’N;rth Formate -119 (—262)
Shanxi & . i -, —
W’::;l :Sr .—'m Elppurate‘ _ 2.10 (—4.85)
Beijing ¢ = -methylnicotinate —-0.09 (-0.21)
(Ei.!';”.?« South China
Guangxi ¢ .
S Alanine 157 (5.17)
n . hical d lvsi & link b d Formate -0.90 (—2.96)
Figure 1| Hierarchical cluster analysis using group average linkage base Hippurate —098 (—333)
on median '"H NMR urine spectra, by population sample and gender N-methylnicotinate —0.07 (=025

(n = 4,630). Data for first 24-h urinary prLll’l'lL‘llb

=1.96, P < 0.05; =2.58, P< 0.01, =3.29, P < 0.001; = 3.89, P < 0.0001)
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Low vegetable/high animal protein (east n = 214; west n = 208)
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Novel Exposure Biomarkers

A

INTERNAL EXPOSOME

EXTERNAL EXPOSOME

A

Non-targeted omics
-Adductomics

{STS\

7

INTERNAL EXPOSOME

-Metabonomics
-Transcriptomics .
-Epigenomics h - FreSh

[+]

¢l -MCO
PEM < Stored
'PMZ.SESTS only) \, 7
-UFP
-Black Carbon /—\
-NO,
-Water sampling < FreSh
-Nitrate 8=
-DBPs 5| |- ALTS -
-Smartphone logging £

A

LUR MODELS
-GIS

/

Stored

~—

v

\

Targeted omics

-Adductomics
-Metabonomics
-Transcriptomics
-Epigenomics
-Proteomics

Improved Risk
Assessment *

-Asthma

-Cancer

-CVD

-Neurodevelopment
A 4

Calibration + Validation

Improved Exposure Model
For details see Figure 3

EWAS (Exposome-wide association study)
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Metabolic
syndrome

Cardiovascular
disease

Insulin
resistance

Hepatla:': I-fepat_!c Llpl:l-s
steatosis fibrosis (blood, liver)
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‘ ‘ FA and TAG ‘ \
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