Khinickd genetika
pro mediky

Pro¢€ klinicka genetika?

1. Uloha genomu ve vzniku nemoci: 0.6% VCHA, 8% Mendel DO,
90% Multifakt, 1.4% jiny nez geneticky problém

2. Vyuziti poznatka genetiky v diagnostice, terapii, prevenci a
profylaxi nemoci

Co se zde nebude ugit:
Mendel, hrachy, busiky, nukleotidy — biologie, biochemie, patologicka
fyziologie atd.

Co se zde bude ugit:
Aplikace v klinické praxi
Cave: Aplikovat mohu pouze to, co znam

Reakce organismu na patogenni noxu

Ovlivnéna charakterem noxy, prostfedim a
aktuélnim stavem organismu a jeho genetickym
zaloZenim

Novd medicina

»Molecular biology is teaching us that
many, if not all diseases have a
genetic basis. To understand the
pathways and the genetic programs
that cause disease or that dispose an
individual for disease must be central
to drug research*.

Jiirgen Drews: Strategic trends in the drug industry, Drug Discovery
Today 8, 2003: 411-420.




. o Metodicke pristuny:
Nové trendy v mediciné Zmateni pojmii
mMetodicky potencial > geneti@a
xPrakticka aplikace: > genomi&a
diagnostika, terapie,
profylaxe a prevence
Historie GENOM
xObdobi redukcionismu “% -
>1m
» 24 chromosomu, mtDNA
> > 3,100,000,000 bp

> 20,000-25,000 protein kodujicich gentl
(< 2% genomu)

» >5MG SNPs

» ,Junk“ DNA: RNA, repetice, 7?

xObdobi holistické m

,Celek je vic nez souhrn jeho Casti.

Alistoteles, Metafysica

Jan Smuts, Holism and Evolution, 1926




Genomika a holisticky pfistup:
Genom je vic nez souhrn gend

1atgtgcccge cgegeggect cetecttgtg gecateetgg tectectaaa ceacetggac

61 cacctcagtt tggccaggaa cctccccaca gecacaccag geccaggaat
gttccagtgc 121 ctcaaccact cccaaaacct getgaggace gtcagcaaca
cgcttcagaa ggccaggcaa 181 accctagaat fctactccty cacttctgaa
gagatcgatc atgaggatat cacaaaagac 241 aagagcagca ccgtggegge
ctgcctecee  ctggaactcg ccccgaacga gagttgecty 301 gettecagag
agatctcttt cataactaat gggagttgcc tgacccccgg aaaggectet 361
tctatgatga cgctgtgect tagcagcatc tatgaggact tgaagatgta ccaggtggag
421 ttcaaggcca tgaatgccaa gctgttgata gatcctcaga ggcagatctt
tctggatgag 481 aacatgctga cagecattga caagctgatg caggecctga
acttcaacag tgagactgtg 541 ccacaaaagc cctccctiga aggactggat
tittataaaa ctaaagtcaa gctctgcatc 601 cttcticatg  ccttcagaat
ccgegeagtg accatcaaca ggatgatggg ctatctgaat 661 gettcctaa

Postgenomicka éra

Obdobi, kdy jsou znamy kompletni
sekvence genomu vyznamnych

organismu (lidsky genom 2001)

http://www.ncbi.nlm.nih.gov/Genomes/
- Obdobi anotace genomu
- Obdobi rozvoje tzv. ,,high throughput* technik

GENOMIKA A PROTEOMIKA

Systematicka a
komplexni analyza
genomu a proteomu

Variabilita genomu:
polymorfismus DNA

Normalni a patologicka variabilita
» Sekvenéni: SNP, indel
» Repetitivni: msat, CNV




Sekvenéni polymorfismus

Single nucleotide polymorphisms (SNPs)
cgcgeggcctectecttgtggecatectggtectectaaaccacctggac

cgegeggcctectecttgtggteatectggtectectaaaccacctggac

Insertions/deletions (indels)
cgegeggcctectecttgtggecatectggtectectaaaccacctggac

cgcgeggcctectecttgtgg-—----- ctggtectectaaaccacctggac

139 insertions, 102 deletions, and 56 inversions on
each human chromosome
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Repetitivni polymorfismus

Mikrosatelity (STR)
cgcgeggcctectecttgtggcacacacacacacatectggtectectaaaccacctgga

cgegeggcctectecttgtggecacacacacacatcctggtectectaaaccacctgga

Copy number variants (CNV)

>1 kb - 1IMGb

GENOMIKA A PROTEOMIKA




Single nucleotide polymorphisms (SNPs)

‘http://www.humgen.nl/SNP databases.html
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GENOMIKA U BIOMEDICINE

Rozvoj genetickych a
molekularnich metod

Analyza komplexnich jevu

Genomika v mediciné

Rozvoj genetickych a
molekularnich metod

Genetické Negenetické




NEW BIOLOGY:
HOLISTICKY PRISTUP

Moznost feSeni
komplexnich problémdi

PATOGENEZE

GENOMICKE PRISTUPY:
komplexni analyza

OD FENOTYPU KE GENOTYPU

DNRA | Caonlmi RNA
= F J
Protein < “orojer

OD GENOTYPU K FENOTYPU

molekularni disekce komplexnich znak

Fenotyp i GWAS

létni gen)
\&ew\ )
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¢DNA microarray [

Genové drahy
a mechanismus nemoci (patogeneze)

Mechanismus

Genové drahy . i
vzniku nemoci

(custom arrays)

‘ http://www.polygenicpathways.co.uk/ ‘

Gene

A2M, ABCAI, APOAL, APOA4, APOCI, APOC2,
Cholesterol and lipoprotein-related APOC3, APOE, CD36, CETP, HMGCR, LDLR, LIPA,
LRPI, LRP6, LPA, LPL, OLR1, SREBF1

CCL2, CCR2, ILIB, ILIRN, IL6,IL18, TGFBI, TNF

ALDH2, GSTMI, GSTT1, HFE, MPO, NOS3, PON1,
PON2

CYPI9AI, ESR1, PPARA

ACE, CST3, MMP1, MMP3, SERPINE]

BCHE, CBS, CD14, CRP, GNB3, HLA-A2, HTR6,
ICAMI, MEF2A, MTHFR, PTGS2, TLR4

Genes associated with both atherosclerosis/hyp olaemia and A




Klinické aplikace

Diagnostika:
dédicna onemocnéni

» Diagnostika
> Terapie

> Profylaxe
» Prevence

»Jednoducha (mendelisticka)

3000 lokusu
» Komplexni
900 lokusti

Terapie

» Farmakogenetika
» (Farmakogenomika)

> Farmakogenetika
> Farmakogenomika




FARMAKOGENETIKA

Studium individuaini genetické variability v reakci na léCiva

Favismus: deficience glukdzo-6-fosfat dehydrogenazy
Boby, primachin atd.

1959 ... poprvé pouzit termin
spharmacogenetics”
1998 ... poprvé pouzit termin
Lpharmacogenomics

4

Farmakogenetika:
vyuziti v praxi

Percentage of average dose

Adverss drug sffscts Lack of effcacy

Kirchheiner et al., Nat Rev Drug Dis, 4:637-649, 2005

Profylaxe

> (Farmakogenetika)
» Farmakogenomika

Farmakogenomika

> Nova léCiva
> Nové vakciny




Prevence/Terapie

» Imunogenetika

Infekéni onemocnéni

PATOGEN HOSTITEL

Prostred|

VARIABILITA VARIABILITA
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Manifestace onemocnéni v populaci

Genetika infekci v rodinach
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Alcais et al. J Clin Investig 2009

Imunogenom: 5% genomu
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Imunogenom a infekce

le penetrance
Z s

T

" SCID-gssociated © HLA-associated
infections 3 : infections

Number of pathogens

P vivax
malaria

—
Number of human genes

Alcais et al. J Clin Investig 2009

Mendelisticka dédi¢nost

Table 1

Mendelian disorders of immunity to infection with predi ion o resk to specific i

Infectious agent Clinical phenotype  Immunological phenotype Gene

Neisseria Invasive disease MAC deficiency Cs, C5, C7, C8A,

Csa8, C8G, C9

Invasive disease Properdin deficiency PFC

Mycobacteria MSMD IL-12/23~IFN-y deficiency IFNGR1, IFNGR2,
Disseminated STATI, NEMO, IL128,
tuberculosis IL12RBT

Streptococcus pneumonias Invasive disease IRAK-4 deficiency IRAK4

Epstein-Bam virus. K-linked SAP deficiency SHZD1A
lymphoprolfferative
disease

Human papilomavins Epdermodysplasia  EVER1 or EVER? deficiency EVER1, EVER2
veruciformis

Plasmodum vivax Natural resistance Lack of receptor for pathogen ~ DARC

Human immunodeficiency virus-1  Natural resistance Lack of receptor for pathogen ~ CCRS

Norovirus Natural resistance Lack of receptor for pathogen  FUT2

Picard et al. Curr Opin Immunol 2006
————

Budoucnost

Green et al. 2011

L4 LLTURE | TRL 450 110 PERRVASY 2001

from base pairs to bedside

Charting a course for genomic medicine

Budoucnost klinické genetiky
(vrchol vasi aktivni kariéry)

*Nadory

* Farmakogenomika

*Genomicka medicina

* Prenataini diagnostika
*Informacni systémy v genomické
mediciné




Immperatives 1oy gernoinic rmedicine

O pportunities for genomic medicine will
come from simultaneously acquirine
foundational knowledse of g=norme
function, insights into disease biolosys
And powerfu | Eenomic toolks. The
following imperatives will ca pitalize on
these opportunities in the corming
decade.

Making gencmics-based diagnostics
routine. Genomic technoloss:
dewelo prmentso far has been driven by the research market. In the next
decade, technology advances could enable a clinician to acquire a
complets genomic diagnostic panel (naduding genomic, epigenormic,
transcriptormic and microbiomic analyses) as routinely as a blood
chermistry panel.

Defining the genotic com ponents of discase. All diseases inwvohre a
EBenetic component. Genome sequ encing could be used to deterrmine
the genetic variation underying the full s pectrum of diseases, frorm
rare Mendelian to common complex disorders, through the study of
Upards ofa million patients: efforts should begin now to organize the
Nnecessarny sample collections.

Comprebhensive characterization of cancer Eenormes. S
comprehensive Eenormic view of all cancers® 7 will rewveal molecular
tExonomies and altered pathweanes for each cancer sublype. Such
inforrmation shoulkd lead to more robust diagnostic and therapeutic
strategies and a rcadmap for developing new treatments™=> =,

FPractical systems for o inical genomic infomrmatics. Thousands of
EBernormicwariants associated with disease risk and treatrment res ponse
are known, and many more will be discovered. MNew models for
capturing and displaying these variants and their phenobrmic
conseguences should be dewveloped and incorporated into practcal
Systerns that make information swailable o patients and their
healthcare providers, so that they can interpret and reinter oret the

The role of the human microbiome in health and disease. Mana
communities that inhabitour

and studying correlations between specific diseases and the
composiion of the microbiome’s. More extensive studies are needed
to build on these first revelations and to iNnvestigate approaches for
Mmanipulating the microbiome as @ new the rapeutic aoorosch.

Vyzvy (challenges) na
vrcholu vasi aktivni kariéry

Varianta maximaini:
Nové diagnostické postupy: indikace, interpretace (DTC)
Nova lé¢iva, nové terapeutické postupy: indikace, limitace,

Iinterpretace

Nové problémy etické, pravni, socidlni, psychologické

Varianta minimaini:

1. Kdy a kam referovat pacienta ke genetickému vysetreni
Indikace a inferpretace (vice pro mé nez pro pacienta)
2. Kdy nereferovat pacienta ke genetickému vysetren/

Varianta velmi pravaépodobna: personalizovana medicina a jeji geneticky|

NOVA BIOLOGIE
HOLISTICKY PRISTUP

NOVA MEDICINA

personalizace mediciny

Take home message

Adaptors survive,
survivors adapt




