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Historie

xObdobi holistické

,Celek je vic nez souhrn jeho ¢asti.”

Aristoteles, Metafysica

Jan Smuts, Holism and Evolution, 1926



> > 1m DNA

» 24 chromosomu, mtDNA

» > 3,100,000,000 bp

» ~20,000-25,000 protein kodujicich dgen
(< 2% genomu)

» >5 MG SNPs

» Junk DNA: RNA, repetice, ??



» Sekvencni: SNP indel
> Repetitivni: msat, CNV



| ingle nucleotide polymorphisms (SNPs)

cgcgcggcectectecttgtggecatcctggtectcctaaaccacctggac

cgcgeggcectectecttgtggtcatectggtectectaaaccacctggac

Insertions/deletions (indels)
cgcgeggcectectecttgtggecatectggtcctectaaaccacctggac

cgcgeggcectectecttgtgg------- ctggtcctcctaaaccacctggac



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

Mikrosatelity (STR)
cgcgeggcectectecttgtggcacacacacacacatcctggtcctcctaaaccacctgga

cgcgeggcectectecttgtggcacacacacacatcctggtectcctaaaccacctgga

Copy number variants (CNV)

>1 kb — 1MGDb



FARMAKOGENETIKA

Studium individualni geneticke variability v reakci na léCiva

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

1959 ... poprve pouzit termin
,pharmacogenetics*”
1998 ... poprve pouzit termin
,pharmacogenomics




Farmakogenetika:
vyuziti v praxi
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» Syndrom maligni hypertermie
> |vermectin

» CYP450

»> Metotrexat



» U jednoho z deseti az patnacti tisic lidi, u
operovanych pacientu 1 ku 250 000 podanych
anestezii.

» Mutace na 19. chromozomu RYR1

» Gen RYR1 je dlouhy 160 kb rozdélenych do
106 exonu a koduje oblast 15 301 bp. Dodnes
zjisténo pres 100 ruznych mutaci.



Syndrom maligni hypertermie prasat

» Mutace v genu RYR1
» Stejné priznaky po anestezii
» PSS a PSE

» Molekularni diagnostika




lvermectin, milbemycin a pribuzne latky

Breeds affected by the MDR1 mutation (frequency %)

Breed Approximate Frequency
Australian Shepherd 50%
Australian Shepherd, Mini 50%
Border Collie <5%
Collie 70 %
English Shepherd 15 %
German Shepherd 10 %
Herding Breed Cross 10 %
Long-haired Whippet 65 %
McNab 30 %
Mixed Breed 5 %
Old English Sheepdog 5%
Shetland Sheepdog 15 %

Silken Windhound

WSU Pullman, WA, USA
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CYPA50

Cytochrome P450 oxidoreduktaza v mikrosomech:
metabolismus |édiv a steroidu
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Polymorfismy v genu
CYP450

Patologicky efekt

Neutralni
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EM extensive metabolizer;

1A intermediate acetylator;
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Davkovani podle genotypu G Kirchheiner et al, Nat Rev Drug Dis, 4-637-649, 2005



> Metotrexat patfi k zakladnim Iékim pouzivanym pfi 16Eb&
revmatoidni artritidy (RA). Efektivita [eéCby revmatoidni
artritidy metotrexatem se pohybuje mezi 46 % a 65 %.

> Pri léCbé metotrexatem se muze vyskytnout cela fada
nezadoucich ucinku. Alespon jeden z nich se objevi az u
72,9 % pacientu, zavazné projevy toxicity se zjistuji az u
30 % pacientu.

» Mezi nejvice studovane geny patri gen kodujici enzym
5,10-methylentetrahydrofolat reduktazu, jehoz mutace ma
patrne souvislost s | nezadoucimi gastrointestinalnimi
ucinky.

Veleta et al., Klin Farmakol Farm 2013; 27(3-4): 131-135




Tabulke 1. Piehled polymorfizm studovanych v souvislosti s farmakogenetikou metotrexatu

Vlivna
Gen Funkce Polymorfizmus
toxicitu efekt
SLC19A1 (RCF-1)  aktivni transport MTX 80G>A neni souvislost (37) 80AA - dobra odpovéd na lécbu (34),
do bunky neni souvislost s efektemn (37)
ABCB1 eflux MTX 3435C>T 3435TT - vyssivyskyt nezddoudch (cinki (40,41)  3435TT - Spatnd odpovéd na lécbu (39)
ABCC2 eflux MTX VS23+56T>C souvislost s toxicitou (40) neznamy
GGH polyglutamace MTX - 401C>T GGH 401TT - niz3i hladiny MTXPG, souvislost s toxicitou nebo efektern neprokdzana (35)
reverzni efekt 452C>T snizeni aktivity GGH a intracelulidmi hromadéni dlouhych fetézal MTXPG (42), souvis-
lost s toxicitou nebo efektem neprokazana (43)
16T>C neznamy
MTHFR metylace homocysteinu ~ 677C>T alelaT - zvysené riziko hepatotoxicity (46,47,48)  neni souvislost (44, 47, 48)
1298A > C rozporuplna data 1298AA - vyraznéjsi pokles CRP a FW
pfi nizdi spotiebé MTX (47)
MTHFD1 de novo syntéza purin( 1958G > A neznamy 1958AA - sniZeny efekt MTX
TYMS de novo syntéza pyrimidinG  opakovani 28 piri bazi  neznamy homazygoti pro 2 opakovani - lepsiodpo-
v oblasi 5-UTR véd na lécbu, menéi spotieba MTX (36, 55)
delece 6 pani bazi na po- sniZend exprese a stabilita TYMS mRBNA (56,57), souvislost s toxicitou nebo efektern ne-
zici 1494 voblasi3-UTR  znama
DHFR konverze homocysteinu 829C>T zvyiend exprese DHFR (59), souvislost s toxicitou nebo efektern neznama
na methionin 473G > A souvislost s toxicitou nebo efektern neprokazana (37)
35289G > A souvislost s toxicitou nebo efektern neprokazana (37)
ATIC metabolizmus adenosinu  347C>G 347G - vyssi vyskyt nezidoucich Gdinkl (61,62)  347CC - dobrd odpovéd na lécbu (61)
TPA metabolizmus adenosinu  94C > A neznarmy 94C( - dobrd odpovéd na lécbu (61)
AMPDI metabolizmus adenosinu  34C>T neznarmy 34T - dobrd odpovéd na lécbu (61)
ADORAZA receptor pro adenosin 5 riznych polymorfizmi  souvislost s gastrointestinlni toxicitou (64)  neni souvislost (64)

Veleta et al., Klin Farmakol Farm 2013; 27(3-4): 131-135



FARMAKOGENETIKA

&

Pharmacokinetic

Absorption

Distnbution

Matabolism

Excration

Senetic
palymomphisms

T

FPhamacodynamic

Recaptors

lan channals

Enzymes

Immune
sysham

TRENMOS [0 FRarmaecoinpcal SCences

Pirmohamed, Park, 2001



FARMAKOGENETIKA

All patients with the same diagrosis
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Farmakogenetika
vs. Farmakogenomika
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Farmakogenomika a holisticky pristup:
Genom je vic nez souhrn genu

1atgtgccege cgegeggect ceteettgtg gecatectgg tectectaaa ccacctggac

61 cacctcagtt tggccaggaa cctccccaca gcecacaccag gceccaggaat
gttccagtgc 121 ctcaaccact cccaaaacct gctgaggacc gtcagcaaca
cgcttcagaa ggccaggcaa 181 accctagaat tctactcctg cacttctgaa
gagatcgatc atgaggatat cacaaaagac 241 aagagcagca ccgtggcggc
ctgcctecee  ctggaactcg ccccgaacga gagttgectg 301  gettccagag
agatctcttt cataactaat gggagttgcc tgacccccgg aaaggectct 361
fctatgatga cgctgtgcect tagcagcatc tatgaggact tgaagatgta ccaggtggag
421 ttcaaggcca tgaatgccaa gctgttgata gatcctcaga ggcagatcett
tctggatgag 481 aacatgctga cagccattga caagctgatg caggccctga
acttcaacag tgagactgtg 9541 ccacaaaagc cctcccttga aggactggat
ttttataaaa ctaaagtcaa gctctgcatc 601 cticticatg ccttcagaat
ccgegeagtg accatcaaca ggatgatggg ctatctgaat 661 gettectaa




GENOMIKA A PROTEOMIKA

Systematicka a
komplexni analyza
genomu a proteomu




Postgenomicka éra

Obdobi, kdy jsou znamy kompletni
sekvence genomu vyznamnych
organismu (lidsky genom 2001)

- Obdobi anotace genomu
- Obdobi rozvoje tzv. ,high throughput* technik




Rozvoj genetickych a
molekularnich metod

e 5

Analyza komplexnich jevi




Rozvoj genetickych a
molekularnich metod

S @

Geneticke  Negenetické



Ustredni problém objevovani
novych IéCiv

,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
iIndividual for disease must be central
to drug research”.

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




| NEW BIOLOGY:

HOLISTICKY PRISTUP

J

Moznost reseni
komplexnich problému

PATOGENEZE




GENOMICKE PRISTUPY:
komplexni analyza

OD FENOTYPU KE GENOTYPU

TRANSLACE>

Transkripce
Reversni transkripce

Fenotypowy
— projev

OD GENOTYPU K FENOTYPU




Molekularni disekce komplexnich znaku

1. Fenotypizace
2. Genome-wide association study (GWAS)

3. Analyza genove exprese. RNA, proteiny
4. Analyza drah (pathway analysis)




GWAS
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Single nucleotide polymorphisms (SNPs)
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Genova exprese

1. Validace GWAS
2. |dentifikace kandidatnich genu
3. |dentifikace funkcne vyznamnych drah




Genove drahy
(requlacni, signalni metabolicke etc.)
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Molekularni disekce komplexnich znaku

Fenotyp

Genove drahy
(custom arrays)

Kandidatni geny

GWAS

3
\&““\Q
cDNA microarray

Kandidatni geny

Mechanismus
vzhiku nhemoci




Genove drahy
a mechanismus nemoci (patogeneze)

Family Gene

A2M, ABCAL1, APOAL, APOA4, APOC1, APOC2,
Cholesterol and lipoprotein-related APDC3APOERCD3E, CETP HMGCRILDLR AHPA;
ERPEA4-RPG, LPALERE TOLR] y SREBFL

Cytokines CCL2: CER271M B sl-TR N HEG F18. FGFB1STNE

=l ALDH2, GSTM1, GSTT1, HFE, MPO, NOS3, PON1,
Oxidative stress

PON2
Nuclear receptor and related CYP19A1, ESR1, PPARA
Proteases ACE, CST3, MMP1, MMP3, SERPINE1

BCHE, CBS, CD14, CRP, GNB3, HLA-A2, HTR®,

Miscellaneous ICAM1. MEF2A. MTHFR, PTGS2, TLR4

Genes associated with both atherosclerosis/hyperdaeterolaemia and Alzheimer's




Farmakogenomika v produkei léciv
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A pharmacogenomics approach to drug development.

Grenet, 2002




Genomika patogenu:

y Vv

priklad: antimikrobialni léciva

Target selection

= Ganome companscn: spectrum and specificity
« Walidate targets: gene essentiality tests

= Prigritiza targets: mutant traits

Hit identitication : ,
« Whale-cell screens for antibacterial compounds
= Genetic screens for target-spacific compaunds

v

Select compounds as leads based on:
= Mechanism af antimicrobial action ACA)

= Enzyme activity

= Anlibactarial activity

Lead cptimization with meadicinal chamistry based on:
= Patency against enzymeas

= Patency against pathagens

» Frequency of resistance

= Patencyin infectian madels

* Phammacolaacal praperties

i

Miesel et al. 2003

= Clinical candidata
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odpovedi po vakcinaci

» Vyuziti genetickych principu pri
produkci novych vakcin,
farmakogenomika




POSTVAKCINA CNI TITRY ANTI-

EHV-1 NEUTRALIZA CNICH
PROTILATEK (N=61)
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*  Pri¢iny selhani
ucinku vakcinace
proti chrpce

¢Druh vakciny a jeji kvalita
®Zména viru

oNereaktivita hostitele




» Rekombinantni produkty
mikroorganismu

» DNA vakciny
» Transgenni savci




Odstran eni patogenity p n

zachov ani imunogenity




ik

® 1. generace
® 2. generace (rekombinantn i)
® 3. generace (DNA




#Zivé atenuovan é

minaktivovan é
(usmrcen €)




.| PRINCIP ATENUACE

MUTACE

Vv genu/genech pro
patogenitu




VAKCINY 2. GENERACE

#Podjednotkov é
#Delecni

#Delecni markerov e
®/ivé chim érick é
mAntidiotypov é



VAKCINY 3. GENERACE

DNA vakc iny: do organismu

se nevpravuje antigen, ale
gen, ktery jej k oduje

DNA ==> RNA ==> Protein (ciz i)
==> |munizace In VIVO
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s tk anov e specifickymi
promotory:

BIOREAKTORY
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Farmakogenomika v praxi
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Table 1 Terminology.

« Pharmacogenetics
— Differential effects of a drug - in wivo - in different
patients, dependent on the presence of inherited gene
variants
— Assessed primarily genetic (SNPY and genomic
lexpression) approaches
— A concept to provide more patient-/disease-specific
health care
- One drug —=many genomes (i.e., differnt patients)
— Focus: patient variability
+ Pharmacogenomics:
— Differential effects of compounds — i wive or in vitro —on
gene expression, among the entirety of expressed genes
— Assessed by expression profiling
— Atool far compound selection/drug discovery
— Many "drugs” (i.e., early-stage compounds) —ane
genome (i.a., "normative” genome [cdatabase,
technalogy platfarm])
— Focus: compound variahility

Lindpaintner, 2003



Cena a dostupnost léciv

» Uchovavani a pouziti ziskanych dat
> Stratifikace pacientu podle jejich
genotypu

» Rasovy a etnicky problem



] NOVA BIOLOGIE

HOLISTICKY PRISTUP

¢

NOVA MEDICINA

personalizace mediciny




