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@ Na zaklade interdisciplinarnino integrace
znalosti farmakologie a genetiky popsat

vliv dedicnosti na odpoved organismu na
ruzné léky.

® Farmakogenomika

8 Farmakodynamika: popisuje zadouci Ci
nezadouci ucinky leku na organismus

(lek— organismus)

® Farmakokinetika: se zabyva hladinami
léku a jeho metabolitu v ruznych tkanich a
vstfrebavanim  léku, jejich  distribuci,
metabolismem a eliminaci

(organismus — lek)
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Farmakogenetika a vyvoj [éku

® Nutnost presne diagnozy (k fenotypicky
podobnym stavum mohou vést ruzné
patobiochemické mechanismy).

®@ Individualni odpoved jedince na terapi
muze zalezet na genech, vstupujicich do
iInterakce s metabolismem leku nebo jeho
pusobenim.

® Polovina vSech dosud pouZzivanych léku
je metabolizovana enzymy P450.




P450

B CYP3A4 — 50% metabolizovanych
leku

B CYP2D6 — 20%

B CYP2D9 + CYP2C19- 15 %

B CYP2D6, CYP2D9, CYP2C19 a
CYP2A06 byly prokazany jako funkCne
polymorfni



Typ metabolismu

Metabolismus léku

Metabolismus prekurzoru Iéku

Extenzivné metabolizujici

“Normalni” metabolizace a
optimalni pfinos standartnich
davek 1éku

“Normalni” metabolizace a
optimdlni ptinos standartnich
davek 1éku

Stfedné metabolizujici

SniZzena metabolizace 1éku
Moznost toxické akumulace a
vedlejSich Gc¢inkt pii
standardnich davkach

Neadekvatni transformace
prekurzort 1éku do aktivnich
metaboliti. Redukce ucinku
standardni davky

Spatné metabolizujici

Omezené nebo zadna
metabolizace 1¢éku, takze
hladiny jsou ¢asto toxické.
Vysoké riziko vedlejSich
ucinkt 1éku pii standardnich
davkach.

Neschopnost transformovat
prekurzor 1€ku na aktivni
metabolit, takze terapeuticky
efekt je minimalni nebo zadny.

Zv1ast rychle metabolizujici

Rychl4 metabolizace, takze
cirkulujici hladiny 1€ku rychle
klesaji pro terapeutickou
uroven, takze se nedostavuje
adekvatni teraputicky efekt pii
standardnich davkéach.

Rychla konverze prekurzoru
1€ku.

Toxické hladiny a vedlejsi
ucinky pii standardnich
davkach leku.




8 CYP2D6- Metabolizujici enzym
(dealkylace, hydroxylace) -psychiatrie,
kardiologie

® 160 variant (Ch22)

B CYP2C19- protikreCové leky, inhibitory
protonovych pump, benzodiazepiny,
antimalarika

® 20 variant (Ch10) s funkcni
nedostatecnosti (CYP2C19x%2 a
CYP219x+3-splice site defekty, stop

kodony)



e

Fenotyp Alely

EM Neymeéné jedna a ne vice nez 2 normalni funkcéni
alely

SM Jedna alela s redukovanou aktivitou a jedna nulova
alela

SM Dvé nulové alely

Mnohocetné kopie funkc¢nich alel




Receptory signalnich molekul
ucastnicich se v patofyziologii nemoci

® G-protein coupled receptors:

® B-1 a B-2 adrenergni receptory

# Receptor pro cholecystokinin 2 (CCK2)
# Mu opioidni receptor

2 U téchto receptoru byly  prokazany
polymorfismy, které ovlivnuji afinitu ligandu. Je
tedy mozno navrhovat podle potreb takoveé
ligandy, které respektuji (individualni terapie)
nebo naopak nerespektuji (univerzalni pouziti
léeku) tuto variabilitu.

# Je také mozno navrhovat takove ligandy, které
se vazou pouze na mutované varianty genu a
inaktivuji je (genova terapie)




Klinicky relevantni genetické polymorfismy

ve vztahu k uc¢innosti léku

“Disease

Treatment

Comment

M3-AML

Glioma

Asthma

Depression

all trans-retinoic acid

carmustine, BCNU

S-lipoxygenase inhibitors

B. adrenergic agents

mupramine

Reference

Patients with PLZF/RARA
fusion are not responsive to
retinoids,

Only tumors with CpG
methylation of the
promoter of the O°-
methylguanine-DNA-
methyltransferase gene
respond to treatment with
alkylating substances,
ALOXS promoter geno-
type influences response to
freatment: individuals with
two non-wild type alleles
show noresponse to 5-LOH
inhibitors,

Glyl6-allele of B; adren-
eIgiC receptor Is assocl-
ated with much stronger
bronchodilator desensitisa-
tion than Argl6,

Fast metabolisers do not
reach therapeutic drug lev-
els with normal dosage.

(4]

22

(23]

[24]

[19]




Klinicky relevantni genetické polymorfismy ve vztahu k vedlejSim

y wam

ucinkum léku

Gene’ | Polymorphism Minor allele frequency”  Drug(s) Genetic association Refs
Dirug metabolizing enzymies |
TPMT Multiple 0.3% of Cancasian popu- Thiopurines Hematological toxicities [19-22
lation carry two nonfunc-
ticnal alleles
CYP2D6 Multiple 1-2% of Asians and Numerous cardiovascular Enhanced drug effect and [19,23-25]
African descent and 6-8%  drugs, antidepressants  increased 1oxicity
of Cauecasians camy two antipsychotics Codeine
nonfunctional alleles
Decreased drug efficacy [2627]
CYP2CO *2 (Arg144Cys) 0.02-0.10 Wiarfann Increased bleeding risk. de-  [28-30]
creased dose requirements
*3 (lle359Leu) 0.02-0.08
Drug Transporier
ABCR] 3435C—T(llel1450e) 0.10-0.50 Mumerous. including an- Differences in plasma drog  [3.31-34]
ticonvulsants, protease in-  concentration and efficacy
hibitors, digoxin and others
Drug-targets or pharmacological response proteins
ADREI Ser19Gly 0.15-0.30 B-blockers Blood pressure lowering by [35.36]
B-blockers
Arg389Gly 0.25-047
ADRRB? Arpl6Gly 0.41-0.54 RB-agonists Bronchodilation and car- [37.38]
diovascular responses to fi-
agonisis
Gn27G o 0.07-0.35
DRD3 Ser9Gly 030-0.70 Antipsychotics Differential antipsychotic  [35-41]
cfficacy, antipsychotic-
induced tardive dyskinesia
and acute akathisia
ADD{ Gly460Trp 0.06-0.60 Diuretics Differential antihyperten- [42-44]
sive 1esponse and differ-
ences in degiee of neduc-
tion in risk for myocardial
infarction and stroke in hy-
perensives
GNBJ C825T {creates splice vari-  0.32-0.76 Diuretics, antidepressants ~ Differential drug efficacy  [45.46]
ant)
APOE £2 Cys130 and Cys176 0.04-0,16 Tacrine, starins Differential drog efficacy  [47-19]
£3 Cys130 and Argl 76 0.60-0.55
£4 Arg130 and Argl76 0.09-0.25
F5 ArgS06GIn (Factor V Lei-  Absent 1o 0,04 Estrogen. omal contracep- Increased wenous throm- [50,51)
den) tives boembolism nsk




Pohyb farmakogenetiky smérem
ke klinickeé praxi

® Farmakogenomicka vs. obvykla péce

®l Studie dokladajici dostatecny stupen
variability k predikci klinické uziteCnosti

® Studie na vhodnych populacich, ktere
odpovidaji klinickym pripadum

® Vylepseni koncepce klinickych studii

® Funkcni studie in vitro

B Sekvencni variabilita kandidatnich genu



Hodnoceni vyznamu genetickych faktori u

multigennich nemoci- 10 otazek

Jak dulezité jsou geneticke vlivy i nejCastéjSich forem
multigennich nemoci?

Jaky je vliv prostredi na vznik nemoci?

Které jsou nejslibngjSi pristupy k determinaci genetickych
faktoru pro nemoc?

Které geny jiz byly vybrany jako vnimave?

Které cesty prispivaji ke genetické vnimavosti pro danou
nemoc?

Jak mnoho genu se podili na vhimavosti k nemoci ucastni?

Jsou nejCastéjSi formy multigenni nemoci asociovany s
Ccastou nebo vzacnou genetickou variabilitou v populaci?
(hypotéza Casta variace/Casta nemoc vs. geneticky
heterogenni model)

ProcC alely, které jsou asociovany s nemoci, nebyly z
populace eliminovany?

Jako dulezité jsou pro danou nemoc interakce geny-
prostfedi a geny-geny?

Jaké jsou dusledky pro farmakogenetiku?




Geny prispivajici k vnimavosti ke kardiovaskularnim nemocem
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Genetické a environmentalni rizikové faktory pro nemoc
koronarnich tepen

%sﬁo
B

Risk factors with a significant genetic component (heritability”)
Myocardial infarction (25%—-609)

Total cholesterol (409%—-609%:) o e
High-density lipoprotein cholesterol (45%-75%) Eg ‘
Total mglycerides (409 -80%) :
Body mass index (25%—-60%)
Systolic blood pressure (50%%—70%)
Diastolic blood pressure (509%-65%)
Lipoprotein [a] levels (909%)
Homocysteine levels (45%)

Type 2 diabetes (40%-80%)
Fibrinogen (209%—50%)

C-reactive protein

Gender

Age

Environmental risk factors

Smoking

Diet

Exercise

Infection

Fetal environment
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-
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Bls intermedialnim fenotypem

®Bls klinickou manifestaci
nemocl

@is klinickou zavaznosti nemoci

®ls odpovidavosti nemoci na
lecbu



Zdravi cesti dobrovolnici stredniho veku (41-50 let)
Polymorfismus -596 A/G v genu pro IL-6

Genotypy AG+GG uvedeného polymorfismu jsou casteéjsi u
jedincu s vysSi srdecni frekvenci (OR=4,27, 95% Kl 1,66-10,98,

P=0,0009).

Pg=0,006
Pa=0,01
AA AG GG
Osoby s HR < 78/min (99) 28 51 21
Subjekty s HR > 78/min (71) 8 62 30

= T
=
™

@ Osoby s HR < 78/min (99) O Subjekty s HR > 78/min (71)

Vasku A et al. Physiol Res 2003, v tisku




Chronickeé srdecni selhani
Asociovany genotyp 8002 G/A a -3A/-4A EDN-1

Big endotelin
~ \
0 \
40 - ] -~ @ Big endotelin < 0,7 pmol/L
30 T (19)

20 - ’_H _‘ 0 Big endotelin > 0,7 pmollL
10 [ 84)

X W WX W W OF W W
X W XX W OF X I

Asociovany genotyp AG3A4A nese 5x vyssi OR
pro chronické srdeé€ni selhani ve skupiné

s nizkou hladinou big endotelinu oproti skupiné
pacientll s vysokou hladinou:

OR = 5,38;

95% KI = 1,75-16,58;
P= 0,005




Chronickeé srdecni selhani
Polymorfismus -790T/G v genu pro MMP-2
Celkovy cholesterol

100
Pg=0,03
50 Pa=0,01
]
o Ik -
MuZis CHF, TC<5 30 34
mmol/l (58)
MuZis CHF, TC>5 10 40
mmol/l (58)

8 Muzis CHF, TC < 5 mmol/l (58)
0 Muzis CHF, TC > 5 mmol/l (58)

Genotypy TG + GG prinaseji 3,59x vyssi OR pro muze s CHF a vyssSi
hladinou celkového cholesterolu: OR=3,59; 95% KI 1,30-9,93; P=0,0

Vasku A et al. Clin Chem Lab Med 41:1299-1304, 2003




Model terapie hypertenze (podle Lindpaintnera, brezen 2003)
1607

140-
120-



http://link.springer.de/link/service/journals/00109/contents/02/00416/paper/s00109-002-0416-5ch100.html

Geny odlisujici ALL od AML
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Metody k analyze farmakologicky relevantnich znaku

Pharmacologic  Phamuacoknetic stues
Clinical studies

Biochemical  Enayme acfivity, receplor
furction, or transporter
function determinations

(renetic SNP analysis

Sedquence analysis

Expression profiling

True assessment of drug and/ormetabolite concenfration: notFeasible
i toutine clinical setting,

Overall assessment of efficacy and toxicity; usually necessary o eval-
uate televace of genefic polymorphisms: not suited for individual
patients,

Direct assessment of function of the gene product,

Fast and simple analysis: inferpretation requires knowledge of the
functional effects of NP may miss mutations with effect on gene
fuction (i, potentially low sensitivity),

Provides information on the complete exonic sequence and splice
Junctions; time consuming; may detect inelevant polymorphisms (i .
low specificity)

Potentially provides information on genetic predispositions; cur
rently no data base available: probably most relevant for target genes
and subsequent signal cascades; may permit a direct assessmient of

drug effiects,




Validita enzymové aktivity ve srovnani

s genetickym vySetrenim
Enyzme activity (rene test (detection of the most common mutations)
“Advantages — Potentially detects all de-Fast and simple
fects (ie, 100% sensitiv-
ity
Disadvantages Timeconsuming  (RBC  Sensitivity-limited

pieparation, enzyme reac-  (approximately — 73%)
fion, product detection): amalysis of the complete
currently not automated: gene IS fime consuming
fequires experience; false  and expensive,

negative resulf after blood

transfusion,




Analyza SNP

®HmMotnostni
spektrometrie

®lFluorescencni metody



High-throughput tools for studying
gene variation in human populations

Automated capillary
DNA sequencers

i

DNA chips

Multiplex SBE

Single base extension

MALDI-TOF Mass Spectometry



MALDI-TOF MS

(Matrix Assisted Laser Desorption/lonization-Time Of Flight Mass Spectrometry)

DNA separated by Huleculn Masses

Acceleration Region Drift Region Detector




Kroky minisekvenace

® Multiplex PCR genomove DNA
B Priprava single strand templatu

® Annealing templatu na primery,
vazaneé na solidni fazi

® Minisekvenace na array
® Méreni inkorporovanych dNTP




Minisekvenace pomoci fluorescenéné znacenych ddNTP-

genotypizace polymorfismu na templatové DNA

W~ fuorescein
*r = thodumine

-

ddCTP
ddATP -We

ddTTP
ddGTP -7

N=C/T polymorphasm
) | | . Hybridized
¢ J template
TACGTGACTGATGCTTAGCTTCAATGAGKXTGATGTAG —
NSRRI NN RN
~ GACTACGAATOGAAGTTACTC

+—— Solid-phase oligonuclechde




Methylenétetrahydrofoiate Reductase Genetic Pdlymorphisms in
Patients With Cataract. Am J Ophthalmol. 2005 Nov;140(5):932-934

PURPOSE: Hyperhomocysteinemia is commonly associated with
polymorphisms in the methylenetetrahydrofolate reductase (MTHFR) gene.
The level of homocysteine can be lowered by dietary intake of folate. A
protective effect of folate supplementation has been reported against
cataract. Here we investigate MTHFR polymorphisms in human cataract.
DESIGN: Retrospective case-control association study. METHODS:
Patients with nuclear (n = 77), cortical (n = 155), posterior subcapsular (n =
119), and mixed (n = 151) cataract, and 187 controls were analyzed for the
MTHFR 677C-->T and 1298A-->C polymorphisms using minisequencing
technique. RESULTS: The wild-type MTHFR 677CC/1298AA genotype was
strongly overrepresented among cataract cases (P = .003). This effect was
most pronounced in the mixed cataract group (P < .001).
Hyperhomocysteinemia-associated genotypes had similar frequencies in
cataract and control groups. CONCLUSIONS: The previously reported
protective effect of folate against cataract is not due to overrepresentation of
hyperhomocysteinemia-associated MTHFR genotypes. Instead, the strong
predominance of wild-type MTHFR in cataract may suggest impaired DNA
synthesis as a cataractogenic factor.



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Zetterberg+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tasa+G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Prince+JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Palmer+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Juronen+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Veromann+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Teesalu+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Karlsson+JO%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Blennow+K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Zetterberg+H%22%5BAuthor%5D

Genotypizace polymorfismu v genu pro integrin alfa 2
fluorescencni identifikaci nukleotidu v extendovaném pri

T & C Signals for integrin alpha 2 polymorphism

genotyping of 96 samples
Homory ;um CiC Heterozygous C/'T
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Analyza SNP pomoci fluorescenc¢nich metod

Category

Method

Comment

Reference

Restriction digest

Homogeneous

Hybridization
Mismatch distinction by
polymerases and ligases

Array hybndization assays

Minisequencing

Rolling circle signal ampli-
fication

MADGE

TagMan

LightCycler
Oligonucleotide
assay (OLA)

ligation

e.g. Affymetnx

various methods

Can only be used at SNP
sites that are part of restric-
tion sites: nmot practicable
for real large scale: no spe-
cific instrumentation avail-
able.

Use of FRET to detect
amplification: allele
specific probes (hydrolysis
probes. hybridization
probes, molecular
beacons. scorpions) ale
used for genotyping:
TagMan suited for high
throughput analysis (>10°
genotypes/week).

Mot easy to automate: vari-
ant protocol using FRET
{DOL) available.

Capable of high throughput
analysis.

Basically simple protocol
with many wvanations in-
cluding homogeneous de-
tection: automatable.,

DNA polymerase-
driven reaction enabling
replication of circularised
oligonucleotides under
isothermal conditions,
RCA has been adopted
to solid phase armays for
nmutation detection (RCA-
CACHET) with PCR
products being used as
targets,

[36]

[37.38]

[39.40]

[41]

[42.43]

[44]




Polymorfismus I/D ACE

Odds ratio

ID+DD Il

Veék (median, 57 (21-83) 51 (30-91) 0,002

rozsah, roky)

Betablokatory | 106/80 40/11 2,74 pro podavani | 0,004

A/N betablokatora u Il

Diuretika A/N 161/25 50/1 7,76 pro podavani | 0,01
diuretik u Il

Aspirin A/N 109/77 21/30 0,49 pro podavani | 0,02
aspirinu u Il

Glykémie 6,0 (1,6-17,5) 5,5 (4,2-16,8) 0,0002

(median,

rozsah,

mmol/l)

Hladiny TNFo. | 70(0,1-949,5) | 2,2(0,1-121,8) 0,03

(median,

rozsah, umol/l)

Vasku

A et al., CI¢ 2006




Srdecni frekvence | Renin Hladiny TNFa
(median, rozsah, | (umol/l) v plazmé
min-!) (umol/1)
Pacienti 76 (48-95) 3,64 (0,02-30,1) | 2,7 (0,1-279)
s doporucenou
davkou
Pacienti s niz§i nez | 78 (52-100) 8,13 (0,01-33,7) | 2,6 (0,1-949)
50% davkou
Pacienti bez terapie | 80 (60-130) 9,96 (0,1-229) 95,9 (0,1-291,6)
betablokatory
P 0,0004 0,004 0,001

Vask( A et al., CI¢ 20086, v tisku




I/D ACE
11 ID |D |I D Pg Pa
D

Pacienti s doporu¢enou |35 |49 (29 (0,527 (0,473 |0,005 |0,002
davkou (N=113)
Pacienti bez terapie 1T (46 (34 |0,374 |0,626
betablokatory (N=91)
Pacienti s nizsi nez 50% | 6 17 [ 10 0,439 0,561
davkou (N=33)
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