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»Paradox” moderniho vyvoje Iéku

N

Klinicka hodnoceni kriticky hodnoti dikazy o
ucinnosti a bezpecnosti béznych davek lékd
v populaci

Lékaft [éCi jednotlivé pacienty, ktefi mohou mit
velkou variabilitu v odpovédi na |écbu
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Cile farmakogenetiky

Predpovédét:

dobrou toleranci Iéku — dobry ucinek plné davky

intoleranci leku

bezpedind, ekonomickd , raciondlni [écba
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Struktura predndsky

Uvod do farmakogenetiky
definice, vznik oboru
Polymorfizmy - rozdéleni
Klinicky vyznamné polymorfizmy
enzymu, receptoru, iontovych kandlu, cytochormu
Farmakogenetika v anestézii
mikroRNA - vliv na farmakogenetiku

LAveér



Uvod

TFi objevy okolo roku 50. let 20. stoleti byly impulzem k zalozeni
védniho oboru ,,farmakogenetiky*

* Primagiune - deficit G-6-PD

* Metabolizmus izoniazidu - polymorfizmus
acetylace

* Prodlouzeny Gcinek sukcinylcholinu - atypickd

plazmatickd cholinesterdza

Farmakogenomika studuje cely lidsky genom a jeho ovlivnéni
|éCivym pripravkem.



PG variace v odpovédi G-6-PD

Glucose - 6 — phosphate dehydrogenase deficiency(G-6-PD) :
Deficiency in RBC's

Sex — linked recessive trait( X — linked)

Africans, American negroes, Mediterranean Jews, middle east and south east races.
Drugs having oxidising properties can cause haemolytic anaemia in persons having G-6-P
deficiency.

Eg: Primaquine, Sulphonamides, Dapsone, Nitrofurantoin, Quinine, Chloroquine, Quinidine




Metabolizmus izoniazidu

Rapid acetylators

Q Isoniazid

Metabolised fast

Increased levels of acety!
hydrazine

ﬂ

Hepato toxicity

O Dapsone

Slow acetyators

Q Isoniazid

l

Accumulation of drug

# inhibits

Pyridoxine kinase

Pyridoxine —=E¥*idoxyl phosph
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“peripheral neuritis”

O Dapsone == Haemolysis
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Pritomnost atypické cholinesterdzy

incidence of presence of atypical pseudo choline esterase is 1:2500 in population.

“Autosomal recessive inheritance” = “Trait”

“normal” pseudo choline esterase “Atypical” pseudo choline esterase
“ Acts on Cannot/slowly hydrolyses

. , Succinyl choline
Succinyl choline -

“ Requires 1- 2 hours for
termination of action

ﬂ

Respiratory failure

Action terminated in “5 minutes”




Definice

Farmakogenetika je smér klinické farmakologie
umoznujici personalizaci terapie na zdkladé zjisténi
genetické predispozice pacienta pro odpovéd na

danou |écbu (Friedrich Vogel r. 1959).

Farmakogenetika se zabyva studiem geneticky
podminéné variability vétSinou ve formé
jednonukleotidovych polymorfismi — single
nucleotide polymorphisms (SNPs).

»Variability is the law of life, and as no two faces are the same, so no two bodies
are alike, and no two individuals react alike and behave alike under the abnormal
conditions which we know as disease.”

William Osler (1849 — 1919)



Polymorfismy (SNPs)

SNP - pokud se vyskytuje
frekvence minoritni alely
> 1%

Lidé maiji 99.9 % stejné genetické vybavy.

0.1 % rozdilu tvofi SNP > 80 %.

ale odhaduje se, ze jen <1 % vsech lidskych SNPs maiji vliv na
funkci proteinu (zmény v kéduijici cdsti)

GWAS - projekt lidského genomu - identifikace miliéni SNPs,
které jsou shromazd'ovdny ve verejné pristupnych databdzich,
napr. dbSNP.



Genetické polymorfizmy
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SNP enzymu MTHFR

transkripce translace
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Polymorphism
(SNP)

This MTHFR gene has the C677T SNP

adenin (A), guanin (G), cytosin (C), thymin (T) — obsazeny
pouze v DNA a uracil (U) — obsazeny pouze v RNA
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ORIGINAL ARTICLE - GENES AND DISEASE

The impact of C677T and A1298C MTHFR polymorphisms
on methotrexate therapeutic response in East Bohemian region

rheumatoid arthritis patients _

Tomas Soukup - Martin Dosedel - Petr Pavek - Jana Nekvindova - Ivan Barvik -
Iva Bubancova + Petr Bradna - Ales Antonin Kubena + Alejandro Fernandez Carazo -
Tomas Veleta - Jiri Vlcek

Obr. Intraceluldrni metabolismus MTX
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allele
homozygot minor allele

homozygot ,,wilde* type
heterozygot
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* travici potize
* vyrazka

* alopecie

* flu-like sy

* tres

* cefalea

* myalgie

e artralgie

* myelotoxicita
* Unava

* respir. infekce

~ I.—-""';i;herapeuuc effect ™
L~ TGNs  \Dose-related toxicity’

- e

Guanase Myelotox
+ XDH

MeMP and other Thiouric acid
methylated metabolites

Hepatotoxicity

¢ Allopurinol blocking action of XDH

Figure 1 The effect of allopurinol on azathioprine metabo-
lism. AZA — azathioprine, MP — mercaptopurine, MeMP methyl-
mercaptopurine, TGNs — thioguanine nucleotides, XDH — xanthine
oxidase/dehydrogenase, TPMT — thiopurine methyltransferase.



Azathioprin a allopurinol,
Zz nepratel spojenci

KO a 2 tydny
TGN/MeMP za 1 mésic
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1950 prof. Phillip S. Hench — Nobelova cena — kortison —
objev GK a jejich poddvdni u revmatoidni artritidy

THE POTENTIAL REVERSIBILITY OF RHEUMATOID
ARTHRITIS*

BY

PHILIP §.

Rheumatoid arthritis has two sharply contrasting
characteriatics, that of potential chronici d that
of potential reversibilit The potential chronicity
of rheumatoid art| is all wo well known,
Although only potential and not absolute, this
character 50 distressing und prominent
that it has dominated medical literature for o
wentury, and is reflocted in the nomencluture and
definitions of the disease and in the |'|:nerl1 similitude
of textbook teachings on prognosis,

So uluh:luily has the chronic progressive form
of {his disease been described that it has become
st indelibly |m-pmmd on the minds of
physicians and laymen alike as the archetype, not
wonly of rheumatodd arthritis, but of

lence to maost laymen a diagnosis of
fear of the theumalokd type.
arthritis e Lo imiply mor
progression to crippledom,  Hence many phy
regard arthritia which does not last long but remits
mare o kess complately after a few weeks or months,
as being not rheumatoid nrthn but a
form wonh)- of spec desi
arthritis ' or * infective arthr

The contrasting ch-mlunnlc of rheumatoid
arthritis, ifs potential revers

clinical investigntor
than is its potential chronicity,  From the mdpmnl
of pathogenesis rheumatosd arthritis in:
abnormal processes which must
d.mmct])- its pathologic physiology constitutes
its " ils pathologic anatomy represents
lhe"aaha of the disease. Its pathologic anatom;
of which we kivow something, is largely irreversible,
but its pathologic physiology, of which we have
known almost nothing, is potentially, and under
cerfain circumstances, dramatically r

By potential reversibility I refer to the mecm.
but too often dormant, ability of the human body
to correct (at least temporarily) the abnormal or
pathologie  physiology  underlying  rheumatoid

* Abstesct of The Heberden
Sociey o1 London, Gcaover

be  separated

Ormios, detirand aforn e Fieberden

HENCH

¥ of rheumatoid arthritis
may be activated spontancously, therapeutically or
accidentully,
pontancous Reversibility
Briel’ comments on the spontaneous reversibility
of fhewmatoid arthritis can be found here and there
in the older medical literature. Garrod wrote in
1K A patient not uncommanly had threatenings
of the disease a year or wo previously, which
passed off in @ manth or two ;& second premonitory
attack of a severer churacter may have succeeded
the first and in its tum may have again passed
off ; a few months more bring on a third attack
which assumes o chamcter of greater permanency.”
Others have noted that the disease may subside
a few joints have become

Such statementa are supporied by modern
clinical experiences. Bauver (1941) has  stated,
** Recovery from the first attack is ofien complete
and the remission may last for months or even for
yeurs | the patient may have a number of attacks
before the disease becomes chronic.” Ropes and
Bauer (19%43) say © t soems probable thal some
patients have enly one attack without subsequent
exacerbation ; the ssion may last throughout

Again, Ropes (1944) says,
milder form is egqually mnneﬂuk
and probably more commaon * than the le
typical chronic progressive’ I‘orm

Thernpeatic Reversibility
y 1o Induce showly remi;
grees and to stop the disease in
claimed for a host of now-discarded remedies.

not

rheumatologists hold the opinion that mlu salts
induce remissions more often and more completely
than any other single therapeutic agent. Even so,

Hench et al. Mayo Clin Proced 1949



GK rezistence

Glucocorticoid .

Glucocorticoid
receplor
homaodimer

HSP complex

CYTOPLASM AP-1 gene

Proinflammato;
proteins e.g. T




Genetické polymorfizmy

:IF

Farmakokinetika Farmakodynamika
Trasport (pres bunécné Enzymy
membrdny) Receptory
Vazba proteint v plazmé lontové kandly
Metabolizmus (vylu¢ovani Cytokiny

|éCival)



GK receptor

Glucocorticoid .

Glucocorticoid
receplor
homaodimer

HSP complex

CYTOPLASM

\
AP-1 gene !
I
I

Proinflammato;
proteins e.g. T




GR muvutace
N

Popsdano 20 mutaci GR

spojenych s poruchou navazani ligandu na
receptor

poruchou transportu komplexu do jadra

poruchou transaktivace

Nicolaides NC, et al. Eur J Clin Invest 45(5) (2015) 504-14.
Vitellius G, et al., Hum Mutat (2016).




SNPs GKR - obecny klinicky vyznam
N

GR SNP ER22/23EK: relativni GK rezistence — dlouhovékost,
snizeni prevalence demence

SNP N363S: rozsirend senzitivita na GK — ndarust LDL, BMI,
CvD

SNP Bcll: GK sensitivita — zvysend tukovd masa, M. Crohn,
deprese

SNP lokalizovany na exonu 9beta: GC rezistence, zvyseni
zdnétlivych parametrl, kardiovaskuldrni choroby, RA

Manenschijn L, et al. Am N'Y Acad Sci 2009;1179:179-98.
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Efluxni transportér GK

Glucocorticoid .

Glucocorticoi
Receptor
GRax

Glucocorticoid
receplor
homaodimer

HSP complex

CYTOPLASM AP-1 gene

Inactive NFkB
GRP

Proinflammatog¥
proteins e.g. TN




Efluxni transporter

P glykoprotein — kddovany ABCB1 (MDR1)
genem — nejlepe prostudované SNPs
Multi-drug resistance MDR1




Domorubicin
Dauncrubicin
Epirubizin

Irinctecan
Mitomyzin C
Mitcantron

Faclibmal [Taxol)

Teniposid
Topolecan
Winblastina
Wincristine

Yindesina

Digitoxin
C hinidin

Amicdanon

Ampranavir

Indinawvir

Malfinawir
quinavir

RAilo nawir

s porin A
Tac ralimus
Rapamycin
Senids
Aldostanons
Dexa methason
Estradiol
Hydrocortisone
Antiemetics.
Dompsri
Cindarestnon
Hy pelipdemics
Adorvastatin

Lovasiatin

Erythrom
Leraaitlo

Talino kol

Diltiazam
Mib=fradil
Mica ripine
ara parmnil
M-dealky heara pamil
M-d=a lky norvara pamil
Hi - antthie amines
Femolanadin

Tarfanadin

Cimetidin
Ranitidin
O piates

tba rfium

Lop=ramid

Rila rmpin

Amitriptylin

Lozarfan

Emetin

Pechanova K., et al. Klin. Biochem. Metab., 14 (35), 2006, No. 4, p. 196-201.
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Long QT syndrome
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TABLE 1. Genes Envolved in the Long QT Syndrome

M QTc = 630 ms

Type Locus Gene

Pratein

Frequency, %

Romano-Ward (autosomal dominant)

LATS1 11p15.5 KCNQT/KVLATT
LaTS2 735-36 KCNHZHERG
LOTS3 Ip21-p2d SCN5A

LOTS4 d025-027 ANKE

LOTSS 210221 KCNE 14mink
LOTSE 219221 KCNEZMIRFPT
LATS? 17023 KCNJ8
LaTSE! 12p13.3 CACNAT
LATSS p2s CAV3

LATS10 11023 SCN4B

Jervell-Lange-Nielsen (autosomal recessive)
JLN1 11p15.5 KCNQ1/EVLOT
JLN 219221 KCNE1/minK

“Andersen-Tawil Syndrome
"Timotihy syndrome

Principal, |, c-subunit
Principal, Iy, ce-subunit
Principal, |y, c-subunit
Accessory, ankyrin-
Accessory, |y, p-subunit
Accessory, |, p-subunit
Principal, K,2.1 «-subunit
Principal, C,1.2 a-subunit
Accessory, caveolin 3
Accessory, |, p4-subunit

Principal, |, ce-subunit
Accessory, |, p-subunit

Catype L
Ma
MNa

30-35
25-30
2=10
<1
<1
<1
<1
<1
<1
<1




QTc prolongation

E QTcprolongation OR (95% Crl)

Lurasidone -0-10 (-0-21 to 0-01)
Aripirazole 0-01 (-0-13 to 0-15)
Paliperidone 0-05 (-0-18 to 0-26)
Haloperidol 011 (0-03 to 0-19)
Quetiapine 0-17 (0-06 to 0-29)
Olanzapine 0-22 (0-11to 0-31)
Risperidone 0-25 (015 to 0-36)
Asenapine 0-30 (-0-04 to 0-65)
lloperidone 0-34 (0-22to 0-46)
Ziprasidone 0-41 (0-31to 0-51)
Amisulpride 0-66 (0-39 to 0-91) *
Sertindole 0-90 (076 to 1.02)*
Clozapine NA

Chlopromazine NA

Zotepine NA*

-0.5
-

More QTc prolongation with placebo

| -
—
—a—
S om
.
-
—-
.
- al

.

0

1
05

*Not available in US

|
1

—>

More QTc prolongation with active drug

Comparative efficacy and tolerability of 15 antipsychotic drugs in schizophrenia: a multiple-treatments meta-analysis. Lancet2013.
382: 951-62




Genetické polymorfizmy

:IF

Farmakokinetika Farmakodynamika
Trasport (pres bunécné Enzymy
membrdny) Receptory
Vazba proteint v plazmé lontové kandly
Metabolizmus (vylu¢ovani Cytokiny

|&Civ)



Priklady genetickych polymorfizmd s vlivem na
farmakokinetiku

N

Cytochrom (CYP) je oznaceni pro bilkoviny vazané
na membrdny a obsahujici ve své molekule hemové
skupiny, které zaijist'uji prenos elektronu tak, ze se

navdzané ionty zZeleza stridavé redukujii a oxiduji
z Fe?" na Fe3" a zpét.




Priklady CYP, jejichz polymorfizmy maiji vliv na

outcome |écby

Gene product

CYP2C9

Drugs

Tolbutamide,warfarin,phenytoin,NSAIDs

Response affected

Anticoagulant effect of warfarin

CYP2C19

CYP2D6

CYP3A4/3A5/3A7

Mephenytoin, omeprazole, hexobarbital, mephobarbital,
propranolol, proguanil, phenytoin,clopidogrel

B-blockers, antidepressants, antipsychotics, codeine,
debrisoquine etc

Macrolides, cyclosporine, tacrolimus, Ca?* channel
blockers, midazolam, steroids.etc

Peptic ulcer response to omeprazole,
CVS events after clopidogrel

Tardive dyskinesia from antipsychotics,
narcotic side effects, codeine efficacy,

imipramine dose requirement,B-
blocker effect

Efficacy of immunosuppressive effects
of tacrolimus




Vliv slozek potravy na aktivitu CYP
N

Grapefruit inhibuje aktivitu cytochromd kompetitivni
inhibici, ireverzibilni inaktivaci, muze zvysit koncentraci
|&&iv, kofeinu o 31%

CYP2E1 — indukovany ethanolem, acetonem,
hladovénim, aktivuje nitrosaminy na reaktivni
karcinogeny, paracetamol na toxicky metabolit
Vétsina karcinogent vyzaduje bioaktivaci —
nebezpedlnost karcinogenu zdvisi na aktivaci a

detoxikaci

Ovoce a zelenina inhibuji enzymy karcinogeneze



Farmakogenetika warfarinu % PharmGKa

STRONG

OPTIONAL OPTIONAL OPTIONAL

VKORC1T and CYP2C9"2 and "3 genotype available?

w
Non-African ancestry®

VKORC1-1639G>A and CYP2C9"2 and "3%¢:

Calculate dose based on validated published
pharmacogenetic algorithms

For loading dose, a pharmacogenetics-based

warfarin initiation dose algorithm' could be
considered.

Carriers of CYP2C9"5, *6,"8 or *11 variant
alleles (e.g., *1/*8, *1/*11, *8/*11): Decrease
calculated dose by 15-30%¢

Carriers of CYP4F2 rs2108622 T allele:
Increase dose by 5-10%

Self-identified ancestry + Dose clinically®

African ancestry® @

w

CYP2C9%5, 6,8, and *11 also tested®?

=]

1) VKORC1-1639G>A and CYP2C9*2 and *3%¢: Calculate dose based on
validated published pharmacogenetic algorithms.

2) Carriers of CYP2C9"5, "6, "8 or *11 variant alleles (e.g.,*1/*8, *1/*11, *8/*11):
Decrease calculated dose by 15-30%¢.

MODERATE

African American"? ——p rs12777823 tested?
-

rs12777823 A carriers:
decrease dose by 10-25%

For loading dose, a pharmacogenetics-based warfarin initiation dose algorithm’

could be considered.

MODERATE

OPTIONAL

https://www.pharmgkb.org




Soukup et al.

Methotrexat
§ e Caffeine
NH, ”/1
)N\/ \j/\r]l COOH HC 0 Chs
x Z CHy N
HoN — | )
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CHs
Release
stimulation

Adenosine receptor A2a
polymorphisms

1 Antiinflamatory effect

Rheumatoid
arthritis




Farmakogenetika v anestézii
N

Maligni hypertemie — 1:15 000 dochdzi k maligni hypertemii.
Farmakogenetické studie prokdzaly variabilitu v genu pro
ryanodinovy receptor Ca kandlu.

Halothanem indukovand hepatitida je vysledkem imunologické
odezvy na jeho metabolity, které jsou zpracovdavdny
cytochromem CYP2E1. Vyskytuje se priblizné u 1:10 000
pacientu.

Nalezeny etnické rozdily v sile U¢inku a jeho délce u svalového
relaxancia rokuronia— Rakouska, Ameriky (bili) a Ciny (Cinané
kmene Han).

Palmer SN, Giesecke NM, Body SC. Pharmacogenetics of Anesthetic and Analgesic Agents. Anesthesiology 2007; 102: 663—
671.



Farmakogenetika v anestézii
N

Sevofluran - evropsti zidé maiji nizkou minimalni
alveoldrni koncentraci (MAC) — 1,9 % (rozptyl
1,81-1,99 %), nejvyssi méli kavkazsti zidé —
2,32 % (2,27-2,41 %).

Rozdily v MAC mezi jednotlivymi skupinami
predstavovaly az 24 %.



Farmakogenetika v anestézii
N

Citlivost na akutni i chronickou bolest ovliviuji mutace
v L-opidtovych receptorech nebo v melanokortinovém
receptoru.

Stamer UM, Stiber F. Genetic factors in pain and its treatment. Curr Opin Anaesthesiol 2007; 20: 478—484.

U zrzavych lidi s mutaci melanokortinového receptoru
dochdzi ke zvyseni citlivosti na termdlni bolest, a jsou
vice rezistentni na subkutdnni aplikaci lidokainu.
Lrzavé zeny potrebuiji o 19 % vyssi koncentraci
desfluranu k potlaceni pohybu na nociceptivni
elektrické stimuly.

Liem EB, Lin CM, Suleman MI, et al. Anesthetic requirement is increased in redheads. Anesthesiology 2004; 101: 279-283.



mikroRNA reguluji expresi genu

»Zralé” mikroRNA - jsou jednovlaknové
retézce o délce 22-24 nukleotidu
- nekodujici RNA reguluji expresi gent - jsou

senzitivni k vnéjSim faktordm

1993 prvni mikroRNA lin-4 pfi studiich

Caenorhabditis elegans

Lee RC, Feinbaum RL, Ambros V. Cell 1993;75(5):843-54.



Biogeneze a funkce mikroRNA

1.1
AT P g U DNA
J] RNA-polymersza 112 gy q oblouk |
_ ! (nepdrové baze) !
A\ W7 pri-miRNA ! vlasenka o !
LN i (“hairpin®) vzajemne
Drosha/DGCR8 | komplementami |
ﬂ i (sparované) baze 1
. pre-miRNA l !
'
J]_ exportin 5/RanGTP
Ve
Dicer argonautovy ~ mRNA B ba
ﬂ protein / o g,
¢ - == degradace
V, = T == s
} K P na
vazba .-.':J'.’t‘“

degradace miRISC miRNA-MmRNA blok translace

Novak J, Sou¢ek M. Vniti Lék 2016:62(6):477-85.



Funkce mikroRNA
S

Vztah mikroRNA k fyziologickym dé&jom:
krvetvorbé, sekreci inzulinu, vyvoji nervové
soustavy

Vztah nékterych mikroRNA k nddorovému bujeni,
kardiomyopatii, autoimunitnich nemoci,..

vyvoj |ékd - mikroRNA mohou mit také potencidlni
terapeuticky efekt.

. MicroRNAs: hidden in the genome. 2002; 12(4):R138-40.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Moss EG[Author]&cauthor=true&cauthor_uid=11864587
http://www.ncbi.nlm.nih.gov/pubmed/11864587

mikroRNA a farmakogenetika

N

MikroRNA maiji schopnost ovlivnit geny relevantnich
ve farmakogenetice.

To muze ovlivnit rezistenci nebo senzitivitu na lécivo.
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Laver
N
Cast SNPs vyuZitelnd v klinické praxi
Klinik by mél uzivat personalizovany pfistup.

SNPs zapojené ve farmakogenetice maji dopad na
zdravi jedince (onkologickd, kardiovaskuldrni
onemocnéni), interaguji s potravinami.

Farmakogenetika by neméla vést k ,,nihilizmu“, ale
ostrazitosti a hleddni odpovédi na otdzky.

Prostor pro vyzkum v anesteziologii a intenzivni
mediciné (www.pharmgkb.org)



