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Personalizovana medicina (éf SPRAVNA

— Definice DIAGNOZA
— Multidisciplinarni vedni obor, zabyvajici se optimalizaci SPRAVNE
lé8ebnych a diagnostickych postupt u konkrétniho LECIVO VE
pacienta s vyuzitim modernich metod. [ SE)RAVNE
©  DAVCE
Farmakoterapie respektujici individualni predispozice o PRO
pacienta w SPRAVNEHO
» vyber vhodné kombinace |&Civ pro dosazeni maximalni PACIENTA

ucinnosti a minimalizace rizika Iékovych interakci a NU . .
4 VE SPRAVNEM
» specifické davkovani CASE
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Farmakoterapie

&

— Faktory ovliviujici uc€innost a bezpecnost
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Farmakoterapie

— Odpovidavost Nonrespondér Respondér

— PFiginy NU o bezNU

* vnéjSi (adherence k lécbe...) W ,\ / W
> ﬂ 0
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* vnitfni (vrozena predispozice...) O ©)
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Recidivujici aftozni stomatitida

VNITRNI FAKTORY VNEJSI FAKTORY

XENOBIOTIKA

SYSTEMOVE
CHOROBY

REAKCE NA
OXIDACNI
STRES

DEFICIT
VITAMINU
A MINERALU

ENDOKRINNI
ZMENY

ZIVOTNI
PROSTREDI

METABOLIZMUS
MEKKYCH TKANI

METABOLIZMUS
VITAMINO
A MINERALU
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Teraple
— RAS
— symptomaticka terapie, podptirna terapie — Skachova kura
kyselina listova, pyridoxin

— kyselina listova je pouze prekurzorem biologicky aktivni latky — folatu oznaceného

jako vitamin Bg
— glukosaminova sul 5-methylfolatu (4. generace) - oproti 3. generaci je dlouhodobé

stabilni, ma vysokou rozpustnost ve vode, lepsi biologickou dostupnost a bezpecnost

MUNI|[RECETOX
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Kyselina listova
— MTHFR (methylen-tetrahydrofolat-reduktaza)

Kyselina
listova
Dihydrofolat

Tetrahydro
folat

5-methylfolat

7 Farmakogenetika M |.| N I | R E C E T l] x

— polymorfizmy: C677T, A1298C
— geneticky podminéna snizena aktivity enzymu
— zpomalena metylace homocysteinu na methionin
— akumulace homocysteinu v plazmé
— KV riziko
s ZvysSend prevalence tromboembolickych poruch u nositel(

** u homozygotnich nositelek variantnich alel zvysené riziko

spontannich abort(

7/

s vySena toxicita cytostatika CMF (cyklofosfamid, MTX, 5-FU)



Pilotni studie — PGx RAS

SNP A1298C MTHFR (rs1801131)
MAF (C)=34 %
genotyp AA AC CcC
funkce enzymu MTHFR 100 % 80-100 % 60 %
frekvence v EUR populaci 43 % 45 % 12 %
C677T MTHFR (rs1801133) CC --/-- -/+- -[++
MAF (T)=31 % 100 % 100% 80% 60%
46 % EM EM IM
Tt
CT +-f-- +-/+- +-/++
65 % 65% 50% 30%
44 % IM IM PM
il e
TT ++/-- ++/+- ++/++ haplogenotyp
20 %-30 % <30% <30% <10% funkce enzymu MTHFR
10 % PM PM PM predpokladany fenotyp
!i\ l# ﬁt osoby s RAS v nasi studii

8 Farmakogenetika
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Pilotni studie — PGx RAS

— Design

— 10 pacientt — genotypizovani na haplogenotypy v genu MTHFR (IM a PM)

— Farmakoterapie v upraveném designu dvojité zaslepené zkfizené studie (cross-over
design) probihala od jara 2018 v délce trvani 3 mésicu.

— Pacientum byl ve tfifazovém schématu podavan aktivni folat (glukosaminova sul 5-

methylfolatu), vitaminy B; a D,

|. faze kontrolni |l. faze terapeuticka Ill. faze sledovaci

(28 dni) (28 dni) (28 dni)

<28x pIacebo) C 28X By + By ) <28x pIacebo)

@
v
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Pilotni studie — PGx RAS

VySIGd ky Sérova koncentrace 25-OH D; [m'm]l'l]
220
| P<0,01 .
200 Podéni ?
180 | | vitaminu D; P<0,01
160 I P<0.01
140 ¢
120 ¢
100 | pacient |
—&— pacient 2
20 | {1 —— pacient 3
—&— pacient 4
60 | | —— pacient 5
0 —=— pacient 6
I | == pacient 7
20l | —* paceent 8
—+— pacient 9
o . . | , . —#— pacient 10
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Pilotni studie — PGx RAS

— Vysledky

Farmakogenetika

28

26 t
24 ¢
22 ¢
201
18 1
16 1

Pocet dnil s vysevem aft béhem terapie

pacient |
| —&— pacient 2
—e— pacient 3
1 —=— pacient 4
| —&— pacient 5
—&— pacient 6
{1 —+— pacient 7
—+— pacient 8
1 —— pacient 9

—+— pacient 10
4 -8 mediin
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Pilotni studie — PGx RAS

— VDR

— zprostredkovava biologickou aktivitu vitaminu D 1.25(0H), D,

Farmakogenetika

A 4
1,25(0OH), D, \

VDR

VDR

v

———— MRNA 1) 25(0H), D,
jadro ' VDR | RXR
— vbr VDRE

) 4

RXR

e

protein j

protein

» 1 funkce IS

* 1 apoptozy
* | angiogeneze

Upraveno dle Khan TA, et al., 2015 M |.| N I | R E C E T l] x



Farmakoterapie Dalsi

— Individualizace farmakoterapie — klinické hodnoceni IéCiva faktory!
Stanoveni Respondér Ocekavana odpovéd
genetického bez NU pri standardni davce
profilu
Respondeér Risk/benefit?
s NU
Non’respondér
s NU
Nonresponder Testovani davky?
bez NU
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Farmakoterapie

— Limitace
— Genetické faktory — Haplotypova dediCnost — nékteré genove
- nezbytna pfedchozi identifikaci vyznamnych genovych  polymorfizmy se sdruzuji do bloku —
polymorfizmui na zakladé dlouhodobych klinickych haplotypu, které se dédi spolecné

vyzkum

CYP2(C19

« variabilita Iékové odpovédi neni obvykle dana jen

variabilitou jednoho genu (monogenni variabilita) ale

-3402C>T
-806C>T (*17)
99C>T
80160C>T
80161A>G

-----------------

variabilitou mnoha genu (multigenni variabilita) ,
—THTHAMT CMGI *17

» nékteré genetické faktory jsou na sobé nezavislé, jiné
—CHCHGHT CHG[ *4A

zavislé : i
= THTHGHT CHG *4B

Klein a Ritchie, 2017 'UI u N I | R E c E T u x
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https://ascpt.onlinelibrary.wiley.com/doi/full/10.1002/cpt.928

Farmakoterapie

— Limitace
— Negenetickeé faktory — faktory vnéjSiho prostredi
» genotyp sice neni citlivy na vnéjsi faktory, ovSem interakce drug-drug (l€Civo s IéCivem) a

|ékova odpoved pacienta mohou byt temito vnéjSimi faktory ovlivhény.

— Genetické a negenetické faktory vedou k individualni odpovédi na lé€ivo.

— Pritomnost genového polymorfizmu pouze ukazuje na statisticky vyssi pravdépodobnost
vyskytu daného jevu (patologie, zavazného NU, neudinnosti terapie), ktery ovéem nemusi
nastat.

— Terapeutické monitorovani |éCiv — opakovana fenozypizace

15 Personalizovana medicina M u N I | R E C E T ﬂ x



Farmakogenetika vs. farmakogenomika rex

— Definice

— Farmako — véda zabyvajici se pusobenim lé€iva na zivy organizmus a naopak

— Genetika — véda o dédicnosti
Farmakogenetika se zameéruje na variabilitu odpovédi na lIécivo vyvolanou jednotlivymi

genovymi polymorfizmy.

— Genomika — podobor molekularni biologie zabyvajicich se lidskym genomem jako celkem
Farmakogenomika se zaméruje na variabilitu odpoveédi na Ié€ivo vyvolanou variabilitou

vV genomul.

16  Personalizovana medicina M u N I | R E l: E T u x



Farmakogenomika

. ) Bionfcermal cs “G« e \hk' = Expeassion L"LI.;fQ-
— Definice B “§’ f%“ e
—_— 15 ﬁaﬂ} . o

—_ 1997 A MarSha” Marshall, 1997 l

Hgh-througrpul cal-based assays
lor cynpia, Cylcking incuction)

1

— identifikace a genetické ur€eni tzv. ,,drug targets*
(cilovych struktur lIéCiva) - vyvoj ucinnéjSiho léCiva

s menSim poctem nezadoucich ucinku

— studuje rozdilné ucinky potencialnich I&Civ in vivo |
In vitro na genovou expresi jako celek, hodnoti
expresni profily

— zkouma vztah ucinku Iéku na urovni celého

genomu, resp. transkriptomu

g tange
17  Personalizovana medicina Kramer a Cohen, 2004 M |.| N I | R E [: E T U x



https://www.nature.com/articles/nrd1552
https://www.nature.com/articles/nbt0997-829b

Farmakogenetika

— Definice

— 1959 F. Vogel Vogel, 1959

— studuje rozdilné Ucinky léciva u rozdilnych pacientu in vivo, které jsou dany

pritomnosti dédiénych variant genu

— hledani vztahu mezi metabolizmem, pfipadné efektivitou IéCiva, a pritomnosti polymorfizmu

genu

— pro urCeni, ktery dostupny lék bude mit u konkrétniho pacienta nejvétsi terapeuticky

benefit, zatimco nezadouci ucinky budou minimalni

18 Personalizovana medicina M u N I | R E C E T ﬂ x


https://link.springer.com/chapter/10.1007/978-3-642-94744-5_2

Farmakogenetika
— Kandidatni geny

Geny, které koduiji: Variabilita
— enzymy, zapojené v metabolizaci lé&iva v kandidatnich

genech
— receptoroveé proteiny / \

Farmakokinetika Farmakodynamika
lécCiva léCiva

— membranove transportéry \
_ proteiny iontovych kanald Variabilita

odpovédi

na lécivo

19  Personalizovana medicina M u N I | R E l: E T u x



Farmakogenetika

— Variabilita genomu

— Frekvence v populaci: vzacna

mutace x polymorfizmus

— Variabilita mezi jedinci i mezi

populacemi

— Individualni rozdily ve

farmakokinetice/farmakodynamice

20  Personalizovana medicina

Reference Ethnic group CYP2C19*17
(population) MAF (%)

Hernandez-Suarez et Mixed (Latin

al., 2018 .
Americans, Puerto
Rico)

Fricke-Galindo et al., Caucasians

2016 (Sweden, Norway,
Finland, Denmark)

Fricke-Galindo et al.,
2016

Caucasians
(Greece, ltaly,
Portugal,
Spain)

Arici M|Xed
etal., 2016 (Turkey)
Jit“ L 2015 Chinese
et al (Tibet)
Dehbozorgi Mixed
et al., 2018

(Iran)

14.1

20.8

42.0

25.0

27.1
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Farmakogenetika

— Primachin
Male and female patients with confirmed P. vivax or P. ovale malaria
ﬁ litati PD testi
X rece SIVﬂ I’ (except pregnant women, infants aged < & months, women breastfeeding infants aged < 6 months, {Quo I t:;gﬁ:b?e = ng
- women breastfeeding older infants unless they are known not to be G6PD deficient)

¥

+

— Hemolyticka Qualiative GBPD testing )

anémie ¥ ( Y
<30% >30%

G6PD activity ] L G6PD activity J

¥ ¥

Female: the individual could be
G6PD normal or G6PD intermediate

Consider patient as G6PD intermediate
with potential risk for haemolysis

.......................
...............
"""""""
-----
.
o’
.

under

.
-----
.
.. .

....
........
.............
s
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https://www.who.int/malaria/publications/atoz/WHO-testing-for-G6PD-2016-presentation.pdf?ua=1

Farmakokineticka variabilita

— Kandidatni geny — enzymy, zapojené v metabolizaci IéCiva — biotransformacni enzymy

— mtb xenobiotik (zvySeni polarity, konjugace s glutathionem, kys. glukuronovou)

. . —CYP1A1/2
|. faze biotransformace y —CYP1B1
epoxide
hydrolase / CHF2as
esterases
others CYP2B6
DPD / CYP2C8

CYP2C9
ALDH~

CYP2D6

CYP3A4/5/7

N\
CYP2E1

22  Personalizovana medicina

Il. faze biotransformace

CYP2C19

NAT2
NAT1 /
GST-M
GST-T
4
others GST-P
- GST-A
STs
UGTs
HMT
Evans a Relling, 1999
\comT

et MUNI|RECETOX


https://science.sciencemag.org/content/286/5439/487/F2

Farmakokineticka variabilita

— Biotransformacni enzymy

— Snizeni aktivity daného enzymu — ZvySeni aktivity daného enzymu
Zpomaleni metabolickych dé&ju Zrychleni metabolickych déju

— zpomalené odbouravani léciva — zrychlené odbouravani léCiva
— hromadéni lééiva v organizmu — nedostatecna koncentrace
— rast NU az intoxikace lIécCiva v organizmu

— nedostatec¢na ucinnost lécCiva
— U prolé€iva muze snizena aktivita enzymu znamenat
vytvofeni nedostateéného mnozstvi aktivniho — Zmena genove exprese

metabolitu a nedostateénou uginnost légiva. — Zména vazebné afinity k substratum

23  Personalizovana medicina M u N I | R E C E T U x
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Farmakogenetika

— Kategorizace pacientl — predikce farmakokinetiky

_ Spatny metabolizér (poor, PM)

— Intermitentni metabolizér (intermediate, IM)

— Normalni metabolizér (normal/extensive, EM)

— Rychly/ultrarychly metabolizér (rapid/ultra rapid, UM)

poor intermediate
metabolizer: metabolizer:
two one functional
nonfunctional and one
alleles, little or nonfunciional
no drug allele,
metabolism decreased
drug
metabolism

Personalizovana medicina

CYP2D6 a CYP2C19

e EM - — __duphcaledgene
xtensive
: —=—
) Metabolizer | | — a— [paraty ostotvo ol |
©
3 : nyi
s Y =
LR L
‘ - IM
40 UM Intermediate
Ultrarapid Metabolizer PM s
s wnc ol | | Poor Metabolizer
"W | |
20 - I '
" ,41‘( i
¥ < a0
y

T T
0.1 1 10 100 MRs

Zanger a Schwab, 2013

extensive ultra-rapid
metabolizer: metabolizer:
two functional duplication of
alleles, normal functional
drug alleles,
metabolism increased rate
and
thoroughness
of drug
metabolism

https://www.aruplab.com/topics/pharmacogenetics M u N I | R E C E T U x



https://www.aruplab.com/topics/pharmacogenetics
https://doi.org/10.1016/j.pharmthera.2012.12.007
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Refluxni choroba jicn

AZV 2020-2023

esophageal squamous cell carcinoma (ESCC)

Host microbiome in relation to Barrett’s esophagus (BE) and esophageal adenocarcinoma (EAC) development

BARRETT ESOPHAGUS

METAPLASTIC COLUMNAR EPITHELIUM
REPLACES THE STRATIFIED SQUAMOUS EPITHELIUM
THAT NORMALLY LINES THE DISTAL ESOPHAGUS

INCREASED RISK
OF ESOPHAGEAL
ADENOCARCINOMA

DUE TO
CHRONIC
GERD

WITH ENDOSCOPIC

WWW.MEDCOMIC.COM

MANAGED

SURVEILLANCE

N \

RECETOX

© 2016 JORGE MUNIZ
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Helicobacter pylori

HELICOBACTER PYLORI INFECTION

COMMON PRECURSOR
OF GASTRITIS AND
PEPTIC ULCERS

CURVED
GRAM-NEGATIVE
ROD

RISK FACTOR FOR
GASTRIC CARCINOMA

ORGANISMS SYNTHESIZE
UREASE, WHICH PRODUCES
AMMONIA THAT DAMAGES

THE GASTRIC MUCOSA

TREATMENT:

MULTIDRUG THERAPY
WITH ANTIBIOTICS AND
ACID SUPPRESSANTS

,-5:" <~ AMMONIA ALSO
— NEUTRALIZES ACID PH,

=5 WHICH WS THE ORGANI
k\Q CH ALLOWS THE ORGANISM

2 S

/\\

G

P TO LIVE IN THE STOMACH

WWW.MEDCOMIC.COM

© 2014 JORGE MLUINIZ

MunI
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Inhibitory protonove pumpy (PPIs)

— léCiva — snizuji obsah HCI v zaludku

— substituované benzimidazoly w=spulfonamid

— kovalentni vazba s PP — ireverzibilni inhibice (2-4 dny)

— omeprazol, lansoprazol, rabeprazol, pantoprazol, esomeprazol

— indikace: acidopeptické choroby (profylaxe, |éCba)

hypersekrecni stavy
(ZolingertvEllison(
syndrom)

gastropatiez

nesteroidnich hyperstenicka

refluxni choroba viedova choroba

jicnu zaludku a duodena antirevmatik zaludecéni dyspepsie

— U 30 % jedincl uspésna lécba; u 70 % pacientt IéCba nastavena

nevhodné

Helgadottir & Bjornsson, 2019

Acetylcholine Histamine Gastrin

B g &

IP,/Ca?* p—— IP,/Ca?*
cyclase
k Protem Kinase j

+
i HH/K+ K
\ ATPase /

Acid(HCI) .

MUNI|[RECETOX
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https://www.researchgate.net/publication/337100858_Problems_Associated_with_Deprescribing_of_Proton_Pump_Inhibitors

28

Metabolizace lécCiv

— PPI

Personalizovana medicina

5-0O-desmethyl-OME  3-OH-OME

CYP2C19

CYP3A4

CYP2C19

5-OH-OME OME sulphone

CYP2C19

CYP3A4
Desmethyl-RAB

RAB sulphone

5-OH-LAN

CYP2C19

Non-enzymatic

RAB thioether

CYP2C19

CYP3A4

LAN sulphone

CYP3A4

Desmethyl-PAN  PAN sulphone

Desmethyl-PAN sulphone

Litalien et al., 2005

MUNI|[RECETOX



https://www.researchgate.net/publication/7866179_Pharmacokinetics_of_Proton_Pump_Inhibitors_in_Children

Farmakokineticka variabilita
— Cytochrom P450 — CYP2C19

— Podili se na metabolizmu:

+ omeprazolu (minoritng i CYP3Ad), [ EENER L

*1 standardni enzym
e CI 0)
citalopramu (ze 60 %), *2 PM, inaktivni enzym (aberantni splicing)
 diazepamu,
» na konverzi prolégiva klopidogrelu *3 inaktivni enzym (stop kodon)
*17 UM

na jeho aktivni metabolit,

* | proguanilu.

29  Personalizovana medicina M u N I | R E C E T ﬂ x



CYP2C19 *1 Wild allele

PP *2 ,Poor" allele
B (aberrant splicing in exon)
*17 Ultrarapid allele (promotor)
*1%1/%2%2 *1*1/%1%2 *1%17/%1%2 *1*1/*1*1 *1*17/*1%1 *17%17/*1*1

. MUNI|RECETOX



Frekvence fenotypu dle 1.4 % 16,7 % 37,0 % 7.6 % 37,3%
CYP2C19 haplogenotypu

v éeské populaci
(vysledky nasi studie)

Predikovany fenotyp dle
aktivity CYP2C19 enzymu

H. pylori nalez
negativni [

pozitivni L

Doporucena terapie ( OME ) (LANSO> >
Déavkovani e 50
standardni ——* ((EsomE ) ( LANSO ) S <
e .E N

&

100 — 200 % el

standardniho Pfi selhani PPI terapie

Vlastnosti PPI Autoinhibice u EM

Vyuziti CYP2C19
pfi metabolizaci PPI

Efektivita eradikace
H. pylori

Borilova Linhartova et al., 2018

Interakéni potencial

s klopidogrelem MUNI | RECETOX
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https://www.csgh.info/cs/clanek/personalizovana-terapie-pacientu-s-gastroezofagealni-refluxni-chorobou-metodika-stanoveni-genoveho-profilu-cyp2c19-10938

Farmakogeneticka studie |.
. S h m Utl’ Klinicka a experimentalni gastroenterologie: pivodni prace

doi: 10.14735/amgh20181
— CYP2C19 haplogenotyp AM — funkcni testovani
— optimalizace terapie (davkovani, volba

Personalizovana terapie pacientu

preparatu) pacient(i s GERD dle CYP2C19 s gastroezofagealni refluxni chorobou -
haplogenotypu metodika stanoveni genoveho profilu
— lékové interakce! CYP2C19
Personalized therapy in patients with gastroesophageal reflux
— Amplichip —upgrade — CYP2C19*17 vysoce disease — methodology of CYP2C19 gene profile’s determination

frekventni v Ceské populaci

P. Bofilova LinhartovalZ, L. Bartosova?®, A. Kfenek®, L. Bartos®, J. Dolina®, F. Marek®, Z. Kala®, L. 1zakovifova Holla%?

https://web.archive.org/web/20110906084
820/http://molecular.roche.com/assays/Pa
ges/AmpliChipCYP450Test.aspx

MUNI|[RECETOX
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Each 20 .1’ cell on the array can contain
10’ DNA fragments, or “probes™
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CYP2C19

_ PPI

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

p < 0.001, ¢ = 0.630
0.7 0.1 0.4

Borilova Linhartova et al., 2018



https://www.csgh.info/cs/clanek/personalizovana-terapie-pacientu-s-gastroezofagealni-refluxni-chorobou-metodika-stanoveni-genoveho-profilu-cyp2c19-10938
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CYP2C19

— PPI

* mechanical ventilation
> 48 hours

* coagulopathy

* acute kidney injury

* chronicrenal failure

ventilation

negative gastric
ulcerations

with antibiotic
« functional dyspepsia
treatment

or substituted
benzimidazols

* clopidogrel
* citalopram

acute hepatic failure

*1*2*1*17 (AM)
*1*1*1*2 (IM)
*1*2%1*2 (PM)

| rabeprazole 10 mg

* hypotension
* history of alcohol abuse Risk factor for stress Nosst "
* prolonged nasogastric ulcer-related F NO ¥ zsl refs u (Zr d
tube placement bleeding present? prohylaxis neede:
I
« critically ill patients with +  Zollinger-Ellison syndrome YES
prolonged mechanical * nonsteroid antiflogistics
(NSAID) induced dyspepsia *
Helicobacter pylori- * healing of NSAID-
associated gastric ulcers Stress ulcer
* healing of erosive prophylaxis SUP with GMPs
* H. pylori-related infection esophagitis indicated
therapy —in combination <« gastroesophageal reflux
disease and its various ?
clinical manifestations
(Barrett’s esophagus etc.) YES
y |
* hypersensitivity to PPIs *+ omeprazole and Are PPIs Are HyRAs
esomeprazole Pt YES ¥ o A
S % 2 contraindicated? contraindicated?
coadministration with
nelfinavir or atazanavir | I
NO NO
* diazepam
* others ‘ +
Possible drug-drug
interaction via .
rabeprazole 10 mg YES CYP2C19 SUP with H,RAs
or CYP3A4?
|
NO
Determination
rabeprazole 10 mg NO Is genotyping for | of CYP2C19
CYP2C19 available? YES: 1> haplogenotype
(phenotype)
|
*1*1*1*1 (EM *1*17*1*17 (UM)##
*1*1*1*17 (UM) J##
v .
PPI PPI
v in standard dose in increased dose
omeprazole 20mg omeprazole 40 mg
esomeprazole 20mg lansoprazole 30-60 mg
YES
lansoprazole 15mg pantoprazole 40-80 mg
dexlansoprazole 30 mg PPI
in standard

pantoprazole 20mg

rabeprazole 10 mg

or increased dose

A4

rabeprazole 10-20 mg

l

Serious adverse effect occurs?

MUNI|RECETOX



Lansoprazol

H

@:H? ﬂ

HiC O—CH,CF; HsC  O—CH.CF;

5-hydroxylansoprazol

CYP2C19 CYP3A4

lansoprazol sulfid

HO H

BAY ‘_\‘ N & -\/I\-)':}:_\ N
/>— O y \
N

H3C O_CHchs H3C o—CHch:;

lansoprazol 5-hydroxylansoprazol sulfon

Ho .

N L \l\ 0O
CYP3A4 >s7 N CYP2C19
X 7\

minoritni metabolity

H;C O—CH,CF;

5 Kosma el al. 2016 lansoprazol sulfon IUI u N I | R E C E T u x



Kosma,%20C.%20I.,%20Lambropoulou,%20D.%20A.%20&%20Albanis,%20T.%20A.%20Analysis,%20occurrence,%20fate%20and%20risks

Prediktivni fenotyp

SPATNY INTERMEDIARN( EXTENZIVNI RYCHLY ULTRARYCHLY
METABOLIZATOR METABOLIZATOR METABOLIZATOR METABOLIZATOR METABOLIZATOR

am eéa a ) > . >

HO Ho

N "
] CE . SuQ ﬁ"’)—k{_‘\?
lansoprazol HiG  O—CH.CF, metabolity HC  O—CH.CFs

36 Kosmaetal., 2016 MUNI | RECETUX



Kosma,%20C.%20I.,%20Lambropoulou,%20D.%20A.%20&%20Albanis,%20T.%20A.%20Analysis,%20occurrence,%20fate%20and%20risks

Prediktivni fenotyp

SPATNY

METABOLIZATOR
*1%1/%2%2
C c
A \A
PM
2,2 %

37  Biorender; FDA - guideline

INTERMEDIARNI
METABOLIZATOR

*1%1/%1%2
C c
G \A
IM
18,6 %

EXTENZIVNI
METABOLIZATOR

P

*1*1/*1*1

c
E>§

40,5 %

*1

wild type alela

@|[o]

"2 | aktivity CYP2C19
(aberantni sestfih v exonu 5)
17 T aktivity CYP2C19 (promotor)
RYCHLY ULTRARYCHLY
METABOLIZATOR METABOLIZATOR
< y < y
*1*17/*1*1 *17*%17/*1*1
T T T
G G G
um UM
27,6 % 4,8 %
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https://biorender.com/

Zkoumana kohorty
0 4000 TR0 (v J(C = )
mr MM | 2556% | [ 1414% |

M M MM Frekvencni
FiF i it

495

é N
Prediktivni
fenotyp |

\.
> ) . .
Realny
arzuke (o) _fenoyp

38 Biorender; Borilova Linhartova et al., 2018 'UI |.| N I | R E [: E T U x

LC UV/MS gPCR



https://biorender.com/
http://www.csgh.info/en/article/personalized-therapy-in-patients-with-gastroesophageal-reflux-disease-methodology-of-cyp2c19-gene-profile-s-determination-10938

Metodika

1 plazma
:/. Fi |-I - 1 1 .|I
o B / / Analyza fenotypu

‘ LCUV/LC MS
centrifugace
co oo Lanzul® (30 mg) 9
“ “ “ “ odbér po 3 hod 2000¢g -
‘o (10 min) = 1]

58 jedincu (profylaxe,
|éCba acidopeptické

L _ \ ‘ ‘ plna krev +
choroby) —

dest. voda
9 ml (EDTA) i
| m Analyza genotypu
Vylu€ovaci kritéria: gPCR
 uzivani tfezalky (induktor CYP2C19, CYP3A4 - | ucinku

PPI)

+ Uzivani IéCiv ovlivhujici metabolickou aktivitu CYP2C19
* Rozsah popalené plochy > 20 % TBSA
» Pacienti s hepatalni dysfunkci

39 Biorender MUNI|RECETOX


https://biorender.com/

Metodika

— gPCR _ LCUV/LCMS
_ genotypizace variant *17 a *2 CYP2C19 — kolona: Kinetex C18 (Phenomenex; 100 x 3,0 mm;
commpgs  @TRereO s velikost Castic 2,6 pm)
PRIMER FAM PRIMER
k. U-u-uh” — detekce:
IARERAARERERERAARRRARRRRNEL o , .
SERANEENENEE, JENNEENENE NN NN — La|r1§oprazol — UV detekce pfi 280 nm (detektor diodového
pole
FORWARD O 550 REVERSE — S5-hydroxylansoprazol — MS detekce - Bruker EVOQ Qube
TrrorT VIC Ll trojity kvadrupolovy hmotnostni spektrometr S
elektrosprejovou ionizaci
Trirrrrrerrrv e rreveryrrerrrrrm
PLILE LI bbby N i

MUNI|RECETOX



Frekvence prediktivnich fenotypu CYP2C19
— 495 jedincu — Subskupina 58 jedincu EUR 1,7 mil jedincu

100% 100% 100%

90% 90% 90%

80% 80% 80%

70% 70% 70%

60% 60% 60%

50% 50% 50%

40% 40% 20%

30% ﬁ 30% 30% 5

20% 8,7 ° 20% 20% 6,4 °

10% - 18,0 k’ 10% 10% . —18,5—%
o W os e e ¥

MUNI|RECETOX
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Zavislost plazmatickeé hladiny LAN a OHL

na prediktivnim fenotypu CYP2C19

— p=0,244

Boxplot of LAN by Haplogenotyp
p-value of K-W test (difference in median among groups). p=0.244

M

% EM
uMm
AM
1|~.1 Ef;‘ U’“I‘ AM
42 Gumus et al., 2012 haplogenotyp

OHL

— p=0,975

Boxplot of OHL by Haplogenotyp
p-value of K-W test (difference in median among groups): p-0.976

)

™M

x % ?

HAPLOGENOTYP

M

EM
um

AM

AM )

naplogenotyp i i | RECET 0 X


https://link.springer.com/article/10.1007/s00228-011-1151-z
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Farmakodynamicka variabilita

— Kandidatni geny — receptorové proteiny

— Snizena afinita IéCiva k pozménénému
receptoru

— Chybna regulace obnovy receptoru

— Pozmeénény nebo chybégjici cilovy protein
(strukturni, enzym...)

— Nefunguijici nebo alternativné funguijici
signalni kaskada

— Nedostatek/nadbytek endogenniho
produktu

Personalizovana medicina

I R-warfarin S-warfarin ‘

1l

\‘:J KGHC1

//—\

Vitamin K

&

6-hydroxywarfarin
T-hydroxywartarin

6-hydroxywarfarin
T-hydroxywarfarin
B-hydroxywarfarin
10-hydroxywarfarin

Vitamin K
(epoxidized) (reduced)
Cooox)
e =l
f/f CﬁLI..I>
Activated clotting factors ~— Hypofunctional clotting factors
(I, ViI, 1X, X, PROC, PROS, PROZ) (I, Vil 1X, X, PROC, PROS, PROZ)
D) O
090 O
00O O a)

MUNI|RECETOX


https://pharmrev.aspetjournals.org/content/65/3/987/tab-figures-data

Individualizovana farmakoterapie

Imunofarmakogeneticka studie: 1VIg v terapii TEN

44 Personalizovana medicina

Intraceliular

DUR I PYYAQOATAD SR PRARANY DR RIRARRI D RN NB{
OPUKEN TR0 00 0o S oy ky o2 deddonednkdanuun oba
- FastL sfast
| .\‘ "\\w/‘
N A

Extraceliular

T DOV NG00y NN DR KRN BN R0 n A0
() rmvd nns"lmr(m:n kyorRegeanetnkdadotin e

Intracelilar

Low-dose IVIg therapy ‘

n DYARSRYOO SN PY YN NRN NS SDHHEHAAR AR Y DGR N Y
(0 QA XCED e kyod ReddenedukRaniiin eh e

YN OUREYINNYAURAYGO4)

1) M
O I Ao e i 50 oy !

%
DIk daulo vt

—

l High-dose IVIg therapy

R ] L T R R R R LA T S YAANYY
ODUY A0 02 U0 SOen ey kypr deddeneduk2aauin dha

DURUIREE DD YAOCAYGO MDY AP NSO DHA KRR H AR D4
DMK EERONRu Dnd Xeed ok y b R fgt ey ek daduin obe

DL R R AT A R T R AT Y R T E N S TR
DRYYEARAunypgon e Yeen e kypr vetomnpUnkRanhun et e

DURDXNEEENRYROQNY A HTH0RNFH
OPIKAER QN bmg heuy oy LA AR LR X

Borilova Linhartova a Lipovy, 2020



https://onlinelibrary.wiley.com/doi/abs/10.1111/1346-8138.15583

Individualizovana farmakoterapie
— WGS

\

@Z@nﬁvm fur Kardiovaskulire Genetik und Gendiagnostik “
Dt Gansdkcrsnirm ce SMung e Maoschan mit salsn Kranhaisn

. . o MEDICATION SAFETY CARD
S 2 o o = B =
® o 8) 3 C = o o 2 = o3 )
n 59 &= X I = c2 w C
T £g Q23 o O D8 8E D 2
o 83 ) e DO = o =3 o O :
2 g8 e ST S S €O Pater g
© 3¢ Qo uw oY@ W == 22 8’ (8} MUSTERMANN www.genetikzentrum.ch
QA oo o @ = O L 54 = 01.01.1999 sekretariat@genetikzentrum.ch
Z L0 <B® o = - ZKG-Nr. Z00000 Tel. +41 43 433 86 86
= g > o : o /
= =) ()]
= o @) s h
Gene Phenotype / Status Bos::o or:odm&lon
CYP2C9__ CYPZCOI/3—— ) goavomonolte
CYP2D6 Ultrarapid Metabolizer pharmacogenetic profile
DPYD Gene Activity Score0

F5 Factor V Leiden Heterozygous
/ \ ——— TPMT Poor Metabolizer

Pharmacogenetic Profiling | VKORC1  VKORCT -1639AA (1173TT)
According to the DPWG Guidelines Other genes See QR-Code i

SNVs and indels: e.g. GENALICE MAP
CYP2D6 SVs: Astrolabe, Stargazer, Aldy
Cument genes: CYP2B6, CYP2C9, CYP2C19, CYP2D6, CYP3AS,
\ DPYD, F5, HLA-B, SLCO1B1, TPMT, UGT1A1, VKORC1 /

\Oa'adw 01.01 2020, ZKG-Nr. Z0C020 bio-logis

MUNI|RECETOX
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https://www.researchgate.net/publication/340349007_Added_Value_of_Clinical_Sequencing_WGS-Based_Profiling_of_Pharmacogenes/figures?lo=1

Individualizovana farmakoterapie

— Testovaci panely

Cardiovascular Panel
Determine which drugs (beta blockers, calcium channel blockers, blood-

thinners, etc.) work best for your patient based on individual genetic

variants.

Pain Management Panel

Identifies genetic traits that affect how an individual will react to the

effects of certain types of frequently prescribed pain medications.

Mental Health Panel

Reveal genetic characteristics that affect the metabolism and efficacy of

psychiatric medications.

PGx 74 Panel CYP2D6 Panel Assays by Agena
Each 20 .’ cell on the array can contain
Panel Panel

46  Personalizovana medicina Amplichip CYP450 Test M u N I | R E [: E T l] x

http://agenabio.com/areas-of-interest/pharmacogenetic-solutions/  http://personalizedhealthsolutions.com/services/phari



https://web.archive.org/web/20110906084820/http:/molecular.roche.com/assays/Pages/AmpliChipCYP450Test.aspx

Individualizovana farmakoterapie

— VysSetreni
— Farmakogenetické
vySetfeni se provadi Abakavir ALA-BTST0L
z nesrazlivé periferni krve Azathioprin TPMT
odebrané do EDTA (2 ml). 6-merkaptopurin
6-thioguanin
— Prevence vyskytu Irinotekan UGT1A1
neiédOUCiCh l’lélnkﬁ Warfarin CYP2C9, VKORC1
Opioidy CYP2D6, OPRM1
— Predikce ucinnosti
Klopidogrel CYP2C19
Tamoxifen CYP2D6
Herceptin HER2

MUNI|RECETOX

47  Personalizovana medicina



48

Individualizovana farmakoterapie

— VysSetreni

Personalizovana medicina

Lécivo Biomarkery

Cetuximab

Dasatinib

Erlotinib

Gefitinib

Imatinib

Maravirok

Nisotinib

Panitumumab

Rasburikaza

Trastuzumab

EGFR, KRAS
Ph+ CML
EGFR
EGFR-TK
Ph+ CML
CCR5

Ph+ CML
EGFR, KRAS
G6PDH

HER2

MUNI|RECETOX



PGXx

— Databaze

Pharmacogenetic and Pharmacogenomic KnowledgeBase (PharmGKB)
_ CIL: vytvorit dokonaly zdroj informaci o interakcich mezi genetickou variabilitou a Iékovou odpovédi

www.pharmgkb.orqg

— Clinical Pharmacogenetics Implementation Consortium (CPIC)
_ CIL: vytvorit volné dostupné, recenzné hodnocené doporudeni pro davkovani l&giv pro ty, ktefi maji pfistup k

preventivhimu genetickému testovani

— ,,CLINOMICS“ (Aplikovana klinomika) — studuje genomicka data spole¢né se souvisejicimi daty klinickymi

MUNI|RECETOX
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http://www.pharmgkb.org/
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Personalizovana medicina
Mikrobiom a farmakoterapie

doc. RNDr. Petra Bofilova Linhartova, Ph.D., MBA
Ustav Iékafské genetiky, LF MU

50
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Lidska mikrobiota a mikrobiom
— Uvod
— Mikrobiota

» Tvori 1-3 % télesné vahy Clovéka

« Komplexni ekosystem dle specificke lokalizace a
podminek

* 10x vice bakterii nez je bunék v lidském téle

— Mikrobiom je soubor genu vSech mikroorganizmu osidlujicich
lidské tkané a tekutin
g A
- JedinecCny otisk {@
* Projekt ~

* 100x vice genu mikrobiomu nez v lidském genomu (27 tis. genu)

51 Personalizovana medicina

Characterization of the microbiomes
of healthy human subjects at five
major body sites, using 16S and
metagenomic shotgun sequencing.

Characterization of microbiome and ‘
human host from three cohorts of

microbiome-associated conditions,
using multiple ‘omics technologies.

o
Enter iHMP

MUNI|RECETOX


https://hmpdacc.org/hmp/overview/
https://link.springer.com/chapter/10.1007/978-3-319-96830-8_39

Clovék Lidska mikrobiota

— Filozoficky pohled

— Mozek — Eukaryota — Spojivky
« Osobnost a mysleni « Houby _ Ustni duting
* Prvoci

— Imunitni systém
d — Dychaci cesty

 Adaptivni IS — Bakterie
— Milécéné zlazy
— Genom _ Archaea
— GIT
* Fenot _
yP — Viry
— Kuize

— Urogenitalni trakt

Rees et al., 2018 MUN I | RECETUK
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https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.2005358
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Lidska mikrobiota

— Mozek

— Osa strevo-mozek

 Stres, deprese, autismus, PD, AD

* Regulace pomoci pre- a probiotik

— SCFA reguluji GPR41-
zprostredkovanou aktivitu

sympatického NS — E vydej

— Tryptofan ma primy vliv na spanek

— Neurotransmitery

— Cytokiny

Personalizovana medicina

Mood, cognition,

Hypothalamus emotion

CRF
A J
Pituitary
ACTH
Y
Adrenals
Circulation —
S A A
Cortisol| /D
Enteric metabolism
muscles .

Eﬁith;:i‘iun.i‘) I 10|

J ~
Gut
Q-‘ microbiota
' o
Q" {
¢ !

Intestinal lumen

Kimura et al., 2011 Jenkins et al., 2016 Cryan a Dinan, 2012
Nature Reviews | Neuroscience



https://www.ncbi.nlm.nih.gov/pubmed/21518883
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4728667/
https://www.ncbi.nlm.nih.gov/pubmed/22968153

Dietary fibres or

¢ Pathogen
resistance starches

exclusion

y
NN,

Commensal bacteria

SCFAs (acetate, butyrate
and propionate)

Lidska mikrobiota _ e

—jl

— Imunitni systéem

GPR109A

HDACs

Apoptosis

— SC FA TEpith[“ | T Mucus GPR41 } GPR431 '
- Stimulace produkce stfevniho hlenu ¢ \MV
- Diferenciace B bunék na plazmaticke e
bunky produkuijici Ig i ?. 5
« Spojeny s protizanétlivym fenotypem setwation -
(inhibice histonovych deacetylaz)
. — pr
— Bacteroides fragilis PSA 118 secvetton]
* Indukce CD4* T lym profil — indukce B cell
Treg a suprese Thl7 a Thl "a’T;cé'usand"* i

toljerogenic DCs

T Gut homeostasis

! Neuroinflammation | L Allergic airway
T Microglial cell inflammation
activation L T,2 cell responses

— Niacin, tryptofan, taurin (inflamazom)

|
L

Rooks a Garrett, 2016
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Hyperacetylation

Histones L

Belkaid a Hand, 2014

Nature Reviews | Immunology



https://www.nature.com/articles/nri.2016.42
https://www.ncbi.nlm.nih.gov/pubmed/24679531

/

Metabolity hostitele

%
ey w
o

“

*
o
e
Modifikované
metabolity hostitele

Strevni mikrobiota
. é

fec

Mikrobialni
metabolity
-3

Lidsky mikrobiom N
— ,Druhy genom" ?ifré%'iota
— Epigenetické modifikace

N

¥

Zména v metabolizaci xenobiotik hostitelem

— Metabolizace xenobiotik (nepfimo/pfimo)

e
Active

— Personalizovana terapie

Inactive

e

Prolécdivo Lécivo nebo metabolit

4 4 7\
" e @

Selective
bacterial
growth

. Toxic
Active metabolite

Antimicrobial

.

55  Personalizovana medicina Spanogiannopoulos et al., 2016 Savers et al., 2018



https://www.ncbi.nlm.nih.gov/pubmed/26972811
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6613334/

Lidska mikrobiota

— Farmakoterapie 9
(@)
: : . oH \
— terapie pacienta se Digoxin \H
srde¢nim selhanim nebo U \Cj,o ‘0 OH

arytmii pomoci digoxinu
— Eggerthella lenta — bézné,

OH
. e 4 20R)- dlhydrodlgoxm H
jen specificky kmen s geny ( 0'

cgrl a cgr2 inaktivuje

digoxin gg
— Arg inhibuje operon cgrl / %
.
cgr2 geny



https://elifesciences.org/articles/33953

Lidska mikrobiota

: O
_ FarmakOteraple Tegafur 5-Fluorouracil Bromovinyluracil Sorivudine
Sy T O o HN X
— oralni antivirotikum NH = |
_ _ HN o) N
SO”VUdln O (YI"’A() /K )\ _ Gut microbiome HO
o N 0
Ll 4 r ry n H Ho
— protinadoroveé léecCivo Q -
NAPDH NAPDH =
t f —<— ( Dihydropyrimidine ) ——s>- OH
egaiur NADP dehydrogenase NADP
(DPD)
— Bacteroides sp. 0 )
\ Br
HN
)\ Dihydrobromoviny luracil
o u (reactive intermediate)
Covalent binding
\P http://www.discoverymedicine.com/Alain-Li-Wan-
Polfiles/2013/05/discovery_medicine_no_84 alain_li
-wan-po_figure_2.jpg.jhtml?id=2]attachment_11
& /
a-Fluoro-f-alanine &
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Hostitelsky mikrobiom

— Vize

— Interakce mezi hostitelem a mikrobiomem — kombinace pfistupu

DNA-Based

Approaches

Whois there?
What can they do?

16SrRNA, 18S, ITS gene
sequencing

58 Personalizovana medicina

RNA-Based

Approaches

How do they respond?
What pathways are
activated?

metatranscriptomics

i

O —>G$j

enzymes

Protein-Based
Approaches

How are they interacting
with the host?
What proteins are being
produced?

Metabolite-Based
Approaches

What are the chemical
outcomes of their activity?

metabolomics

metaproteomics

Go_ ey [ 7

S Bl
- L

Current Methods for Studying the Human Microbiome, 2017



https://www.nap.edu/read/24960/chapter/6#51

Farmaceuticky vyzkum

— Vize

— Vyvoj léCiv:

« s vySSi uCinnosti (identifikace genu tzv. ,drug targets”)

s niz8imi NU (stanoveni individualni genetické predispozice pacienta + PREDIKCE

ucinnosti/toxicity potencialnich lIéCiv na zakladé zmén v profilu genové exprese)

« pro cilenou a kauzalni terapii, tj. genovou terapii (identifikace genu asociovanych s

patogenezi choroby)

— Postaveni farmakogenetiky a farmakogenomiky je krucialni.

59  Personalizovana medicina






Informace o dusevnim vlastnictvi

— Tato prezentace je autorskym dilem vytvorenym zamestnancem Masarykovy univerzity.
— Studenti kurzu/predmétu maji pravo pofridit si kopii prezentace pro potreby vlastniho studia.

— Jakékoliv dalsi sireni prezentace nebo jeji Casti bez svoleni Masarykovy univerzity je v

rozporu se zakonem.
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