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Personalizovana medicina

Definice
— Multidisciplinarni védni obor, zabyvajici se optimalizaci
|éEebnych a diagnostickych postupu u konkrétniho

pacienta s vyuzitim modernich metod.

Farmakoterapie respektujici individualni predispozice

pacienta

* vybeéer vhodné kombinace IéCiv pro dosazeni maximalni
uginnosti a minimalizace rizika Iékovych interakci a NU

» specifické davkovani
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Farmakoterapie

v

Faktory ovlivaujici ucCinnost a bezpecCnost
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Farmakoterapie

Odpovidavost Nonresponder Respondeér

— PFiginy NU o bezNU

* vnéjSi (adherence k lécbe...) %P \ / w
Q ﬂ Q
AL

* vnitfni (vrozena predispozice...) O @,
O
I Wo

[
Respondér - Nonresponder
NU / bez NU
ﬁ ZGP

oMTHFR
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Farmakoterapie

Individualizace farmakoterapie — klinické hodnoceni IéCiva

Stanoveni
genetického
profilu

v
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Respopdér
bez NU

Respondér
s NU

Non,respondér
s NU

Nonreg,pondér
bez NU

Dalsi
faktory!

Ocekavana odpoved’
pri standardni davce

Risk/benefit?

Testovani davky?
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Farmakoterapie

Limitace

— Geneticke faktory
* nezbytna predchozi identifikaci vyznamnych
genovych polymorfizmu na zakladé
dlouhodobych klinickych vyzkumu
« variabilita lekové odpovedi neni obvykle dana
jen variabilitou jednoho genu (monogenni
variabilita) ale variabilitou mnoha genu
(multigenni variabilita)
» nékteré genetické faktory jsou na sobé

nezavisle, jiné zavislé

Personalizovana medicina

— Haplotypova dedicnost — nekteré genové

polymorfizmy se sdruzuji do bloku —

haplotypu, které se dédi spole¢né

~_ CYP2C19

s 2 R & g &

GO - T 8 8
—T-i'T—A'i'T CHG *17
~cHcHeHT cHeF *aa
STHTHeHT CHGF *aB

----------------- Klein a Ritchie, 2017 I\/I U
M E

I
D
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https://ascpt.onlinelibrary.wiley.com/doi/full/10.1002/cpt.928

v

Farmakoterapie

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

|ékova odpoveéd pacienta mohou byt témito vnéjSimi faktory ovlivnény.

— Genetické a negenetické faktory vedou k individualni odpoveédi na Ié€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
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Farmakogenetika vs. farmakogenomika ex

Definice

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

— Genetika — véda o dédiCnosti
Farmakogenetika se zaméruje na variabilitu odpovédi na lIécivo vyvolanou jednotlivymi

genovymi polymorfizmy.

— Genomika — podobor molekularni biologie zabyvajicich se lidskym genomem jako celkem

Farmakogenomika se zaméruje na variabilitu odpovédi na IéCivo vyvolanou variabilitou

vV genomul.
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Farmakogenomika

Definice

— 1997 A. Marshall Marshall, 1997

— identifikace a genetické ur€eni tzv. ,,drug targets*

v .

(cilovych struktur lIéCiva) - vyvoj ucinnéjSiho léCiva
s mensSim poctem nezadoucich ucinku

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

— zkouma vztah ucCinku léku na urovni celého

genomu, resp. transkriptomu

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

Farmakogenetika

Definice

— 1959 F. Vogel Vogel, 1959

— studuje rozdilné Gcinky léciva u rozdilnych pacientu in vivo, které jsou dany
pritomnosti dédi¢nych 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

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

Farmakogenetika

Kandidatni geny

Geny, které koduiji:

— enzymy, zapojené v metabolizaci |éCiva
— receptorove proteiny

— membranove transportery

— proteiny iontovych kanalu

11 Personalizovana medicina

Variabilita
v kandidatnich
/ genech
Farmakokinetika Farmakodynamika
lé¢iva léCiva

Variabilita

odpoveédi

na lécivo
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Farmakogenetika

Variabilita genomu

— Frekvence v populaci: vzacna

mutace x polymorfizmus

— Variabilita mezi jedinci i mezi

populacemi

— Individualni rozdily ve

farmakokinetice/farmakodynamice

12 Personalizovana medicina

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

Hernandez-Suarez et Mixed (Latin

al., 2018 .
Americans, Puerto
Rico)

Fricke-Galindo et al., Caucas|ans
2016

(Sweden, Norway,
Finland, Denmark)

Fricke-Galindo et al., Caucasians
2016

(Greece, ltaly,
Portugal,
Spain)

Arici M|Xed
et al., 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 < 6 months, women breastfeeding infants aged < 6 months, E}uo I ?Jr?’oe\/ciﬁzb?e = ng
- women breastfeeding older infants unless they are known not to be G6PD deficient) *
_ Hemolyticka \ 4
emo yt cka [ Qualitative G6PD 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

ooooooooooooooooooooooooooooo
...........
""""""
......
.
o’
.

under

blood fransfusion available ... T
.............. MU
M E

.
LT
ey
tea,
.......

WHO, 2016
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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 |éCiva — biotransformacéni enzymy

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

|. faze biotransformace _?E\P(y;‘gf [l. faze biotransformace
epoxide CYP2A PATZ
hydrolase FANTERE NAT1 [/
S esterases | ihers CYP2B6 GST-M
CYP2C8
others g G511
GST-P
- GST-A
CYP2C9
ALDH~— CYP2C19
STs
UGTs
CYP2D6
CYP3A4/5/7
HMT
N\ \
CYP2EA1 COMT IVI
TPMT Evans a Relling, 1999
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https://science.sciencemag.org/content/286/5439/487/F2

Farmakokineticka variabilita

Biotransformacni enzymy

— Snizeni aktivity daného enzymu — ZvysSeni aktivity daného enzymu
Zpomaleni metabolickych déju Zrychleni metabolickych déju

— zpomalené odbouravani |éCiva — zrychlené odbouravani léCiva
— hromadeéni Ié€iva v organizmu — nedostatecna koncentrace
— rust NU azZ intoxikace lé&iva v organizmu

— nedostatecna ucinnost léciva

— U proléCiva muze snizena aktivita enzymu

znamenat vytvoreni nedostateéného mnozstvi — Zmena genove exprese
aktivniho metabolitu a nedostate¢nou ucinnost — Zména vazebné afinity k substratum
|éCiva. MUNI
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CYPZ2D6a CYP2C19

Farmakogenetika e
Kategorizace pacientu — predikce farmakokinetiky 5 | | / !’ :&:

_ Spatny metabolizér (poor, PM) _‘wj ” - Mo

— Intermitentni metabolizér (intermediate, IM) 3- Eﬁgf;g;ge, IIMnF":‘n;ss;aetf Poor Metabolizer
— Normalni metabolizér (normal/extensive, EM) i * mn ﬁ,'* **

— Rychly/ultrarychly metabolizér (rapid/ultra rapid, UM) ™ /_1 P %

0.1 1 10 100 MRsg

Zanger a Schwab, 2013
@ PM @ M @D M @ vm

poor intermediate extensive ultra-rapid
metabolizer: metabolizer: metabolizer: metabolizer:
two one functional two functional duplication of
nonfunctional and one alleles, normal functional
alleles, little or nonfunctional drug dlleles,
no drug allele, metabolism increased rate
metabolism decreased and

drug thoroughness

metabolism of drug

metabolism IVI U N I
ED

16 Personalizovana medicina https://www.aruplab.com/topics/pharmacogenetics I\/|


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

Farmakokineticka variabilita

Cytochrom P450 — CYP2C19

— Podili se na metabolizmu:

+ omeprazolu (minoritng i CYP3Ad), LR

*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.

==
m e
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Metabolizace léciv

PP
5-O-desmethyl-OME  3-OH-OME
CYP2C19 CYP3A4 | CYP2C194 CYP3A4
5-OH-LAN LAN sulphone
CYP2C19
5-OH-OME OME sulphone
CYP2C19 CYP3A4
CYP2C19 Non-enzymatic Desmethyl-PAN  PAN sulphone
D thyl I(Q:ZI:?)M >T
esmethyl-
Y RAB thioether
RAB sulphone Desmethyl-PAN sulphone
18 Personalizovana medicina Litalien et al., 2005
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https://www.researchgate.net/publication/7866179_Pharmacokinetics_of_Proton_Pump_Inhibitors_in_Children

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

v ¢eské populaci
(vysledky nasi studie)

Predikovany fenotyp dle
aktivity CYP2C19 enzymu

H. pylori nalez

negativni -
pozitivni =
Doporucena terapie >
Davkovani =8
| 5
standardni — S <
= N
&

100 — 200 %  —pp

standardniho

Pfi selhani PPI terapie

Vlastnosti PPI Autoinhibice u EM

Vyuziti CYP2C19
pfi metabolizaci PPI

Efektivita eradikace
H. pylori

Interakéni potencial
S hopldogreIem Borilova Linhartova et al., 2018

19 Personalizovana medicina

= =
m e
O =


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

Farmakodynamicka variabilita

Kandidatni geny — receptorové proteiny

— Snizena afinita Ié€iva k pozménénému
receptoru

— Chybna regulace obnovy receptoru

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

— Nefunguijici nebo alternativné funguijici
signalni kaskada

— Nedostatek/nadbytek endogenniho
produktu
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R-warfarin S-warfarin ]

1l

avpasn)
\E-’"_f_P-IEDs ,,-"

B-hydroxywarfarin &-hydroxywarfarin
T-hydrowywarfarin T-hydrosywartarin
8-hydroxywarfarin I\HKDHC1
10-hydroxywarfarin //___\
Vitamin K Vitamin K
(epoxidized) (reduced)
Cosen)
.-—'T_-h
( caw ;
Activated clotting factors —— Hypofunctional clotting factors
(I, Vi, X, X, PROC, PROS, PROZ) (1, VI, 1X, X, PROC, PROS, PROZ)
— N e—
0900 elC®le
00O O

Johnson a Cavallari, 2013 IVI



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

Individualizovana farmakoterapie

Imunofarmakogeneticka studie: 1VIg v terapii TEN
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Low-dose IVIg therapy
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Borilova Linhartova a Lipovy, 2020


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

Individualizovana farmakoterapie

WGS

Patients
with suspected hereditary
rare disease
Sequencing
PE150 60x
Filtering &
Interpretation

()]
& C
=
= =
.0
—

©
<‘:>

e.g. GENALICE MAP

]

- yr
N 4

e.g. VarSeq, Moon, Nexus
Copy Number

@ Pharmacogenetic Profiling

According to the DPWG Guidelines

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

.

/
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Genetic Counseling

\

ghnwm fur Kardiovaskulire Genetik und Gendiagnostik “
Dt Ganstirantrm cee SENung T Manschan min sabasn Keand s

MEDICATION SAFETY CARD

Peter Contact
MUSTERMANN www.genetikzentrum.ch
01.01.1999 sekretariat@genetikzentrum.ch
ZKG-Nr. Z00000 Tel. +41 43 433 86 86 )

\Da'.edswa 01.01 2020, ZKG-Nr. Z0C020 bio-logis

N
Gene Phenotype / Status B.Sg\. ol:odlctélon
CYP2C9 _ CYP2C9*1/3 : Skt

date version of the

CYP2D6 __Ultrarapid Metabolizer pharmacogenetic profile
DPYD Gene Activity SCOr6 0 persnalised iherapy
F5 Factor V Leiden Heterozygous icns are 1o
TPMT Poor Metabolizer bl

VKORC1  VKORCT -1639AA (1173TT) genetikzentrum ch
Other genes See QR-Code

Caspar et al., 2020
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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
10’ DNA fragments, or “probes”
CYP2CO9/VKORCT CYP2C19
Panel Panel \/I U N I
i 3 ici Amplichip CYP450 Test
23 Personalizovana medicina b b http://agenabio.com/areas-of-interest/pharmacogenetic-solutions/ I\/l E D

http://personalizedhealthsolutions.com/services/pharmacogenomics/


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

Individualizovana farmakoterapie

VysSetreni

— Farmakogenetickeé
vysetreni se provadi
z nesrazlivé periferni krve

odebrané do EDTA (2 ml).

— Prevence vyskytu
nezadoucich ucinku

— Predikce ucinnosti

24 Personalizovana medicina

Abakavir
Azathioprin
6-merkaptopurin
6-thioguanin
Irinotekan
Warfarin
Opioidy
Klopidogrel
Tamoxifen
Herceptin

HLA-B*5701
TPMT

UGT1Al
CYP2C9, VKORC1
CYP2D6, OPRM1

CYP2C19

CYP2D6

HER?
MUNI
MED



Individualizovana farmakoterapie

VysSetreni
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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
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PGX

Databaze

Pharmacogenetic and Pharmacogenomic KnowledgeBase (PharmGKB)

— CIiL: vytvorit dokonaly zdroj informaci o interakcich mezi genetickou variabilitou a Iékovou

odpovédi www.pharmgkb.org

— Clinical Pharmacogenetics Implementation Consortium (CPIC)
— CIL: vytvorit volné dostupné, recenzné hodnocené doporuéeni pro davkovani 1é8iv pro ty,

kteri maji pristup k preventivhimu genetickému testovani

— ,,CLINOMICS* (Aplikovana klinomika) — studuje genomicka data spolecCné se

souvisejicimi daty klinickymi

26 Personalizovana medicina
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Personalizovana medicina
Mikrobiom a farmakoterapie

c}oc. RNDr. Petra Borilova Linhartova, Ph.D., MBA
Ustav lekarske genetiky, LF MU
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Lidska mikrobiota a mikrobiom
Uvod
— Mikrobiota

* Tvori 1-3 % télesné vahy Clovéka

« Komplexni ekosystém dle specificke lokalizace a
podminek

* 10x vice bakterii nez je bunék v lidskem téle
— Mikrobiom je soubor genu vSech mikroorganizmu osidlujicich
lidské tkané a tekutiny

A
» JedinecCny otisk !{n@

* Projekt

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

28 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. é

Enter iHMP I\/I U I\I I

NIH Human Microbiome Project
Arnold et al., 2019 I\/| E D



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

X ~ > : £ oo :
Clovek C— Lidska mikrobiota

Filozoficky pohled

— Mozek — Eukaryota — Spojivky
» Osobnost a mysleni » Houby _ Ustni dutina
— Imunitni systém * Prvoci S
— Dychaci cesty
 Adaptivni IS — Bakterie
— MIlécné zlazy
— Genom — Archaea
* Fenot _ — GIT
yP — Viry
— Kaze

— Urogenitalni trakt

MUNI
ED

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

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

30 Personalizovana medicina

Mood, cognition,

Hypothalamus emotion

CRF
\J
Pituitary

ACTH

Adrenals
Vaqus nerve

Circulation

{Cytokm A A
9!“59’[' " Immune /D
((lls( W, |
U/ Tryptophan
Enteric (U/ metabolism
muscles U p
(u
cpuneturs’ | O ©| OO [0 10\
J ~ 9
Gut J C-/f/
Q\ microbiota
. :
Qn‘ Neurotransmitters |
° ; _2? N, V,
Intestinal lumen Cj \\ =

Kimura et al., 2011

Jenkins et al., 2016 Cryan a Dinan, 2012 IVI U I\I I
ED

Nature Reviews | Neuroscience I\/|


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

Lidska mikrobiota N fdi%o — c; scos et burace
Imunitni system é\; [Cmmeigalbam JH “ ,

— SCFA T Mucus GPR41 ]GPR43] | GPR109A Cilsi
barrier
- Stimulace produkce stfevniho hlenu (m\m

 Diferenciace B bunék na plazmatické —
buniky produkujici Ig metabolism

Goblet cell

j [—} HD-/I\-Cs

Signal
transduction Apoptosis |

Hyperacetylation

Inflammasome
activation

* Spojeny s protizanétlivym fenotypem

(inhibice histonovych deacetylaz) AN " istonds
\ : ?FOXP3
— Bacteroides fragilis PSA _@ (S TF@ J
~ CD4*T cell

* Indukce CD4* T lym profil —indukce

| 7T, cells and | S

Treg a suprese Thl7 a Thl |_toferogenic DCs \ DC
7 Gut homeostasis |
— Niacin, tryptofan, taurin (inflamazom) e

[4 Allergic airway
inflammation

LT,2 cell responses I\/I

! Neuroinflammation
Tl Microglial cell
activation
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https://www.nature.com/articles/nri.2016.42
https://www.ncbi.nlm.nih.gov/pubmed/24679531

Lidsky mikrobiom

,Druhy genom"”

— Epigenetické modifikace
— Metabolizace xenobiotik (nepfimo/pfimo)

!

— Personalizovana terapie
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forma forma metabolit
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Anti- Selektivni
mikrobialni bakterialni
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https://www.ncbi.nlm.nih.gov/pubmed/26972811
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6613334/

Lidska mikrobiota

Farmakoterapie

— terapie pacienta se

srdeCnim selhanim nebo
arytmii pomoci digoxinu

— Eggerthella lenta — bézné,
jen specificky kmen s geny
cgrl a cgr2 inaktivuje
digoxin

— Arg inhibuje operon cgrl /
cgr2 geny
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https://elifesciences.org/articles/33953

Lidska mikrobiota

F arm akOte rap 1€ Tegafur 5-Fluorouracil Bromovinyluracil Sorivudine
0 0 HN | X

— oralni antivirotikum NH

SorIVUdIn 0 (YI’2/\6 /& )\ __ Gut microbiome HO
0] ” - o)
— protinadorove lécCivo Q @ HO
NAPDH S

NAPDH OH

~€—— | Dihydropyrimidine | ——3

teg afur NADP dehydrogenase NADP
(DPD)
— Bacteroides sp. ) )
\ Br
HN
)\ Dihydrobromovinyluracil
0 {:" (reactive intermediate)

http://www.discoverymedicine.com/Alain-Li-Wan-

Po/files/2013/05/discovery_medicine_no_84_alain_li
-wan-po_figure_2.jpg.jhtml?id=2|attachment_11

o)\u/ MB“

a-Fluoro-B-alanine <
(mactive)
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Hostitelsky mikrobiom

— Interakce mezi hostitelem a oralnim mikrobiomem — kombinace pfistupu

DNA-Based RNA-Based Protein-Based Metabolite-Based
Approaches Approaches Approaches Approaches
Whois there? How do they respond? How are they interacting What are the chemical
What can they do? What pathways are with the host? outcomes of their activity?
activated? What proteins are being
165rRNA, 185, ITS gene ) ) produced? metabolomics
sequencing metatranscriptomics

metaproteomics
w
mRNA v ‘ ‘
metagenomics ! t o @ ol ;—Eféf;gé /
E ©) ! iy
\\—,,{ /

Ny 0_>E2§j
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https://www.nap.edu/read/24960/chapter/6#51

Farmaceuticky vyzkum

Vize

— Vyvoj léCiv:

« s vySSi u€innosti (identifikace gena 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.

=
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Informace o dusevnim vlastnictvi

— Tato prezentace je autorskym dilem vytvorenym zamestnancem Masarykovy univerzity.
— Studenti kurzu/pfedmétu maji pravo poridit si kopii prezentace pro potreby vilastniho studia.

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

rozporu se zakonem.
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