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Genova terapie a
farmakogenetika



Farmakogenetika



m Na zakladé interdisciplinarniho integrace
znalosti farmakologie a genetiky popsat
vliv dedicnosti na odpoved organismu na
ruzné leky.

» Farmakogenomika
v Farmakodynamika: popisuje zadouci Ci
nezadouci uc€inky ekl na organismus
(lek— organismus)

v Farmakokinetika: se zabyva hladinami Iéku
a jeho metabolitt v ruznych tkanich a
vstrebavanim lekd, jejich distribuci,
metabolismem a eliminaci

(organismus — l€k)
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Faze a faktory rozhodujici o reakci subjektu na 1é¢ivo
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Vztah ke genum

m Temeér kazda draha metabolismu léku, jeho
transportu nebo aktivace je ovlivhéna
genetickou variabilitou.

Klinicka variabilita v odpovedi
Riziko vedlejSich ucinku
Genotypove specificke davkovani
Polymortni cile léku



20-90% individualni
odpovidavosti na
predepsanou léCbu souvisi
s genetickou variabilitou.

59% z 27 nejcCastéji
citovanych léku s ohledem
na nezadouci ucinky -
genetické varianty se
snizenou funkci nebo
nefunk¢nosti proteinii.

geneatically
predisposed

unaxpecisd outcoma

® serous side effects
® nadequale response

I Fatients under I
drug treatment
NEJM 348; 529-538, 2003 / JAMA 286; 2270, 2001) 7
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Vyhody ,,Genomické mediciny”
— klinicky potencial

m Odhaleni onemocnéniv = ZlepSeni vybéru cilu ve

ranem stadiu, kdy je vyvoji Iéku a snizit Cas,
snadnéjsi ucinne lecit; naklady a selhani

= Usnadnéni vybéru Klinickych zkousek;
optimalni Ié€by a omezit = Duraz na prevenci;
lecCbu pokus-chyba; m SniZeni celkovych

m Snizeni vyskytu nakladu na zdravotni
nezadoucich udinku; péedi.

m Zvyseni odpovidavosti
pacienta na lecbou;



Kolik lidskych genu predstavuje cile sou€asnych
léku?

1) ~500 (5% celkového genomu)
2) ~1,000 (10%)

3) ~5,000 (25%)

4) ~10,000 (50%)

5) ~ 15,000 (75%)

6) ~20,000 (100%)



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

» Individualni odpovéd' jedince na terapii muze
zalezet na genech, vstupujicich do interakce s
metabolismem Iéku nebo jeho pusobenim.

11
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" Tfaktord u multigennich nemoci- 10

otazek
Jak dulezité jsou genetické vlivy i nejcastéjSich
forem multigennich nemoci?
Jaky je vliv prostredi na vznik nemoci?

Které jsou nejslibngjsi pristupy k determinaci
genetickych faktort pro nemoc?

Které geny jiz byly vybrany jako vnimavé?

Které cesty prispivaji ke genetické vnimavosti pro
danou nemoc?

Jak mnoho genu se podili na vnimavosti k nemoci
ucastni?

Jsou nejcastejsi formy multigenni nemoci
asociovany s castou nebo vzacnou genetickou
variabilitou v populaci? (hypotéza Casta

variace/Casta nemoc vs. geneticky heterogenni
model)

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

Jako dulezité jsou pro danou nemoc interakce
geny-prostredi a geny-geny?
Jakeé jsou dusledky pro farmakogenetiku?

12



Kandidatni geny - asociace
» S Intermedialnim fenotypem
» S klinickou manifestaci nemoci

» S klinickou zavaznosti nemoci
»S odpovidavosti nemoci na lecbu

13
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Typy genetickych studii

m Linkage

m Asociacni

m Case-control (,susceptibility genes”)

m Case-case

m Genotyp-fenotyp (,genes modulators®)

14
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Klinicky relevantni genetické polymorfismy ve vztahu k vedlejsim

I 4

ucinkum léku

Gene” | Polymorphism Minor allele frequency”  Drug(s) Genetic association Refs
Drug metabolizing enzymes |
TPMT Multiple 0.39% of Caucasian popu- Thiopurines Hematological toxicities [19-22]
lation cairy two nonfunc-
tional alleles
CYP2D6 Multiple 1-24% of Asians and Numerows cardiovascular Enhanced drug effect and [19,23-25]
African descent and 6-8%  diugs, antidepressants  increased toxicity
of Caucasians cairy two antipsychotics Codeine
nonfunctional alleles
Decreased drug efficacy [26,27]
CYP2CO *2 (Arg144Cys) 0.02-0.10 Wanrfarin Increased bleeding risk, de-  [28-30]
creased dose requirements
#3 (lle359Leu) 0.02-0.08
Drug Transporter
ARCE{I 3435C—T (Ilel 1451le) 0.10-0.50 Numercus., including an- Differences in plasma ding  [3.31-34]
ticonvulsants, protease in- concentration and efficacy
hibitors, digoxin and others
Drug-targets or pharmacological response proteins
ADRREI Serd9Gly 0,15-0,30 B-blockers Blood pressure lowering by [35,36]
B-blockers
Arg3B0Gly 0.25-0.47
ADRB3Z Argl6Gly 0.41-0.54 B-agonists Bronchodilation and car- [37.38]
diovascular responses to -
agonists
Gln27Glu 0.07-0,35
DRD2Z ServGly 0.30-0.70 Antipsychotics Differential antipsychotic [39-41]
efficacy, antipsychotic-
induced tardive dyskinesia
and acute akathisia
ADD Gly460Trp 0.06-0.60 Diuretics Differential antihyperten- [42-44]
sive response and differ-
ences in degree of reduc-
tion in risk for myocardial
infarction and stroke in hy-
pertensives
OGNE3 CH25T (creafes splice vari- (.32-0.76 Diuretics, antidepressants Differential drug efficacy [45.48]
ant)
APOE €2 Cysl30 and Cysl76 0.04-0.16 Tacrine, statins Differential diug efficacy [47—49]
g3 Cys130 and Argl 76 0.60-0.85
g4 Argl30and Argl76 0.09-0.25
F5 Arg506GIn (Factor V Lei-  Absent to 0.04 Estrogen, oral contracep- Increased wenous throm- [50.51]

den)

tives

boemboelism risk
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genetické polymorfismy
ve vztahu k uc€innosti lékl

Disease Treatment Comment Reference
M3-AMIL. all rrans-retinoic acid Patients with PLAZF/RARA  [4]

fusion are not responsive to

retinoids,
Glioma carmmstine, BCNU Only tumors with CpG  [22

methylation of the
promoter of the O°-
methylguanine-DNA-
methyltransferase gene
espond to treatment with
alkylating substances,

Asthma S-lipoxygenase inhibitors ALOXS promoter geno- [23]
type influences response to
treatment: individuals with
two non-wild type alleles
show noresponse to 5-LLOH
inhibitors,

B> adrenergic agents Glyl6-allele of B2 adren- [24]
ergic receptor is assocl-
ated with much stronger
bronchodilator desensitisa-
tion than Argl6,

Depression imipramine Fast metabolisers do not  [19]
reach therapewtic drug lev-
els with normal dosage.

16
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Cytochrom P,-,2C9 (CYP2C9)

m dvé alelické varianty genu CYP2C9 "2
CYP2C9*2
m zaména C*30T v exonu 3 vede k substituci Arg’+4Cys

CYP2C9*3
m zaména A'1975C v exonu 7 vede k substituci lle3%°Leu

m in vitro ma CYP2C9*1 normalni, zatimco varianta
CYP2C9*2 vykazuje mensi a CYP2C9*3 podstatne
mensi enzymatickou aktivitu 34

m fenotypickym projevem je snizeni clearance léku
zavislych na CYP2C9

1. Stubbins MJ et al: Pharmacogenetics 1996; 6:429-329 3. Rettie AE et al: Pharmacogenetics 1994; 4:39-42
2. Veronese ME et al: Biochem J 1993; 289:533-8 4. Haining RL et al: Arch Biochem Biophys 1996; 333:447-1578



m CYP3A4 — 50% metabolizovanych léku
m CYP2D6 — 20%
m CYP2C9 + CYP2C19- 15 %

m CYP2D6, CYP2C9, CYP2C19 a CYP2A6
byly prokazany jako funkcne polymortni

m Napr. ovlivhuje metabolismus warfarinu, acenocoumarolu a
dalSich Iéku (phenotyoin, tolbutamid, glipizide a dalSi
peroralni antidiabetika typu sulfonylurey).

18



DavRa I antikoaguladéni efekt

warfarinu

ravafain

N |

\Aehdaka/ ajooed

greidefkay

Wy e

pdynofigns

oftadrauRE
OELD?2
O3

., giain
- jelem recda
Jgowafainz

miaeHX:

12. Alving BM et al: Arch Intern Med 1985; 145:499-501
13. Oldenburg J et al: Br J Hematology 1997; 98:240-4
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CYP2C9 ACTIVITA

Warfarin Dose*

5.63 (2.56)
4.88 (2.57)
3.32 (0.94)
4.07 (1.48)
2.34 (0.35)
1.60 (0.81)

Genotype

*1/*1
*1/%2
*1/*3
*2/%2
*2/*3
*3/%3

20



" S
Klinicke projevy polymorfismu

CYP2C9

m predavkovani pfi zahajeni antikoagulace standardnimi

m nizSi udrzovaci davka nutna k dosazeni a udrzeni
terapeutického rozmezj 11 15. 16,18, 19

m VYySSi riziko predavkovani dané interakcemi s Iéky
metabolizovanymi a/nebo reagujicimi s CYP2C9 17. 21

m nestabilita antikoagulaéni terapie 15 16

m delSi pretrvavani antikoagulacniho efektu po preruseni
leCby nebo snizeni davky warfarinu

14. Aithal GP et al: Lancet 1999; 353:717-9 16. Higashi HK et al: JAMA 2002; 287:1690-8
15. Taube J et al: Blood 2000; 96:1816-9 17. Verstuyft C et al: Eur J Clin Pharmacol 2003; 58:739-4531
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Interakce s Iéky metabolizovanymi
a/nebo reagujicimi s CYP2C9

Soutéz o substrat

Enzymovy induktor

Enzymovy inhibitor

ASA a vétSina

rifampicin

fluvoxamin (ostatni SSRI slabi)

fenobarbital, fenytoin

fenobarbital, fenytoin

S-warfarin
losartan tolbutamid
tolbutamid cimetidin (slaby)

sulfonamidy, dapson

(slaba)

, tenazepam

ritonavir

fluoxetin, moclobemid

desethylamiodaron

zidovudin

20. Topinkova E et al: Postgrad Med 2002; 5:477-82
21. Naganuma M et al: J Cardiovasc Pharmacol Ther 2001; 6:636-7

22




b) Geneticky polymorfizmus

Ultrarychli metabolizatori
Rychli metabolizatori

®m [ntermediarni metabolizatori
Pomali metabolizatori

o

Metabolicka aktivita enzymu
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Rychlost metabolismu

Dle aktivity enzymu muze byt populace rozdélena do &tyf hlavnich skupin -
pomali metabolizatofi (PM), intermedierni metabolizatofi (IM), efektivni
metabolizatofi (EM) a ultrarychli metabolizatori (UM).

VétSina jedincu bilé populace patfi mezi tzv.extenzivni metabolizatory (EM), u
nichz jsou léCiva metabolizovany predpokladanou rychlosti.

5-10 % jedincU je geneticky determinovano jako pomali metabolizatofi (PM),
ktefi maji zpomalené odbouravani latek metabolizovanych a jsou ohrozeni
vyS$Sim vyskytem neZadoucich ucinkul IéEby.

Intermedientni metabolizatofi (IM) jsou zastoupeni v 10-15 % a pfi dlouhodobé
|éCbé jsou svymi reakcemi na IéCbu srovnatelni se skupinou PM.

U ultrarychlych metabolizatord (UM) probiha metabolizace intenzivnéji a klinicky
nereaguji na bézné davky Iéku a je zastoupena v 5-10 %.



Geny odlisujici ALL od AML
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Geny prispivajici k vnimavosti ke kardiovaskularnim nemocem

GENES LUMEN -~ INTIMA MEDIA
. = m "y

':Hﬂ# f’ é; upnprﬂ:%

LPA

| LDLR | --.___H
_APOE —

Lp(a) ©
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RA

Angiotensinogen (1-12)

/
Renin No known function,
CAGE competitive inhibitor of ACE
Tonin
Elastase ﬂ
Kallikrenin — Anaiot in-(1-9 Inactive
tPA ANG | (1-10) ngiotensin-(1-9) protein
Cathepsin G o
Chymas Prolyendopeptidase
Carboxypeptidase} ACE  Neutral endopeptidase ACE ACE
Cathepsin (PEP or NEP) .
Proinflammatol
ATSI\ N Z?\ BK1R
No known] «—y ANG Il (1-8) o il ANG-(1-7) ety
function (acEz_) ) Weker
Mas R

Proangiogenic

LAntiangiogenic Antiinflammatory
LAntiproliferative|

ATIR ‘(Z . | .
Proinflammatory Aminapepdidase A
Proangiogenic (APA)

Proliferative

Antiangiogenic
Antiproliferative

ANG Il (2-8) ACE
I Des-arg®-kigfn __AC Inacti\‘re
Aminopepdidase N/B protein
(APN and APB) Angiotensin-(1-5) ﬂ
Increase blood
ANG IV (3-8) : flow to inflamed
[No known function| areas.

AT4R
| Proinflammatory |

Geny v cerveném ovalu lezi na X chromosomu (muzi maiji jen jednu alelu);
vyznamny rozdil ve fyziologii mezi muzi a zenami 27
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The vasoconstrictor/proliferative and the vasodilator/antiproliferative actions of the RAS
mediated by Ang Il and Ang(1-7), respectively, depend on the ACE/ACE2 ratio balance

Abbreviations: ACE, angiotensin-converting enzyme; and Ang, angiotensinogen .

Angiotensinogen

l RENIN

Angiotensin |

N\

t t ACE/ACE2 RATIO { § ACE/IACE2 RATIO

!

t Ang Il § Ang-(1-7) +Ang Il t Ang-(1-7)
Vasoconstriction Vasodilation
Endothelial dysfunction 4 Proliteration
Proliferation/Hypertrophy I- Hypertrophy
Fibrosis \l- Fibrosis
Atherosclerosis } Thrombosis
Call death

Anti-arrhythmogenic
Arrhythmogenic




Osteonecrosis of the jaw induced
by bisphosphonates (BP)

BRONI free

BP users ~
Genome-wide .
Wide " SNPsin RBSM3 ——>@BSMD)
Sreening >

:
Z.
A
:<Z,: g BRONJ /
A

BP users

-

Prx1

RBSM3 : Coll

Expression

Osteoporosis
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Metotrexat u RA

m Efektivita leCby revmatoidni artritidy (RA)
metotrexatem (MTX) 46% - 65 % (ACR 20)

m Priléecbe MTX se mohou vyskytnout nezadouci
ucinky. Alesporn jeden u 72,9% pacientu,
zavazné az u 30% pacientu.

gastrointestinalni toxicita (nevolnost, zvraceni, prujem, 20% -
65%

hepatotoxicita 10% - 43%

oralni ulcerace 37%

alopecie az 4%

pulmonalni toxicita 2,1% - 8%

utlum kostni dfené lehky 12%

pancytopenie 0.8%
30



Thymidin-
synthese
D1hydr0 folaty
MTI
“"""""P Hnrn-.:r:ystem
Adenosin - du MP Synteza polyaminu
uvoliiovani
MTH M ethionin
5,10-methylen tetradydrofolat
AMP Phosporibosyl- .: 5-methyl tetradydrofolat
amin
IMP
b . @ Dihydrofolsaure-Reduktase
.ﬁ.d-ennsm “u 5,10- methenyl tetrahydrofolat @ Thymidylat-Synthase

®, }

|I'IEIE-I n

T

jr" ‘“T:-. MTX 10- formyl tetrahydrofolat

Purinsynthese

FAICAR il_[@\f;“l: @ lT

S-Aminoimidazol-4-Carboxamid-
Ribonucleotid (AICAR)-
Transformylase (ATIC)

@ AMP-Deaminase
@ Adenosin-Deaminase
(6) Methylen-THF-Reduktase

@ Serin-Hyroxymethyl-Transferase

Methionin-Synthase

@ Methylen-THF-Dehydrogenase
(MTHFD1) 31
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UcCinek MTX v bunce — cile pro
SNPs

m MTXPG pfimo inhibuje enzymy dulezité pro syntézu
purind a pyrimidinu — thymidylat syntazu (TYMS) a
dihydrofolat reduktazu (DHFR). DHFR se ucastni na
konverzi homocysteinu na methionin a tim pro syntézu
polyaminu.

Metabolismus adenosinu

A v v

mechanismum protizanétlivého pusobeni metotrexatu.

m MTXPG inhubuje 5-aminoimidazol-4-karboxamid
ribonukleotid formyltransferaza (ATIC), tim
zprostredkovava vliv na metabolismus adenosinu

(imunosupresivni ucinek). “
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Nitrobunecny metabolizmus MTX
— cile pro SNPs

m V/stup do bunék pro folaty a antifolaty
m prenaseC SLC19A1 nebo reduced folate carrier (RCF-1)

m folatove receptory (FR-a a FR-3), endocytoza - nizSi
afinita MTX k receptorum nez folaty (maly vyznam
metabolické cesty)

m Transport MTX z bunky - efluxni transportery z rodiny
ABC (ATP-binding cassette) napr. (ABCC1-4 a
ABCG2).

m [ntracelularni metabolizmus — pridani 2 az 5
glutamatovych skupin — aktivni metabolit, polyglutamat
metotrexatu (MTXPG), v bunce se hromadi. Tento
proces je katalyzovan folylpolyglutamat syntetazou

(FPGS) a je reverzibilni prostrednictvim gamaglutamy!
hvdralazv (CGCH) 33
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Methotrexat

Table 1. Pharmacogenetics of MTX transporters®

Amino acid substitution in

Gene  Polymorphism enzyme Biochemical effects Clinical effects Reference
RFC-1 GEDA Histidine to arginine at codon 27 May affect transcriptional activity of  May affect response to MTX 48,72
RFC1 gene and MTX entry into
cell
ABCBI CH3A5T Mo amino acid substitution May affect MTX entry into cell May affect response to MTX 55

*MTX = methotrexate; RFC-1 = reduced folate carrier 1; ABCB1 = ATP binding casette transporter Bl.

Table 2. Pharmacogenetics of MTHFR®
Amino acid substitution Clinical effects
Gene Polymorphism in enzyme Biochemical effects iref.)
MTHFR CaTTT Alanine to valine Thermolabile MTHFR with May increase the following: GI toxicity (60);
decreased activity; hepatic and GI toxicity, alopecia, stomatitis,
increased plasma and rash (62.63); headache, lethargy (74).
homocysteine Mo effect on toxicity (62); no effect on
efficacy or toxicity (71)
MTHFR Al1298C Glutamine to alanine May decrease MTHFR May affect MTX efficacy (63); may increase

activity and increase
plasma homocysteine

susceptibility to RA and decrease MTX
toxicity (62). No effect on efficacy or toxi-
city (71)

* MTHFR = methylenetetrahydrofolate reductase; GI = gastrointestinal;: MTX = methotrexate; BA = rheumatoid arthritis,

Ranganathan P, McLeod HL. A&R 2006
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Methotrexat

Table 3. MTX pathway pharmacogenetics

Gene Role in MTX pathway Polymorphism Effects on gene product/enzyme Clinical effects Reference
ATIC Conversion of AICAR to C347G May decrease ATIC activity and May affect MTX efficacy 72,74
10-formyl-AICAR; affect AICAR accumulation and toxicity
target of MTX and adenosine release
TYMS Conversion of dUMP to 5" UTR 28-bp May increase TYMS enzyme May affect MTX efficacy 71, 74
dTMP; target of MTX repeat activity and toxicity
3"UTR 6-bp May decrease TYMS mRENA May affect MTX efficacy 71
deletion stability and expression

* MTX = methotrexate; ATIC = aminoimidazole carboxamide ribonucleotide transformylase; AICAR = aminoimidazole carboxamide ribonucleo-
tide; TYMS = thymidylate synthase; 53'-UTR. = 5"-untranslated region.

Table 4. Other genes with potential pharmacogenetic implications in the MTX pathway®

Gene Role in MTX pathway Polymorphism Effects on gene product/enzyme Postulated clinical effects Reference
GGH Conversion of long-chain C452T Decreased binding affinity of May affect MTX efficacy 6
MTXPGs to short-chain GGH for MTXPGs
MTXPGs by removal of
glutamates
40T Affects MTXPG levels - 47
DHFR Reduction of DHF to THF; I-UTR T721A May increase DHFR expression May affect MTX efficacy 77
target of MTX and CB29T
M5 Methylation of homocysteine AZT56G May decrease MS activity; May affect MTX toxicity 79, 80
to methionine increase homocysteine levels
MTRR Methylation of cobalamin ABLG May decrease MTRR activity; May affect MTX toxicity 81, 82
cofactor required for the increase homocysteine levels
action of MS

*MTX = methotrexate; GGH = y-glutamyl hydrolase; MTXPGs = methotrexate polyglutamates; DHFR = dihydrofolate reductase; DHF =
dihydrofolate; THF = tetrahydrofolate; 3'-UTR = 3'-untranslated region; M5 = methionine synthase; MTRRE = methionine synthase reductase.

Ranganathan P, McLeod HL. A®R 2006
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MDR1

m MDR1 (ATP-binding cassette B1/multidrug resistance 1)
Is an efflux pump that transports toxic endogenous
substances, drugs and xenobiotics out of cells.

m |t is known to affect susceptibility to many hematopoietic
malignancies.

m ABCB1/MDR1 polymorphisms may either change the
protein expression or alter its function, suggesting a
possible association between ABCB1/MDR1 single
nucleotide polymorphisms (SNP) and clinical aspects of
T-cell lymphoma.

m Therefore, association of two polymorphisms in the gene
with clinical staging and therapy was evaluated.
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CTCL — kozni T-lymfomy

Proopiomelanokortin 1

100%
80%
60%
40%

B(-)

W (+)
20% (] (++)
0% — , ——v ,
Mistni terapie - Mistni terapie +
B (-) 15 8
W (+) 54 42
W (++) 31 50

OR pro genotypy -- a +- u pacientU bez mistni terapie oproti pacientim s
mistni terapii je 2,20, 95% CI 1,19-4,07; P=0,008, senzitivita 0,687, specificita
0,500, sila testu 0,666.
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m MicroRNA (miRNA) — regulace genu
dulezitych pro funkci léku.
m Interakce miR-gen-lék prostrednictvim

degradace farmakologicky relevantniho
cile.
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(A) An example of an experimentally verified miRNA pharmacogenomic set. miR-125 b

inhibits vitamin D receptor (VDR) expression.

A B C D All associations: Overlapping associations:
miR-125b MIRNA  mirecords miR-A miR-B miR-C miR-B
miRTarBase
J Bl J s l / \ J > / \ <
PITA
VDR Gene vese Gene 1 Gene 2 Gene 3 Gene 1 Gene 2 Gene 3
J/ Modulated Ji PharmGKB i l J{ l
drug VerSe
response v N\
Calcitriol Drug Drug 1 Drug2 Drug3 Drug1l Drug2 Drug3

Rukov J L et al. Brief Bioinform 2013;bib.bbs082

Briefings in
© The Author 2013. Published by Oxford University Press.

Bioinformatics
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Glioma with unmethylated MGMT Epigenetika

MGMT — methylguanine-DNA
methyltransferase

Metylatilace promotoru MGMT
silencing genu

MGMT promoter Exonl  Intrond

Glioma with methylated MGMT

MGMT promoter Gene |na|:h'.latll:ln

From: Esteller M, et al. Inactivation of the DNA-repair gene MGMT and the clinical response of gliomas to

alkylating agents. NEJM 243:1350-1354, 2000.
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Glioma with unmethylated MGMT
i gl )

IRIRIR, . Alkyl group removed by
MEMT E I Ru FAGMT from the DNA
profmoter wonl  Intrond basa guanine

Glioma with methylated MGMT

Carmustine crose-linke DA
strands, and there is no achive

MGMT promoter Gene m!ml:lmtll:ln MGMT to repair it

Chemoresistant tumor

DMA cross-links cut,
tumaor cells unharmed

Chemosensitive tumor

DMA ramaing cross-linked,
and tumaor celis die

From: Esteller M, et al. Inactivation of the DNA-repair gene MGMT and the clinical response of gliomas to

alkylating agents. NEJM 243:1350-1354, 2000.
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Perzonalizovana medicina

Disease Severity

REACTIVE MEDICAL CARE

.-, pr—
SWITCH DRUG
e e e e s SELECT DRUG L ee RIS
DIAGNOSIS
Time

Diagnose Disease; Treat Symptoms;
Costly, Trial and Error Treatment

Discase Severity

EFFICIENT MEDICAL CARE

e R o e N
/ ANl MONITORING
i \
DIAGNOSIS/PROGNOSIS N
PREDISPOSITION | SCREENING
Time

Health Management; Molecular Screening; Early Detection;
Rapid Effective Treatment; Improved Quality of Care

PREVENTIVE MEDICAL CARE

|| R —
3
.
£ | PREVENTATIVE MEASURES |
:
PREDISFOSITION Q§ SCREENING
Time

Predisposition Guides Prevention; Treat the Molecular Markers
vi. Symptoms and Disease; Healthcare Cost Reduction
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Naklady

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts

ML e sl s iy el ey el el el el paliy iy o

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
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gene therapy



" A I 1
Genova terapie:

typy nemoci

m InfekCni nemoci

m Rakoviny

m \V/rozené nemoci

m Nemoci imunitniho systému
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Genova terapie

» Zahrnuje jakoukoliv proceduru, urcenou k leceni
nemoci genetickou modifikaci bunek pacienta.

» Do bunek se transferuji: geny, jejich casti nebo
oligonukleotidy.

» Genova terapie in vivo: transfer primo do bunek
pacienta

» Genova terapie in vitro: genové modifikace
probihaji mimo organismus

» Genova terapie ex vivo: modifikovaneé bunky se
vraceji do organismu



Genova terapie

» Klasicka geneticka terapie (dopravit
geny do vhodnych cilovych bunek, aby
bylo dosazeno optimalni  exprese
vhesenych genu) s cilem:

» 1. zajistit produkci latky, ktera chybi

» 2. aktivovat bunky imunitniho systému ve
snaze pomoci odstranit nemocné bunky
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Neklasicka genova terapie

» Inhibice  exprese genu asociovanych s
patogenezou

» Korekce genetickeho defektu a obnoveni
normalni genove exprese

» Soucasnha genova terapie se omezuje na terapii
somatickych mutaci.

» Eticke problemy s  potencialni terapii
zarodecnych mutaci.
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Rekombinantni léky je mozno
produkovat expresnim
klonovanim v mikroorganismech

nebo v transgennich zviratech

V mikroorganismech:

v Vyhody: dostatecna mnozstvi produkovanych latek
v Nevyhody:

v Pozménéné produkty v dusledku odlisnych

posttranslacnich uprav bilkovin se stejnou primarni
strukturou (glykosylace)

v problémy s purifikaci
V transgennich zviratech:

v moznost navodit podobné posttranslacni systemy jako
u Cloveka
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,Genetically engineered” protilatky

a vakcin - - .
Umele produkovane terapeuticke protilatky jsou

navrzeny jako monospecificke (poznaji jen jeden typ
antigenniho mista), ktere poznaji specificke antigeny

asociované s nemoci, coz vede k zabiti nemocnych
bunek

Typy nemoci:

m Lymfomy, leukemie, infekCni nemoci, autoimunitni
nemaocil.

Hybridomy = heterogenni smes hybridnich bunek
(vzniklych fuzi), které jsou schopny produkovat
specificke protilatky (B lymfocyty imunizovaného
zvirete) a pritom se v kulture neomezene delit
(nesmrtelny mysi B-lymfocytarni tumor).
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eﬁlmerlcke a humanizovane

protilatky

» Rekombinantni protilatky humanni-hlodavci

» Humanizace hlodavCich mAb umoznuje ziskat
velké mnozstvi protilatek a zaroven zabranit
Imunitni odpovedi lidskeho prijemce:

» chimericke V/C protilatky)

» CDR (complementarity determining regions)
graft protilatky

» InfekCni patogeny a antigeny nadorovych bunek
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Humanized antibody Fully human antibody

52
Genetically engineered antibodies.



O
.. Table 22.2: Examples of the clinical potential of

humanized antibodies

Target Clinical potential

CDw5b2 Lymphomas, systemic vasculitis,
rheumatoid arthritis

CD3 Organ transplantation

CD4 Organ transplants, rheumatoid arthritis,

IL-2 receptor

TNF-o
HIV
RSV
HSV

Lewis-Y
p1 85HER2
PLAP
CEA

Crohn’s disease

Leukemias and lymphomas, organ
transplants, graft-versus-host disease

Septic shock

AIDS

Respiratory syncytial virus infection

Neonatal, ocular and genital herpes
infection

Cancer

Cancer

Cancer

Cancer

)
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PIn& lidské protilatky

m Technologie fagovéeho displaye: protilatky jsou
tvoreny in vitro napodobovanim selekcCni
strategie imunitniho systemu

m Transgenni mysi. Transfer kvasinkovych
umélych chromozomu s velkymi segmenty
lidskych tézkych a lehkych Ig retézcu do mySich
embryonalnich bunek. Narozene mysi obsahuiji
velmi  pozoruhodnou porci lidskych V
genetickych segmentu a jsou schopny tvorit
lidské protilatky
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,Geneticky enginnered” vakciny

» Pomoci rekombinantni technologie:
» Vakciny nukleovych kyselin:

» bakterialni plasmidy s geny pro patogeny
nebo tumorove antigeny, podavaneé i.m. v
solnem roztoku. Obsahuji silny virovy
promotor.

> ,gene gun” - zlaté perly, do nichz byla
precipitovana DNA
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,Geneticky enginnered” vakciny
» Geneticka ‘modifikace antigenu — napr.

fuze cytokinu s antigenem ke zvyseni
antigenicity
» Geneticka modifikace viru- virove vektory

» Genetické modifikace mikroorganismu,
které zpusobi:

» odstranéni genu nutnych pro patogenezu

» expresi exogenniho genu v bakteriich

nebo parazitech po jeho inzerci do techto
organismu
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Technologie klasicke geneticke
terapie

m Jedna se o zacileni bunek nemocné tkanée

» Geny mohou inzertovany do bunéek
pacienta primo a neprimo

» Inzertovane geny se mohou
v Integrovat do chromozomu
v Zustat extrachromozomalné (epizomy)
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Geneflckyl fransfer

> EX vivo

v Transfer klonovanych genu do bunék
v kulture (transplantace autolognich
geneticky modifikovanych bunek)

> In vivo

v Transfer se deje primo do tkane
pacienta. Pomoci liposomu nebo
virovych vektoru.
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Cloned gene
X
Gene
transfer

y 2 Select X" cells;
£ oo amplify
=
Cell 7
rem%vsed Patient cells Some cells
5 & now X*

Return genetically modified
cells to patient

Fiqure 22.3: In vivo and ex vivo gene therapy.

X cells
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Integration to Chromosomal
give some DNA
ADA* cells

Expansion in

culture
——=

Collected T

lymphocytes from Selection of
ADA™ patient t ADAT cells
ADA Infection

—— OOO00!
S — 8800880

e AOB0000

oeeeee

Recombinant

Retrovirus

Sebiot Transfusion
- into ADA
Expression of deficient
introduced ADA < patient
genes can overcome
ADA deficiency

1: Ex vivo gene augmentation therapy for adenosine deaminase (ADA) deficiency.
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Principy genetickha transfery

V V VYV V

sekvenci je
modifikovana k zajisteni vysoké hladiny exprese,
napr. pomoci silného viroveho vektoru. Nasledna
Inzerce genu se deje
A) do chromozomu
gen se bude rozsirovat do dalsich bunek
zajisStena vysoka uroven exprese (kmenovée bunky)
nahodna inzerce-ruzna lokalizace —rtzna uroven
exprese-smrt jednotlivé bunky-rakovina (aaktivace

onkogenu, deaktivace supresoroveho nebo
apoptotickeho genu-vyhoda transferu ex vivo.

B) extrachromozomalné — nevyhoda nejistého
dlouhodobého ucinku
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% Vesicle disruption

%@-; -
Fﬁ« t" TS
\%

.
5 ¢
Endosome ’ Migration
i into nucleus
Nuclear/‘ Y >
envelope N 2

Ac_j__e_rp_\_/iruses enter cells by receptor-mediated endocytosis.
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(A) Lipid (B)

Water Phosphate
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kﬁ/—/ Anignic

Lipid bilayer liposomes

Cationic 4
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Mix Transfer Fusion
—_— —_—

"
i@%

: /n vivo liposome gene delivery.
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Table 22.5: Examples of gene therapy trials for inherited disorders

Disorder Cells altered Gene therapy strategy

ADA deficiency T cells and hemopoietic stem cells ~ Ex vivo GAT using recombinant retroviruses containing an
ADA gene

Cystic fibrosis Respiratory epithelium In vivo GAT using recombinant adenoviruses or liposomes
to deliver the CFTR gene

Familial hypercholesterolemia ~ Liver cells Ex vivo GAT using retrovirus to deliver the
LDL receptor gene (LOLR)

Gaucher’s disease Hemopoietic stem cells Ex vivo GAT using retroviruses to deliver the

glucocerebrosidase gene (GBA)

GAT, gene augmentation therapy.
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Table 22.7: Examples of cancer gene therapy trials

Disorder

Cells altered

Gene therapy strategy

Brain tumors

Breast cancer

Colorectal cancer

Malignant melanoma

Myelogenous leukemia
Neuroblastoma

Non-small cell lung
cancer

QOvarian cancer

Renal cell carcinoma

Small cell lung cancer

Solid tumors

Tumor cells in vivo

Tumor cells ex vivo

Hematopoietic stem
cells ex vivo

Fibroblasts ex vivo
Hematopoietic stem
cells ex vivo

Tumor cells in vivo
Tumor cells ex vivo

Fibroblasts ex vivo
Tumor cells in vivo
Tumor cells ex vivo
Fibroblasts ex vivo

T cells/tumor cells ex vivo
Tumor cells

Tumor cells
Tumor cells in vivo

Tumor cells in vivo
Tumor cells ex vivo

Hematopoietic stem
cells ex vivo
Tumor cells ex vivo

Fibroblasts ex vivo

Tumor cells ex vivo
Tumor cells in vivo

Implanting of murine fibroblasts containing recombinant retroviruses
to infect brain cells and ultimately deliver HSV-tk gene
DNA transfection to deliver antisense IGF1

Retroviruses to deliver MDR1 gene
Retroviruses to deliver IL4 gene

Retroviruses to deliver MDRT gene
Liposomes to deliver genes encoding HLA-B7 and B,-microglobulin

Retroviruses to deliver IL2 or TNF gene

Retroviruses to deliver IL2 or [L4 genes

Liposomes to deliver genes encoding HLA-B7 and B,-microglobulin
Retroviruses to deliver /L2 gene

Retroviruses to deliver /L4 gene
Retroviruses to deliver TNFA gene

Retroviruses to deliver HSV-tk gene
Retroviruses to deliver antisense KRAS

Retroviruses to deliver wild-type TP53 gene
Retroviruses to deliver HSV-tk gene

Retroviruses to deliver MDR1 gene

Retroviruses to deliver IL2 or TNF genes
Retroviruses to deliver /L4 gene

DNA transfection to deliver IL2 gene
Liposomes to deliver genes encoding HLA-B7 and [3,-microglobulin
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Tumor cell

MRI-guided stereotactic implantation

of vector producer cells (VPC) into
CNS tumors in situ

Intravenous
administration
of gancyclovir

(gev)

O e mE  Herpes simplex
T - l\ :’\ =% = 1li i ne
(e (O o _‘J thymidine kinase ge 1
IO ® 7Armmm A7 Recombinant tk
= _ retrovirus
Tumor regression = tk gene product

Figure 22.13: /n vivo gene therapy for brain tumors. 09



Integration to Chromosomal
give some DNA
ADA™ cells

Expansion in @@@

culture
Glelole , 9}
52 > s

Collected T
lymphocytes from 2 Selection of
ADA™ patient ADA™ cells
ADA Infection
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- o — BBO0000

Recombinant
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Retrovirus

Transfusion
SCION A into ADA
Expression of deficient
introduced ADA < patient
genes can overcome
ADA deficiency

. Ex vivo aene auamentation therapy for adenosine deaminase (ADA) deficiency.
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Principy genové terapie
A

Nucleus

Therapeutic
Protein

Naked DNA



22.71 Principles of molecular genetic-based therapies and treatment

Gene augmentation therapy
Gene X
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Tissue Engineering v praxi: - temporomandibuldrni kloub.

(a) design teoretického, mistné specifického implantatu temporomandibuldrniho kloubu
pomoci pevné vyroby bez formy

(b) Kompozitni konstrukce z PLLA s

(c) Implantat za 4 tydny po implantaci.

Review Article
Tissue engineering: state of the art in oral rehabilitation

E. L. SCHELLER*, P. H. KREBSBACH* & D. H. KOHN*,T *Department of Biologic and Materials Sciences, School of Dentistry, J
Oral Rehabil. 2009 Feb 17. [Epub ahead of print -doporucuji precist! ||



Metody doruceni genu do tkaneé

vektor kapa- | snadnost | integrace | trvani transdukce existujici | bezpecnost preno
cita produkce | do exprese | nedélicich imunita sdo
genomu se bunék potom
stva
neviralni bez +++ zfidka docCasna ++ ne +++ ne
limitu
onko- 8 kb ++ ano stabilni - ne insercni muze
retroviry mutagenese
aktivace
onkogenl
lentiviry 8 kb + ano stabilni ++ ne insercni muze
mutagenese
aktivace
onkogenu
adenoviry | 30 kb + ne docasna +++ ano hyperimunitni ne
odpoved
adeno 4.6 kb + mozna dlouho- ++ slaba +++ muze
asociated trvajici
virus AAV
Herpes 150kb | + ne docCasna ++ ano hyperimunitni ne

viry

odpovéd




 amsAmimal-Models are Useful
to Study Potential Gene

Transfer Vectors
Animal Model Disease
MRL/Ipr mice Lupus
W/W' mice Fanconi’s anemia
Wobbler mice ALS
db/db mice Diabetes
spf mouse OTC deficiency
mdx mice Muscular dystrophy
cftr-KO mouse Cystic fibrosis
Watanabe rabbit Hypercholesterolemia
hemophilic dogs Hemophilias A/B
various MPS defects (dog, cat, rat) Lysosomal

storage



" ENEMOci v soucasnosti lécené genovou

terapii - pf. ve fazi klinického testovani

nemoc defekt cilové bunky cetnost

tézka imunodeficience adenin deaminasa bunky kostni drené 1/1.000.000

(SCID) T-lymfocyty

hemofilie krevni faktor VIII a IX jatra, svaly 1/1.000.000
muzi

Cysticka fibrosa CF plicni alveoly 1/2.500

Deficience emfyzém plicni alveoly 1/3.500

alfa-1-antitrypsinu
rakovina nespecifické 1/4

Neurodegenerativni nemoci degradace neuronu neurony v mozku 1/250
Parkinson, Alzheimer

infekéni nemoci T-lymfocyty, makrofagy
AIDS, hepatitis B



" (EEENNEysticka fibroza

mutace v iontovém prenasSeCi CFTR transmembrane
conductance regulator

nejvice postihuje plicni alveoly, strevni epitel a pankreas —
zvySena produkce hlenu, citlivost k plicnim infekcim.
vyhodou pro terapii je ze staci pouze nékolik molekul
proteinu na bunku aby se ji vratila normalni funkcnost.
uspésné pokusy v  kulturach a na  mySich
transformovanych pomoci liposomu

u lidi se zavedla jako pomocna lécba sprejovani adenoviru

nesouciho transgen CFTR do nosu, uc¢inné v plicich,
nepusobi na slinivku

A . . Mutation spectrum of the CFTR gene
Normal airway CF airway
flow
< R Goeraln
Morey
— -—
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viscous & S ’
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8y pacteria bind %y maore
lass mucus 10 apithelium ViSCOUS Leon
viscous secretion ; 1 25 4 S Rafl 7 A & 0 11 92 13 1874l 15 181TR TR 15 1% F021 72323 ™
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principy genové terapie rakoviny

vyuziti onkoretroviralnich vektort

doruceni nemutované¢ho supresoroveého

genu pS3

a Mormal cel: no affect (‘romn arrast
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doruceni konstruktu zajiSt'ujici zastaveni
exprese onkogenu (antisense konstrukt)
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Mature Reviews | Cancer
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principy genoveé terapie rakoviny

doruceni sebevrazedného genu preménujici pro-drug na toxin

Tumeur cell ﬂ-P‘mdrug _I'“'““-f
e {“{ﬂﬁﬁf“ﬂ?oﬂ
;. . - G
. ' 4 .E:-

%

Mature Reviews | Cancer



Nano!ecﬁno‘ogy Based Drug

Delivery Systems for Cancer Therapy

Internal cavity

Nanocapsule Dendrimer

Polymeric micelles Liposome

Schematics - Reproduced from Sahoo and Labhasetwar, 2003 with kind permission from Drug Discovery Today.
http://www.cancer-therapy.org/CT3A/HTML/13.%200rive%20et%20al,%20131-138%20.html 2005
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P53

m Nanotechnology in clinical trials to restore normal gene function to cancer
cells - Loss of normal p53 function results in malignant cell growth and has been
linked to resistance to radiotherapy and chemotherapy in a number of cancers.
Ester Chang, Georgetown Univ. delivered group delivered functional p53 genes
to tumor cells and tumor metastases in 16 different types of cancer in animal
models. When the job of reinstating a normal p53 suppressor gene is done, the
nanoparticle, essentially a little fat droplet wrapped around the gene, simply
melts away, unlike non-biodegradable delivery systems. Phase 1 human trials
are underway at Baylor Univ - Dallas. ' Apr09

m  Nanotechnology therapy for brain cancer - Argonne National Laboratory
show the first evidence of successful bioconjugated nanoparticles targeting
toward cancer and away from normal brain cells. Uses 5 nm TiO, nanoparticles
that are covalently conjugated with an antibody that specifically targets certain
tumors, including GBM. A naturally occurring metabolite of dopamin, DOPAC, is
used as a linker molecule to tether the antibody to the nanoparticles. The TiO,
absorb energy from light, which is then transferred to molecular oxygen,
producing cytotoxic reactive oxygen species (ROS). ROS damages the cell
membrane and induces programmed death of the cancer cell. 2 Oct 09

Uhttp://www.foresight.org/nanodot/?p=3018
2 http://www.nanowerk.com/spotlight/spotid=12962.php



"

1. siRNA-containing
dialiviery veclons
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Dékuji vam za pozornost©
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