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PERIODONTAL DIS]

Periodontitis

« Advanced gum inflammation
» Bone loss

* Destruction of ligaments

Gingivitis
» Inflamed Gums




Monogenni onemocneni

— Jasna demonstrace genetické mutace v jednom lokusu podminuje

nachylnost k rozvoji periodontitidy.
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TABLE 2

Examples of Syndromic Forms of Periodontitis in Which Inheritance
is Mendelian and Due to a Genetic Alteration at a Single Gene Locus

Condition Biochemical /Tissue Defect  Inheritance OMIM
Papillon-Lefévre syndrome Cathepsin C AR 245000
Haim-Munk syndrome Cathepsin C AR 245100
Ehlers-Danlos syndrome type 4 Collagen AD 130050
Ehlers-Danlos syndrome 8 Collagen AD 130080
Cyclic neutropenia neutrophil elastase AD 162800
Chronic familial neutropenia Defect unknown AD 162700
Chediak-Higashi syndrome lysosomal trafficking AR 214500
regularor gene
Congenital disorder of GDP-fucose transporter-1 AR 266265
glycosylation type lic
Leukocyte adhesion Leukocyte chain adhesion AR 116920

deficiency type 1 molecule CD18



Papillon LeFevre Syndrom (PLS)

Klinicky charakterizovano jako:

Palmoplantarni hyperkeratosa

Tezky Casny nastup parodontitidy, ktera vede k
predcasné ztraté primarniho a sekundarniho chrupu
(odliSuje PLS od jinych plamoplantarnich
keratodermii)

Prevalence 1/4 miliony

Bez vztahu k pohlavi




CTSC gen kodujici Katepsin C

proteazu

CTSC gen lezi na chromosomu 11914-Q21; 7 exonu kdduje

lysozomalni proteazu katepsin C

Je exprimovana ve vysokych hladinach v ruznych imunitnich
bunkach, v€etné polymorfonuklearnich leukocytu,
makrofagu a v epitelialnich oblastech bézné postizenych
PLS, vCetné dlane, plosky, kolena, a ustni keratinizované

gingivy (RT-PCR) (Hart et al., 1999).

Kathepsin C je proteaza, ktera zpracovava a a

Ktivuje radu
Imunitni a

granularnich serinovych proteaz dulezitych pro
zanetlivé reakce myeloidnich a lymfoidnich leu

Kocytu



Mutace v genu pro katepsinu C
(CTSC)

Exon 1 ,,nonsense” mutace (856C->T): pfed€asny stop kodon v pozici 286. aminokyseliny

TFi mutace v exonu 2:
delece jednoho nukleotidu (2692delA) v kodonu 349: frameshift a pfedCasny stop kodon,

)
2 bp delece (2673-2674delCT): stop kodon v pozici aminokyseliny 343,
substituce G/A v kodonu 429 (2931G/A): pred€asnym stop kodon.

Zkraceny nebo konformacné alterovany proteinu nemusi byt transportovan
do organely a nemusi byt schopen aktivovat protein kinazy

Jinymi slovy, aktivita Katepsinu C u téchto pacientu témer chybi
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Onemocneéni parodontu — lokalni problém?

Parodont - systémové efekty

Local Infection

Bakterie

Bakterialni produkty
(LPS)

\‘\\x\\ﬁ

Zanétlivé mediatory
(IL-1, INF-gamma. 11L-6_ IL._8)

Cévni reciste

Srdce a cévy
Endotelialni dysfunkce
Ukladani lipida

Migrace monocyti
Proliferace hladké svaloviny

Ateroskleroza

Kardiovask. nemoci

© | Systémove zanétlivé procesy

|

-

Proteiny akutni faze

Placenta/uterus

(CRP, SAA_ IL-6, TNF, IL-1)

Jatra, pankreas
inzulinova rezistence
intolerance glukézy |

Diabetes

Kontrakce hladkych svala délohy
Ruptury membran

T
Nizka porodni hmotnost




IL-1 Gene Polymorphisms

— 1997 Kornman et al — asociace polymorphismu v genu kédujicim

AL a4

parodontitidy.
— IL-1 polymorfni klaster (PST-periodontitis susceptibility trait) byl
asociovan se zavaznosti PD pouze u nekuraku, rozliSil jedince s

tezkou parodontitidou od mirneého onemocneni.
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Genetic control of IL-1: Genes and Locus of SNPs associated with controlling IL-1 bioloqgical activity

Polymorphism Current Locus Controlled product
Locus assessed with test

IL-1A Allele 2 -889 Allele 2 IL-1A +4845 IL-1 alpha

IL-1B Allele 2 +3953 Allele 2 IL.-1B +3954 IL-1 beta

IL-1RN Protein receptor antagonist

(impedes IL-1 alpha and beta)

Genetic Susceptibility Test for periodontitis: tests for the
presence of at least one copy of allele 2 at the IL-1A +4845 loci
and at least one copy of allele 2 at the IL-1B +3954 locus.

*IL-lA +4845 is being used because it is easier to identify than IL-1A -889 and it is essentially concordant

with it.
** |L-1B +3953 has been now renumbered as IL-1B +3954 because the current convention indicates that the
numbering of the transcription should begin at +1 instead of zero.



Interleukin 1

— Prozanetlivy multifunkcni cytokin.
— Umoznuje pronikani zanetlivych bunek do mist infekce

— Podporuje kostni resoroption

— Stimuluje uvolnovani eikosanoidu (PGE2) monocyty a fibroblasty
— Stimuluje uvolnovani MMP, ktera degraduje proteiny ECM.

—Formy IL-1a a IL-1B
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IL-1 jako modulator periodontitidy

Fibroblast'
, Collagenase
=% L1
Bone —p>
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\ esorption s 10

M2 - ’ Breakdown
Osteoblast
Osteoclast

Fig. 7. IL-1 produced by macrophages (M) as the major
mediator of tissue breakdown in periodontal disease
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+IL-1 genotyp a IL-1 protein

— Konkrétni parodontitidy-asociovany IL-1 genotyp sestava z varianty v IL-B genu,
ktery je spojen s vysokymi hladinami IL-1 (Poiciot et al 1992)

— Pacienti pozitivni pro slouceny IL-1A (4845) a IL-1B (3954) sparodontitidou-
asociovany genotyp maji vyssi hladiny IL-1B na GCF, ale ne v gingivalni tkani pred a
po oSetreni (Kornmann et al 1999)

— Nositelé alely 2 (-889) u pacientu s chronickou parodontitidou vykazovali témér
ctyfnasobny narust hladiny IL-1 (Shirodaria et al., 2000)
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TLR

— Poprvé popsany jako gen pro typ | transmembranoveho receptoru
— dulezita uloha pfi dorzoventralnim vyvoji embrya Drosophily
— absence tolls vedla i k vaznému postizeni obranyschopnosti proti

plisnim a G+ bakteriim

—Nalezeny savCi homologa — podobna uloha ??7?
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PRR
ILR-2

TLR-4

TLR-9

TLRs receptory ajejich ligandy u
onemochnheéni parodontu

PAMP

Lipoproteins

Atypical LPS

Outer membrane proteins
Fimbriae

Nonendotoxic glycoprotein
HSP-60 (GroEL)

LPS

CpG-containing DNA

Periodontal Pathogen

Bacteroides forsythus*

P. gingivalis, C. ochracea

Oral treponemes

P. gingivalis

P. intermedia

P. gingivalis

A. actinomycetemcomitans, F. nucleatum

A. actinomycetemcomitans, P, gingivalis, P. micros

LPS

Stromal cell
and osteoblast T cell
OPG
. decoy
RANKL
v .
e Active osteoclast
.
- —
.
TNF-« RANK differentiation
IL-1 activation

Monocyte Precursor cell
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Periodontitis - akutni

Akutni periodontitis (apikalni)
— Hyperémie a serozni exsudace
— Hnisani, osteoklasticka prestavba kostni tkane
— 4 faze

v’ Periodontalni (desmodontalni)

v'Endosealni

v Perisotalni

v Submukosni
— Silna bolestivost ve vSech fazich, otoky v pozdéjsich fazich

— vztah polymorfismu v genech pro IL1B, IL1RN, FeyRIlIb, VDR a TLR4 s agresivnim

N1
D

typem parodontitidy. I

U
M E



Periodontitis - chronicka

® Sekundarné z akutni periodontitis
@ Primarné chronicka (Casté;jsi)

Formy

@ Cirkumskriptni (granulomatozni)

® Granulomatozné progresivni — pistéle (sliznicni, kozni)
@ Difuzni — odbouravana i alveolarni kost

v Granulacéni tkan

v' Makrofagy

v' Moznost tvorby radikularni cysty

S chronickym typem parodontitidy jsou spojovany polymorfismy v genech pro IL1B, IL1RN, IL6, IL10,
VDR, CD14, TLR4 a MMP1.

Meta-analyza publikovanych dat asociovala varianty polymorfismu IL1A-889, IL1B 3954, IL1B-511,
TNFA-308 a IL6-174 k agresivni i chronické parodontitidé. M
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Farmakogenetika



Na zakladé interdisciplinarniho integrace
znalosti farmakologie a genetiky popsat
vliv dedicnosti na odpovéd organismu na
ruzné léky.

»Farmakogenomika
v'Farmakodynamika: popisuje  zadouci  Ci
nezadouci Uuc€inky lékl na organismus

(Iek— organismus)
v'Farmakokinetika: se zabyva hladinami léku a
jeho metabolitu v rlznych tkanich a vstfebavanim
lékU, jejich distribuci, metabolismem a eliminaci

(organismus — l€k)

Pharmacogenatics

Drug
Dirug Drug i
metabolizing
targets transporters anzymes

— -

Pharmacokinetics

THENDS i Gemanics



Faze a faktory rozhodujici o reakci subjektu na 1é¢ivo

L =1é¢iva
kompenzaéni R ECCE O
podani B E = efektor
cilovy organ ucinky na
postreceptorové jinych organech
déje o
Le® )R |----mee- L.y | E [—> UCINEK REAKCE .
i (odpovéd’ subjektu)
KINETIKA DYNAMIKA V

intra a interindividualni
variabilita v
odpovédi na 1é¢ivo

faktory
ovlivilujici
reakci
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Vztah ke genum

Téemer kazda draha metabolismu léku, jeho transportu nebo
aktivace je ovlivnéna genetickou variabilitou.

Klinicka variabilita v odpoveédi b
Riziko vedlejsich ucinku . o gt Ty *:# t 4
Genotypove specificke davkovani il !
Polymortni cile leku _ t
{ ¢t & ¢} t
t ¢ i
by 0.4
TWARTY ARRY
TR ALY ITY
etponge o ornonresponse | toxicly risk
teslad drug Use different drug Decrease dose or

use different drug

THENDES i Denatice



Vyhody ,,Genomicke mediciny“ — klinicky
potencial

Odhaleni onemocnéni v ZlepsSeni vybéru cilu ve
raném stadiu, kdy je vyvoji léku a snizit Cas,
snadnejsi ucinne |&cCit; naklady a selhani
Usnadnéeni vyberu optimalni Klinickych zkousek;

|éCby a omezit IéCbu pokus- Duraz na prevenci;

chyba; Snizeni celkovych
Snizeni vyskytu nakladu na zdravotni péci.

nezadoucich ucinku;
Zvyseni odpovidavosti
pacienta na léCbou;
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»Nutnost presné diagnozy (k fenotypicky
podobnym stavum mohou vést ruzné
patobiochemické mechanismy).

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

27



Klinicky relevantni genetické polymorfismy ve vztahu k vedlejsSim

I 4

ucinkiim léku

Gene? | Polymorphism Minor allele frequency®  Drug(s) Genetic association Refs
Drug metabolizing enzymes |
TEMT Multiple 0.3% of Caucasian popu- Thiopurines Hematological toxicities [19-22]
lation carry two nonfune-
tienal alleles
CYFP2D6 Multiple 1-2% of Asians and Numerows cardiovascular Enhanced diug effect and [19,23-25]
African descent and 6-8%  diugs, antidepressants  increased toxicity
of Caucasians cary two antipsychotics Codeine
nonfuncticnal alleles
Decreased diug efficacy [26.27]
CYP2CO #2 (Arg144Cys) 0.02-0,10 Warfaiin Increased bleeding risk, de-  [28-30]
creased dose requirements
#3 (lle359Leu) 0.02-0.08
Drug Transporter
ABCE/I 3435C—T (Ilel 1451le) 3.10-0,50 Numerous, including an- Differences in plasma ding  [3,31-34]
ficonvulsants, protease in- concentration and efficacy
hibitors, digoxin and others
Drug-targets or pharmacological response proteins
ADRRI Ser49Gly 0.15-0,30 B-blockers Blood pressure lowering by [35,36]
B-blockers
Arg3i80Gly 0.25-0.47
ADRB2 Argl6Gly 0.41-0,54 B-agonists Bronchodilation and car- [37.38]
diovascular responses to -
agonists
GlIn27Glu 0.07-0,35
DRD2 ServGly 030070 Antipsychotics Differential antipsychotic [39-41]
efficacy, antipsychotic-
induced tardive dyskinesia
and acufe 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
aoNB3 CH25T (creafes splice vari-  (.32-0.76 Diuretics, antidepressants Differential drug efficacy [45.448]
ant)
APOE €2 Cysl30and Cysl76 0.04-0,16 Tacrine, statins Differential diug efficacy [47—49]
£3 Cys130 and Argl76 0.60-0.85
g4 Argl30and Argl7e 0.09-0.25
Fs Arg506GIn (Factor V Lei-  Absent to 0.04 Estrogen, oral contracep- Increased venous throm- [50.51]

den)

tives

boembolism risk

2o




Klinicky relevantni genetické polymorfismy

ve vztahu k uc¢innosti léku

Disease

Treatment

Comment

Reference

M3 -AML

Glioma

Asthma

Depression

all rrans-retinoic acid

carmmstine, BCNU

S5-lipoxygenase inhibitors

B: adrenergic agents

imipranuine

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

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

Glyl6-allele of B2 adren-
ergic receptor is assocl-
ated with much stronger
bronchodilator desensitisa-
tion than Argl6,

Fast metabolisers do no
reach therapeutic drug lewv-
els with normal dosage.,

[4]

[22

[23]

[=H

[19]

29



CYP3A4 — 50% metabolizovanych léku
CYP2D6 — 20%

CYP2C9 + CYP2C19- 15 %

CYP2D6, CYP2C9, CYP2C19 a CYP2AG6 byly
prokazany jako funkcne polymorfni

Napfr. ovliviiuje metabolismus warfarinu, acenocoumarolu a
dalSich Iéku (phenotyoin, tolbutamid, glipizide a dalSi peroralni
antidiabetika typu sulfonylurey).

30



Cytochrom P,.,2C9 (CYP2C9)

dvé alelické varianty genu CYP2C9 1.2

CYP2C9*2
zaména C*30T v exonu 3 vede k substituci Arg*#4Cys

CYP2C9*3
zaména A1975C v exonu 7 vede k substituci lle3>°Leu

in vitro ma CYP2C9*1 normalni, zatimco varianta CYP2C9*2 vykazuje mensSi
a CYP2C9*3 podstatné mensi enzymatickou aktivitu 3 4

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 Biocher%]?iophys 1996; 333:447-58



Davka / antikoagulacni efekt warfarinu

vztah davka / odpovéd
na warfarin

geneticke faktory

vlivy prostredi

polymorfismus
cytochromu P450
CYP2C9*2
CYP2C9*3

rezistence na
warfarin
- jaterni receptor
pro warfarin 12

mutace FIX?3

12. Alving BM et al: Arch Intern Med 1985; 145:499-501

13. Oldenburg J et al: Br J Hematology 1997; 98:240-4 39



CYP2C9 ACTIVITA

Warfarin Dose* Genotype

5.63 (2.56) *1/%1
4.88 (2.57) *1/%2
3.32 (0.94) *1/%3
4.07 (1.48) *Q %2
2.34 (0.35) *2/*3

1.60 (0.81) *3/%3
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Klinické projevy polymorfismu
CYP2C9

pfedavkovani pfi zahajeni antikoagulace standardnimi rezimy 4. 16. 17,1819

nizSi udrzovaci davka nutna k dosazeni a udrzeni terapeutického rozmezi 1%
15, 16, 18, 19

vyssi riziko predavkovani dané interakcemi s leéky metabolizovanymi a/nebo
reagujicimi s CYP2C9 17.21
nestabilita antikoagulacéni terapie 1> 16

delSi pfetrvavani antikoagulacniho efektu po pferuseni IéCby 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 szrmacol 2003; 58:739-45



Interakce s leky metabolizovanymi a/nebo
reagujicimi s CYP2C9

Soutéz o substrat | Enzymovy induktor | Enzymovy inhibitor
ASA a vétSina NSAID rifampicin fluvoxamin (ostatni SSRI slabi)
fenobarbital, fenytoin fenobarbital, fenytoin omeprazol

S-warfarin karbamazepin inhibitory HMG-CoA reduktazy
losartan tolbutamid

tolbutamid cimetidin (slaby)

sulfonamidy, dapson azolova antimykotika (slaba)
diazepam, 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 35



Rychlost metabolismu

Dle aktivity enzymu muze byt populace rozd€lena do Ctyr N erS NS iTa @ I NE Lo 8 iTA LI
hlavnich skupin - pomali metabolizatori (PM),
intermedierni metabolizatofri (IM), efektivni metabolizatofi
(EM) a ultrarychli metabolizatofi (UM).

VétSina jedincu bilé populace patfi mezi tzv.extenzivni
metabolizatory (EM), u nichz jsou IéCiva

metabolizovany pfedpokladanou rychlosti.

5-10 % jedincul je geneticky determinovano jako pomali
metabolizatofi (PM), ktefi maji zpomalené odbouravani
latek metabolizovanych a jsou ohrozeni vyS$Sim vyskytem
nezadoucich udinkl lécby.

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

U ultrarychlych metabolizatord (UM) probiha ) 0 I e EEEE— 1 VA ¢
metabolizace intenzivnéji a klinicky nereaguji na bézné Metabolicka aktivita enzymu

davky IékU a je zastoupena v 5-10 %.

Ultrarychli metabolizatoi1
Rychli metabolizatori

m Intermediarni metabolizatori
Pomali metabolizatori
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Deterioration of COVID-19

COVID-19 and Potential Drug-related Toxicity SR Co B

from Lower Drug Clearance

SARS-COV-2

Higher Plasma Drug Concentration

Entry of SARS-COV-2via Lungs and Severe Toxicity

Inflamed liver

Decreased Drug Metabolism

Cytokine syndrome and and Lower Drug Clearance

hyperinflammatory condition

Suppression of Hepatic
Cytochrome P450 Enzymes

Medical Hypotheses, Volume 144, November 2020, 110033



Marker CYP1A2 CYP2B6 CYP2C9 CYP2C19 CYP2D6 CYP3A4 Model Ref.

IL-18 ND ND ND ND ND L Human [87]
hepatoma
cells

IL-6 ND ND ND ND ND L

TNFa ND ND ND ND ND Ll

IL-18 ND ND ND ND ND L Human [45]
hepatocytes

IL-1B > > - ND ND > Human [113]
hepatocytes

IL-6 < Wl 1 ND ND Wl

IL-6 i L ND ND ND W HepaRG cells [[114]

IL-1 L ND ND ND ND W Human [115]
hepatocytes

IL-6 ! ND ND ND ND 1!

TNFa L ND ND ND ND 1

IL-1 ND > - PEN ND L Human [42]
hepatocytes

IL-6 ND Wi H W ND Wi

TNFa ND - VEN VEN ND ND

IL-2 ND i ND ND ND L Peripheral [116]
blood
mononuclear
cells

IL-6 ND ! ND ND ND !

IL-10 ND > ND ND ND VEN

IL-6 Wl Wl W W ND Wi Cryopreserve [40]
d human
hepatocytes

| indicates up to 25% decrease, || indicates 26-50% decrease, ||| indicates > 50% decrease, «» indicates no

change, CYP cytochrome P450, IL interleukin, ND not determined Medical Hypotheses, Volume 144, November 2020, 110033


https://link.springer.com/article/10.1007/s13318-020-00668-8#ref-CR87
https://link.springer.com/article/10.1007/s13318-020-00668-8#ref-CR45
https://link.springer.com/article/10.1007/s13318-020-00668-8#ref-CR113
https://link.springer.com/article/10.1007/s13318-020-00668-8#ref-CR114
https://link.springer.com/article/10.1007/s13318-020-00668-8#ref-CR115
https://link.springer.com/article/10.1007/s13318-020-00668-8#ref-CR42
https://link.springer.com/article/10.1007/s13318-020-00668-8#ref-CR116
https://link.springer.com/article/10.1007/s13318-020-00668-8#ref-CR40

Healthy Liver

3 ; Termination of Pharmacological
Inactive Metabolites : £ s
Actions of Lopinavir

COVID-19 Patients (Inflamed
Liver with Suppressed CYP3A4)

-vir - ‘ Lack of Lopinavir Elevated Plasma
Metabolism - Lopinavir Concentrations

Possible Hepatotoxicity, QT Interval
Prolongation, and Pancreatitis

Difference in drug metabolism and pharmacological outcomes between healthy and inflamed
liver in COVID-19 patients. Lopinavir, an anti-retroviral drug that has been repurposed for
COVID-19, has been taken as an example, but this prototype flowchart is applicable to all
drugs that are metabolized to inactive metabolites by cytochrome P450 enzymes, especially,

through the CYP3A4 isoform

Medical Hypotheses, Volume 144, November 2020, 110033



RAS

Angiotensinogen (1-12)

Inactive
protein

ACE

Proinflammatol

Z? BK1R
Bradykinin

%BKzR

Proangiogenic

/
Renin No known function,
CAGE competitive inhibitor of ACE
Tonin
ikcenin Cacez ) I
Kallikrenin y ;
tPA ANG | (1-10) —_— Angiotensin-(1-9)
Cathepsin G ~
Chymas Prolyendopeptidase
Carboxypeptidase§ ACE  Neutral endopeptidase ACE
Cathepsin (PEP or NEP)
AT3R -
No known| ¢— ANG Il (1-8) ] ANG-(1-7)
function @ u
ATIR . | ) . __MasR
Proinflammatory Aminopepdidase A Ant!ang!ogemc
Proangiogenic (APA) Antiangiogenic LANntiproliferative|
Proliferative Antiproliferative
ANG Il (2-8) ACE

Geny v cerveném ovalu lezi na X chromosomu (muzi maiji jen jednu alelu);

I
Aminopepdidase N/B

(APN and APB)

ANG IV (3-8)

AT4AR ﬂ

| Proinflammatory |

Angiotensin-(1-5)

[No known function]|

Antiinflammatory

Des-arg®-kini

J

Increase blood
flow to inflamed
areas.

vyznamny rozdil ve fyziologii mezi muzi a zenami

Inactive
protein




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-convertina an7vma: ﬂﬁgi gtggs%g%igﬁnminnﬂnn

l RENIN

Angiotensin |

N\

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

!

t Ang Il § Ang-(1-7) {Ang 1t Ang-(1-7)

! J

Vasoconstriction

Vasodilation
Endothelial dysfunction

Proliferation/Hyperirophy

‘I. Proliferation

\l\ Hypertrophy
Fibrosis \l\ Fibrosis

Atherosclerosis * Thrombosis
Call death

Arrhythmogenic

Anti-arrhythmogenic

41



g
Cancer diagnosis
Oy N

/

Genetic background

Osteonecrosis of the jaw induced
by bisphosphonates (BP)

<LSBRONJ free
Z

S BPusers =

Genome-wide ——> shpsinresmz —— (P

Sreening

$BRONJ >

& BP users

=

Prx1

RBSM3 : Coll B
< — o
s

Expression

Fibroblast Osteoporosis

42



Metotrexat u RA

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

Pri leCbé MTX se mohou vyskytnout nezadouci ucinky.
Alespon jeden u 72,9% pacientu, zavazné az u 30%

pacientu.

ﬁastromtestlnalnl toxicita (nevolnost, zvraceni, prujem, 20% - 65%
epatotoxicita 10% - 43%

oraIm ulcerace 37%

alopecie az 4%

pulmonalni toxicita 2,1% - 8%

utlum kostni direné Iehky 12%

pancytopenie 0.8%
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Folaty
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synthese toxicita
Dlhydrofolaty
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5,10-methylen tetradydrofolat
AMP Phosporibosyl- 5-methyl tetradydrofolat
amin
IMP
b 9 @ Dihydrofolsaure-Reduktase
Ade nusln . 5,10- methenyl tetrahydrofolat @ Thymidylat-Synthase

® *
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i—-*" ‘“‘E MTX  10- formyl tetrahydrofolat
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FAICAR TE\::THF @ HA

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

(4) AMP-Deaminase

@ Adenosin-Deaminase

(6) Methylen-THF-Reduktase

@ Serin-Hyroxymethyl-Transferase

Methionin-Synthase

@ Methylen-THF-Dehydrogenase
(MJRIFD1)




U&inek MTX v burice — cile pro SNPs

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

Metabolismus adenosinu

. v v

protizanétlivého pusobeni metotrexatu.

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

Vstup do bunék pro folaty a antifolaty

prenaseC SLC19A1 nebo reduced folate carrier (RCF-1)

folatove receptory (FR-a a FR-B), endocytoza - nizsi afinita MTX k
receptorum nez folaty (maly vyznam metabolické cesty)

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

Intracelularni 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 gamaglutamyl hydrolazy
(GGH)
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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 GROA 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 CH3I5T 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 (ref.)
MTHFR Ca7TT 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 No 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 susceptibility to RA and decrease MTX
plasma homocysteine toxicity (62). No effect on efficacy or toxi-

city (71)

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

Ranganathgn P, McLeod HL. A&R 2006



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; 3'-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 76
MTXPGs to short-chain GGH for MTXPGs
MTXPGs by removal of
glutamates
C401T Affects MTXPG levels - 47
DHFR Reduction of DHF to THF; I-UTR T721A May increase DHFR expression May affect MTX efficacy 7
target of MTX and C829T
MSs Methylation of homocysteine AZT56G May decrease MS activity; May affect MTX toxicity 79, 80
to methionine increase homocysteine levels
MTER Methylation of cobalamin ABLG May decrease MTRR activity; May affect MTX toxicity 81, 82

cofactor required for the
action of MS

increase homocysteine levels

*MTX = methotrexate; GGH = y-glutamyl hydrolase; MTXPGs = methotrexate polyglutamates; DHFR = dihydrofolate reductase; DHF =
dihydrofolate; THF = tetrahydrofolate; 3'-UTR = 3'-untranslated region; M3 = methionine synthase; MTRE = methionine synthase reductase.

Ranganattfh P, McLeod HL. A&R 2006



MDR1

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

It is known to affect susceptibility to many hematopoietic malignancies.
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.

Therefore, association of two polymorphisms in the gene with clinical staging
and therapy was evaluated.
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MicroRNA (miRNA) — regulace genl dulezitych pro funkci Iékd.
Interakce miR-gen—lék prostrednictvim degradace farmakologicky
relevantniho cile.

(A) An example of an experimentally verified miRNA pharmacogenomic set. miR-125b
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
Inhibiti f TargetScan
| == = | /N =\ x
PITA
L IS S . VerSe P p ) N =5 = 4 7~ -~ 5
VDR Gene Gene 1 Gene 2 Gene 3 Gene 1 Gene 2 Gene 3
Modulated PharmGKB
response
Calcitriol Drug Drug 1l Drug2 Drug3 Drug1l Drug2 Drug3

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

[
e Author . FPublishe y XTOr nlver3|y ress. Bi - ]
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Glioma with unmethyhted MGMT

o ,;t‘_. A;';‘-.;_ : - ,.,
TR JANN
MGMT promoter Exon1 Intron?

Glioma with methylated MGMT

MGMT promoter Gene machvation

Epigenetika

MGMT — methylguanine-DNA
methyltransferase

Metylatilace promotoru MGMT
silencing genu

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

Chemoresistant tumor

K T o s DA DNA cross-links cut,
MGMT promoter Exon1 Introni : tumor cells unharmed
base guanine

Glioma with methylated MGMT Chemosensitive tumor

Carmustine cross-links DNA

strands, and there is no active DNA remains cross-linked,
MGMT promoter Gene inactivation MGMT to repair it and tumor cells 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. 52



Perzonalizovana medicina

Severity

D isease

REACTIVE MEDICAL CARE

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

Disease Severity

EFFICIENT MEDICAL CARE

PREDISPOSITION J§ SCREENING

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

PREVENTIVE MEDICAL CARE

9
%
V) v miommiomtoinionsne m e s o oot 0o 0 o s e i 0 o s 6 40 0 0 s e e 0 4
X
]
¥ ‘ PREVENTATIVE MEASURES ’
- ,// \\"\
T A ——- ——

PREDISPOSITION J§ SCREENING

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

lime
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Genova terapie: typy nemoci

InfekCni nemoci

Rakoviny

Vrozené nemoci

Nemoci imunitniho systemu
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Genova terapie

»Zahrnuje Jakoukollv proceduru, urCenou Kk l|éeCeni nemoci
genetickou modifikaci bunék pacienta.

» Do bunek se transferuji: geny, jejich Casti nebo oligonukleotidy.
»(Genova terapie in vivo: transfer primo do bunek pacienta
»(Genova terapie Iin vitro: genové modifikace probihaji mimo
organismus

»(Genova terapie ex vivo. modifikované bunky se vraceji do
organismu



Principy genové terapie

N

Nucleus

Adenoviru

Retrovirus/Lentivirus

herapeuti
c Protein

Naked DNA



22.17 Principles of molecular genetic-based therapies and treatment

Gene augmentation therapy
Gene X
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Tissue Engineering v praxi: - femporomandibuldrni 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 tkane

vektor kapa- | snadnost | integrace | trvani transdukce existujici | bezpecnost | preno
cita produkce | do exprese | nedélicich se | imunita s do
genomu bunék poto
mstva
neviralni bez +++ ztidka docasna ++ ne +++ ne
limitu
onko- 8 kb ++ ano stabilni - ne insercni muze
retroviry mutagenese
aktivace
onkogent
lentiviry 8 kb + ano stabilni ++ ne inseréni muaze
mutagenese
aktivace
onkogend
adenoviry | 30 kb + ne docdasna +++ ano hyperimunitni | ne
odpovéd
adeno 4.6 kb + mozna dlouho- ++ slaba +++ muze
asociated trvajici
virus AAV
Herpes 150 kb | + ne docasna ++ ano hyperimunitni | ne

viry

odpovéd




Nemoci v soucasnosti l1écené genovou

nemoc terapii - q‘éfgftféZi klinickéhc&ﬁg@&g&%

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 nespecificke 1/4
Neurodegenerativni nemoci degradace neuront neurony v mozku 1/250

Parkinson, Alzheimer

infekéni nemoci T-lymfocyty, makrofagy
AIDS, hepatitis B



Cysticka fibroza

e mutace v iontovém prenaseci CFTR transmembrane
conductance regulator

e nejvice postihuje %licni alveoly, strevni epitel a I1;>ankreas —
zvysena produkce hlenu, citlivost k plicnim infekcim.

e vvhodou pro terapii je ze staci pouze né€kolik molekul
proteinu na bunku aby se ji vratila normalni funkénost.

euspéSné pokusy v kulturach a na  mySich
transformovanych pomoci liposomu

e u lidi se zavedla jan pomocna lécba sprejovani adenoviru
nesouciho transgen CFTR do nosu, ucinné v plicich,
nepusobi na slinivku

less
viscous

more
viscous

Mutation spectrum of the CFTR gene

Normal airway CF airway
flow
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principy genoveé terapie rakoviny

vyuziti onkoretroviralnich vektort

doruceni nemutovan¢ho supresoroveého

genu p53

a Normal cell; no effect Grm'lharreﬁl

"“‘--,._/17 ﬂmptﬁsls

@?\

vacmr

@/

Tumo-ur call

Bmamet effect

doruceni konstruktu zajistujici zastaveni
exprese onkogenu (antisense konstrukt)

b Normal cell: no effect At

nbosome: .
encoding gene f_)‘h\ |
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Nature Reviews | Cancer



principy genoveé terapie rakoviny

doruceni sebevrazedného genu preménujici pro-drug na toxin

Tumour cell ﬂ-F‘mdrug _I'“'*‘f
S N 5"*'* c}? o
;. . - O
. ' ; :;
o 4 & ; LE', Q HD.‘

N T 1er
S

Nature Reviews | Cancer



Nanotechnology Based Drug
Delivery Systems for Cancer
Therapy

Nanosphere 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



1. siRNA-containing
delivery vectors
(polyplexes) are injected
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