AF Konusunda Klinik Pratikte
Kullanilan Genetik Calismalar -
Turkiye’'de Durum Ne?

Prof. Dr. Nihal AKAR BAYRAM

Ankara Ataturk Egitim ve Arastirma Hastanesi
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Parental Atrial Fibrillation as a Risk Factor
for Atrial Fibrillation in Offspring

Table 2. Odds Ratios for Offspring Atrial Fibrillation Over 4 Years, According to Parental Atrial Fibrillation Status

Parental Atrial Fibrillation Status
| |

Maternal Patemal One or Both Parents
None ! OR (95% CI) P ‘Iu"alue"‘l ! OR (95% CI) P IIn.ll’.f.llue"‘l ! OR (95% CI) P IIul’zull.ue*l
Overall Sample
Mo. of cases 42 18 14 28
Incidence rate per 1000 3.0(1.8-4.2) 6.5 (4.7-8.3) 4.0(26-5.4) 4.5 (3.0-6.0)
person-yearst
Unadjusted Reference 3.06 (1.78-5.27) =.001 1.87 (1.02-3.43) 04 2.23 (1.38-3.59) 001
Age- and sex-adjusted Reference 2.26 (1.29-3.08) 005 1.75(0.95-3.21) 07 1.86 (1.15-3.01) 01
Multivariable-adjustedt Reference 2.23(1.25-3.98) 007 1.76 (0.93-3.35) .08 1.85 (1.12-3.06) 02
Age <75 y (Both Offspring and Parent)
MNo. of cases 48 13 10 20
Unadjusted Reference 4.44 (2.30-8.24) =.001 213 (1.07-4.21) 03 2.72 (1.61-4.60) =001
Age- and sex-adjusted Reference 5.04 (2.68-0.49) =001 2.64 (1.31-5.31) 006 3.36 (1.95-5.77) =00
Multivariable-adjustedt Reference 5.00 (2.67-9.36) <.001 248 (1.21-510) 01 3.23 (1.87-5.58) <.001
Age =75 y (Both Offspring and Parent), Without Clinically Overt Heart Disease in Offspring
MNo. of cases 37 11 7 15
Unadjusted Reference 4.91 (2.49-0.67) =.001 1.03 (0.86-4.34) A1 2.65 (1.45-4.83) 002
Age- and sex-adjusted Reference .62 (2.77-10.97) =001 2.36 (1.04-5.38) 04 3.19 (1.73-5.90) =00
Multivariable-adjusted§ Reference 5.75(2.96-11.18) <.001 2.31 (1.00-5.34) 049 347 (1.71-5.86) <.001

Parental AF bagimsiz AF 6ngordiiriiciisii

Fox et al JAMA. 2004;291:2851-2855




Genetik predispoziyon
* Genetik mutasyonlarla kardiyak aritmilerin

iliskisi uzun yillardir bilinmekte

¢ llk olarak uzun QT >>> potasyum kanal

genlerinde mutasyonlar



Genetik predispoziyon

* AF de genetik arastirmalar 1940 lara

dayanmakta

 AF, ozellikle erken baslangicli AF de, eslik eden
kardiyovaskiler kosullardan bagimsiz olarak,

guclu kalitsal gecis

o AF hastalarinin yaklasik %30’unda yaygin genetik

varyasyonlar



Familial Atrial Fibrillation

Is a Genetimﬂ}-’ Hetﬁmgenmus Disorder

Dawood Darbar, MD,* Kathleen J. Herron, BA,* Jeffrey D. Ballew, MSc,* Arshad Jahangir, MD,’
Bernard ] Gersh, I‘v‘IECHE, DP‘I—III_, FACC,* Win-KE. Shen, MD, FACC?
Stephen C. Hammill, MD, FACC.* Douglas L. Packer, MD, FACC,* Timothy M. Olson, MD*

* Familyal lone AF
— Tum AFlerin % 5’i
— Lone AF’lerin % 1|5’

J Am Coll Cardiol 2003;41:2185-92



Genetik predispoziyon

e Framingham calismasinda 3 AF hastasinin I’inde

aile oykusu +

e Birinci derece akrabalarinda AF olanlarda % 40

risk artisi

Fox CS.]AMA 2004;291:2851-5
Lubitz SA. JAMA 2010;304:2263-9.



Genom c¢apinda iliskilendirme galismalari
(GWAS:)

* Monogenik AF'li buyiik aileler, genel

populasyonda nadirdir

* Bu durum AF genetik calismalarinda klasik
genetik haritalama tekniklerinin kullanimini

kisitlar



Genom c¢apinda iliskilendirme galismalari
(GWAS:)

e Bununla birlikte, son on yilda, teknolojik ilerlemeler, yuz
binlerce SNP (tek niikleotid polimorfizmi)'nin etkili

genom genisligi genotiplendirmesini mumkin kildi

* Genetik bolgeleri AF de dahil olmak uzere cesitli
ozelliklere ve kosullara bagl olarak tanimlayan genom

¢apinda iliskilendirme galismalarina (GWAS) olanak tanidi



Genom c¢apinda iliskilendirme galismalari
(GWAS:)

* GWAS'in AF'ye ilk uygulamasi:

o llk GWAS raporunda AF ile iligkili 15 tane AF
iliskili lokus tanimlanmistir

e Kromozom 4q25 AF duyarlilik lokusunun
tanimlanmasi

 Bu ilk gahismadan sonra kromozom 4q25 AF risk
lokusleri uzerinde en kapsamli ¢alisilan
kromozomdur.



» AFde 4q25 ile iliskili tek nukleotid
polimorfizmi PITX2 geninde eksiklik
gorulmus olup, pulmoner ven miyokardinda
ektopik elektriksel aktivite gosterilmistir.

o PITX2 geninin AF gelisimine etkide
bulundugu saptanmistir.



AF de nadir genetik varyantlar

o KCNQI, K kanali a subunitini kodlar

e Chen ve ark. larit AF ile KCNQ I mutasyonu
iliskisini gostermisledir

KCNQ1 (c-subunit) KCNE1 (p-subunit)

Pore region NH,

Extracellular Extracellular

Intracellular Intracellular

COOH
COOH

Chen YH. Science 2003;299:251-4.



Stretch-Sensitive KCNQI Mutation

A Link Between Genetic and Environmental
Factors in the Pathogenesis of Atrial Fibrillation?

Rn::-b}'n Gtw:t}'. PuD.* Jamlc I vﬂndcnb:rg, I'VIB, HS, PHD,‘H: Guangl:ul Gu-::u, PHD,*

Anthony Varghese, PHD,§ M. Leticia Castro, BMEDSc(Hons),* Jian Lin, PHD,* JingTing Zhao, PHD,
Jane A. Bursill, BTC,t Ken R. Wyse, BSc,t Haley Crotty, B BioMED 5¢," Olivia Baddeley, MSc,*
Bruce Walker, MB, BS, PHD)|| Dennis Kuchar, MD, FACC)| Charles Thorburn, MB, CHB,|

Diane Fatkin, MD*4||

* Ailevi AF
« KCNQI geninde R14C mutasyonu

* AF sadece yasl ve atriyumu genis olanlarda var
« RI4C

— Bazal kosullarda IKs fonksiyonu normal

— Atriyal gerilme varsa

* |Ks fonksiyonunda kazang

J Am Coll Cardiol 2007;49:578



Fesearch article

Potassium channel gene mutations rarely cause atrial fibrillation
Patrick T Ellinor*, Vadim 1 Petrov-Kondratov, Elena Zakharova,

Edwin G Nam and Calum A MacRae BMC Medical Genetics 2006, 7:70

- Lone familyal AF

-n =96

- KCNJ2 ve KCNEI-5
- Mutasyon yok !!

SCIENTIFIC LETTER

Mutations in the long QT gene, KCNQ1, are an uncommon
cause of atrial fibrillation
P T Ellinor, R K Moore, K K Patton, J N Ruskin, M R Pollak, C A MacRae

Hoart 2004,90:1487-1488. doi: 10.1134/hnt.2003.027227

- 141 lone AF olgusu
- Hig¢ birinde KCNQ|I mutasyonu yok !!




Sodyum kanallari ve AF

Odds ratio for AF
- SCN5A gen polimorfizmi 1 additional | |
- H558R R allele
- OR = |,6/R alleli

- 157 lone AF olgusu RR | .
- Fonksiyon kaybi
- Sinif |1 AA proaritmisi ?

HR o—

HH .

0 1 2 3 4 5 6 7
Odds ratio

Chen et al. Clin Pharmacol Ther 2007;81:35



Cardiac sodium channel mutation in atrial fibrillation

Patrick T. Ellinor, MD, PhD,*t Edwin G. Nam, BA,T Marisa A. Shea, RN,* David J. Milan, MD,*1
Jeremy N. Ruskin, MD,* Calum A. MacRae, MB, ChB, PhD?

- 57 familyal lone AF olgusu

- SCN5A gen mutasyonlari

- Tek bir olguda N1986K mutasyonu
- Fonksiyon kaybi

SCNS5A gen varyasyonlari familyal AF'de sik degil !

Heart Rhythm 2008;5:99



Variants conferring risk of atrial fibrillation on
chromosome 4q25

Daniel F. Gudbjartsson', David O. Arnar®, Anna Helgadottir®, Solveig Gretarsdottir', Hilma Holm?,

Asgeir Sigurdsson', Adalbjorg Jonasdottir', Adam Baker', Gudmar Thorleifsson', Kristleifur Kristjansson',

Arnar Palsson', Thorarinn Blondal®, Patrick Sulem’, Valgerdur M. Backman', Gudmundur A. Hardarson',

Ebba Palsdottir!, Agnar Helgason', Runa Sigurjonsdottir?, Jon T. Sverrisson®, Konstantinos Kostulas®,

Maggie C. Y. Ng°, Larry Baum®, Wing Yee 50°, Ka Sing Wong~, Juliana C. N. Chan”, Karen L. Furie®,

Steven M. Greenberg®, Michelle Sale® Peter Kelly®, Calum A. MacRae”, Eric E. Smith®, Jonathan Rosand®,

Jan Hillert®, Ronald C. W. Ma”’, Patrick T. Ellinor’, Gudmundur Thorgeirsson?, Jeffrey R. Gulcher', Augustine Kong',
Unnur Thorsteinsdottir' & Kari Stefansson’

Toplam 316.515 TNP AF/AFL ile iliski agisindan tek tek irdeleniyor
4 farkli toplumda

4925 bolgesinde yerlesik 2 sekans varyanti ile kuvvetli iliski var

> Bu iliski genglerde ve lone AF olgularinda daha belirgin

Gen ??

Nature 2007;448:353




Familyal monogenik ya da Lone AF ile iliskili gen

mutasyonlari- nadir varyantlar

Gene Product Function Comments
lon channels SCN5A %-Subunit INa channel GOF; LOF
SCN1-3B B-Subunit INa channel LOF
CACNBZ2 B-Subunit ICa channel NI
CACNAZ2D4 Aux. subunit ICa channel NI
KCNQ1 %-Subunit IKs channel GOF
KCNE1-5 B-subunit IKs channel GOF
KCND3 2-Subunit ITO channel NE; GOF
KCNHZ2 a-Subunit IKr channel GOF; LOF
KCNAS a-Subunit IKur channel GOF; LOF
KCNJ2, 8 a-Subunit Kir channels GOF
ABCCY Aux. subunit IKir channel LOF
GJAT, 5 a-Subunit Gap junctions LOF
Non-ion channels GATA4 Trnscrpt. factor LOF
GATA6 Trnscrpt. factor NI
GREM2 BMP Increased
inhibition
LAMNA Lamin A & C NI
NKX2-5 Trnscrpt. factor NI
NAPPA ANP Natriuretic peptide GOF
precursor A
NUP155 Nucleoporin LOF

Olesen MS. Eur | Hum Genet 2014;22:298.



Familyal monogenik ya da Lone AF ile iliskili gen
mutasyonlari- sik gorulen varyantlar

Reference SNP ID# Chromosome Closest Gene Comments/SNP Location
rs2200733 4q25 PITX2 Paired-like homeodomain transcription
factor 2

Upstream

rs2106261 16q22 ZFHX3 Zinc finger homeobox 3
Intronic

rs13376333 1921 KCNN3 Ca-activated K channel
Intronic

rs3807989 7931 CAV1/2 Caveolin 1/2
Intronic

rs3903239 1924 PRRX1 Homeodomain transcription factor
Upstream

rs1152591 14923 SYNEZ2 Encodes Nesprin 2
Intronic

rs10821415 9g22 CY9rf3 Open reading frame on chromosome 9
Intronic

rs7164883 15q24 HCN4 Pacemaker channel
Intronic

rs10824026 10g22 SYNPQ2L Encodes a cytoskeletal protein (CHAP)
Upstream

Olesen MS. Eur | Hum Genet 2014;22:298.



 30°dan fazla gen AF ile iliskili kodlanmig
proteinler yayinlanmistir.

* lyon kanallarindaki ve yapisal
broteinlerdeki varyantlar, elektriksel
sinyaldeki degisiklige yol agip, atrial
dokuda bozulmaya neden olarak, AFyi
predispose ederler.




GWAS calismalarinin ozeti
= = == =

4925 PITX2 rs2200733 Intergenic variant [29]
rs13143308 Upsiream gene variant
16g22 ZFHX3 rs2 106261 Intronic variant [30]
1g24 PRRX1 rs3903239 Upsiream gene variant [31]
7931 CAVI rs3807289 Intronic variant [31]
9q22 CQorf3 rs10821415 Intronic variant [31]
10g22 SYNPOZL rs 10824026 Upstream gene variant [31]
14923 SYMNE2 rs1152591 Intronic variant [31]
15g24 HCMN4 rs/ 164883 Intronic variant [31]
3p25 CAND2 rs4642101 Intronic variant [32]
6q22 GIAT rs13216675 Intergenic variant [32]
10g24 MNEURL rs12415501 Intronic variants [32]
rs6584555
1224 TBX5 rs10507248 Intronic variant [32]
12g24 CUX2 rs&6490029 Intronic variant [32]
cg 13639451 WFIKKNZ - Upstream gene [33]

Cg07191189 STRN - Upstream gene 33]
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/ Atriyal fibrilasyon ile iliskili varyantlari
tanimlamak igin kullanilan yaklasimlara genel
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AF gelisim riski-klinik pratikte genler

» Genetik gecmis; hipertansiyon gibi diger risk
faktorlerinin gelisimi veya baslangicindan once
degerlendirilebilmesine ragmen, atriyal fibrilasyon ile
iliskili tek bir SNP'nin glcu, atriyal fibrilasyon
gelisimine yonelik bilgilendirici bir belirteg olarak

kullanilamayacak kadar zayiftir



AF gelisim riski-klinik pratikte genler

* PITX2, ZF

X3 ve KCNN3 mutasyonlarina, ilk

3 SNP'nin eklenmesinin tipik klinik risk

faktorlerinin otesinde AF ongorulme sansini

arttirdigi gosterilmis

Lubitz SA,. JAMA 2010;304: 2263-9.



AF gelisim riski-klinik pratikte genler

Relat

Low Intermadiata High

AF risk allele category

Baska bir calismada tum genel genetik varyantlarin bir genetik risk
skorunda blrlestlrllme5| ile yuksek risk grubundaki hastalarin
belirlenmesinin daha énemli oldugu vurgulanmistir

Lubitz SA.] Am Coll Cardiol 2014;63:1200-10.



AF-Genetik risk skoru(GRS)

* Hayashi ve ark.lar1 24.471 bireyde |2 SPN
deQerlendirdi

o AF-GRS paneli % 20 bireyde, AF gelisiminde 2

kat artis, inme riskinde %23 artis saptadi

Hayashi et al. 2017



AF-Genetik risk skoru(GRS)

» Tada ve ark.lar1 27.401 bireyde |2 SPN
deQerlendirdi.

o AF-GRS paneli,AF gelisiminde ve inme riskinde

2 kat arus ile iliskili bulundu.

Tada et al. 2015



AF icin 4925 lokusunda genetik
varyasyonun klinik etkileri

Condirtion SN Ps Study size OR Cl P value
Cardioversion success rs2200733 184 2.1 1.2-3.3 8 x 1077
rs10033464
AF recurrence post ablation rs2200733 200 0.76 0.6-0.95 0.016
rs 10033464
rs2200733 195 2.0 1.0-3.8 0.039
rs 10033464
Antiarrhythmic drug response rs 10033404 399 4.7 1.8-12 1.3 x 10772
Stroke rs2200733 6,222 1.3 1.2-1.4 2.18 x 107"
rs1906591 4,199 1.6 1.4-1.9 9.2 x 10712
Sudden cardiac death rs2200733 27,629 1.3 1.1-1.5 7.9 x 1074




Pulmoner ven izolasyonu basarisini
predikte etmede genetik rol

e Shoemaker ve ark. kromozom 4q25 uzerindeki
polimorfizmlerin kateter ablasyonundan sonra
atriyal fibrilasyon nuksu riskini modiile ettigini

gostermistir

Shoemaker MB. Circ Arrhythm Electrophysiol 2015; 8:296—302.



AF rekurrensi-genetik rol

e 2SNP,rs2200733 ve rs10033464 >> 4q25’te

lokalize

o Elektriksel kardiyoversiyon yapilan 184 hastada AF

rekirrensinin bagimsiz prediktori

o Kateter ablasyon yapilan 195 hastada 7 gun iginde

AF rekurrensi 2 kat, 3-6 ay icerisinde 4 kat artmis

Parvez, B. Heart Rhythm. 10, 849-855 (2013).
Husser, D.J.Am. Coll. Cardiol. 55, 747-753 (2010).



Korean Atrial Fibrillation (AF) Network: Genetic Variants for AF Do

Not Predict Ablation Success

Euve-Keun Choi, MD, PhD;* lae Hyung Fark, PhD;* Ji-¥oung Lee, PhD; Chung Mo Nam, PhD; Min Ki Hwang, PhD; Jae-Sun Uhm, MD;
Boyoung loung, MD. PhD; Young-Guk Ko, MD; Moon-Hyoung Lee, MD, PhD; Steven A. Lubitz, MD, MPH; Patrick T. Ellinor, MD, PhD;
Hui-Mam Pak, MD, PhD

Background—Genomewide association studies have identified several loci associated with atrial fibrillation (AF) and have been
reportedly associated with response to catheter ablation for AF in patients of European ancestry; howewer, associations between
top susceptibility loci and AF recurrence after ablation have not been examined in Asian populations. We examined whether the top
single nucleotide polymorphisms (SMNPs) at chromosomes 425 (PITXZ), 1622 (ZFHX3), and 1921 (KCNN3) were associated with
AF in a Korean population and whether these SMPs were associated with clinical outcomes after catheter ablation for AF.

Methods and Resufts—We determined the association between 4 SNPs and AF in 10568 AF patients who underwent catheter
ablation (74.6% male, aged 57.5+10.9 years, 67.9% paroxysmal AF) and 1068 age- and sex-matched controls. The SNPs at the
PITXZ and ZFHX3 loci, but not the KCNN3I locus, were significantly associated with AF (PITX2 /rs6843082_G: odds ratio 3.41, 95%
Cl 2.55 to 4.55, P=1.32x10""% PITXZ2/rs2200733_T: odds ratio 2.05, 95% Cl 1.66 to 2.53, P=2.20x10"""; ZFHX3/
rs2106261_A: odds ratio 2.33, 95% ClI 1.87 to 2.91, P~3.75x 107 "%, KCNN.3/rs13376333_T: odds ratio 1.74, 95% Cl 0.93 to
3.25, P=0.085). Among those patients who underwent catheter ablation for AF, none of the top AF-associated SNPs were
associated with long-term clinical recurrence of AF after catheter ablation.

Conclusions—

naone of the 4 top AF—susceptlblllty SNPs pred'cted clinical recurrence after -::atheter ablation. {J Am Heart Assnc 2015 T
e002046 doi: 10.1T161/]JA - ]

Key Words: atrial fibrillation = catheter ablation = genetic polymorphism = phenotype = recurrence
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AF- emboli- genetik rol

e 4g25 ve 16922 geninde mutasyonun
emboli riskinde artisa neden oldugu
gosterilmistir

Shoemaker MB. Circ Arrhythm Electrophysiol 2015; 8:296—302.



AF genetigi tedavi igin yonlendir

ici mi?

P <0.05 P < 0.005
50 - [ I A
;\? /_ﬁZ% s r 27%
o 40 % ol 1%
g :
o 307 'E
Q 25% o 30
g 2
E 207 16% ‘? 20
o c
o
< 10 - -
10
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0- 0-
1l ID DD ] ID DD
ACE I/D Genotype ACE I/D Genotype
(Tum AF) (Lone AF)
-n=213

- Sinif 1A, 1C ve Il AAI’ a yanit ve ACE gen genotipleri arasindaki iligki

- Amiodarona yanit genotipten bagimsiz

Darbar et al. Heart Rhythm 2007;4:743




AF genetigi tedavi igin yonlendirici mi?

Patients with frequent
symptomatic AF

.

Flecainide

3-months

Implantation of
loop recorder

Monthly evaluation of
AF burden and
telephone AFEQT

Sotalol

3-months

>

Sotalol
End of
study
Flecainide —J

e lllinois universitesi tarafindan yurutulen ¢alisma

e 4q25 alleline gore sotalol ya da flekainide cevap

» Sonuclari beklenmekte




Turkiye'de genetik laboratuarlarda
calisilabilen genler

 Ailesel Atriyal fibrilasyon tip | [ (GJA5 geni)

Ailesel Atriyal fibrilasyon tip 7 (KCNAS geni)
 Ailesel Atriyal fibrilasyon tip 4 (KCNE2 geni)
 Ailesel Atriyal fibrilasyon tip 6 (NPPA geni)

Ailesel Atriyal fibrilasyon paneli (GJA5, KCNA5, KCNE2,
KCNQI, NPPA, KCNJ2,SCN5A,ABCC9)



Turkiye'de genetik laboratuarlarda
calisilabilen genler

e Sinirli merkezde ¢alisilabilmekte
e Ulasilabilirligi zor
e Rutin kullanimi 2??

* Tedaviye katkisi???



CLINICAL PRACTICE GUIDELINE

2014 AHA/ACC/HRS Guideline for ®
the Management of Patients With <
Atrial Fibrillation: Executive Summary

Familial (genetic) AF

For patients with AF and multigenerational family members with AF, referral to a tertiary lib C MNSfA
care center for genetic counseling and testing may be considered



~* Larger studies
* Sex chromosomes
* Cohorts of non-European ancestry
* Endophenotypes
* Other structural genetic variants
* Gene-environment interactions

* Developmental and functional
characterization of loci

* Cohorts of non-European ancestry

* Bioinformatic predictions

* High density genotyping (fine mapping)

* Resequencing

* Gene expression

* Genotype-guided prediction of AF- - = _ -
related morbidity: stroke, heart failure, Novel
dementia, mortality variants

* Genotype-guided treatment dosing

* Genotype-guided prediction of efficacy
and toxicity

Personalized 107 % Causal
therapy & VEHERLS

; —-— * Pleiotropy
Personalized * Gene-gene interactions
medicine + Gene expression

* Gene-based prediction of AF risk * Pathway and gene ontology analysis
* Gene-based prediction of AF substrate * Molecular phenotyping
* Genotype-guided preventive strategies * Epigenetic processes
* Developmental and functional
characterization of loci
* Animal and cell model systems



Sonuc olarak

o Atriyal fibrilasyonun genetigi son derece karmasiktir ve

halen iyi anlagilmamistir

o Caligmalar atriyal fibrilasyonun yuksek oranda kalitsal
oldugunu gostermis olmasina ragmen atriyal

fibrilasyonun birgok yonu bilinmemektedir

 Sinirli in-vitro ¢alismalarin kisithiliklari mevcut



Sonuc olarak

 Atriyal fibrilasyonun genel genetik mimarisine
katkida bulunan varyantlarin ve aday genlerin
onumuzdeki yillarda tanimlanip karakterize
edilecegi beklentisi ile arastirma gabalari devam

etmektedir



TESEKKURLER



