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variants reported by the International
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HapMap Project

forms of coronary artery disease (revealed by GWAS)
First report of a gene associated with a 2006

cardiovascular trait using GWAS: NOS1AP
associated with prolonged QT interval

Wellcome Trust Case Control Consortium reports associations using GWAS
of gene variants with seven conditions including type 1 and type 2 diabetes mellitus
and coronary artery disease.

Variants in genes encoding sarcomere
proteins and affecting metabolism
implicated in cardiac hypertrophy

Mutations in PCSK9 implicated in

lower levels of LDL and lower risk
of coronary heart disease Phenotype and genotype GWAS data made available in the NIH dbGaP for the

MultiEthnic Study of Atherosclerosis and the Women's Health Initiative

GWAS reveals association between gene variants on chromosome 4q25 and
atrial fibrillation.

Phenotype and genotype GWAS data, including those from the Framingham Heart
Study, made available in the NIH Database of Genotype and Phenotype (dbGaP)
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myocardial infarction, QT-interval prolongation, Reports of cardiovascular pharmacogenetic effects (prolonged QT interval,

blood pressure and hypertension, echocardiographic increased warfarin maintenance dose, statin-induced myopathy) using GWAS

measures of cardiac structure, and blood-cell traits. 2010 Large GWAS for CVD risk factors report total of 95 gene loci associated with

Exome sequencing identifies mutations in lipid traits, >30 gene loci associated with type 2 diabetes mellitus, >30 gene loci

SLC26A3 for renal salt wasting in associated with body-mass index and obesity, and hundreds of variants associated

Bartter's syndrome. with height.
GWAS uncover gene loci associated with cigarette-smoking behavior, sudden cardiac
Large GWAS yields >30 gene loci associated with 2011- death and ventricular fibrillation, thrombosis factors and platelet function, and ECG
clinical coronary artery disease. interval (RR, PR, QRS).

Variants in 9p21 are found to be associated with abdominal aortic aneurysm.
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with blood pressure and hypertension.

hypolipidemia.
GWAS also yield variants in MYHG6 associated Whole-genome sequencing identifies ABCG5 mutations in severe
with sick sinus syndrome and variants hypercholesterolemia.
associated with dilated cardiomyopath Initial report of genomewide sequencing of multiple persons in the 1000
and carotid intima-media thickness. Genomes project

Feero GW et al. NEJM 2011;365:2098
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« Areas de interés

« Cardiopatia
ISquémica

|

e Insuficiencia
cardiaca

|

* Arritmias y muerte _
subita
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« Vasculopatias
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congenitas
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- Diferencias individuales en la presentacion y en
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e D — cido): | -

— Mutaciones unicas (enf.

.|<5 ﬁ (5_4 &) ﬁ monogeénicas)

L » (Genomica del riesgo
cardiovascular
ve O[] cenotyp

Geneética y estudios
genomicos

i

Genotype posit
&m




Factores geneticos y enf. cardiovasculares

* Diagnostico y evaluacion del riesgo

e |ndicadores de:

* ¢lncrementan la
prediccion del ries-c—>»
go~?

— Aumento de riesgo,
— Proteccion.

* Reclasificacion de los pa-
* ¢Facilitan el diag- | . cientes.

nostico? * La deteccidon de variantes
genéticas con riesgo alto
— puede ayudar a identificar
* ¢Sondeutiidad L 3 syjetos en los que

clinica? otros factores aumenten
el riesgo a corto plazo
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Patrones de transmision mendelianos

« Enfermedades

mutaciones rece-
sivas

mendelianas C
monogenicas

« Enfermedades
mendelianas con -

Infarto de miocardio precoz

Algunas formas de miocardio-
patias dilatadas

Miocardiopatias hipertréficas

Algunas formas de Insuficien-
cla cardiaca

Displasia arritmogénica de VD

Canalopatias. Sindromes de
QT largo o corto. S. Brugada.

Aneurismas aorticos

Formas familiares de HTA

Formas familiares de hiperco-
lesterolemia

Formas familiares de diabetes
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Patrones de transmision mendelianos

 Ejemplo de
enfermedad
mendeliana
monogenica

i
* Mutacion que afecta la o
receptor de LDL y causa e

hipercolesterolemia e infarto ...
de miocardio precoz .

e Su conocimiento conduce a la
utilizacion de hipolipemiantes
para reducir el riesgo.
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Arritmias y muerte subita

a d
: QT largo
 S. de Brugada
e Displasia VD
QT corto
Eﬂﬂmfsec
A
b Type 1 Type2 Type3
-LJ-H,_":.tég, e S
:':/' = S5EE O B Probable gene
e Bl T L scraA
_.Jf\" J_E,, ] R T CACNATC
R b :':.E:: horca b NeX S
i T omas o ulr""' .-:'_.-'f k: |
| 1 t o-V
S i i
feq - - KCNJZ
hon KCND
¢ =i ‘ hoz .
| #!: : Iy KCMH2/ KCNEZ
R i Is = KCNQT/KCNET
T KCNK?
SCImI'!'L‘S.iE.




Factores geneticos y enf. cardiovasculares

e Miocardiopatias hiper-
troficas: 1/500 perso-
nas

e Displasia arritmogena de
VD: 1/2000 a 5000 per-
sonas

e QT largo: 1/ 5000 per-
sonas

e S Brugada: prevalencia
de alteraciones del ECG
en la poblacion general:

— 0,05% en Europa

— 0,4% en paises
asiaticos

S.V.§. W. CLINICO
S.DE CARDIOLOGIA

'PUR=18H

—2HR= 73

D

D

12 12«89

14:432: 236
E C OCH
F 2.50

|

R-DELAY
0.00
Tl 0.00
TZ 0.00

CF &
cCG11
cP O M
PRF 1. 0K

I |
C BB

DR 40
EE O
E 15 .0CH




Factores geneticos y enf. cardiovasculares

Arritmias y muerte subita. Pruebas genéticas

Most common hereditary arrhythmia syndromes and
current practicable and worthwhile genetic testing*

® Primary familial arrhythmia syndromes (ion channel diseases):
— Long-QT syndrome: KCNQ1, KCNH2. SCNSA, KCNE1, KCNEZ
— Brugada syndrome: SCN5
— Catecholaminergic polymorphous ventricular tachycardia: RYR
possibly CASQ2

1

— Arrhythmogenic right-ventricular cardiomyopathy: PKP2, DSP, DSGZ (60%)) | | Beckmann et al.
— Short-QT syndrome: KCNH2, KCNJ2, KCNQ1

Deutsches
® Structural cardiac diseases with arrhythmia (cardiomyopathies): Artz. Int. 2011;
— Hypertrophic (obstructive) cardiomyopathy: MYH7, MYBPC3, TNNTZ (60%))| | 108:623.

— Arrhythmogenic right-ventricular cardiomyopathy: PKP2, DSP, DSG
— Familial dilated cardiomyopathy (DCM): LMNA, MYH7, TNNT2, SCNSA
— Left-ventricular noncompaction: MYH7, TAZ, LDB3

! Figures in parentheses represent clinical sensitivity, 1., the percentage of patients who have the
disease in whom positive results are found




Sindrome del QT largo

Riesgo alio QTc = 500 ms
(= 50%) LQTH
LOTZ
Sexo masculing, LOTS

Riesgo intermedio

(30-49%) QTc = 500 ms QTe = 500 ms

Sexo femening, LAOT2  Sexo femenino, LOT3
Sexo femenina, LQT3
Sexo masculing, LT3

Riesgo bajo ' QTc = 500 ms
(= 30%) Male sex, LGT2
LQT1

Monteforte et al. Rev Esp Cardiol 2012; 65:278




Pruebas genéticas

Canalopatias (HRS EHRA consensus, Europace 2011;13:1077)

Enferme : : : .. -

dad Diagnosticados | Asintomaticos Familiares
Recomendado: Recomendado

SQTL KCNQ1, KCNH2 y QT>500, en los Recomendado
SCN5A demas puede

TVPC Recomendado Recomendado Recomendado

S Brugada Puede ser util No |ndlzcac1)d§ Sitipo Recomendado

SQTC Puede considerarse - Recomendado

MVDA Puede ser util Puede considerarse Recomendado




Riesgo cardiovascular

Factores de
riesgo
clasicos

Marcadores Técnicas
geneticos diagnosticas

Manifestaciones clinicas
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ATEROSCLEROSIS

FACTORES DE RIESGO

Aumento de LDL
Disminucién de HDL
HTA
Diabetes
Tabaquismo
PCR
Sindrome metabdlico
Lp(a)
Homocisteina
LDL densa
Lp-PLA2
ApoB/ApoA
Historia familiar
Vida sedentaria
Obesidad
Estrés

(Se han comunicado
mas de 200
factores de riesgo)

N

Grosor intima-media

Carotidas (ECO)

Ateromas aorticos

(TAC)

Reactividad microvascular
) (tonometria en dedos)

Carotideos (RMN)
Calcio coronario

indice brazo-tobillo

-
a Reactividad vascular

(ECO-Dopl.)

Distensibilidad vascular
(Tonometria radial)

ESTRUCTURA
(ANATOMIA)

.

TAC multic.

ﬁ ECO estr.

FUNCION ARTERIAL /
ISQUEMIA
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Enfermedades poligénicas (herencia + medio)

Gendmica del ries-
go cardiovascular

(estudios de aso- [——>

ciacion “genome
wide”)

e Catalogos de variantes
cardiovasculares

e Utilizacion de:
— Arrays de genotipado
— Mapas de haplotipos
— Analisis estadistico

La mayoria de las enfermeda-
des c.v. son poligénicas

Contribucion variable de he-
rencia y medio ambiente

Componentes hereditarios de
los factores de riesgo c.v.

Identificacion de “loci” asocia-
dos a enf. c.v.

Requieren el andlisis de un

conjunto amplio de variantes
genéticas en casos y con-

troles.

Se determina su asociacion
con el desarrollo de la enfer-
medad.
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Enfermedades poligénicas (herencia + medio)
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Enfermedades poligénicas (herencia + medio)

* Hipotesis enferme- » Variantes con una prevalencia

dad frecuente — va- [——> >5% enla poblacién tienen
un papel en la causay la fisio-

riante frecuente: patologia de una enfermedad
frecuente

 Estudios GMWAS: Se han
iIdentificado centenares de
“locl” asociados con enfer-
medades cardiovasculares

* Uso potencial de SNPs en la
estimacion del riesgo indivi-
dual y en la toma de decisio-

wwwwww @@-@@ & T
llll e nes clinicas.
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» Estudios de asociacion genome-wide (GMWAS):

— ldentificacion de SNPs asociados con el riesgo de desarrollar
cardiopatia isquémica.

Table 1 5NPs associated with CHD in genome-wide association studies

SNP

Chr. Gene

Risk allele

ORs (95% CI)

Risk allele frequency

Reported

Observed

rs10757 278
5599839
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Feero GW et al. NEJM 2011;365:2098
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Figure 2. Genomic Locations of Genetic Variants Associated with the Risk of Myocardial Infarction and Heart Failure.

Genetic variants that are associated with myocardial infarction (blue) and heart failure {orange) are shown according to their chromo-
somal location. LOC denotes locus.

Feero GW et al. NEJM 2011;365:2098
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« Estudios de asociacion .
(GMWAS): 3-
— Los estimadores de z &1
riesgo de los SNPs de -
susceptibilidad son mo-
destos. ll
. - B - Op21.3/rs4977574
— ¢Proporcionan un au- s1 4 |=T ATESW
mento de la prediccion O a7
del Nnesgo con respeCtO Superko HR. Curr Atheros-
a los algoritmos con- cler Rep 2011; 13:396
VenCionaIeS? [ I I A |
- Edad, sexo, taba- 5 L [ = "
quismo, diabetes, 5. |3 -
HTA, colesterol LDL, 5. 5, J I
HDL ® o= "o :
?a) r\?LJrr:t?er102T ri154k a1|?e|ej.98 Em) Tne1 Sveightel? GRS
L Figure 1 Distribution of the number of risk alleles (a), the weighted genetic risk score (b),




Factores geneticos y enf. cardiovasculares

Enfermedades poligénicas (herencia + medio)

« Enfermedad coronaria e
Infarto de miocardio.

prediccién del ries- * [nsuficiencia cardiaca.

goyen la preven- e Arritmias.
cion y tratamiento ——>|+ Vasculopatias periféricas

de las enfermeda- y cerebrales.
des c.v. « Factores de riesgo modi-

ficables y enfermedad
subclinica

* Aplicaciones en la
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Enfermedades poligénicas (herencia + medio)

« Enfermedad coro- _ _ _
naria e infarto de ©——>|° Loci asociados con infar-

miocardio tp y enfermedad corona-
ria.

L T .
Yl Wﬁ  Con aterosclerosis con-
DII - - _ : >
W firmada angiografica-
aVvR ; aaes mente.

Ll  Estudios de infarto de

miocardio precoz.
e Lipidos
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Table 1. Representative Genemewide Association Studies of Commeon Cardiovascular Diseases.

Study

Kathirasan at al., 200917

Schunkert et al., 20114

C4D Consartium, 2011F
Srmith et al., 201008

Marrison et al., 2010Y

Yillard et al., 2011
lkrarm et al, 2009
Yarmada et al., 20095

Akivama et al., 201070t

Bilguvaret al,, 2008%*

Yasuno et al, 200105

Koriyama et al., 2010°4
Thaorgeirsson et al., 20082
Elmore et al,, 2008
Gratarsdottiret al., 20105
Banjamin et al., 2009%®
Gudbjartssen et al., 200722
Ellinor et al,, 2010™

Haolm et al, 20117
Bezzina et al, 20102
Arking et al, 2010
Arking et al, 2011™
Trégousdt et al, 20087

Clinical Cutcome

hyocardial infarction

Coronary artery disease

Coronary artery disease
Heart failure inciderce

Heart failure mortality

Dilated cardiomyopathy
I chiermic stroks
I chemic stroke

Intracranial aneurysm

Intracranial aneurysm

Intracranial aneurysm

Peripheral arterial diseasa
Peripheral arterial disease
Abdominal acrtic aneurysm
Abdominal acrtic aneurysm
Lone atrial fibrillation

Lene atrial fibrillation

Lone atrial fibrillation

Sick sinus syndrome
Wentricular fibrillation
Sudden cardiac arrest
Sudden cardiac death

Yenous thromboembolism

Sample Size Major Ethn
Genomewide
Association Replication
nuimber of subjects
6,042 19,492 Europ
36,995 56,682 Eurap
30,482 40,593
23,821 MA European,
2992 A European,
2,287 2,467 Eurap
13,602 7,269 European,
267 3,981 Japar
4582 1,358 Japan
7856 1,171
15,295 4777
1,553 2,239 |apan
10,995 4,845 Eurap
235 1,421
31,795 10,718 Eurap
40,518 6,218 Eurap
36,137 3,806 Eurap
14,179 4771 Eurap
38,384 1,654 Eurap
372 537 Eurap
e50 13,611 Eurap
22,055 14,265 Eurap
Le47 3,237 Europ

Zuropean, |apaness

ic Group Selected Major Findings
2an 9 Lod, including 9p21 and S0R]
2an =20 Lodi, including 480 and

ADAMTEF

Europaan, East Asian  Mowel lodi, including LIRA

African Suggestive loci, including LRIG 3

African  Suggestive loci, including
ADAMTS12

aan Top loci: HSPEF and BAG3

African Top locus: NINj2

asa Top locus: CELSRI

258 Suggastive loci, including

ARHGEF11 and TMEM195
Top loci: 9p2l and SOX17

turopean, |apaness—AEsociations with 9p21 and
a Ly

ase Top loci: @5BPLI and 10p12.31

ean Top locus: CHRNAZ
Suggestive |ocus: 3pl2.3

2an Top loci: 9p2l and DABZP

2an Top loci: ITKZ and ZFHX3

2an Top loci: 4925 and ZFHX3

2an Top loci: KCNMNI and 20q13.13

2an Top locus: MYHE

2an Top locus: CXADR

2an Top locus: GPCS

aan Top locus: BAZZB

2an Top locus: ABD

Feero GW et al

. NEJM 2011;365:2098
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Enfermedades poligénicas (herencia + medio)

. . * Insuficiencia cardiacay
 |Insuficiencia
. c—>| muerte por IC
cardiaca . . .
« Miocardiopatia dilatada
idiopatica
* Ictus isquéemico
. * Aneurismas intracranea-
* Vasculopatias o
perifericas y —|+ Enfermedad arterial peri-
cerebrales Y-
e Aneurismas aolrticos
 Tromboembolismo ven.
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Enfermedades poligénicas (herencia + medio)
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TasLE 1: Genetics of atrial fibrillation.

Gene/Locus

Mechanism of action

Study design/Inheritance

Sodium channels

SCNAS [8-17]

SCNIB/SCM2EB | 18]

Cellular hyperexcitability (gain-of-function
as well as prolongation of the atrial action

potential duration (loss-of-function)

Decreased peak sodium current amplitude

Candidate gene/Familial and sporadic

Candidate gene/5poradic

Potassium channels

KCNOQT [19-22]

KCNEZ |23

KCN]2 [24 ]

KCNES [25]

KCNAS [26-28]

Enhanced atrial action potential
repolarization
Enhanced atrial action potential
repolarization
Enhanced atrial action potential
repolarization
Enhanced atrial action potential
repolarization

Delayed atrial action potential
repolarization

Linkage/Familial

Candidate gene/Familial

Candidate gene/Familial

Candidate gene/Familial and sporadic

Candidate gene/Familial and sporadic

Other

NPPA [29]

GJAS [30-32]
10g22 [33]
fgld—1a 34|
Spls [35]

4q25 (PITX2) |36, 37|

16q22 (ZFHX3) |38
1921 (KCNN3) [39]

Shortening of the atrial action potential
duration

Dispersion of conduction velocity
Unknown
Unknown
Unknown
Unknown
Unknown

Unknown

Linkage/Familial

Candidate gene/Sporadic
Linkage/Familial

Linkage/Familial

Linkage/Familial

Genome wide association/Sporadic
Genome wide association/Sporadic
Genome wide association/Sporadic

Lemmens R et al. Stroke Research and treatment, 2011
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Enfermedades poligénicas (herencia + medio)

« HTA
e Dislipemia
e Factores de riesgo « Diabetes tipo 2
modificables y ——>|. Obesidad
enfermgdad * Factores relacionados
subclinica

con el tabaguismo

e Marcadores de enf. C.v.:

— Fibrindbgeno, PCR, molé-
culas de adhesion celular,
homocisteina, grosor inti-
ma-media.
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PCSK9 MTAP
CFLSR2, PSRCI, SORT1 CDKN2A, CDKN2B
1 2 3 4 5 6 | 7 | 8| 9 |10 11|12 13 |14|15| 16 |17 (18|19 |20({21|22

SLCZZAF, LPALZ, LPA

adenosine phosphorylase; CXCL12: Chemokine (C-X-C motif) ligand 12.

MRAS MTHFDI1L CXCLi?

Figure 1 Significant genome-wide association study findings in coronary heart disease. CELSR2: Cadhern EGF LAG seven-pass G-type 1
Proline/serine-rich colled-coil 1; SORT1: Sortilin 1; PCSKS: Proprotein convertase subtilisin/kexin type 9; MRAS: Ras-related protein M-Ras; MTHF
rahydrofolate dehydrogenase (NADP+ dependent) 1-like; SLC22A3: Solute carrier family 22 (extraneuronal monoamine transporter), member 3; |
Lp(a)-like 2 pseudogene; LFA: Lipoprotein Lp(a); CDKNZA: Cyclin-dependent kinase inhibitor 2A; CDKNZB: Cyclin-dependent kinase inhibitor 2B;

Jeemon P et al. World J Cardiol 2011:;3:230
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IRFZBP2 FLI36070
EVIS CILpP?
——— TOMM40
CELSRZ APOE
DOCK7 TIMD NPCILI HIVFIA NCAN
TMEMS7 RAFI HMGCR ~ DNAHII GPAM  BRAP LDLR
1 2 3 4 5 6 | 7 | 8|9 |10|11]12]13|14]|15] 16 |17|18|19]|20(21|22
| |
APOB HLA TRIBI FADSZ/3 HPR ERGIC3
ABCGS C6orf106  CYP7AI SPTYZD MAFB
RAB3GAPI FRK TRPSI UBASH3B

Figure 2 Significant genome-wide association study findings in total cholesterol. TMEMST: Transmembrane protein 57; DOCKT: Dedicator of cytokinesis 7;
CELSR2: Cadherin, EGF LAG seven-pass G-type receptor 2; LODLEAF1. Low-density lipoprotein receptor adaptor protein 1; EVIS. Ecotropic viral integration site 5,
|IRF2BP2: Interferon regulatory factor 2 binding protein 2; APOE: Apolipoprotein B; ABCGS: ATP-binding cassette sub-family G member 5; RAB3GAP1: RAB3 GTPase
activating protein subunit 1 (catalytic); RAF1: V-raf-1 murine leukemia viral oncogene homolog 1; HMGCR: 3-hydroxy-3-methylglutaryl-CoA reductase; TIMD4: T-cell
immunoglobulin and mucin domain containing 4; HLA: Human leukocyte antigen (HLA) complex; Corf106: Chromosome & open reading frame 108; FRK: Fyn-related
kinase; DNAH11: Dynein, axonemal, heavy chain 11; NPC1L1: NPC1 (Niemann-Pick disease; type C1, gene)-like 1; TRIB1: Tribbles Homolog-1 (Trib1); CYPTA1: Cy-
tochrome P450, family 7, subfamily A, polypeptide 1; TRPS1: Trichorhinophalangeal syndrome 1; GPAM: Glycerol-3-phosphate acyliransferase, mitochondrial; FADS:
Fatty acid desaturase; SPTY2D1: Suppressor of Ty, domain containing 1 (S. cerevisiae); UBASH3EB: Ubiguitin associated and SH3 domain containing B; BRAFP:
BRCA1 associated protein; HNF1A: Hepatocyte nuclear factor-1 «; HPR: Haptoglobin-related protein; LDLR: Low-density lipoprotein receptor; NCAN: Neurocan;
TOMM40: Translocase of outer mitochondrial membrane 40 homolog; CILF2: Cartilage intermediate layer protein 2; ERGIC3: Endoplasmic reticulum-Golgi intermedi-
ate compartment protein 3; MAFE: V-maf musculoaponeurotic fibrosarcoma oncogene homolog B.
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TMEMZ6
RTKNZ o posi
RHOBTBI
(& ARIDSE  ATXNZ
NPPA/B OPIZAI  1gy3
MTHFR CACNBZ?  TBXS COHIS  zyres2
aove UL k4 ClOorflo7  SH2B3 UMoD  PLCD3
1 2 3 4 5 6 | 7 | 8| 9 |10]11]|12|13|14|15]| 16 | 17|18] 19|20(21|22
STK39 FGFS5 Pl EKHAT ALDHIA2
) CYPIAZ
CHorf22 OSK
ADH7 LMANIL

Figure 6 Significant genome-wide association study findings in blood pressure. ACBD4: Acyl-CoA binding domain containing 4; ADHT: Alcohol dehydrogenase
7 (class IV), mu ar sigma polypeptide; AGTRAF: Angiotensin |l receptor-associated protein; ALDH1AZ: Aldehyde dehydrogenase 1 family, member A2; ARIDSEB: AT
rich interactive domain 5B (MRF1-like); AS3MT. Arsenic (+3 oxidation state) methyltransferase; ATP2B1: ATPase, Ca** transporting; plasma membrane 1; ATXNZ:
Ataxin 2; C100rf107: Chromosome 10 open reading frame 107; C4orf22: Chromosome 4 open reading frame 22; CACNEZ: Calcium channel, voltage-dependent, B
2 subunit; COH13: Cadherin 13, H-cadherin (heart); CLCNB: Chlaride channel 6; CNNMZ: Cyclin M2; CPLX3: Complexin 3; CSK: C-src fyrosine kinase; CYP17A1:
Cytochrome P450, family 17, subfamily A; polypeptide 1; CYP1A1: Cytochrome P450, family 1, subfamily A, polypeptide 1; CYP1A2: Cytochrome P450, family 1,
subfamily A, polypeptide 2; FGF5: Fibroblast growth factor 5; HEXIM1: Hexamethylene bis-acetamide inducible 1; HEXIMZ: Hexamthylene bis-acetamide inducible
2; LMAN1L: Lectin, mannose-binding, 1 like; MTHFR: Methylenetetrahydrofolate reductase (NAD({P)H); NPPA: Nafriuretic peptide A; NPPB: Natriuretic peptide B;
NT5C2: S-nuclectidase, cytosolic II; PHE: Prohibitin; PLCD3: Phospholipase C, A 3; PLEKHAT: Pleckstrin homology domain containing, family A member 7, PRDME:
PR domain containing 8; RHOBTE1: Rho-related BTE domain containing 1; RTKNZ: Rhotekin 2; SH2ZB3: SH2E adaptor protein 3; STK3%: Serine threonine kinase
39; TBX3: T-box 3; TBX5: T-box 5; TMEM26: Transmembrane protein 26; ULK3: Unc-51-like kinase 3 (C. elegans); ULK4: Unc-51-like kinase 4 (C. elegans); UMOD:
Uromodulin; ZNFE52: Zinc finger protein 652.
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e Resumen de la utilidad clinica

* Fases iniciales. Necesi-
» Prediccion del dad de investigacion para
resgo evaluar la utilidad de es-
calas de riesgo basadas

en datos genéticos.

e Prevencion

« Canalopatias. DAVD.
Miocardiopatias

- Diagnostico » Identificacién de variantes
gue contribuyen a la hete-
: rogeneidad en la respues-
* Tratamiento ta farmacoldgica. Ej.: Anti-
agregacion, B-blog. en la
IC, miopatias y estatinas
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