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Paper de la genetica en les malalties cardiovasculars hereditaries

1.- Diagnostic de la malaltia
2.- ldentificacio de familiars afectes
3.- (Maneig)

4.- En casos especifics es capac de distingir formes mes severes
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A Scientific Statement From the American Heart Association

Seema Mital, MD, FAHA, Chair; Kiran Musunuru, MD, PhD, MPH, FAHA, Vice Chair;
Vidu Garg, MD, FAHA; Mark W. Russell, MD; David E. Lanfear, MD, MS, FAHA;
Rajat M. Gupta, MD: Kathleen T. Hickey, RN, APNG, EdD, FAHA;

Michael J. Ackerman, MD, PhD: Marco V. Perez, MD; Dan M. Roden, MD., FAHA;

Daniel Woo, MD, MS, FAHA; Caroline S. Fox, MD, MPH, FAHA*; Stephanie Ware, MD, PhD; on behalf
of the American Heart Association Council on Functional Genomics and Translational Biology; Council
on Cardiovascular Disease in the Young; Council on Cardiovascular and Stroke Nursing;
Stroke Council; Council on Lifestyle and Cardiometabolic Health; and Council on Quality
of Care and Outcomes Research

Circ Cardiovasc Genet 2016;9:448



HOSPITAL DE LA
SANTA CREU I

UNIVERSITAT AUTONOMA DE BARCELONA

Principis de Genetica



Proteines / DNA




HOSPITAL DE LA
SANTA CREU I
SANT PAU

4

TAT AUTONOMA DE BARCELONA

UNIVERSI

Proteines / DNA
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First Dase

Proteines / DNA

Second base

UUU_Phenyl- ucu’ UAUT_Torosi UGU tei U
vuc alanine L' |uce o s unc]_ Yokl Y u:am:]_{}ys eine (b
UUAT | cine T UCA g |uAA Stop codon | UGA  Stop codon [
UUG + |UCG_ UAG  Stop codon | UGG  Tryptophan G
CUU CCU CAUT ...« CGU™ U
cuc — Leucine 1. ccc — Proline CAC. e Cac — Arginine C
CUA CCA D | caaT . |caA A
CUG_ CCG_ cn@_—G'“tam'"b CGG_ G
AUU 7 1 ACUT AAU 7 . AGU T ’
AUC |-isoleucine |ACC | | aac JAsparagine |y [~Serine § B
Threonine N C
AUA ACA T AAA AGA A
ethionine | ACG | — Lysine — Arginine
AUG Mg il AAG _ K | AGG_ G
GUU GCU GAUT_Aspartic | GGU] U
Guc | ., . Gee |, GACI acid ) |GEC | gpcine C
Gua [~Valine V GCa [~Alanine BAR i, | GGA yci c B
GUG GCG_ A |GAG acd o |GGG- G
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DMA gene
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Sequence of
coding triplets
(in reality this
sequence is longer)

Stop codon
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Proteines / DNA

Exon Exon Exon

Exon

T e s

Intron Intron Intron Intron

mMRNA
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Mutacions
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» GenOmica: Trisomia del Cr 21 (Sde. Down) %‘ﬁf}{fﬁx‘f‘f} &f
3 4 15 15‘ ‘.7‘1 ‘\s
e Cromosomica: Alteracié de una gran part del TIETIRT T
cromosoma

e Genica: Alteracio a nivell de nucleotids que altera
el producte de un sol gen.
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Mutacions geniques

e Substitucions d’un sol nucleotid
e Delecions

e INsercions

« Variabilitat de sequencies repetides

« Mutacions en introns
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Mutacions geniques

Single Nucleotide Substitutions

Normal

ATG CCG GACITCGTTTCTC GGG v ¢ ¢ ped-wedmctmetoycipct
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: g ,n.g:_.:m;g.\l;lu (Ser. §) Phemyigarine R CHy

=, {(Phe F)  Leucine
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(G>A, Ser to Ser)

ATG CCG GAQTCA|TTT CTC GGG iy iy irom i) SSE

N
H C T H[ e,
Mm p pls|F L o |=l=] [l B S L] e
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B Missense Mﬁt‘r;tm':'r;e {Leu, L)
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a o a H o H o

W, O H ©
- 1
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Mutacions geniques

D

E

Normal

ATG CCG GACTCG TTT CTC GGG

M P D

Frameshift
Deletion of a “G”

ATG CCGACT CGT TTC TCG GGT

S

F

L

G

MP\TRFSG

G

In-Frame Deletion
Deletion of a “GAC”

ATG CCG TCG TTT CTC GGG

MP\SFLG

GAC
D

\\\\\\\\\
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Mutacions geniques

Nomenclatura:
Exon 1

p. (protein) amino acid numbers ’
1 2 3 ! 5 6 7 8 9 10 11

---------

7 10 13 16 19 22 25 2/8 31

C. (codlng ) nt numbers /
c.1A>T (p.0?) c.28G>A
= COdon 1 ATG>TTG (p.Gly1 Oser)
¢.20dupC = codon 10 GGT>AGT
(p.Arg8Xx)

c.13_15delGCT

(p.Ala5del) c.16_17delAG

— codon 5 GCT deletion  (p.Ser6ProfsX2) —— Frameshift (fs) ending with
stop codon X at position 2

in shifted reading frame
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e Al-lel. Al-lel normal o “wild-type”

e Locus/loci

e Polimorfisme

 Mutacio vs. polimorfisme

e Mutacio patogenica vs VUS (variant de significat incert)
e Homozigotic / Heterozigotic

e Genotip / Fenotip

* Penetrancia

e Expressivitat

e Autosomic dominant / recessiva
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o Al-lel: Al-lel normal o “wild-type”
Locus/loci
Homozigotic / Heterozigotic

Allele for phenotype A

N
——
——

e e——

Allele for phenotype B

>- Chromosomes
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e Polimorfisme:
Variacions normals en la informacid continguda en un al-lel (loci)

e Mutacio vs. polimorfisme

» Polimorfisme: substitucié d’un nuclestid que sucedeix amb una
freqiiencia al-lelica >0.5% en un grup étnic

» Mutacio: Freqliencia <0.5%
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 Mutacio patogenica:
Variacio de la seqliencia de DNA que representa un al-lel anormal, no se

troba en la poblacié normal sana, existeix solament en la poblacié malalta i produeix un
producte funcionalment anormal

« VUS: Variant de significat incert / no clar

No descrita previament / Efecte en la funcié desconegut

Present en certa proporcio en individus sans (SOROLL)
Significat clinic incert



IIArgOtII

e Bases de dades internacionals

Resource or Database

Description

ClinGen
http://www.clinicalgenome.org

Portal for data sharing to speed the
identification of clinically relevant
variants

ClinVar
http://www.ncbi.nlm.nih.gov/clinvar

Database of interpretation about
genotype-phenotype relationship of
human variation in disease

dbSNP NCBI public archive of genetic
http://www.ncbi.nlm.nih.gov/snp variation across various species
dbVAR NCBI database of genomic

http://www.ncbi.nlm.nih.gov/dbvar

structural variation

Exome variant server
http://evs.gs.washington.edu/EVS/

Database of exome sequencing
data from individuals sequenced
through the NHLBI GO Exome
Sequencing Project (ESP)

EXAC browser
http://exac.broadinstitute.org/

Database of exome sequencing
data from unrelated individuals
from a variety of large-scale
sequencing projects

GeneReviews
http://www.ncbi.nlm.nih.gov/books/
NBK1116/

Expert-authored, peer-reviewed
disease descriptions focused on
clinically relevant and medically
actionable information on the
diagnosis, management, and
genetic counseling of patients and
families with specific inherited
conditions

Human Gene Mutation Database
http://www.hgmd.org

Database of variant annotations in
disease published in the literature;
requires subscription

Human Genome Variation Society

Database with variant annotations

http://www.hgvs.org on specific subsets of human
variation in disease

omIm Database of human genes and

http://www.omim.org genetic conditions in disease

POSSUMweb Database of dysmorphology,

http://www.possum.net.au

including multiple malformations,
metabolic, teratogenic,
chromosomal and skeletal
syndromes and their images;
requires subscription

RefSeqGene Database of medically relevant
http://www.nchi.nim.nih.gov/refseq | gene reference sequence
1000 Genomes Database of genomic variants

http://www.1000genomes.org

derived from next-generation
sequencing of healthy control
subjects

HOSPITAL DE LA
SANTA CREU I

SANT PAU

UNIVERSITAT AUTONOMA DE BARCELONA




uArgOtn

» Bioinformatic

Analisi “in silico”
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Bioinformatic
data analysis
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"Radical” Mutations
(all genes)
* Frame-shift

« Insertion/deletions

= Nonsense
= Splice-site

SCHSAILQTE
IlI”l'"IIIII

Probability of Pathogenicity

Sl 1
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e Genotip:
Composicio del DNA de un individu

e Fenotip:
Expressio clinica del genotip en un individu
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« Autosomic dominant:

La mutacio se troba en un locus situat en un
cromosoma somatic i s'expressa quan al menys un dels dos
al-lels estan afectats

e Autosomic recessiu:
La mutacio se troba en un locus situat en un

cromosoma somatic i solo s’expressa quan els dos al-lels estan
afectats
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e Penetrancia:

Probabilitat de que una mutacio patogenica tingui una

expressio clinica discernible entre la poblacié de individus positius
per aguesta mutacio.

e EXpressivitat:

Nivell d'expressio fenotipica de una mutacié
patogenica especifica.



Bases moleculars de la MH

Table 2. Molecular Basis of Hypertrophic Cardiomyopathy

Gene Locus Protein Frequency
Myofilament
(sarcomeric) HCM
Giant filament
TIN 2q31 Titin Rare
Thick filament
MYH™ 14q11.2-q12 B-Myosin heavy 25-35%
chain
MYHE™ 14q11.2-q12 a-Myosin heavy Rare
chain
My 12q23-q24.3 Regulatory myosin Rare
light chain
MLz 3p21.2-p21.3 Essential myosin Rare
light chain
Intermediate
filament
MYBPC3* 11p11.2 Cardiac myosin-binding  25-35%
protein C
Thin filament
TNNTZ* 1932 Cardiac troponin T 3-5%
TNNIZ* 19p13.4 Cardiac troponin | 1-5%
TPMT* 15q22.1 a-Tropomyosin 1-5%
ACTC? 15q14 a-Cardiac actin Rare
TNNCT* Ip211 Cardiac troponin C Rare
Z-disc HCM
ACTNZ 1g42-q43 a-Actinin 2 Rare
CSRP3* 11p15.1 Muscle LIM protein Rare
LBD3 10g22.2-g23.3  LIM binding domain 3 Rare
MYoz2 4926-q27 Myozenin 2 Rare
TCAP 17qi12-q21.1 Telethonin Rare
VoL 10g22.1-q23 Vinculin/metavinculin Rare

Calcium-handling

HCM
CGALR3 19p13.11
GASQ2 1p13.3-p11
JPHZ 20q13.12
PLN 6g22.1

Metabolic cardiac

hypertrophy (HCM

mimickers)
FXN 9q13
GLA* Xg22
LAMP2* Xq24
PRKAG2* 7q35-936.36
RAF1 Ip25.2

Calreticulin 3
Calsequestrin
Junctophilin 2
Phospholamban

Frataxin
a-Galactosidase A
Lysosome-associated
membrane protein 2
AMP-activated protein
kinase
RAF serine/threonine
kinase

Rare
Rare
Rare
Rare

Rare
Rare
Rare

Rare

Rare

JPH2 CAV3 VCL
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NEXN  LDB3 MYOZ2
TCAP VCL  C5RP3
ANKRDT ACTN2 MYPN

Sarcoplasmic

Reticulum
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Bases moleculars de la MAVD
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Bases moleculars de la MD

Extracellular Matrix v

560D SGCA
*SGCB LK boo

o S

)

o s v

Ues
DSP  DSC2
PKP2 D5G2

Cytoplasm
T-Tubule

TN MYBPG ~tnian
MyH7 TnNC I ' &

\ ACTCI MVHE [N _'_.
TNNT2 TNNS |

P

BAG3 ACTM2 CSRP3 LDB3 SE!'I.':O asmic

TCAP NEXN CRYAB \CL Reticulum

MYPN FHLZ MURC PGM1 PLN
ANKRD1

LMNA
EMD
‘e SYNE1
TMPO

Gene Expression
EYA4 RBM20  GATADI1
FOXD4 GATA4 PRDM16
TBX20  NKX2-5
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Bases moleculars del QT llarg

Sodium channel Potassium channel

(@) Flier

LL
1l

UUUUWW&

ARARRAARANAARARAARS 5
uwwwuwwwwuw‘,,

Calsequestrin ‘: -
( \ Ryanodine-receptor '7- = (d) -

&
Sarcoplasmic

reticulum

Mnﬂnmnnnnna?*‘ 3
PP

()~
20

Ca2_j"f-"":'
[®)

MHHHMH,,

*

*

.« ¢

« @
L-type .:3
calcmmt:-
channel g —m
-

- 9

« .

- »

- %

) - —»
- e

e 9

- »

- »
-
-
.

HOSPITAL DE LA
SANTA CREU I
s

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA




HOSPITAL DE LA
SANTA CREU I
SANT PAU

4

Mutacions Canal de sodi SNC5A

TAT AUTONOMA DE BARCELONA

UNIVERSI

,u e . ....
s s

l‘-u-l o0

L) )

ne .
.u....._..ﬂ e
-.!..— 0 HOOCOeE D
.lIE.hﬂ.n

..-.IT
gt X &) _..T__-.
N/ B o

-

e I [ =
| »

@B Drug-induced Torsade de pointes (drug-TdP)

@MW Long QT Syndrome (LQTS)
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OO Mixed phenotype (BrS with 555 and/or CCD)

@ B Cardiac Conduction Defect (CCD) o Rare and Common Missense Variants in Health

® B Dilated Cardiomyopathy (DCM)

@Ml Br5or LQTS

o Sick Sinus Syndrome (555)

©0 Sudden Infant Death Syndrome (SIDS)
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Paper de la genetica en les malalties cardiovasculars hereditaries

1.- Diagnostic de la malaltia
2.- ldentificacio de familiars afectes
3.- (Maneig)

4.- En casos especifics es capac de distingir formes mes severes



@ Furopace (2011) 13, 1077—1109 HRS/EHRA EXPERT CONSENSUS STATEMENT

doi:10.1093/europacel/eur245
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CARDHOLOGY

HRS/EHRA Expert Consensus Statement on the
State of Genetic Testing for the Channelopathies
and Cardiomyopathies

This document was developed as a partnership between
the Heart Rhythm Society (HRS) and the European Heart Rhythm
Association (EHRA)

Europace 2011;13:1077
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Recomanacions del consens

Section # = Disease Diagnostic| Prognostic| Therapeutic
LQTS ++4 +++ ++
-CPVT ++ + =

Brs + + -
. CCD + + +
SQTS +/- - -
. AF & = =
-HCM +++ ++ +
- ACM/ARYC| + +/— -
-DCM +/— - =
.DCM+ CCD | ++ F +

Europace 2011;13:1077
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Recomanacions del consens

Table 3 Yield and Signal-to-Noise Associated with Disease-Specific Genetic Testing

Disease Yield of Genetic Test* % of Controls with a Rare VUS# Signal-to-Noise (S:N) Ratio +
LQTS 75% (80%) 4% 19:1
CPVT 60% (70%) 3% 20:1
- BrS 20% (30%) 2% (just SCN5A) 10:1
- CCD Unknown Unknown Unknown
- SQTS Unknown 3% Unknown
- AF Unknown Unknown Unknown
— HCM 60% (70%) ~5% (unpublished data) 12:1

— ACM/ARVC 60% 16% 41
— DCM 30% Unknown Unknown
- DCM + CCD Unknown 4% (for SCN5A and LMNA) Unknown
- LVNC 17%—41% Unknown Unknown
— RCM Unknown Unknown Unknown

Europace 2011;13:1077
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- Estudi en cascada (cascade testing):

Procediment pel que tots els familiars en primer grau de un cas
index amb genotip positiu son estudiats en cercles concentrics de
parentesc.

Si un dels membres de |la familia resulta amb genotip positiu, tots els seus
parents en primer grau deurien ser estudiats continuant el procés per cadascun
dels membres familiars amb genotip positiu.
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Recomanacions del consens = #ieeeeees
TEST GENETICS

e CLASE |I: Recomanat
e CLASE lla: Pot ser util

e CLASE Ill: No indicat / No recomanat

Nivel de evidencia: C Europace 2011:13:1077
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ope Europace 2011;13:1077
Familiars

(analisi en cascada)

I | 1lb I

Caso index Sospita

Rendiment test genetic: 75%
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HIGH RISK
(HR >10 ER > 5/100 pt yr)

QTc 2 500 and: PORE LQT2, MM

QTc 2 500 and: LQT1 C-loop, LQT2, LQT3(M)

QTc > 500 and : LQT3 (F) - LQT1

QTc < 500 and: LQT2 (F) - LQT3 (F/M) \

QTc < 500 and NOS1AP

/' QTc < 500 and: LQT2 (M) - LQT1 \

LOW RISK
(HR 1 ER < 1/100 pt yr)

Napolitano et al. Current Op Cardiol 2018




Sindrome del QT llarg
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LQTS
LQTS
LQTS

LQTS

LQTS
LQTS
LQTS

KCNH2
KCNQ1I

KCNH2
SCNSA

KCNHZ2
SCN5A

KCNH2
SCNSA
NOS 1AP

Pore mutation
TM mutation
Genotype + QTc > 500 ms

Genotype +NOSTAP SNPs
+QTc>500ms

Genotype + therapy effectiveness
Genotype + therapy effectiveness
rs10494366

Risk of TdP/CA/SCD HR 10.7 (4.5-25.2)
Risk of TdP/CA/SCD HR 2.06 (1.29-5.84)
Risk of TdP/CA/SCD HR 4.89 (M)-7.47(F)
Risk of TdP/CA/SCD HR 7.18(M)-10.97(F)
Risk of recurrent events 2.81 (1.50-5.27)
Risk of recurrent events 4.0 (2.45-8.03)
Risk of events if QTc < 500 ms 1.63 (1-06-2-5)

Napolitano et al. Current Op Cardiol 2018
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Miocardiopatia hipertrofica

Europace 2011;13:1077
Familiars

(analisis en cascada)

Caso index

Rendiment test genetic: 60%

HCM MYH7 Presence of mutation ICD shock 2.8 (1.4-5-8)

Napolitano et al. Current Op Cardiol 2018
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Miocardiopatia dilatada <_@ E TTTTTT SANT PAU
Caso index Europace 2011;13:1077
+
BAV o H2MS

Caso index Familiars

(MD familiar) (analisi en cascada)

I lla |

Rendiment test genetic: 30-40%

Mutacio LMNA: (6% dels casos MD familiar): Risc de trastorns de conduccid i mort sobtada



Miocardiopatia arritmogénica @SANTPAU

Sospita clinica Europace 2011;13:1077

Task Force:
1>02< 1<

Familiars
(analisi en cascada)

Caso index

(Task Force criteria)

lla b 1] I

Rendiment test genetic: 60% Soroll en la poblacio: 16%

Mutacions multiples: > risc de aritmies malignes

Mutacié desmoplakina vs plakogoblina: 40% mes risc de disfuncié ventricular i 13% mes ICC
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Familiars Europace 2011;13:1077
(analisi en cascada)

Caso index Sospita

lla lla I

* No indicado en Brugada tipo 2 o tipo 3

Rendiment test genetic: 20%

BrS SCN5A Truncations + missense no current  Longer PR interval ~23-ms increase [9]

BrS SCN5A Intra-atrial conduction P-wave duration ~30-ms increase [10]

BrS SCN5SA HEY2  Additive effect of SNPs Risk of having the disease OR from 1.87 10214  [11]
SCNI10A

Napolitano et al. Current Op Cardiol 2018
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Taquicardia ventricular catecolaminérgica: o

Europace 2011;13:1077
FEINIELS

(analisi en cascada)

Caso index Sospita

Rendiment test genetic: 70%
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Miocardiopatia no compactada: 7w T

o Europace 2011;13:1077
Familiars

(analisi en cascada)

Caso index

lla I
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Europace 2011;13:1077

ETOHELS
(analisi en cascada)

Caso index

lla I
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Supervivent aturada cardiaca extrahospitalaria

Caso index Europace 2011;13:1077
(Sospita clinica de Caso index

miocardiopatia o (Sense sospita clinica)
canalopatia)

POP SCNSA Nonsynonymous SNPs SCD risk in women 1.30 (1.12-1.57)
POP SCN5A S1102Y in African-American Risk of ICD shocks in CHF 4.33 (1.60-11.7)
POP KCNQ1I SNP rs2283222 SCD risk 1.36 (1.16-1.60)
POP 21921 SNPs in CXADR, BTG3 region SCD risk 1.78 (1.47-2-93)
POP 2q24.2 SNPs in the BAZ2B region SCD risk 1.92 (1.57-2-34)
POP NOS 1AP SNPs rs16847548 SCD risk 1.31 (1.10-1.56)

POP SCNSA SNP rs11720524 VT/VF during STEMI 1.9 (1.05-3.43)
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Postmor‘tem: MS y MS infant TTTTTTTTTTTTTT ONOMA DE BARCELONA

Europace 2011;13:1077

Familiars
(analisi en cascada)

b |

* Es recomana tomar sempre mostres per a possible analisi genetic:
5-10 ml de sang en EDTA o mostra congelada de fetge, cor o melsa

Caso index

POP SCNSA Nonsynonymous SNPs SCD risk in women 1.30 (1.12-1.57)
POP SCN5A S1102Y in African-American Risk of ICD shocks in CHF 4.33 (1.60-11.7)
POP KCNQ1I SNP rs2283222 SCD risk 1.36 (1.16-1.60)
POP 21921 SNPs in CXADR, BTG3 region SCD risk 1.78 (1.47-2-93)
POP 2q24.2 SNPs in the BAZ2B region SCD risk 1.92 (1.57-2-34)
POP NOS 1AP SNPs rs16847548 SCD risk 1.31 (1.10-1.56)

POP SCNSA SNP rs11720524 VT/VF during STEMI 1.9 (1.05-3.43)
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CONCLUSIONS

La interpretacio del resultat de un test genetic es molt mes
complicada que la de qualsevol altre test de laboratori

Per a la seva correcte interpretacio i transmissié s’han de tenir
nocions basiques de genetica

El seu paper en la estratificacio de risc de mort sobtada depen de |la
malaltia, el gen afectat i el tipus de mutacid. Els nostres
coneixements son encara molt limitats.
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