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Co nam prinese genetické vysetreni?

» Odhad rizika vyskytu DKMP u rodinnych prislusniki
(geneticke poradenstvi), soucasna doporuceni.

« Odhad prognozy onemocneni
A) arytmicky fenotyp DKMP
B) vztah k reverzni remodelaci LKS

.K I{/InF’gerakce genotypu a zevniho prostredi- alkoholicka



Dukazy pro genetickou etiologii DKMP
- familiarni vyskyt + molekularne-
genetické vysetreni

*Pro genetické podmineni DKMP svedci pozitivni
rodinna anamnéza onemocnhéni u cca 20%
nemocnych.

*Pri systematickem vysetreni pribuznych 1. stupne
pomoci EKG a echokardiografie je mozno prokazat
familiarni vyskyt DKMP az u 30-35% pripadd.

«Zavedeni metod sekvenace nove generace (NGS)
zvysila vyteznost molekularne- genetlcke vysetreni u
familiarni DKMP z 1/3 az na 2/3 pripadd.
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Molekularne-geneticke priciny DKMP (vice nez 40
geni, vétSinou s AD dédiénosti)
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ACTC1 DMD TCAP LMNA Nejc¢astéjsi priciny:
MYH7 DES CSRP3 TMPO o .
MYHG& LDB3 ACTNZ Gamma secretase activity -125t;,1 ?akr:jinfnpr;}:g%cg titinu
MYBPC3 SGCD MYPN PSEN1 -18% sporadickych pripadu
TNNT2 PDLIM3 ANKRD1 PSEN2
TNNC1 VCL NEBL Transcription factor 2. mutace laminu A /C:
TNNI3 RYAB NEXN EYA4 -6 az 8% fam. pripadu
TPM1 ILK RNA binding -4% sporadicky pfipadu
TTN LAMA4 REM20

lon channel Mitochondrial Co-chaperone, heat shock Primarni metoda vysetreni
ABCCO TAZ/G4.5 proteins NGS (kardiopanel, exomova
SCN5A Sarcoplasmic BAG3 sekvenace)

reticulum - Drive uspésna u 30-35%
PLN famil. DCM

- Nyni az u 60% pripadl



I _ 1. DOPORUCENI KLINICKEHO A VE VYBRANYCH
PRIPADECH | GENETICKEHO SCREENINGU V RODINACH

Racionale: moznost leCcby presymptomaticke
systolické dysfunkce LKS a prevence zavaznych
Klinickych prihod u pribuznych.



Proband with DCM
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Family histnryJ
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Cascade genetic screening

» Genetic testing and counseling

« Screening of 1%t degree relatives

DCM/gene il-'lor -

¥

Unaffected/gene +

v

Klinicke vysSetreni:
Pribuzni 1. stupné

Genetické poradenstvi
a testovani:

-mladi pts DCM
-Familiarni DCM
-DCM syndromicka
(myopatie)

Unaffected/gene -

Clinical follow up

+ Every 1-2 y in children/adolescents

« Every 3-5 years adults or when onset of symptoms

Circ Res. 2017:121:731-748




I 2. PROGNOSTICKY VYZNAM GENETICKEHO VYSETRENI-
ARYTMICKY FENOTYP DKMP

Racionale: pfrinos primarné preventivni implantace
ICD u DKMP oproti ICHS méne presvedcivy,
nekteré geneticke formy DKMP spojeny s vysokym
rizikem NSS.



Arrhythmogenic Phenotype in Dilated Cardiomyopathy: Natural
History and Predictors of Life-Threatening Arrhythmias

Methods and Results—Two hundred eighty-five patients with a recent diagnosis of DCM (median duration of the disease 1 month,
range 0 to 7 months) and who had Holter momtonng at baseline were comprehenswely evaluated and followed for 107 months

24 hours, in the absence of overt heart failure. The primary end points were sudden cardiac death (SCD), sustained ventricular
tachycardia (SVT), or ventricular fibrillation (VF). The secondary end points were death from congestive heart failure or heart
transplantation. Of the 285 patients, 109 (38.2%) met criteria for AR-DCM phenotype. AR-DCM subjects had a higher incidence of
SCD/SVT/VF compared with non—AR-DCM patients (30.3% vs 17.6%, P=0.022), with no difference in the secondary end points.
A family history of SCD/SVT/VF and the AR-DCM phenotype were statistically significant and cumulative predictors of SCD/SVT/VF.

Conclusfons——OneLthird of DCM patients may have an arrhythmogenic phenotype associated with increased risk of arrhythmias

during follow-up. A family historyfof ventricular arrhythmias in DCM predicts a poor prognosis and increased risk of SCD. (J/ Am
Heart Assoc. 2015;4:e002149 doi: 10.1161/JAHA.115.002149)
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Figure 2 Genes associated with a high propensity for
dilated cardiomyopathy (DCM) and ventricular arrhyth-
mias. These arrhythmic genes included desmosomal
genes that predominantly cause arrhythmogenic right
ventricular cardiomyopathy (ARVC), non-desmosomal
genes associated with ARVC, DCM or both, and genes
that predominantly cause DCM.

[ ARVC DCM

Left-dominant  Arrhythmic
ARVC DCM

Heart, Lung and Circulation (2019) 28, 31-38



3. PROGNOSTICKY VYZNAM GENETICKEHO VYSETRENI-
VZTAH K REVEZNI REMODELACI LKS U DKMP

Racionale: zmenseni objemu a Castecné zlepseni
systolické funkce LKS u pacientu s novym zachytem
DKMP je spojeno s priznivou progndézou
onemochneni, geneticke prediktory dosud malo
prozkoumany.



METHODS AND RESULTS: Patients with DCM and hypokinetic non-
DCM (n=346y mean left ventricular ejection fraction, 30%) underwent
genotyping for 47V/DCM-associated genes in addition to extensive
phenotyping. LVRR was defined as improvement of left ventricular
ejection fraction >50% or >10% absolute increase, with cardiac
dimensions (left ventricular end diastolic diameter) <33 mm/m? or 210%
relative decrease. LVRRyoccurred in 180 (52%) patients after a median
follow-up of 12-month optimal medical treatment. Low baseline left
ventricular ejection fraction, a hypokinetic non-DCM phenotype, high
systolic blood pressure, absence of a family history of DCM, female

sex, absence of atrioventricular block, and treatment with -blockers
were all independent positive clinical predictors of LVRR. With the
exception,of TTN, genetic mutations were strongly associated with a
lower rate of LVRR (odds ratio, 0.19 [0.09-0.42]: P<0.0001). TTN and
LMNA were independently associated with LVRR (odds ratio, 2.49 [1.09-
6.20]; P=0.038 and 0.11 [0.01-0.99]; P=0.049, respectively). Adding
mutation status significantly improved discrimination (C statistics) and
reclassification (integrated discrimination improvement/net reclassification
index) of the clinical model predicting LVRR. Furthermore, the risk for
heart failure hospitalization and cardiovascular death is lower in the LVRR
patients on the long term (hazard ratio, 0.47 [0.24-0.91]; P=0.009 and
0.18 [0.04-0.82]; P=0.007, respectively), and LVRR is an independent
predictor for event-free survival.

Circ Heart Fail. 2018:11:e005220.
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Figure 2. Association between mutation status and left ventricular
reverse remodeling (LVRR) adjusted for the clinical prediction model.

Circ Heart Fail. 2018:11:e005220.



4. INTERAKCE GENOTYPU A PROSTREDI-
OVLIVNENI ABUSEM ALKOHOLU

Racionale: trunkuji mutace titinu byly nalezeny u
pacientek s tehotenskou KMP a recentne u
alkoholicke KMP, obe onemocnéeni maji znacnou
reverzibilitu.



Interakce genotypu a abusu alkoholu u DKMP

METHODS The authors characterized 141 ACM cases, /16 DCM cases, and 445 healthy volunteers. The authors
compared the prevalence of rare, protein-altering variants in 9 genes associated with inherited DCM. They evaluated the

effect of genotype and alcohol consumption on phenotype in DCM.

RESULTS Variants in well-characterized DCM-causing gene‘? were more prevalent in patients with ACM than control

subjects (13.5% vs. 2.9%; p = 1.2 %10 >), but similar between patients with ACM and DCM (19.4%; p = 0.12) and with a
predominant burde;f of titin truncating variants (TTNtv) (9.9%). SeparatelyJwe identified an interaction between TTN
genotype and excess alcohol consumption in a cohort of DCM patients not meeting ACM criteria. On multivariate analysis,

DCM patients with a TTNtv who consumed excess alcohol had an 8.7% absolute reduction in ejection fraction (95%

confidence interval: —2.3% to —15.1%; p < 0.007) compared with those without TTNtv and excess alcohol consumption.

The presence of TTNtv did not predict phenotype, outcome, or functional recovery on treatment in ACM patients.

CONCLUSIONS TTNtv represent a prevalent genetic predisposition for ACM, and are also associated with a worse left
ventricular ejection fraction in DCM patients who consume alcohol above recommended levels. Familial evaluation
and genetic testing should be considered in patients presenting with ACM. (J Am Coll Cardiol 2018;71:2293-302)

Alkoholicka KMP= vice nez 80g alkoholu denné po dobu delsi nezli 5 let



Interakce genotypu a abusu alkoholu u DKMP

TABLE 2 Burden Analysis of Rare, Protein-Altering Variants in DCM-Related Genes Between Cohorts

ACM DCM Healthy Volunteer *ACM vs. *ACM vs. Healthy *DCM vs. Healthy
(n =141) (n = 366) (n = 445) DCM Volunteer Volunteer
All genes 19 (13.5) (7.8%-19.1%) 71 (19.4) (15.3%-23.4%) 13 (2.9) (1.4%-4.5%) 0.12 1.2 x 1073 5.4 x 107"
TTNtv 14 (9.9) (5.0%-14.9%) 44 (12.0) (8.7%-15.4%) 3 (0.7) (0.0%-1.4%) 0.64 4.4 x 1077 6.4 x 107"
Genes other than TTN 6 (4.3) (0.9%-7.6%) 28 (7.7) (4.9%-10.4%) 10 (2.2) (0.9%-3.6%) 0.23 0.23 0.00035

FIGURE 2 Alcohol and TTNtv Act in Combination, and
Together Are Associated With a Lower Baseline LVEF in
Patients With DCM
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ZAVER

 Podrobne zhodnoceni RA a kI|n|cky screening jsou
doporuceny u vSech pacientd s DKMP.

A\ V a7/

 Molekularne- genetlcke vysetreni je nejvyteznejsi u
mIadych pacientl s DKMP, a dale u familiarnich a
syndromickych forem onemocnéni.

» Cilem rodinneho screeningu je casna lecba
postizenych pribuznych v presymptomaticke fazi.

» Genotypizace bK mohla upresnit arytmickeé riziko
a predpoved’ reakce na lécbu u téchto nemocnych.



D¢kujr Vam za pozornost!



FIGURE 1 Flowchart of Patients Included in the Study

First evaluation Normal phenotype = 55

Median FU 38 months _
(1QR: 7-95)

26% vyvinulo

DKMP Normal phenotype = 36

1 Non-cardiac death

Penetrance
onemocnéni u
jedincl > 40 let
pfi poslednim
vySetreni 80%

3 HTx-related

deaths

2 HF-related 1 Non-cardiac

JACC VOL. 72, NO. 20, 2018



FIGURE 2 Clinical Events During Follow-Up of Individuals With BAG3 Mutation
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Median follow-up all patients: 38 months (7-95)
30% Median follow-up DCM patients: 56 months (8-96)
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BAG3 CARDIOMYOPATHY

129 MUTATION CARRIERS

[ 1

MEDIAN FOLLOW-UP 38 months* PRIMARY COMPOSITE ENDPOINT:
ECG and echocardiogram at first « Heart transplant, LVAD
evaluation and follow-up « SVT, appropriate ICD shock

» Cardiac death, aborted SCD

o 1)
AGE DISTRIBUTION OF DCM PRIMARY COMPOSITE ENDPOINT: 5.1 A: A P_ER YEAR
Males vs. Females in DCM Patients
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Dominguez, F. et al. J Am Coll Cardiol. 2018;72(20):2471-81.



Interakce genotypu a cytostatik o toxické KMP

BACKGROUND:

Cancer therapy-induced cardiomyopathy (CCM) is associated with cumulative drug
exposures and pre-existing cardiovascular disorders. These parameters incompletely
account for substantial inter-individual susceptibility to CCM. We hypothesized that rare
variants in cardiomyopathy genes contribute to CCM.

METHODS:

We studied 213 CCM patients from three cohorts: retrospectively recruited adults with
diverse cancers (n=99), prospectively phenotyped breast cancer adults (n=73) and
prospectively phenotyped children with acute myeloid leukemia (n=41).
Cardiomyopathy genes, including nine pre-specified genes were sequenced. The
prevalence of rare variants was compared between CCM cohorts and The Cancer
Genome Atlas (TCGA) participants (n=2053), healthy volunteers (n=445), and ancestry-
matched reference population. Clinical characteristics and outcomes were assessed,
stratified by genotypes. A prevalent CCM genotype was modeled in anthracycline-
treated mice

Circulation. 2019 Apr 16. doi:
10.1161/CIRCULATIONAHA.118.037934.



Interakce genotypu a cytostatik u toxické KMP

RESULTS:

-CCM was diagnosed 0.4-9 years after chemotherapy; 90% of these patients received
anthracyclines.

-Among nine prioritized genes CCM patients had more rare protein-altering variants
than comparative cohorts (p<1.98e-04). Titin-truncating variants (T TNtv) predominated,
occurring in 7.5% CCM patients versus 1.1% TCGA participants (p=7.36e-08), 0.7%
healthy volunteers (p=3.42e-06), and 0.6% reference population (p=5.87e-14).

-Adult CCM patients with TTNtv experienced more heart failure and atrial fibrillation
(p=0.003) and impaired myocardial recovery (p=0.03) than those without.

-Consistent with human data, anthracycline-treated TTNtv mice and isolated TTNtv
cardiomyocytes showed sustained contractile dysfunction unlike wildtype (p=0.0004
and p<0.002, respectively).

CONCLUSIONS:

Unrecognized rare variants in cardiomyopathy-associated genes, particularly TTNty,
increased the risk for CCM in children and adults, and adverse cardiac events in adults.
Genotype, along with cumulative chemotherapy dosage and traditional cardiovascular
risk factors improves identification of cancer patients at highest risk for CCM.

Circulation. 2019 Apr 16. doi:
10.1161/CIRCULATIONAHA.118.037934.



I Doporuceni pro skrinink KMP v rodiné

— Genetic Evaluation of Cardiomyopathy—A Heart Failure
Obtaining a family history of at least 3 generations, in- Society of America Practice Guideline
cluding the creation of a pedigree, is recommended for )
all patients with a primary cardiomyopathy.

Journal of Cardiac Failure Vol. 24 No. 5 2018

Level of
Cardiomyopathy Phenotype Evidence
Hypertrophic cardiomyopathy (HCM) A G?netlc testing is recommended for patients with
Dilated cardiomyopathy (DCM) A cardlomyopathy.
Arrhythmogenic right ventricular cardiomyopathy (ARVC) A
Restrictive cardiomyopathy RCM) A 4a. Genetic testing is recommended for the most clearly af-
Cardiomyopathies with extracardiac manifestations A .
Left ventricular noncompaction (LVNC) See fected faml]y member.
Background 4b. Cascade genetic testing of at-risk family members is rec-
ommended for pathogenic and likely pathogenic variants.
4c. In addition to routine newborn screening tests, special-
Clinical (phenotypic) screening for cardiomyopathy in ized evaluation of infants with cardiomyopathy is
at-risk 1st-degree relatives is recommended. recommended, and genetic testing should be considered.
Level of
Cardiomyopathy Phenotype Evidence . Level of
Cardiomyopathy Phenotype Evidence
Hypertrophic cardiomyopathy (HCM) A
Dilated cardiomyopathy (DCM) A Hypertrophic cardiomyopathy (HCM) A
Arrhythmogenic right ventricular cardiomyopathy (ARVC) A Dilated cardiomyopathy (DCM) A
Restrictive cardiomyopathy (RCM) A Arrhythmic right ventricular cardiomyopathy (ARVC) A
Cardiomyopathies, overlapping, or extracardiac A Restrictive cardiomyopathy (RCM) B
Left ventricular noncompaction (LVNC) See Cardiomyopathies associated with other extracardiac A
Background e "
= manifestations

Left ventricular noncompaction (LVNC) See Background




