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CardiomyopathiesCardiomyopathies

– diseases of cardiac muscle associated with abnormalities of 
di ll thi k h b i t ticardiac wall thickness, chamber size, contraction, 

relaxation, conduction, and rhythm. 

– A major cause of morbidity and mortality at all ages and 
often result in heart failureoften result in heart failure

The first primary cardiac disorders to be understood at the– The first primary cardiac disorders to be understood at the 
molecular level



M i C di l Di d

C di thi

Monogenic Cardiovascular Disorders

• Cardiomyopathies : 
HCM
DCM
A C/ARVC/D

• Arrhythmias
LQTS At i l Fib ill tiLQTS          Atrial Fibrillation   
WPW Conduction Disease

• Dyslipidemias• Dyslipidemias
Familial Hypercholesterolemia

• Congenital Heart Disease• Congenital Heart Disease
• Familial Aortic Aneurysms



Cardiomyopathy ClassificationCardiomyopathy Classification

• Dilated Cardiomyopathy

• Hypertrophic Cardiomyopathy

• Restrictive Cardiomyopathy
Non Dilated

• Arrhythmogenic RV cardiomyopathy
Non Dilated

• Unclassified Cardiomyopathy



Cardiomyopathy
• 150 yrs since Mendel’s breeding exp.
• 50 yrs since discovery of DNA structure by Watson and Crick
• 7 yrs since human DNA sequence draft by human genome project

Phenotypee o ype
(Disease)

DiseaseDisease  
Genes



Positional Cloning approach
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The identification of a gene based solely on its position in the genome
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Cytogenetic map

Physical map

Gene Sequence ATGCTGCTAGCTG/CATCGATCGATGCCTC

mutation





Hypertrophic Cardiomyopathy
• an inherited cardiac disorder Normal HCM

• Characterized by asymmetric left ventricular 
hypertrophy, myocyte disarray, and cardiac fib
leading to heart failure and ventricular arrythm

• the most common cause of sudden cardiac deat
under 35 years 

• Prevalence: ~1:500
– At least 540,000 affected individuals in the US

• Usually autosomal dominant
– Affected family members have 50% risk

• Heterogeneous with respect to:
– disease causing mutation

presentation– presentation
– prognosis
– Treatment

Ahmad et al. 2005 Ann. Rev. Genomics Hum. Genet



Development of Hypertrophic CardiomyopathyDevelopment of Hypertrophic Cardiomyopathy
Temporal sequence



Hypertrophic Cardiomyopathy

• Prevalence of unexplained LVH : ~ 1: 500 

•Traditionally an idiopathic disorders

•~ 60% attributed to sarcomere gene•~ 60% attributed to sarcomere gene 
mutation

•Over 450 individual mutations detectedOver 450 individual mutations detected



Causative genes in Hypertrophic cardiomyopathyg yp p y p y

Alcalai et al. 2008 J. Cadiovascular Eletrophysiology

• Despite of these mutations, in about 40-50 % of patients with unexplained LVH, no mutations in a 
sarcomere gene is found.



Sarcomeric HCM vs. Storage Cardiomyopathies

(metabolic)

LVH + 
ElectrophysiologicalElectrophysiological 
abnormalites

Alcalai et al. 2008 J. Cadiovascular Eletrophysiology

Glycogen accumulation
Vacuoles in myocytes

PRKAG2

Sarcomere 





Dilated Cardiomyopathy

• Unexplained dilation and impaired systolic 

Normal DCM
p p y

function of LV or both ventricles and 
increased myocardial mass

h t f il l it ti dd d th• heart failure, palpitations, or sudden death 

• Most common cardiomyopathies
Over 90% of cases– Over 90% of cases

– The most common reason for cardiac 
transplantation in the young

P l 1 2500• Prevalence: ~1:2500

• Up to 50% of cases of idiopathic 
cardiomyopathy may have genetic causescardiomyopathy may have genetic causes

• Heterogeneous genetic causes
– mostly autosomal dominanty
– AR, X-linked, mitochondrial

Ahmad et al. 2005 Ann. Rev. Genomics Hum. Genet



Dilated Cardiomyopathy

• Autosomal Dominant                   56%
• most common
• High incidence of cardiac autoantibodies
• 50 percent in families with autosomal dominant 

inheritance

• Autosomal recessive                           16%
• Younger age, worse prognosis

• X linked                                                10%
• Different mutations in dystrophin gene

• Autosomal dominant + skeletal             7%
• Restrictive pattern

• Familial DCM with conduction defects 2%

Mestroni 2002 JACC



Lamin A/C mutationLamin A/C mutation







G ti C f Dil t d C di thGenetic Causes of Dilated Cardiomyopathy

Sarcomere Proteins
Cytoskeletal proteinsCytoskeletal proteins
Channels

Other Categories
h h l bPhospholamban

Eya4
Tafazzin
LaminA/C



Arrhythmogenic Right Ventricular Cardiomyopathy

•Pathological Features

y g g y p y

Pathological Features
•Adipose and fibrous tissue replacement of the RV myocardium

• Clinical Features

ARVC

Clinical Features
•Electrical Instability: VT, syncope, SCD
•Cardiomyopathy and Heart Failure
•FH of SCD
•EKG changes: epsilon waves, TWI V1-3
•LV involvement in up to ~50%
•Typically present between 13-50 years A; Adipose

•Prevalence: ~1:2000-5000
•3:1 Male:Female

F; Fibrous tissue

•Familial disease in >50%
•11% of SCD,   22%  SCD in athletes (Italy) 
•Autosomal Dominant

I l i bl i• Incomplete penetrance, variable expression

Sen-Chowdhry, et al. 2007 Circulation.



ARVCARVC

• EM demostrates Desmosomal Abnormalities
– plakoglobin, desmoplakin, and plakophilin-2

• Genetics
– SporadicSporadic
– Autosomal Dominant   
– Autosomal Recessive (Naxos Disease)



Genetic causes of ARVC
(A disease of the Desmosome)(A disease of the Desmosome)

Ashrafian & Watkins 2007 JACC 



Pathway to ARVC

Intercellular Adhesion Molecules

P di iti t di t d t h t ( di l b i )Predisposition to cardiomyocyte detachment
Fibrofatty replacement

Perturbation of gap junctions
El t i l I t bilit

(cardiomyocyte loss by apoptosis)

Electrical Instability



Restrictive CardiomyopathyRestrictive Cardiomyopathy

N dil d V i l / l ll hi k• Non dilated Ventricle w/ normal wall thickness
– Need to Exclude Constrictive Pericarditis

• Preserved LV systolic function (normal EF)

Di t li D f ti d t i ti filli• Diastolic Dysfunction and restrictive filling
– Abnormal Echo Doppler or  Cardiac MRI
– R/L cardiac cath to assess hemodynamics

• Rare form of cardiac remodeling:  <5% of all cardiomyopathy

• Mutation found in some of the sarcomere gene, Troponin I.



Many pathways lead to a broken heart
Molecular mechanisms implicated in cardiomyopathies

Force transmission/ 
generation

Intracellular Ca++ 
Handling

Cytoskeleton
Cell membrane
cytoplasm

Nuclear
Membrane

L i
Glycogen Metabolism/ 

LaminGlucose Energetics

Intercellular JunctionsIntercellular Junctions

Fatkin and Graham 2002 Physiol Rev.







After genetic testingAfter genetic testing

MYH7  mutation 






