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GENES RESPONSIBLE FOR

CARDIOVASCULAR DISEASE

Arrhythmia & Conduction
Abnormalities

Atrial Fibrillation - 6 loci (4 genes)
Long QT Syndrome - 3 genes
Brugada Syndrome - 2 genes
Short QT Syndrome — 1 gene
WPW — 1 gene

Heart Block — 1 locus

Sinus Node Dysfunction — 1 locus

Cardiomyopathies &
Structural Cardiovascular Disease

HCM — 12 genes

DCM - 23 loci (5 genes)

ARVD - 7 loci (4 genes)

Mitral Valve Prolapse — 4 loci
Bicuspid Aortic Valve — 1 gene
Supra-Ventricular Aortic Stenosis — 1 gene
Holt-Oram Syndrome — 2 genes
ASD — 2 genes

Lev’s Disorder — 1 gene

Marfan Syndrome — 1 gene
Aortic Aneurysm — 1 gene



Somatic Mutations in the Connexin 40 Gene

(GJAS) in Atrial Fibrillation
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Myozenin 2 Is a Novel Gene for
Human Hypertrophic
Cardiomyopathy

Osio, A, Tan L, Suet N, Lombardi R, Nagueh S,
Shete S, Roberts R, Willerson JT, Marion AJ.

Circ Res 2007:100:766-768




Effect of the Myozenin 2 Mutations

We speculate that Myozenin 2
mutations cause HCM by
activating the calcineurin pathway

Proc Natl Acad Sci USA 2000:97:14632-14637



Function of Myozenin 2

Deletion of Myozenin 2 In
mice leads to activation of
calcineurin and cardiac
hypertrophy

Proc Natl Acad Sci USA 2000:97:14632-14637



Genome-wide mapping of modifier
chromosomal loci for Human Hypertrophic
Cardiomyopathy

Daw EW1!, Chen SN2, Czernuszewicz G 2, Lombardi
R2 Lu Y1 Ma J!, Roberts R 3, Shete S, Marion AJ 2

1Dept. of Epidemiology, MD Anderson Cancer Centre, Houston, USA, 2Center for
Cardiovascular Genetic Research, The Brown Foundation Institute of Molecular Medicine, The

University of Texas Heath Science Center, Houston, TX and 3University of Ottawa Heart
Institute, Ottawa, Canada

Hum Molecular Genet 2007; 16(20):2463-2471



Genome-wide mapping of modifier
chromosomal loci for Human Hypertrophic

Cardiomyopathy
Chromosomal Locus LOPPP Score
3026.2 3.51
10p13 4.86
17924 4.17



-
GENES RESPONSIBLE FOR FHCM

Gene Proportion of Families (%)
[3-Myosin Heavy Chain 30-40

Cardiac Troponin T 15-20

Myosin Binding Protein C 15-20

Alpha Tropomyosin <5

Myosin Light Chain 1 <1

Myosin Light Chain 2 ?
a-Cardiac Actin ?
Titin ?
a-Myosin Heavy Chain ?
Myozenin 2 ?




Genetic Screening for
Cardiac Disorders

Minnesota — Mayo Clinic

Harvard University

University of Ottawa Heart Institute




.
GENETIC SCREENING FOR FHCM

e |dentify the 50% at risk of getting HCM

* Genetic counselling

e For diagnosis In those with concomitant

simulating disease



bMHC MUTATIONS

Prediction of Prognosis

Malighant |Intermediary
Arg*%sGin | Glu®fLys | Leu®sVval
Arg*sCrs | Arg?*GlIn | Val®°®Met

Arg’3Trp GlyZ*%Glu




EFFICACY OF IMPLANTABLE CARDIOVERTER-
DEFIBRILLATORS FOR THE PREVENTION OF
SUDDEN DEATH IN PATIENTS WITH
HYPERTRYPHIC CARDIOMYOPATHY

Maron BJ, Shen W-K, Link MS, Epstein AE,
Almquist AK, Daubert JP, Bardy GH, Favale S,
Rea RF, Boriani G, Estes Il M, Spirito P

N Engl J Med 2000;342:365-73
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Age (yrs) No. of deaths
0-4 2,508
5-14 436
15-24 1,291
25-34 3,311
35-44 13,873
45-54 35,216
55-64 64,322
65-74 129,414
75-84 226,326
>85 251,999

Source: MMWR Feb. 15, 2002



Genetic Information Nondiscrimination
ACT (GINA)

e 1995 Act presented to Congress
o 2007 Approved by Congress

e 2008 Approved by Senate
Louise Slaughter (D-NY)
- = LS -

Couzin J, Science 2008:Vol. 320. no. 5876, p. 596




Genetic Information Nondiscrimination
ACT (GINA)

May 21, 2008
President Bush signed GINA

Into law

www.genomeweb.com/issues/news/147069-1.html







FAMILIAL HYPERTROPHIC
CARDIOMYOPATHY

e Estimated incidence of 1 in 500

e Most common cause of sudden
cardiac death in the young

e Most common cause of sudden
cardiac death Iin the athlete



l Prevalence of HCM

General Population
1:500

550,000 12,000,000
USA World

60,000 2,400,000
Canada China




HOPE FOR THE PATIENT
WITH HCM

Even as an adult, we get a new heart about
once every three weeks, which provides

an opportunity, such as with gene therapy,
for restructuring the hypertrophied heart






SARCOMERE STRUCTURE IN
HUMAN HCM & FELINE
EXPRESSING MUTANT RMHC




PROTOCAL FOR LOSARTAN IN MICE
WITH FAMILIAL HCM

Dose of losartan: 14.2 + 5.3 mg/kg/day

Duration of therapy: 42 + 9.6 days

Sample size: 12 treated transgenic mice
12 placebo transgenic mice

12 non-transgenic mice



LOSARTAN MARKEDLY REDUCES
CARDIAC FIBROSIS IN HCM MICE
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l LOSARTAN REDUCES TGF-b1 BY 50%

1.27 11+ .4

0.8
o3+ .4
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TGF-bl

0.4

0.27
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EFFECT OF LOSARTAN ON FIBROSIS
IN THE TRANSGENIC MOUSE

Non-Transgenic Placebo Losartan

Lim DS, et al. Circulation 2001;103:789-791.



ANGIOTENSIN Il BLOCKADE
REVERSES MYOCARDIAL FIBROSIS
IN A TRANSGENIC MOUSE MODEL
OF HUMAN HYPERTROPHIC
CARDIOMYOPATHY

Lim D-S, Lutucuta S, Bachireddy P, Youker K,
Evans A, Entman M, Roberts R, Marian AJ

Circulation 2001






A Transgenic Rabbit Model for Human
Hypertrophic Cardiomyopathy

Marian AJ, Wu Y, Lim D-S, McCluggage M,
Youker K, Yu Q-T, Brugada R, DeMayo F,
Quinones M, Roberts R.

J Clin Invest 1999:104:1683-1692



l Cardiac Structure in b-MyHC Transgenic Rabbits

Control Transgenic Normal Transgenic Mutant




DECREASED SURVIVAL IN 3-MyHC
TRANSGENIC RABBIT MODEL OF HUMAN FHCM

Non-Transgenic Litter
(N=72)




RANDOMIZATION PROTOCAL IN A RABBIT
MODEL OF HUMAN HCM

Twenty-four transgenic rabbits with HCM
expressing bMHC Q403 mutation matched for
sex and age were randomized to either placebo
or Twelve rabbits matched for sex
and age were used as controls.



Simvastatin Induces Regression Of
Cardiac Hypertrophy And Fibrosis And
Improves Cardiac Function In A
Transgenic Rabbit Model Of Human
Hypertrophy Cardiomyopathy

Rajnikant Patel, MD; Sherif F. Nagueh, M.D; Natalie Tsybouleva, MD;
Maha Abdellatif, MD:; PhD., Silvia Lutucuta, MD:;
Helen A. Kopelen, RDCS; Miguel A Quinones, MD;
William A. Zoghbi, MD; Mark L. Entman, MD,;
Robert Roberts, MD; A.J. Marian, MD.

Circulation 2001;104:27-34



Prevention of Cardiac Hypertrophy by
Atorvastatin in a Transgenic Rabbit
Model of Human Hypertrophic

Cardiomyopathy

Senthil V, Suet NC, Tsybouleva N, Halder T, Nagueh SF
Willerson JT, Roberts R, Marian AJ

Circ Res. 2005:97:285-292.



l PATHWAYS TO HYPERTROPHY

Growth Signalling Pathway
G — Protein
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PRENYLATION OF PROTEINS

Farnesyl Geranylgeranyl
(15 Carbons) (20 Carbons)
A <
S
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C — Terminus of Proteins
CAAX

Farnesylation Geranylgeranylation




l Statins and Signaling Kinases

acetyl - CoA

HMG - CoA mevalonate Isopentenyl-PP

farnesyl - PP
squalen

geranylgeranyl-PP

CHOLESTEROL

PPP‘R’a\




CANADA — US CLINICAL TRIAL
FOR FAMILIAL HCM

Canada United States
Montreal Heart Institute Harvard University
University of Toronto Cleveland Clinic
University of Ottawa Mayo Clinic
McMaster University Minnesota Heart Institute



Canada — US Clinical Trial
for Familal HCM

Statin +
ACE or
ARB




