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Genes, calcium and modifying factors in hypertrophic cardiomyopathy
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Summary Genetic basis of hypertrophic cardiomyopathy

1. Familial hypertrophic cardiomyopagh(FHC) is a For mary vyears, clinicians had observed the
primary disorder of the myocardium characterised bgccurrence of FHC within families, indicating a genetic
remarkable diersity in clinical presentations, ranging frompredisposition. Over the last 15 years, genetic studies ha
no symptoms to sere heart &ilure and sudden cardiacfurther defined FHC as a “disease of the sarcomere”, with
death. several disease-causing gene mutations being identified

2. Over the last 15 years, at leastvelegenes hee  which encode sarcomeric protefhBisease mutations in at
been identified, defects in which cause FHC. Most of theg=ast 11 different genes are currently Wnoto cause FHC.
genes encode proteins which comprise the basic contraclilee disease is transmitted as an autosomal dominant trait,
unit of the heart, i.e. the sarcomere. such that offspring of affected individualsvleaa %

3. Genetic studies are wdbegnning to hae a najor chance of inheriting the gene mutation. Interestinglyd
impact on diagnosis in FHC, as well as in guiding treatmetite 11 genes identified to date encode sarcomere proteins,
and preentative grateggies. Whilemuch is knavn about and include the cardiaB-myosin heavy chainfMHC),
which genes cause disease, redlyilittle is known about myosin binding protein C (MyBP-C), cardiac troponins T
the molecular steps leading from the gene defect to thad |, a-tropomyosin, myosin light chains, and more
clinical phenotype, and what factors modify thxpression recently titin and actin genes (Table 1).
of the mutant genes. The relatve frequenyg of these causate sarcomeric

4. Concurrent studies in cell culture and animagenes in FHC is summarised iable 1. Over 200 d#érent
models of FHC are mo begnning to shed light on the mutations haee row been identified in these genes, with
signaling pathways wolved in FHC, and the role of both most being of the missense-type, i&sngle base change

ervironmental and genetic modifyingadtors. Calcium resulting in an amino acid substitution
dysregulation appears to be important in the pathogenesis (bittp://cardiogenomics.med.hamd.edu/home). amily
FHC. studies appear to indicate that defects in different genes

5. Understanding these basic molecular mechanismszay in part be associated with characteristic clinical
will ultimately improve aur knowledge of the basic biology features. For xample, BMHC gene mutations generally
of heart muscle function, and will therefore yicle nev  result in early onset of disease, usually in the first tw
avenues for diagnosis and treatment not only for FH@, bdecades of lifé, while MyBP-C mutations result in later

for a range of human cardigscular diseases. onset of disease (age 40-50 years) with less enark
i symptom$ In contrast, troponin T mutations are
Introduction associated with minimal cardiac ygpertroply, but

significant incidence of sudden deéthwhile these
associations he been made, clearly mgrexceptions hee
garisen, e.g. indiduals with early onset MyBP-C mutations.

Familial hypertrophic cardiomyopagh (FHC) is a
primary cardiac disorder characterised bypértroply,
usually of the left entricle, in the absence of other loadin
conditio_ns, such as aortic _stenosis oypdrtensior. Molecular pathogenesis of hypertrophic
Population-based clinical studies suggest thegeace of cardiomyopathy
the condition to be as high as 0.2% (or 1 in 500) in the
general population, making FHC the most common The demonstration that FHC results from defects in
cardiovascular genetic disorder kwm? A prominent genes which encode sarcomeric proteins has focused
feature of FHC is the remarkable clinicalvalsity attention on the most basic unit responsible for cardiac
obsered. Patients with FHC can range in clinicaimuscle contraction. The sarcomere is comprised of both
presentation from minimal or no symptoms andieh@ thick and thin filaments. The sarcomere units are aligned in
benign, asymptomatic course, to thevalgpment of the parallel, and are attached to each other through the Z discs.
most serious complications including heart failure and@ihe main component of the thick filament is {BidHC
sudden death.FHC is the commonest structural cause gbrotein, while the thin filament is composed of actin,
sudden cardiac death in in@tluals aged less than 35 yearsg-tropomyosin and the troponins I, C and NlyBP-C and
including competitie ahletes?® titin are major components of the sarcomere and are

involved in both stabilisation of the sarcomere structure,
and the generation and transmission of forEellowing
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Table 1: Causatie genes in FHC

FHC Gene Symbol Chromosome| % of all FHC
Locus

-Myosin heavy chain MYH7 14912 30-35%
Myosin-binding protein C MYBPC3| 11pl11.2 20-30%
Troponin T TNNT2 1932 10-15%
a-tropomyosin TPM1 15g22.1 <5%
Troponin | TNNI3 19q13.4 < 5%
Myosin light chains -- Essential MYL3 3p21 <1%

-- Regulatory | MYL2 12924.3 <1%
Actin ACTC 15q14 <0.5%
Titin TTN 2924.3 <0.5%
a-Myosin heavy chain MYH6 14q12 <0.5%
Muscle LIM CRP3 11p15.1 <0.5%

Modified from Doolaret al32

activation by C&*, a ®ries of gents involving the troponin-  Animal models of hypertrophic cardiomyopathy
tropomyosin compberesults in sliding of the thin and thick

filaments, resulting in sarcomere shortening and cardiac Animal models of FHC hee keen of greatest value in
muscle contraction. addressing the issues of molecular pathogenesis, signaling

Many questions hee teen raised following the mechgnisms, _and quifying acfto.rs. Specifically
identification of sarcomeric gene defects in FHGarging genetically _englneered mice a_nd rabbits that express _human
the cell biology of cardiac muscl&Vhat is the mechanism FHC mutations hee been particularly useful Transgenic
by which a cardiac-specific phenotype results frof’odels that eer-express mutant forms of myosin hga
mutations in sarcomere gene¥Phat signaling molecules chains, cardiac troponin, MyBP-C, or cardiac troponin |
and pathways are aeiied by epression of these gene?2S yveII as a model that phyS|oIog|.caIIy expresses a
defects? Isthe hypertrophic response compensatorparticular myosin  (Ag403GIn) mutation heae been
pathologic or in response to depleted ggestores?What ~Studied:®%® Most recently a kigenic model of FHC has
are the ky genetic and environmentadtors which modify Peen deeloped, alleving the mutant troponin T-Q92 gene
the epression of the mutant gene? Answers to thed@ Pe turned “on” or “off” using a lignd-inducible
questions are likely to provide important insights intevho systemt® All  these models  exhibit _histopathology
and wly mutated contractile proteins predisposéeeted COmparable to that obsew in human FHC including
individuals to the diersity of clinical features of FHC Myoyte disarray hypertroply and myocardial fibrosis
including sudden death. (Figure 1). The first and mosktensvely studied mouse

To investigate these issues, human, animal and cdfiodel of FHC (Arg403GIn) illustrates wothe human
culture studies he keen performed. While studies indisease is replicated in mice. This mouse modab w
human families hae keen particularly informate in 9enerated by introducing an g¥03GIn mutation into the
identifying disease-causing genes, studies in humans &&ardiac myosin heg chain gene by gene targeting and

limited due to a variety of factors including variable genetifomologous — recombination. The ~mutation is well
backgrounds, efronmental stimuli which may dir characterised in humans with FHC, is associated with high

between individuals (e.g. dietxecise, life-style), small Penetrance (>90% express the phenotype by age 20 years)
numbers of individuals with the same mutation, and tr@"d €arly sudden death. In brief,gA03GIn mice deslop
relative dfficulty in obtaining human cardiac samples a§!assical histopathological changes of FHC (myec
well as inadequate methods of maintaining human he&pPertroply, dsarray and fibrosis) by age 15 weeks, and

tissue in cell culture systemsor these reasons, anety echocardiographically  detectable left entricular
of biochemical, cell and animal models vaa keen Nypertroply by 30 weeks (Table 2)7 Most fundamentally
engineered to more fully dissect the consequences these animal models of human FHC provide evidence that a

human sarcomere mutations on muscle structure afytation in a sarcomeric gene is indeed the primary cause
function. Thedevelopment of animal models in FHC vea  ©Of FHC. _ _ _

been particularly useful, where there is essentially an Furthermore, interesting results vea aisen by
unlimited supply of “patients” with the same mutationPreeding heterozygote FHC mouse lines to homozygosity
where genetic and eimonmental backgrounds can bell both myosin hea chait® and MyBP-C® mouse

controlled, and where access to tissue samples is essentilRH€ls, homozygosity leads to a dilated cardiomygpath
unlimited. (DCM), i.e. dilatation of all 4 heart chambers with reduced
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Figure 1: Comparison of mouse and human FH®ostmortemhuman heart sample showing gross hypertrophy and
reduction in left ventricular chamber sizeaffel A) associated with myocyte hypeptny myofibre dsarray and intestitial
fibrosis (Panel B).Postmortem heart sampleoin mouseexpressing the Arg403GIn mutation in the myosin hednainc
gene, showing myocatial hypertrophy and left atrial enlgement (Panel C; RA=right atrium, LA=left atrium\MRright
ventricle LV=left ventricle) associated with typical histopathological features of FHC (Panel D).

Table 2: Comparison of Arg403GIn mutation in mice and humans

FHC Feature Arg403GlIn in Mice Arg403GIn in Humans

Hypertrophy Present in 100% by age 30 | in 90% by age 20 years
weeks

Histopathology Myocyte hypertroghdisarray | Myocyte hypertropiy, disarray
and fibrosis and fibrosis

Cardiac Function Systolic function supernormal Systolic function supernormal
Diastolic function impaired Diastolic function impaired
early early

Ventricular Arrhythmias CommoriB0%) Common (>50%)

Sudden Death Rare except with vigorous | Common (surwial at age 45
exgacise, e.g. swimming years i€ 50%)

Phenotype Heterogeneity Yes Yes

Others Gender effects observed Gender effects observed
Exercise capacity decreased | Exercise limitations unclear

contractile function.In the Arg403GIn homozygote mice, relevant models of human FHC and DCM and ydes a
DCM occurs in neonates and all mice die of hesftife by platform for further studies to both understand
age 7 day$® In contrast, homozygous MyBP-C micepathogenesis, and to potentially identify therapeutic options
develop DCM by age 3 weeks, but subsequentlyeltgn  and targets.

compensatory ypertroply and indeed hae a rmrmal The utility of these animal models \wa been
lifespan!® The ability to breed these mice to bothsubstantially increased by miniaturisation of man
heterozygosity and homozygosity has resulted in clinicalljiagnostic procedures thatalate cardiac function in
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humans. Br example, the role of vigorouseecise in disrupts normal sarcomeric contraction and relaxation, such
sudden death and FHC can beadeated in aercise that C&" release from the sarcomere at the end of systole is
protocols and pnmcative dectroplysiologic testing in impaired, leading to accumulation (or “trapping”) of?Ca
mice. Profoundexation in the Arg403GIn mouse appearswithin the sarcomere. This could then lead to reducéd Ca
to recapitulate sudden deathiests in some athletes andre-uptale into the sarcoplasmic reticulum, whictieo time
provocative dectroplysiologic testing has demonstratedmay lead to reduced sarcoplasmic reticulunf*Gaores.
marked increases in alythmogenicity in mutant compared Interestingly administration of the L-type Ca channel
with wild type micet®20 In addition, recent studies in ainhibitor, diltiazem, corrects these E&arelated changes
MyBP-C mouse model of FHC shahat while these mice (Figure 2B) and prents hypertroply in 50% of FHC
may exhibit ery mild disease based on cardiac functiomice??
studies and histopathology analy$isdectrophysiological The mechanisms by which sarcomere defects
testing suggests that there is a significantly increasettrease cardiac interstitial fibrosisvieadso been probed.
vulnerability to ventricular arrhythmias, and thereford8ased on pharmacological and molecular studies performed
sudden deat®t M-mode and tw-dimensional overthe last 5 years, it is likely that mafactors, including
echocardiograph in mice has also enabled accurateC&*, may play a role in the delopment of cardiac fibrosis,
assessment of left ventricularygertroply, changes in a potential substrate for cardiac aythmias and sudden
cardiac dimensions, and systolic function (fractionadeath. L-type C& channel blockade with diltiazem in FHC
shortening)-""1® More recently application of magnetic mice?3, losartan blockade of angiotensin Il in FHC rifee
resonance imaging (MRI) has enabled detailed assessmintvastatin therapin FHC rabbit$® and spironolactone in
of heart structure andven congenital malformations (e.g. FHC mic&® have dl demonstrated salutary effects by
atrial and ventricular septal defects) in mié&Vhile there attenuating or prenting profibrotic effects and reducing
are some diérences between humans and mice particularbollagen deposits in ddrent FHC models. Support for
related to heart rate, leading to differences in?*Cathese cellular and animal model studies implicating' @a
homeostasis and action potential configuration, muriree key nolecule in disease pathogenesis, is the recent
models of human cardiac disease appear to dhgable identification of families with a history of sudden cardiac
reagents for delineating the mechanisms of diseasteath in which mutations tWa keen identified in
analyses of compke events such as sudden death and&*-related genes Mo dinically distinct forms of sudden
important tools for ealuating pharmacologic therapies andcardiac death in children and young adultsehacently
devices. been linked to autosomal-dominant mutations in the RyR2
_ _ ~ gene?’?8 These disorders, known as catecholangjiver
The role of C&" in FHC path@enesis and sudden cardiac polymorphic  ventricular  tachycardia (CPVT) and
death arrhythmogenic right-ventricular dysplasia (XR) share
the clinical characteristics ofxercise-induced entricular
arrhythmias and sudden cardiac death. Furthermore,
autosomal recess nutations in the sarcoplasmic

progression of FHC is currently beingréstigated. Studies . ) . .
of isolated myocytes and genetically-engineered mic%az -storqge pro.teln calsequestrlwbqalso been de§cr|bed
an families with catecholamine-induced entricular

indicate that C& homeostasis is disrupted very early in th 59 30 I :
pathogenesis of FHC. Specificalijyocytes obtained from tachycardig®2°Thus, the recent identification of mutations
Arg403GIn mice which delop FHC, shav a sgnificant in both the RyR2 and calsequestrin genes amilies
reduction in sarcoplasmic reticuI,um Tarelease in characterised by sudden cardiac death, coupled with murine

response to caffeine compared to wild-type and cellular studies shing defects in regulation of the
(Figure 2A)28 Furthermore, myofibrillar proteinxeacts RyR2 channels and diastolic €dleaks” within cardiac

from the hearts of these FHC mice wsled reduced keels cells suggest Ca may play a ery imp_ortant role in

of expression of the cardiac ryanodine receptor (RyRﬁ%’VetlﬁpT%nt (;)fécaaréilac alr;)rthhmlas Ieadlng_dto su:elden
Ca&*-release channel, as well as the sarcoplasmic reticul ath. - indeed 4 ysrgulation may provide a .
Ca*-storage protein calsequestrin, and the associatw'ght mtol the link between. thg glegtncal and mechanical
anchoring proteins triadin and junctin (Figure 2BJhe structures in the heart. While it is dily that ARVD and

reduction in RyR2 protein expression was associated wi VT are disorders clinically dis.tinct from HCM, Ta .
changes in phosphorylatidh. Interestingly dl these ysrgulation may be the underlying primary pathogenic

changes were seen very early in life (by 4 weeks of ag%r.ocess, while molecular and clinical responses to this
Figure 2C), may weeks before the onset of diastolic ysregulation define the different clinical presentations

dysfunction, histopathological changes and cardia served.

hypertroply, suggesting an important early cellulareat in - 5ane Modifiers in FHC

FHC is dysregulation of the release of2Cdrom the

sarcoplasmic reticulum, possibly secondary to?*Ca(i) Human studies: the ACE gene

becoming “trapped” in the mutated sarcomere. The primary o ]
defect in FHC is a mutation in a gene encoding a  Many gene association studiesveakeen performed

sarcomeric protein. Thus, it is &k that the mutation N human FHC populations in an attempt to identify
secondary genes which may modify the clinical phenotype

Calcium is a ky dgnaling molecule in the cardiac
myogyte. The role of C& handling in the deslopment and
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Figure 2: C&* changes in mouse FHC Sarcoplasmic reticulum C4 release and lsanges in C&*-related protein xpres-
sion.A, Ca2* changes, assessed in fura-2 loaded wild-type (+/+) amdHC*%3* (403/+) myocytes, in response to a spritz
of 10mM cdkine (vertical arrow indicates time of admination). B, Western blot analysis of calsequestrin (CSQ) and
components of the quaternary conxpile myofibrillar protein etracts from wild-type (+/+) an@tMHC*%3"* (403/+) mice
agal 30-50 weeks.Coomassie staining indicates loading of samples i éamwe Normalization of calsequestrin @iein
levels after 8 days (8d) and 30 weeks (30wk) treatment,emtdation of all 4 components of the calsequestrin-coriple
mice teated long-term with diltiazem. C, Time course studyhahgs in calsequestrin proteinkgression in equal
amounts of myofibrillar extracts from micged 2, 4, 6, 8, 2, 30 weeks. (Modified from Semsaréral?d)

through either its own direct effects, or secondary to geniecreased risk of sudden death.e\Wave most recently
gene interactions, primarily with the causatigene33? shavn that the AE D/D genotype is significantly
Perhaps the most widely studied in this setting are geressociated with the rate of progression of lefhtvicular
involved in the renin-angiotensin system. Polymorphisms imypertroply compared to the I/l and I/D genotypes,
a key mmponent of the renin-angiotension system, thedependent of otheré€tors such as age, body surface area,
angiotensin-1 corerting enzyme (ACE) gene, Y@ been and resting blood pressure (Figure33)he frequeng of
studied a&tensvely in cardiovascular diseases such aseach polymorphism in the FHC groumsvsimilar to that of
myocardial infarction, hypertension and dilateca control group, suggesting that the D/D polymorphism
cardiomyopatin.32-36 plays an interacte rle with FHC mutant genes, rather
The ACE gene, localised to chromosome 17, has than being a marker for hypertrophic growth itself.
polymorphic rgion consisting of an insertion (1) or deletion The association of the D/D genotype with both
(D) of a 287bp fragment called the I/D polymorphism. Theudden death and progression gpértroply may relate to
interest in the £E gene has arisen from its important rolehe plasma kels of ACE, with 50% of the plasma Gt
in both myocardial growth and blood pressure homeostadevels determined by this polymorphismHigher tissue
While no association has been found between tlE& A (cardiac) ACE leels may alter local ACE genexgression
polymorphism and left ventricular mass in some stdfliesand actiity. Functionally a combination of altered GE
other studies ha own significant correlatio®® In FHC homeostasis and presence of the underlying primary
specifically the D/D genotype has been associated with aarcomeric gene defect may cowebly lead to abnormal
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expression of disease in FHC. Some of the potential
ervironmental influences include the role okeeise,

— 9 dietary factors, as well as variations in blood pressure and
g E 3 , body temperature.
> o i
o °7 14
c v 5
= @
©c 4 . #
25 3 AN
Sc 2 —~ 12 - ~
&F | 5 0
] = -
0 - = N
DD I ID = 101 ¢ !
= A
ACE Genotype S )
— 08 - :
Figure 3: ACE genotype in human FHCProgression of N
left ventricular hypertrophy in patients with the ACEng
D/D, I/l and I/D polymorphism {<0.01 vs I/D). (I=insef 06
tion, D=deletion). wildtype 403SvEv 403BSw

patterns of myocardial growth leading to an increasdegure 4: Identification of a gene modifier(s) in mice with
amount of progression of left ventriculaygertroply in FHC. Left ventricular wall thikness (LVWT) meass
patients with FHC. This may prinle the basis for using the ments in 3 gyups of mice; wild-type micand inbred and
ACE D/D polymorphism as oneétor in the algorithm for outbred mutant mice with the Arg403GIn mutation
determining the clinical risk profile in patients with(403SvEy 403BSw respectively). AnNVMWT assessed by

hypertrophic cardiomyopagh echocardiogaphy geater than 1.0mm indicates hypertr
i . phy. Approximately 50% of mutant mice in the BSanetic
(i) Mouse studies backgound ae protected from developing hypesphy

(*p<0.01; #p<0.05 vs wild-type mice).(Modified fom

The differences in genetic background andirenmental . 3
spemsariaret al: 8)

influences has limited the impact and utility of studies
genetic modifiers in human FHC populations. In contrast,

animal models of FHC a dlowed investigators to bgin The role of gercise as an efronmental influence in

to evaluate the role of modifiers more precisghyimarily FHC has been studied in humans for yngears. There
due to the unique ability in mice to control bothexists a clear clinical association between higbelte of
ervironmental influences, as well as to alter the genetéxecise, i.e. sporting activities at a compeétilevd, and
background by breeding the mutant mice in different mouseidden cardiac death in FHC. Indeed, sudden cardiac death
strains. Indeed,breeding of the Arg403GIn mice inin FHC occurs during or immediately aftetegcise in up to
different genetic backgrounds, both inbred and outbred, h&3% of indviduals*°-3°Because of this clinical association,
led to the identification of phenotypic fdifences in terms patients with FHC are advised teoi competitve gorts.

of hypertroply, exercise capacity and histopathology However understanding the mechanisms ofwhexercise
indicating the presence of a gene modifier in FHC (Figursan trigger sudden cardiac death in FHC, and what the
4)38 These mice, although carrying the same gen®olecular or pathological substrates are, remains umkno
mutation, demonstrate fent phenotypic features, e.g.Pahological substrates such as thegrée of cardiac
presence of ypertroply, supporting the notion that a fibrosis, myofibre disarray or xent of myogte
background modifier gene(s) exists which protects midepertroply have been studied and may be important in
from developing hypertroply. Current studies are aimed atdetermining susceptibility to sudden cardiac death during
identifying the gene locus for this modifidefinition of exacise. Most recentlyCa?* dysregulation and diastolic
such modifying &ctors by gene mapping strategies, angarcoplasmic reticulum €haleakiness hae been linked to
potentially identifying nes signaling pathways triggered by familial syndromes of ercise-induced sudden cardiac
sarcomere protein gene mutations has great promise flath and may play an important role in elucidating the link
defining nwoel tamets for therapeutic interventions inbetween gercise and sudden cardiac death in FH4€240

human FHC. Spontaneous Carelease from the sarcoplasmic reticulum
) ) during diastole might cause a transient inward current,
Environmental Influences in FHC resulting in delayed after-depolarisations (DAD). If this

The role of evironmental factors in FHC is currently inward current is sufficient to cause AD with amplitude

under ivestigation. There are magndiverse influences greater than the threshold potential, depolarisation will

which may play a role in modifying the phenotypicoccur and an arriithmia can be triggered. Consistent with
these findings is the report ofAD-based arrhythmias in
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patients with CPVF® Disruption to normal C4 handling 110-2.
has also been observed in mice with FHC wheeha6. Seidman,JG, Seidman CE. The genetic basis for
undegone a swimming »&rcise program (unpublished cardiomyopati: from mutation identification to
data, CSemsarian and L. Nguyen). mechanistic paradigm€ell 2001104 557-67.

- 7. Watkins H, Rosenzweig A, Hwang Det al
Future directions Characteristics and prognostic implications of

myosin missense mutations ianfilial hypertrophic

cardiomyopati. N. Engl. J Med. 1992; 326

1108-14.

8. Nimura H, Bachinski LL, Sangwatanaroj Sgt al

Mutations in the gene for cardiac myosin-binding

protein C and late-onsetarilial hypertrophic

cardiomyopatih. N. Engl. J Med. 1998; 338

1248-57.

é). Varnavva AM, Elliott PM, Baboonian C, Davison, F
Myhelanart C, Mcknna WJ. Hypertrophic
cardiomyopati: histopathological features of
sudden death in cardiac troponin T disease.
Circulation 2001104 1380-4.

Geisterfet.owrance AA, Christe M, Conner B, et
al. A murine model of dmilial hypertrophic
cardiomyopati. Sciencel996;272731-4.

11. Yang Q, Sanbe A, Osinka Idf al. A mouse model of
myosin  binding protein C human arhilial
hypertrophic cardiomyopagh J. din. Invest
1998102 1292-1300.

. MarianAJ, Wu Y, McClugaage M, et al. A transgenic
rabbit model for human  ypertrophic
cardiomyopati. J. din. Invest 1999104

Major advances k& been made in understanding the
molecular basis of FHC, particularlywe the last decade.
The identification of human mutations will allcearly and
accurate diagnosis, enabling ypmetative grategies, as well
as early therapeutic integmtion, to be initiated in an
attempt to reduce the serious morbidity and mortality
associated with FHC in some patients. Using animal and
cell culture models, elucidation of signalingeets leading
from mutant protein to clinical phenotype, and th
identification of &ctors, either genetic or \éronmental,
which modify the gpression of the mutant protein, will
provide important insights in our fundamental
understanding of the pathogenesis of FHC. It appea{8
dysreyulation of C&" will be a key focus in auating the '
link between the causad gene mutation, and the clinical
outcomes of disease including cardiagpértroply, heart
failure and sudden death. Furtheunderstanding the
molecular aspects of cardiag/gertroply in FHC may
provide nev insights into cardiac ypertroply caused by
other more predlent stimuli, such as hypertension, Ieading12
to the identification of ned pharmacological and
molecular targets, which could benefit gar human

populations. 1683.92.
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