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Thisarticleaimsto show clearly, especidly to cardio-
logists, the currently recognized genetic mutations
responsible for hypertrophic cardiomyopathy (HCM).
HCM isapolygenic disease with mgjor clinical hetero-
geneity and diagnostic and prognosticimplicationspeculiar
to each mutation. Most recently, the search for new
mutationshasincreasedinterestinclinical andlaboratorial
studies of thisdisease.

HCM isacomplex cardiac diseasewith uniquephysio-
pathol ogical characteristicsand great diversity of morpho-
logical, functional and clinical features®. Itisaprimary
cardiacdisorder, inwhichthebasi c diagnostic characteristic
isleft ventricle hypertrophy (LVH) without ventricular
dilation, intheabsenceof any heart or systemic diseasethat
canlead to myocardia hypertrophy 23.

Prevalenceof HCM inthegeneral populationisabout
0.2% (1in 500), greater than thought in the past. Itis
probably themost common genetically transmitted cardio-
vascular disease. Annua mortality for HCM patientsis3%
to 4% and over 6% in children, i.e., substantially greater
thanin nonsel ected patients (0.5%to 1%) 14,

Clinical course varies from totally asymptomatic
patients throughout life to those with major heart failure
symptoms and even sudden death 24,

In morethan 50% of the cases, HCM isan autosomal
dominant genetic disease and, in the remaining cases, we
still do not have a defined etiol ogy, which can be also
genetic but with mutations not yet recognized. Up to now,
alterations in seven genes codifying proteins of the
sarcomere have been identified: the cardiac b-myosin
heavy chain(b MY HC) gene; thecardiactroponinT (cTnT)
gene, thea-tropomyosin gene; themyaosin-binding protein-
C (MyBP-C) gene; the cardiac troponin | gene; and the
regulatory and essential myosinlight chain genes®.

The cardiac b-myosin heavy chaingeneislocatedin
the chromosome 14 (locus 1), where 40 more mutations
causing the disease have been identified, most of them
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occurring by substitution of DNA nucleotides, resultingin
the change of one amino acid in the protein sequence™®.
Thischangeoccursin 30% to 40% of familial HCM cases,
andtherearemutationswith high, intermediateandlow risk
of sudden death (SD) 2%8. The Arg403GIn (wherearginine
wassubstituted by glycinein position 403), Arg453Cysand
Arg719Trp mutations are considered malignant 72,
Phenotypes associated with Arg403Gln are seen in many
familiesand are characterized as of high penetrance, high
SD incidence and severe hypertrophy 278, Studies®on
mortality intwofamilieswiththemutation Arg403GInwere
carried out inwhich 21 out of 44 affected individuasdied
(ninewith SD), 33 years being the mean age. Marian and
Roberts2*identifiedtwofamilieswiththissamemutation, in
which 11 out of 20 affectedindividua sdied (9with SD) and
themean agewasalso 33 years.

The second mutation with ahigh incidence of SD is
Arg719Trp, described in four families composed of 61
individuals, of which 34 died (22 by SD) and themean age
was 38 years. Arg453Cysisanother malignant mutation,
seeninafamily inwhich9out of 13 affectedindividualsdied
(six with SD), 30yearsbeing the mean age?*.

The Glu930Lysand Arg249GIn mutations are asso-
ciated with an intermediate risk of SD 2. Marian and
Roberts?* described afamily composed of 16 individuals
with Glu930Lysmutation, inwhichtwo died at the ages of
14 and 16 years, and another underwent heart transplan-
tation at the age of 58 years.

TheLeu908Val, Gly256GIu, Val606Met, Fhe513Cys
mutations are associated with benign prognostic and nor-
mal survival 7. TheL eu908Val mutation hasbeendescribed
inabig family composed of 46 affected individuals, from
whichonly twodied 24 TheGly256GIumutationoccurredin
afamily of 39 affectedindividual sand themortality ratewas
2% at the age of 50 years. The Val606M et mutationisal so
associated with benign prognostic survival infour families.
Weatkinset al ° showed thismutationin threesmall families
composed of 18 affected individuals, fromwhich only one
died. Marian et al “identified thismutationin onefamily of
12 affectedindividuals, fromwhich only onedied. Fanana-
pazir et al °, however, showed afamily withthismutation
with severehypertrophy and highincidence of SD.

Cardiactroponin T geneislocated in chromosome 1
(locus g3), where eight mutations have been identified so
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far. It happensin about 15% of the cases. Themain charac-
teristic of the mutationsin this geneisthat they cause
discrete hypertrophy, but with ahigh incidence of SD in
young patients (<30 yearsold) 21,

Alpha-tropomyosin geneislocatedin chromosome 15
(locus g2) and two mutations have been observed sofar. It
seemsto occur in 5% of the HCM cases and is associated
with normal survival 21,

Myosin-binding protein-C geneislocatedin chromo-
some 11 (locus p 11.2) 5. So far, 14 mutations have been
identified, four of which result from nucleotide changesand
eight are truncated mutations>*2, It occursin 15% of the
casesanditsmain characteristicislow penetranceuptothe
5 decade of life with moderate hypertrophy and satis-
factory survival %2,

Regulatory and essential myosin light chain genes
werefoundin 1996°. Theregulator gene(MY L2) isfoundin
chromosome 12 (locusg23 and g24.3) and theessential gene
(MY L3)isfoundinchromosome3p>®. Sofar, therearefour
mutations described for these genes, which show mild
hypertrophy and good prognosis 34,

For troponin | gene, there are apparently four muta-
tionsstill under study.

Thereis evidence suggesting that other genetic
factorsinfluence hypertrophy 2351, A deletion/insertion
polymorphism of the angiotensin-converting enzyme
(ACE) gene, characterized by D and | alelesresultingin
threegenotypesll, ID and DD, isassociated with differen-
cesintheplasmaticlevelsof ACE anditsactivity 8. DD
genotypeisrelated to anincreasein ACE levelsand, in
severa reports, it seemsto bearisk factor for myocardia
infarction, dilated cardiomyopathy, postangioplasty
restenosis, and HCM 818, [t wasinitially observed that the
frequency of the D alleleincreased only in familieswith
high incidence of SD%48, anditsrelationwiththeincreasein
cardiac hypertrophy waslater shown81519,

A second gene of the renin-angiotensin system
associated with cardiac disease i s the angiotensinogen.
The polymorphism occurs in the position 235 where
threonineisreplaced by methionine (M/T). TT genotype
seemsto berelated to greater risk of myocardial hyper-
trophy. Ishanov et a 2, studying aJapanese subpopulation,
observed that hypertrophy was greater in individuals
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havingoneortwo D alleles, inadditionto T allelecontribu-
tion, which may constitute amarker for acritical genein
HCM or inmyocardial hypertrophy.

| dentifying mutationsresponsiblefor HCM leadstoan
important diagnostic arsenal. The present diagnosisis
made by an echocardiogram showing LV H, but thisisnot
evident in many cases until puberty. However, agenetic
diagnosisis possible earlier or at any time after birth,
requiring only asimpleblood sample. Genetic diagnosisis
also important in caseswhere HCM developslater dueto
mutati onsassoci ated with low penetranceand inthosewith
hypertrophy caused by hypertensioninyoungindividuals,
which are clinically indistinguishable. The genetic test
identifies patients at risk of devel oping the disease before
and regardless of the presence of symptoms or devel op-
ment of hypertrophy. The test also provides prognostic
information, particularly theriskto SD. Theneedtodetermi-
neindividualsat high risk for subsequent HCM develop-
ment and possible SD isgreater in children, beforehypertro-
phy develops. The ability to identify and separate indivi-
duals with high-risk mutations from those without muta-
tionsand, therefore, with no risk of devel oping thedisease,
provides further information for clinically treating these
patients. Interventions, such asdefibrillator implantation,
should beindicated after stratifying the risk based upon
clinical findings and genetics. Therefore, genetic tests of
family membersaffected by HCM determinewhoisnormal
and who will probably develop the disease, aswell as
provide important prognostic data for asymptomatic
childrenandindividuals.

For thetimebeing, genetic determinationisexperimen-
tal and performed only infew centersaround theworld, in
addition to being a high-cost procedure. Asit becomes
viable, it will bring advantagesto these patients and their
families, and solution to someproblems, such aswhat todo
withacarrier of amalignant mutation, whoisasymptomatic
and can have, asthe first symptom, SD? What should be
donewithachildwhoisacarrier of genetically diagnosed
HCM and who has not yet developed hypertrophy?

These and other questions ought to be solved astime
goesby. For thetime being, new genesand new mutations
arefound onadaily basis, hel ping to el ucidatethe etiology
of adiseasethat, until recently, was unknown and caused
death in young people.
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