Key words:
Hypertrophic

car diomyopathy;
Genotype/phenotype
relationship; Genetics.

Received December 21,
1999; accepted
December 22, 1999.

Address:

Prof. William J.
McKenna, MD, FRCP

Department of
Cardiological Sciences
S. Georges Hospital
Medical School
Cranmer Terrace
London SW17 ORE, UK
E-mail:
wmckenna@sghms.ac.uk

Current perspectives

The future in hypertrophic cardiomyopathy:
important clues and potential advances from
an understanding of the genotype phenotype
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Hypertrophic cardiomyopathy isafamilial heart muscle disorder caused by sarcomeric contrac-
tile protein gene abnormalities, nine of which have been recognised to date. The condition has been
defined clinically and pathologically asa syndrome of unexplained myocardial hypertrophy, which is
associated with characteristic pathophysiological (diastolic dysfunction, ischaemia, altered vascular
responses) and pathological (myocytedisarray, increased loose connectivetissue, small vessel disease)
abnormalities. Disease expression isvariable. Preliminary obser vations suggest that the marked clin-
ical and pathological heter ogeneity, which haslong caused controver sy in hypertrophic cardiomyopathy,
isat least, in part, afunction of the disease-causing gene. The clinical syndrome of hypertrophic car-
diomyopathy can then be seen asnine or more different, but related diseases. Greater under standing
of these diseaseswill requirebroader application of DNA diagnostic testing, aswell as careful and ac-

curate evaluation of the clinical/pathological phenotype of hypertrophic cardiomyopathy.

(Ital Heart J2000; 1 (1): 17-20)

Historical perspective

The modern era for hypertrophic car-
diomyopathy (HCM) began over 40 years
ago with the recognition by astute clinicians
and pathologists of the most striking fea-
tures of the condition asymmetric septal
hypertrophy, left ventricular outflow tract
obstruction and premature sudden death?-3,
For the past two decades HCM has been
clinically defined by the echocardiographic
demonstration of unexplained left ventricu-
lar hypertrophy. Disease prevalence using
conventional criteriais approximately 1:500
in young adults; HCM is then much more
common than is generally recognised?. Clin-
ical presentation iswith symptoms of chest
pain, dyspnoea, pal pitation or impaired con-
sciousness; the not infrequent initial pre-
sentation with sudden desth maintainsHCM
as one of the leading causes of unexpected
sudden death in the young!2. It is probable,
however, that many, if not most affected in-
dividuals do not experience disease-related
symptoms or complications, and go un-
recognised throughout their lives. This is
supported by the observation that eveninre-
ferral centresthe majority of patients do not
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experience significant symptoms, and do
not have risk markersfor sudden death. That
said, when exercise capacity is assessed ob-
jectively the majority have a peak oxygen
consumption of < 70% predicted for gender,
age and sizeb. This reflects acceptance and
adaptation to limitations that are of gradual
onset from a young age, and presumably
related to disease expression during adoles-
cence involving both central and peripher-
al mechanisms.

Prevention of sudden death

The prevention of complications, par-
ticularly sudden death, isthe most important
and neglected challenge of managements.
Annual mortality rates from sudden death
vary from < 0.5t0 6% and are highest in the
young. Theimpact of the potential biasof a
literature generated from referral institu-
tions has been highlighted to underscore the
fact that most patients with HCM do not
experience premature sudden death?. Our
experience in a HCM referral centre (St.
George sHospital, London, UK) during the



Ital Heart J Vol 1 January 2000

past decade reveals a 1% annual mortality from sudden
death in a cohort of 658 patients approximately 25% of
whom received amiodarones. Thisissimilar to that of a
so-called unsel ected population seen in Florence (Italy)
in which ana ogous efforts were made to identify and treet
high-risk patients, with over 30% receiving amiodarone.
Though the mechanism and treatment of obstruction con-
tinues to fascinate and pre-occupy perceptions of HCM,
sudden death remains the most important clinical aspect
of thedisease. Thisisnow particularly germaneasit isfea
sbleto identify high-risk patients (non-invasiverisk strat-
ification) and prevent sudden death (implantable car-
dioverter-defibrillator, amiodarone) and if the single event
or hot phase issurvived anorma, or near-normal longevi-
ty can reasonably be anticipateds-1t.

Heter ogeneity

HCM isadisease which has featured controversy and
variable perceptionsin relation to pathophysiologica and
management issuest2. This is contributed to by the
marked heterogeneity of the clinical phenotype. Left
ventricular hypertrophy may be absent, mild, severe
and confined to the base, apex, specific segmentsor in-
volve the entire left ventricle. Left ventricular systolic
function may be hyperdynamic, normal or impaired.
The 10-15% who develop left ventricular failure with
wall thinning and cavity enlargement do not resemble the
20% with hyperdynamic systolic function, systolic an-
terior motion of the mitral valve and outflow tract ob-
struction, though they may reflect different stages of
the same disease. Diastolic abnormalities are common
and akey determinant of symptoms and functional lim-
itation but they do not appear to correlate well with the
severity of |eft ventricular hypertrophy or prognosists.
Indeed, many patients with familial HCM have mild, or
no hypertrophy, but resemble restrictive cardiomyopa
thy with atrial dilatation, congestion and atrial fibrilla-
tion4, Other important pathophysiological determinants
of symptoms and prognosis, including myocardial is-
chaemia, altered vascular responses and arrhythmia, al-
s0 exhibit marked clinica heterogeneity and the presence
and severity of these features are not a simple function
of morphology and haemodynamicsts. The pathologica
phenotype is a so characterised by heterogeneity in the
severity of the classical triad of histological diagnostic
features, myocyte disarray, increased |oose connective
tissue and small vessel disease. The extent of disarray,
the hallmark feature, which may be present in 5-30% of
the myocardium, correlates poorly with the severity and
distribution of myocardial thickening. Again, families
with multiple sudden deaths are recognised in which au-
topsy examination reveals severe myocyte disarray with-
out increased heart weight or segmental myocardia wall
thickness!416, The student of HCM isleft with the ques-
tion What determines the marked clinical and patho-
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logical heterogeneity that isahallmark of the disease? .
Hypertrophic cardiomyopathy a disease of the
sarcomere

The past decade has seen the definition of HCM as
adisease of the sarcomere as a consequence of geneiden-
tification studies in well characterised large families'”.
Mutationsin nine different sarcomeric contractile and/or
structural protein genes have been identified!?-19, The
gene abnormalities relate to thick filament (b-myosin
heavy chain-bMHC, essential and regulatory light chain)
and thin filament function (troponin | and T, and
tropomyosin) and the scaffolding or structural skeleton
of the sarcomere (myosin binding protein C-MyBPC, car-
diac actin and titin). The thick and thin filament muta-
tions are predominantly single nucleotide substitutions
(missense) which occur at binding sites of the actin-
troponin-tropomyosin complex to myosin heavy chain
or of bMHC to ATP and which appear to cause disease
by a poison polypeptide effect. The MyBPC mutations
are predominantly deletions which result in atruncated
protein and low levels or the absence of detectable mu-
tant protein in myocardia tissue. The mechanism of
disease expression for MyBPC mutations probably re-
lates to protein degradation or impaired synthesis re-
sulting in a lack of protein and impaired filament as-
sembly in the sarcomere0.

Hypertrophic cardiomyopathy ninedifferent
but related diseases

The majority of families with btMHC, MyBPC and
troponin T disease have their own private mutation.
Gene defects of these three proteins cause approxi-
mately 60% of HCM. The relatively small number of
genotyped families (< 100 published) and the allelic
heterogeneity has limited assessment of the genotype/
phenotype relation. Nevertheless, information is accu-
mulating, to indicate that cardiac troponin T and sever-
al bMHC mutations (e.g. Arg403Glu, Argd53Cys) are
associated with adverse prognosis and premature sudden
death while MyBPC mutations typically cause disease
inthelater decades and not during adol escence?0-22, The
full extent to which the genetic heterogeneity accounts
for the clinical and pathological heterogeneity remains
to be determined. The emerging information, however,
indicates that the heterogeneous clinical syndrome of
HCM can be viewed as nine or more different but related
disorders of sarcomere function. In the long QT syn-
drome, which isnow recognised to be anion channdl dis-
ease, the effect of the specific potassium and sodium
channel mutations on the action potential can be exam-
ined by microelectrode studies?®. The measured abnor-
malitiesin current flow begin to explain pathogenesis and
aspects of the phenotype. The sarcomere cannot be as
readily examined as the action potential; in HCM how
sarcomeric protein gene defects cause disease is less
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well understood. In vitro studies of musclein bMHC pa
tients reveal that myosin generates |ess force; these da-
tahaveled to the hypocontractile hypothesisby which
the decreased force provides the stimulus for compen-
satory hypertrophy?425, The studies of muscle function,
however, show variable resultsfor the different genesand
thereislimited pathogenetic information asto how mu-
tations cause disease.

Clinical impact of genetic evaluation

The advent of the molecular genetic era in HCM
hasincreased awareness of the disease, with recognition
of itsrisksand of the familial basis. Genetic counselling
with information particularly relating to diseaserisk for
offspring and ECG and echocardiographic evaluation of
family members is now accepted routine. Detailed ge-
netic studies of families have aso revealed that true

sporadic diseaseisrare (< 10%) and is caused by the
same gene defects as familial disease?s. The clinica
implication for the proband is that there is an approxi-
mately 90% chance the disease-causing gene was in-
herited. Recognition of the high probability of disease
within families has led to the application of new diag-
nostic criteria, whereby otherwise unexplained non-spe-
cific ECG and echo abnormalities are considered to re-
flect gene carrier status?’. Preliminary studies suggest that
this proposal/practiceis appropriate though the clinical,
prognostic and management implications of recogni-
tion of early or incomplete disease expression remains
to be assessed?8. Family studies have also documented
non-penetrance (i.e. gene carriers who have normal
ECG and echo) in up to 25% of some families. Prelim-
inary studies suggest non-penetrance occurs with troponin
T and tropomyosin and a small number of the bMHC
mutations while limited information is available for the
other recognised gene defects!?.20-23, The preliminary
understanding of the genotype/phenctype relation for car-
diac troponin T and MyBPC disease is beginning to im-
pact onclinical practice. Recognition that MyBPC mu-
tations cause late-onset disease has altered counselling
in the context of documented or apparent adult onset dis-
ease development20. The application of more sensitive
diagnostic criteriais especially relevant in familieswith
troponin T disease where premature sudden death may
occur with minimal eft ventricular hypertrophy on echo
or normal, or near-normal heart weight at autopsy4.16,

The clinical impact of the molecular genetic ad-
vances in HCM, however, will remain limited until
DNA diagnostic testing becomes clinically available
and not just aspin off of research activitiesin afew cen-
tres. Current methods for genotyping are not practical for
service provision but the technology for efficient and ac-
curate genotyping using automated systems (robotics,
chips) is on the immediate horizon. The clinical struc-
turesto apply genetic diagnosisfor HCM, aswell asfor
other inherited cardiovascular diseases however, will
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need to be developed. The collaboration of cardiovascular
physicians, geneticists and counsellors will be required
to advise, educate and support patients asamolecular di-
agnosiswill have clinical, prognostic, ethical and other
practical (e.g. insurability, employability) implications.

Thefuture

Recognition of the molecular genetic aetiology of
HCM raises the spectre of gene therapy . What is the
potential for understanding pathogenesis and the devel-
opment of new treatments, molecular or otherwise?
Thereisemerging preciseinformation for agtiology (the
genotypes) and the end product (the phenotypes) but
pathogenesis remains speculative. What distinguishesthe
functional consequences (at the sarcomeric level) of a
mild vs severe btMHC mutation? How does cardiac tro-
ponin T disease cause extensive myocyte disarray with
minimal, or no myocardia hypertrophy? What are the de-
terminants of age-related disease expression in adoles-
cents (bMHC) vs older adults (MyBPC)? The answers
will come from understanding pathogenesis but the
questionswill need to be framed by a detailed knowledge
of the genotype/phenotype differences. Currently major
efforts are expended on the development of transgenic
animals with different disease-causing mutations29.20.
Thiswill hopefully elucidate the effects of the different
mutations on sarcomere function. The use of small trans-
genic animalsto study the phenotype may provide clues
in selected circumstances but ultimately, knowledge in
man of the phenotypic differences as a consegquence of
different gene abnormalities will be essential to under-
standing disease pathogenesis and the determinants of dis-
ease expression. Thiswill be essential for the develop-
ment of treatments which will modify the pathogenetic
determinants of disease expression and risk. The dis-
covery of disease-causing genes was an important first
step on a much longer trek which to be successful will
need to be based on a detailed understanding of the
genotype/phenctype relation.
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