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Abstract

 

Background.

 

Familial hypertrophic cardio-
myopathy can be caused by mutations in the genes for

 

b 

 

cardiac myosin heavy chain, 

 

a

 

-tropomyosin, or cardiac
troponin T. It is not known how often the disease is
caused by mutations in the tropomyosin and troponin
genes, and the associated clinical phenotypes have not
been carefully studied.

 

Methods.

 

Linkage between polymorphisms of the 

 

a

 

-tro-
pomyosin gene or the cardiac troponin T gene and hyper-
trophic cardiomyopathy was assessed in 27 families. In ad-
dition, 100 probands were screened for mutations in the

 

a

 

-tropomyosin gene, and 26 were screened for mutations in
the cardiac troponin T gene. Life expectancy, the incidence
of sudden death, and the extent of left ventricular hypertro-
phy were compared in patients with different mutations.

 

Results.

 

Genetic analyses identified only one 

 

a

 

-tro-
pomyosin mutation, identical to one previously described.
Five novel mutations in cardiac troponin were identified,
as well as a further example of a previously described

mutation. The clinical phenotype of four troponin T muta-
tions in seven unrelated families was similar and was
characterized by a poor prognosis (life expectancy, ap-
proximately 35 years) and a high incidence of sudden
death. The mean (

 

�

 

SD) maximal thickness of the left
ventricular wall in subjects with cardiac troponin T muta-
tions (16.7

 

�

 

5.5 mm) was significantly less than that in
subjects with 

 

b

 

 cardiac myosin heavy-chain mutations
(23.7

 

�

 

7.7 mm, P

 

�

 

0.001).

 

Conclusions.

 

Mutations in 

 

a

 

-tropomyosin are a rare
cause of familial hypertrophic cardiomyopathy, account-
ing for approximately 3 percent of cases. Mutations in car-
diac troponin T account for approximately 15 percent of
cases of familial hypertrophic cardiomyopathy in this re-
ferral-center population. These mutations are character-
ized by relatively mild and sometimes subclinical hyper-
trophy but a high incidence of sudden death. Genetic
testing may therefore be especially important in this
group. (N Engl J Med 1995;332:1058-64.)
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F

 

AMILIAL hypertrophic cardiomyopathy is clinical-
ly variable and genetically heterogeneous. The ex-

tent and pattern of ventricular hypertrophy and the
prognosis for affected persons, particularly the risk of
sudden death, vary markedly.

 

1,2

 

 Hypertrophic cardio-
myopathy may be caused by mutations at any one of
four disease loci on chromosomes 1, 11, 14, and 15

 

3-6

 

;
the existence of further loci can be inferred from the
existence of families with hypertrophic cardiomyopathy
that is not linked to any of the known loci (unpublished
data). The disease gene at three of these loci has been
shown to encode a sarcomeric contractile protein.

 

7,8

 

Approximately 30 percent of cases of familial hyper-
trophic cardiomyopathy, and some cases of sporadic hy-
pertrophic cardiomyopathy, are caused by missense
mutations in the 

 

b

 

 cardiac myosin heavy-chain gene on
chromosome 14.

 

9,10

 

 More recently, disease-causing mu-
tations have been identified in the genes for 

 

a

 

-tropomy-
osin (chromosome 15) and cardiac troponin T (chromo-

some 1). Thus, mutations in components of both the
thick and thin filaments of cardiac striated muscle can
cause hypertrophic cardiomyopathy. Two missense mu-
tations in 

 

a

 

-tropomyosin and two missense mutations
and one splice-site mutation in cardiac troponin T have
been described, each found in one family.

 

8

 

 The propor-
tion of familial hypertrophic cardiomyopathy attribut-
able to mutations in these two genes is unknown.

Differences in the clinical manifestations of hyper-
trophic cardiomyopathy may be due in part to allelic
(intragenic) or nonallelic (intergenic) heterogeneity in
this condition. Different mutations within the 

 

b

 

 cardiac
myosin heavy-chain gene appear to correlate with sig-
nificantly different rates of survival among affected
persons,

 

11-13

 

 but in one study they were not obviously
associated with differences in the morphologic features
of the disease.

 

14

 

 Studies of hypertrophic cardiomyopa-
thy in two families with 

 

a

 

-tropomyosin mutations re-
vealed a different finding: significantly less cardiac hy-
pertrophy was associated with the mutation involving
the substitution of glycine for glutamic acid at position
180 (Glu180Gly) than with the mutation involving the
substitution of asparagine for aspartic acid at position
175 (Asp175Asn), although the life expectancy of pa-
tients with either mutation was similar.

 

5,8

 

 Collectively,
these findings indicate that both the disease gene and
the specific mutation within it can influence clinical ex-
pression. 

To assess the effect of defects in thin filaments on
the clinical features of hypertrophic cardiomyopathy,
we analyzed the 

 

a

 

-tropomyosin and cardiac troponin
T genes in affected persons and compared the result-
ant disease phenotypes. These studies demonstrate that
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a

 

-tropomyosin mutations are a rare cause of familial
hypertrophic cardiomyopathy. Defects in the cardiac
troponin T gene cause hypertrophic cardiomyopathy
less commonly than do mutations in the 

 

b

 

 cardiac my-
osin heavy-chain gene but are not infrequent. These de-
fects are also associated with subtle hypertrophic man-
ifestations but a particularly poor prognosis.

 

M

 

ETHODS

 

Clinical Evaluation

 

After informed consent was obtained in accordance with the guide-
lines of the Brigham and Women’s Hospital Human Subjects Com-
mittee, blood was drawn from members of families with hypertrophic
cardiomyopathy for genetic analyses. Study families were denoted by
sequential letters of the alphabet. All family members underwent
clinical, electrocardiographic, and echocardiographic assessments as
described previously.

 

3

 

 Maximal thickness of the left ventricular wall
was measured in diastole in the region of greatest hypertrophy. A di-
agnosis of hypertrophic cardiomyopathy was based on the demon-
stration of a maximal left-ventricular-wall thickness of at least 13
mm in the absence of other causes of ventricular hypertrophy. Sub-
jects 16 years of age or older with a maximal left-ventricular-wall
thickness below 13 mm and without electrocardiographic features of
hypertrophic cardiomyopathy

 

1,2

 

 but who were later shown to carry a
gene defect were classified as having a nonpenetrant mutation. Clin-
ical or postmortem records (in some cases) and family histories were
obtained to determine the number of disease-related deaths and sud-
den deaths (a subgroup of disease-related deaths in which unexpected
cardiac arrest or abrupt circulatory collapse led to death within one
hour) and the age at death or current age of all affected members in
each family. The disease status of living family members was deter-
mined on the basis of genotype. Deceased family members who had
an affected parent were considered to have been affected if they had
transmitted the disease to their children, were shown to have hyper-
trophic cardiomyopathy at autopsy, or died suddenly with no other
cause of death identified. Kaplan–Meier product-limit survival
curves were constructed as described elsewhere,

 

15,16

 

 and compared
according to the log-rank method of Peto and Peto.

 

17

 

 We compared
survival among subjects with cardiac troponin T mutations with
survival among subjects with representative 

 

b

 

 cardiac myosin heavy-
chain mutations using our published data.

 

11

 

 We used qualitative cat-
egories, as described previously,

 

13

 

 to characterize mutations associat-
ed with high and low rates of disease-related death as “malignant”
and “benign,” respectively. Differences for mean values of maximal
left-ventricular-wall thickness were compared by Student’s t-test. All
P values were two-tailed.

 

Linkage Analyses

 

DNA samples from family members were genotyped for the in-
tragenic short-tandem-repeat polymorphism HTM

 

a

 

CA

 

 to detect link-
age to the 

 

a

 

-tropomyosin gene.

 

8

 

 The flanking marker D15S108 was
used to analyze haplotypes at the 

 

a

 

-tropomyosin locus.

 

5

 

 Linkage to
the cardiac troponin T gene was assessed with flanking markers
FIIIB

 

4

 

 and MYBP.

 

18

 

 Analyses that supported linkage prompted
screening for a mutation in the cardiac troponin T gene. When a se-
quence variant was identified in a proband, it was used to assess ge-
netic linkage between the disease status of all family members and
the cardiac troponin T gene. Family members with nonpenetrant mu-
tations were considered to have an unknown diagnosis for linkage
analyses. Lod scores were calculated with the MLINK program,

 

19

 

 for
a recombination fraction (

 

u

 

) of 0, with a penetrance of 0.95 and an
allele frequency of the sequence variant of 0.01. The lod scores of
families with the same mutation were combined. A lod score of more
than 

 

�

 

1.3 indicates that the odds in support of linkage are greater
than 20 to 1.

 

Detection of Mutations

 

Screening for mutations was performed with previously described
techniques in two members of each family in which hypertrophic car-

diomyopathy was linked to a known disease gene and in a panel of
unrelated probands with familial hypertrophic cardiomyopathy. Indi-
vidual exons of the striated-muscle isoform of 

 

a

 

-tropomyosin were
amplified from genomic DNA by the polymerase chain reaction and
screened by cycle sequencing.

 

8

 

 The entire coding sequence of cardiac
troponin T was amplified in two sections by a nested polymerase
chain reaction with complementary DNA (cDNA) from transformed
lymphocytes (Fig. 1).

 

8,21

 

 Cardiac troponin T cDNA sequences were
screened by either cleavage of RNA–DNA hybrids at mutation sites
by RNase A or by cycle sequencing.

 

8,21

 

 Mutations were denoted by the
normal amino acid residue and its position,

 

20

 

 followed by the mutant
amino acid (e.g., Arg92Gln).

 

R

 

ESULTS

 

We used genetic-linkage techniques to define the dis-
ease locus responsible for hypertrophic cardiomyop-
athy in families with multiple affected first-degree
relatives. Twenty-seven kindreds with hypertrophic
cardiomyopathy in which the disease was not linked to
the 

 

b

 

 cardiac myosin heavy-chain gene were identified.
These families were of diverse racial and ethnic ori-
gins: 14 from Europe, 10 from North America, and
1 each from South America, Africa, and India. 

Studies of linkage between the disease status and the

 

a

 

-tropomyosin gene (chromosome 15) were not inform-
ative in seven families (lod scores, 

 

�

 

1.3 to 

 

�

 

1.3). In
none of the other 20 families was hypertrophic cardio-
myopathy linked to the 

 

a

 

-tropomyosin gene (lod scores,
less than 

 

�

 

1.3).
Studies of linkage between the cardiac troponin

T gene (chromosome 1) and hypertrophic cardiomyop-
athy were uninformative in three families. Hypertroph-
ic cardiomyopathy was not linked to the cardiac tropo-
nin T gene in 19 families but was linked to this disease
locus in 5 families (Families AU, AW, BA, C, and CJ)
(data not shown). Nucleotide sequences of cardiac tro-
ponin T cDNA from affected members in these five
families were then determined (Fig. 1).

 

8

 

 In each, a vari-
ant of the normal sequence was identified (Table 1).

In addition to studies in these families, unrelated
patients with familial hypertrophic cardiomyopathy
were studied by searching directly for mutations. The
coding sequence of the 

 

a

 

-tropomyosin gene was deter-
mined in 100 probands who had not undergone prior
linkage studies or genetic analyses of other genes. A
sequence variant was identified in only one proband
(Proband DB). This sequence variant encoded a mis-
sense mutation (Asp175Asn) previously reported to
cause hypertrophic cardiomyopathy. To our knowledge,
this missense mutation and one other remain the only
identified mutations in this gene.

 

8

 

 
Cardiac troponin T cDNA sequences were analyzed

in 26 probands with familial hypertrophic cardiomyop-
athy who were not found to have mutations in the

 

b 

 

cardiac myosin heavy-chain gene (data not shown).
These probands were from smaller kindreds, all with
more than one affected member, and were of diverse
racial and ethnic origins: 16 from Europe, 4 from
North America, 3 from Japan, and 1 each from China,
Southeast Asia, and Pakistan. Variant nucleotide se-
quences were identified in six probands (Probands CK,
AL, AQ, AG, DA, and WW); in each instance all avail-
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Figure 1. Amplification of Cardiac Troponin T Sequences and Detection of Mutations.
In Panel A, the cardiac troponin T messenger RNA (mRNA) — shown with the coding sequence shaded — was reverse transcribed
with an oligo(dT) primer to generate a cDNA that was used as a template for a nested polymerase chain reaction (PCR). The initiation
(AUG) and termination (UAG) codons are indicated. Two overlapping fragments of cDNA (1 to 570 and 523 to 915) were amplified
from a dilution of a first-round product amplified by primers 01F and 1002R (arrows; the primers are numbered according to the
5

 

� 

 

residue

 

20

 

). F denotes forward, and R reverse. The left-hand side of Panel B shows dideoxy-ATP reactions of cycle sequencing of
the cardiac troponin T cDNA fragment 1 to 570 from 16 unrelated probands. An abnormal A residue in proband AL (arrow) indicates
a T

 

→

 

A transversion at position 340. The right-hand side of Panel B shows cycle sequencing of exon 9 genomic DNA derived from
Proband AL (Affected) and a relative (Unaffected), confirming heterozygosity for the mutation.

mRNA

cDNA
1st-Round

PCR
2nd-Round

PCR

1

AUG UAG Oligo(dT)

01F

01F

1086

1002R570R

523F

915R

T→A
at 340

(Phe110Ile)

Affected Unaffected

G A T C G A T CAL

 

A

B

 

able first-degree relatives were then checked for the
variant. 

A total of 11 different sequence changes were identi-
fied in the cardiac troponin T gene. Three appeared to
be polymorphisms that do not cause hypertrophic car-
diomyopathy. Two of these are silent DNA polymor-
phisms (a change from guanine to adenine at position
219 and a change from thymine to cytidine at posi-
tion 330) that do not alter the encoded amino acid
and appear frequently in the normal population (data
not shown). Another sequence variant was identified
in two families that altered the normal amino acid
(Lys253Arg) but did not segregate with disease. The
Lys253Arg mutation was also present in 2 of 100 unre-
lated normal subjects and therefore is assumed to be an
uncommon neutral polymorphism.

Eight of the variant troponin T sequences exhibited
the features expected of disease-causing mutations
and thus are not silent polymorphisms (Fig. 2). Three
of these sequence changes have been described previ-
ously as disease-causing mutations

 

8

 

: a G

 

→

 

A transition

in the 5

 

�

 

 splice donor site of intron 15 that results in
truncated cDNA transcripts in Family AU (designated
intron 15 G

 

1

 

→

 

A) and missense mutations Ile79Asn
and Arg92Gln present in Families AW and BA, re-
spectively.

 

8

 

 Four novel missense mutations were identi-
fied: Phe110Ile (Fig. 1), Glu163Lys, Glu244Asp, and
Arg278Cys (Table 1). Another mutation, designated

 

�

 

Glu160, is caused by the deletion of three nucleotides
that correspond to an entire glutamic acid codon and
therefore does not cause a frame shift. These sequence
variants are believed to be disease-causing mutations
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on the basis of several findings. First, each sequence
variant initially identified in a proband was also pres-
ent in all affected family members. Second, these vari-
ants were absent in chromosomes from more than 100
normal unrelated subjects (data not shown). Third, in
all families of sufficient size, linkage was demonstrat-
ed between hypertrophic cardiomyopathy and these se-
quence variants (lod score, 

 

�

 

1.3) (Table 1). Fourth,
each variant affects a residue that is conserved among
all known sequences of cardiac troponin T,

 

25

 

 thereby
implying that these differences have structural or
functional consequences. 

One mutation in 

 

a

 

-tropomyosin and two mutations
in cardiac troponin T were identified in more than one
family (Table 1). To determine whether these mutations
arose independently or reflected a founder effect, the
haplotype associated with each gene defect was identi-
fied (Table 2). For the 

 

a

 

-tropomyosin mutation alleles
were determined at the intragenic polymorphism
HTM

 

a

 

CA

 

 and a flanking short tandem repeat; for the
cardiac troponin T mutations alleles were defined at
the two neutral intragenic polymorphisms described
above (G

 

→

 

A at position 219 and T

 

→

 

C at position
330). Because the haplotypes were different in the
families with the 

 

a

 

-tropomyosin mutation Asp175Asn,
and also in the families with the cardiac troponin T
mutation Arg92Gln, we conclude that these defects
arose independently in each family.
The latter mutation may define a
mutational hot spot

 

26

 

 in the cardiac
troponin T gene, since this C

 

→

 

T
transition in a cytidine phosphate
guanosine dinucleotide must have
occurred three times. In contrast,
the families with the 

 

�

 

Glu160 dele-
tion in cardiac troponin T had the
same haplotype. This may reflect
a founder mutation in an ancestor
common to Families AQ and CJ,
both of which are of English origin.
However, the shared haplotype may
be coincidental, since it was also
identified in over 50 percent of unre-
lated subjects.

The clinical phenotypes associat-
ed with two mutations in the 

 

a

 

-tro-
pomyosin gene have been described
previously.

 

5,8

 

 To assess the effect of
cardiac troponin T mutations on the
clinical manifestations of hypertro-

phic cardiomyopathy, life expectancy and left-ven-
tricular-wall thickness were studied in more than 100
patients with these mutations. When available, data
were combined for members of unrelated families to
minimize the influence of other shared genetic and en-
vironmental factors on the expression of disease. Data
on three families with the Arg92Gln mutation and two
families with the 

 

�

 

Glu160 mutation yielded similar re-
sults when analyzed independently. Sufficient numbers
of genetically affected patients were available to allow
product-limit survival analysis for four mutations (Fig.
3). The life expectancy of patients with the Ile79Asn,
Arg92Gln, 

 

�

 

Glu160, or intron 15 G

 

1

 

→A mutation was
comparable to that of patients with hypertrophic car-
diomyopathy caused by malignant myosin mutation
Arg403Gln, Arg453Gln, or Arg719Trp.11-13 Survival
was significantly shorter than that associated with the
benign myosin mutations Val606Met, Phe513Cys, and
Leu908Val (P�0.03 for the comparison of each tropo-
nin T mutation with the Val606Met mutation11 and
P	0.006 for the comparison with all troponin T muta-
tions).

Survival analyses also showed that as compared with
patients with b cardiac myosin heavy-chain mutations,
patients with cardiac troponin T mutations had a high-
er incidence of death before the age of 30 years (Fig. 3),
and a significantly higher proportion of these deaths

*Changes in net charge of the polypeptide, based on amino acid charges at pH 7. NA denotes not applicable.

Table 1. Mutations in the Cardiac Troponin T Gene in Families with Hypertrophic Cardiomyopathy.

Ile79Asn Arg92Gln Phe110Ile �Glu160 Glu163Lys Glu244Asp Intron 15 G1→A Arg278Cys

Nucleotide change T→A at 248 G→A at 287 T→A at 340 �GAG G→A at 499 G→Τ at 744 G1→A C→T at 844

Charge change* 0 �1 0 �1 �2 0 NA �1

Conservation � � � � � � � �

Families affected AW BA, C, CK AL AQ, CJ AG DA AU WW

Lod score 2.0 8.3 0.8 7.2 1.3 0.0 11.8 0.6

Figure 2. Eight Mutations in Cardiac Troponin T that Cause Familial Hypertrophic
Cardiomyopathy.

The schematic illustration of the cardiac troponin T gene is based on the rat genomic
structure22 and our unpublished data. Exons are indicated by boxes; the location of
each mutation is shown. The initiation (ATG) and termination (TAG) codons are indi-
cated. The peptide is represented below; shaded areas indicate high levels of con-
servation between cardiac and skeletal isoforms.23 The postulated binding sites are

indicated for a-tropomyosin, troponin C, and troponin I.23,24
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were sudden (P	0.012). Of 50 disease-related deaths
in patients with cardiac troponin T mutations, 39 were
deemed sudden deaths and 11 were attributed to other
cardiac causes, mainly congestive heart failure. There
were no significant differences in the proportion of sud-
den deaths among patients with different cardiac tropo-
nin T mutations. Similar analyses of 75 disease-related
deaths in patients with b cardiac myosin heavy-chain
mutations11,13 showed that 42 were deemed sudden
deaths. 

Each cardiac troponin T mutation produced a simi-
lar increase in the maximal thickness of the left ven-
tricular wall (Table 3). Earlier studies of the maximal
left-ventricular-wall thicknesses associated with six dif-
ferent mutations in the b cardiac myosin heavy-chain
gene demonstrated that left-ventricular-wall thickness
could not be used to distinguish the mutations.14 How-
ever, the degree of hypertrophy produced by cardiac
troponin T mutations (mean maximal left-ventricular-
wall thickness, 16.7�5.5 mm) was significantly less
(P�0.001) than that produced by b cardiac myosin
heavy-chain mutations (mean maximal left-ventricular-
wall thickness, 23.7�7.7 mm).14 

Clinical evaluations of family members identified
several apparently unaffected members in whom genet-
ic testing demonstrated a cardiac troponin T mutation.
Of the 67 surviving subjects over the age of 16 years
who had cardiac troponin T mutations, 16 (24 percent)
did not fulfill our clinical diagnostic criteria for hyper-
trophic cardiomyopathy (Table 3). Eleven of the 16 had
normal electrocardiograms and echocardiograms, and
5 had nondiagnostic abnormalities (with a maximal
left-ventricular-wall thickness of less than 13 mm).
Therefore, the penetrance of hypertrophic cardiomyop-
athy caused by cardiac troponin T mutations is estimat-
ed to be 75 percent, in contrast to the high penetrance
(approximately 95 percent) of mutations in the b car-
diac myosin heavy-chain gene with a comparable ma-
lignant phenotype.11-13 

DISCUSSION

We describe five novel mutations in the cardiac tro-
ponin T gene that cause hypertrophic cardiomyopathy.
These mutations, and three previously described muta-
tions, characteristically produce moderate hypertrophy

that in some instances appears clinically unimportant.
Despite this, the hypertrophic cardiomyopathy caused
by these mutations is associated with a poor prognosis
and a high incidence of sudden death.

These studies allow an estimate of the proportion of
familial hypertrophic cardiomyopathy attributable to
mutations in three disease genes. Of 70 families with
hypertrophic cardiomyopathy, 20 were previously shown
to have a mutation in the b cardiac myosin heavy-chain
gene11,13 (and unpublished data); 11 of the remaining 50
have a mutation in the cardiac troponin T gene. Inde-
pendent analyses of the a-tropomyosin gene in more
than 120 probands and families identified a mutation in
only 3 (Proband DB and Families MI and MZ).8 Collec-
tively, these data suggest that approximately 30 percent
of cases of familial hypertrophic cardiomyopathy are
caused by mutations in the b cardiac myosin heavy-
chain gene; 15 percent are caused by mutations in the
cardiac troponin T gene; and less than 3 percent are
caused by mutations in the a-tropomyosin gene. These
are conservative estimates because the data are largely
based on direct screening methods, which may miss a

Table 2. Disease-Gene Haplotypes in Fami-
lies with Identical Mutations Causing Hyper-

trophic Cardiomyopathy.

MUTATION AND FAMILY HAPLOTYPE

G219A T330C

Arg92Gln in troponin T gene
BA
C
CK

A
G
G

T
C
T

�Glu160 in troponin T gene
AQ
CJ

G
G

T
T

HTMaCA D15S108

Asp175Asn in a-tropomyosin gene
MI
DB

3
2

1
3

Figure 3. Kaplan–Meier Product-Limit Curves for Survival in Pa-
tients with Hypertrophic Cardiomyopathy Caused by Different

Mutations.
Survival data are plotted for all persons carrying a given
mutation. The survival of persons with hypertrophic cardio-
myopathy caused by cardiac troponin T mutations (Intron 15
G1→A, IIe79Asn, �Glu160, and Arg92Gln) is similar to that in
persons with a malignant b cardiac myosin heavy-chain mutation
(Arg403Gln)11 but significantly shorter than that in persons with
a benign myosin mutation (Val606Met)11 (P�0.03 for the com-
parison with each troponin T mutation and P	0.006 for the com-
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small proportion of mutations (although previous stud-
ies document the high sensitivity of these methods).27

Despite this, we conclude that a substantial proportion,
up to 50 percent, of cases of familial hypertrophic car-
diomyopathy are due to mutations in as yet unidentified
disease genes. We speculate that these disease genes
will encode other proteins involved in the structure or
function of cardiac sarcomeres.8 

The similarity between the clinical phenotypes found
with four cardiac troponin T mutations is surprising,
given the diversity of these gene defects. The splice-
donor-site mutation (intron 15 G1→A), which should
result in a truncated protein8; the mutation involving a
deleted codon (�Glu160) within a highly conserved
motif; and two missense mutations would each be ex-
pected to exert different influences on the structure of
cardiac troponin T. Perhaps the phenotype is similar
because the mutant peptides result in common func-
tional defects. Alternatively, the uniform consequences
of these mutations may reflect a common intracellular
mechanism by which dysfunctional thin filaments trig-
ger cellular hypertrophy. Characterization of additional
mutations should elucidate whether the phenotype de-
scribed here is typical of all defects in the cardiac tro-
ponin T gene.

The mutations in cardiac troponin T reflect a disso-
ciation between the severity of clinically demonstrable
cardiac hypertrophy and the risk of sudden or disease-
related death. Two cases are particularly illustrative:
a 16-year-old boy with the Ile79Asn mutation who
had normal findings on clinical evaluation nevertheless
died suddenly, and a girl with the Arg278Cys mutation
and normal ventricular-wall measurements was re-
suscitated after a cardiac arrest at the age of 17. In-
complete penetrance of hypertrophic cardiomyopathy
has been reported with b cardiac myosin heavy-chain
mutations that are associated with a good prognosis
(for example, Leu908Val12). However, clinical data on
more than 80 patients with the malignant mutation
Arg403Gln, Arg453Gln, or Arg719Trp11-13,28 demon-
strated obvious cardiac hypertrophy in all adults with
these genotypes. We suggest that incomplete disease
penetrance and poor prognosis may be a distinguishing
feature of hypertrophic cardiomyopathy due to cardiac
troponin T mutations. The substantial management is-
sues posed by a difficult clinical diagnosis associated
with a high risk of sudden death make genetic testing

for cardiac troponin T mutations particularly impor-
tant. As genetic testing for the mutations becomes
available, our ability to care for patients with hyper-
trophic cardiomyopathy should improve.

We are indebted to the participating families and their physicians,
without whose invaluable assistance these studies would not have
been possible; to Drs. Iain Findlay, Yutaka Furukawa, Michael Fren-
neaux, Huon Grey, Roger Lamas, Koh Ono, Masaki Kawanami, and
Scott Solomon and to LifeBanc of Northeast Ohio for providing clin-
ical data; and to Mohammed Miri for technical help.
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