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Autoimmunity to a myosin in a subset of patients
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Abstract
Objective-To use an enzyme linked
immunoassay (ELISA) technique to assess
frequency and disease specificity of anti-
a-myosin antibodies in patients with
dilated cardiomyopathy and their rela-
tives.
Methods-Evaluation was performed on
sera (dilution 1/320) from 123 consecutive
patients with dilated cardiomyopathy
(WHO criteria) (age 42 (SD 14) years),
252 of their relatives (35 (17) years), 203
healthy controls (45 (16) years), and 92
patients with ischaemic heart disease (63
(11) years).
Results-Abnormal antibody levels were
commoner in patients with dilated car-
diomyopathy (25, 20%) than in ischaemic
heart disease (4, 4%), or normal controls
(4, 2%, P = 0.001). Forty one (16%) of the
relatives had abnormal results compared
to the controls (4, 2%, P < 0.001) and
antibodies were detected in 20 (38%) of
pedigrees. Relatives from non-familial
kindreds had higher antibody levels than
those with familial disease (P << 0.001),
and higher antibody levels were identified
in 53 relatives of probands who had
abnormal results compared to 116 rela-
tives for whom the proband had a normal
result (0.37 (SEM 0-02) v 0*22 (0.01);
P < 0.001).
Conclusions-The finding of anti-a-
myosin antibodies in 20% of patients with
dilated cardiomyopathy, in 16% of their
asymptomatic relatives, and in 38% of
families (particularly those with non-
familial disease and where proband also
had an abnormal result) provides addi-
tional evidence for autoimmunity against
a myosin in a subset of patients.

(Br HeartJr 1995;74:598-603)
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Dilated cardiomyopathy is a chronic heart
muscle disease of unknown aetiology, charac-
terised by a dilated and poorly contracting left
ventricle.1 2 Familial disease is common
(25%)34 and there is increasing evidence for
autoimmunity in a proportion of patients5-9
and in their asymptomatic relatives.10
The potential importance of autoimmunity

against a myosin has been emphasised by

experimental models of murine myocarditis."' 12
Western blotting is only semiquantitative but
has shown that cardiac antigens recognised by
autoantibodies present in human dilated car-
diomyopathy include both a (heart specific,
atrial)"3 and f, (ventricular and slow skeletal)
myosin, as well as other antigens.'4 15

Previous reports of antimyosin antibodies
detected by enzyme linked immunosorbent
assay (ELISA) in patients with myocarditis'6
and dilated cardiomyopathy'7 used human
ventricular /3 myosin (non-heart-specific) or
myosin of animal origin, rather than human a
myosin; moreover the frequency of anti-
myosin antibodies in relatives of patients
with dilated cardiomyopathy has not been
previously evaluated.
The aim of this study was to use a sensitive

and specific ELISA to assess frequency, disease
specificity, and level of anti-a-myosin antibod-
ies in patients with dilated cardiomyopathy
and their relatives.

Methods
PATIENTS WITH DILATED CARDIOMYOPATHY
One hundred and twenty three consecutive
patients with dilated cardiomyopathy (mean
age 42 (SD 14) years, 93 male, 30 female)
presented to St George's Hospital between
1989 and 1993. The clinical diagnosis of
dilated cardiomyopathy was made according
to strict criteria as recommended by the World
Health Organisation and the National Heart,
Lung and Blood Institute.2 18 All patients
over the age of 40, and any < 40 years
with a history suggestive of ischaemic heart
disease or electrocardiographic evidence of
exertional ischaemia, had selective coronary
angiography and left ventriculography. Right
ventricular endomyocardial biopsy was
performed in 79 patients, and was assessed
by light microscopy using the Dallas criteria.'9
Twenty nine patients (24%) who had a
history of chronic excess alcohol consumption
(> 8 units per day for males and > 6 units
per day for females) were included in the
study. Besides invasive assessment patients
were evaluated with cross sectional echo-
cardiography and maximum oxygen con-
sumption (V Q2max) exercise tests. Twenty
one (17%) patients were taking digoxin, 25
(20%) received amiodarone, 104 (84%)
vasodilator drugs, and all patients were
prescribed diuretic drugs. Serum from the
time of diagnosis was unavailable from 21
index cases whose relatives were included in
the family study.
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RELATIVES OF PATIENTS WITH DILATED
CARDIOMYOPATHY
Two hundred and fifty two relatives (age 35
(SD 17) years, 126 male, 126 female) from 53
of the 123 index cases included in the study
were identified by prospective family screen-
ing. The remaining 70 pedigrees were not
screened because the pedigree was small (< 2
available first degree relatives), parenthood
was uncertain, large numbers of relatives lived
abroad, or the relatives declined screening.
Familial dilated cardiomyopathy was defined
as the presence of at least one first or second
degree relative with documented dilated car-
diomyopathy during life or at necropsy exami-
nation. All relatives were assessed with
physical examination, resting 12 lead electro-
cardiography, cross sectional echocardiogra-
phy, and metabolic exercise testing with
measurement ofVO2max. VO2max measurements
were corrected for age and body surface
area according to a standard formula.20
Echocardiograms were performed and mea-
sured by a single experienced echocardiogra-
pher. Left ventricular measurements were
obtained at the level of the mitral valve in the
short axis view using M mode recordings. In
order to assess the prevalence of early disease
in relatives, values for left ventricular end dias-
tolic diameter were corrected for age and body
surface area, using a standard formula to
obtain the percentage predicted left ventricular
end diastolic diameter21; left ventricular
enlargement was defined as a left ventricular
end diastolic diameter > 1 12% of predicted, in
the absence of systemic arterial hypertension
or other recognised causes. Fractional short-
ening was defined as abnormal if it was
< 25%. Relatives that had both left ventricular
enlargement and depressed fractional shorten-
ing were classified as potentially affected.

PATIENTS WITH ISCHAEMIC HEART DISEASE
AND NORMAL CONTROLS
The ischaemic heart disease control group
included 92 consecutive patients (age 63 (SD
11) years, 65 male, 27 female), admitted to
the coronary care unit with unstable angina.
This was defined as chest pain at rest of > 10
min duration within 12 h of admission to hos-
pital, associated with reversible ST or T wave
segment changes on electrocardiogram; all
patients underwent coronary angiography and
left ventriculography and sera was obtained
within 3 h of admission. Forty five (49%) of
the patients with ischaemic heart disease had a
previous Q wave myocardial infarction and 37
(40%) had poor left ventricular function (ejec-
tion fraction < 30%). Thirty six patients
(33%) had a documented history of systemic
hypertension (defined as blood pressure >
150/90 mm Hg). Seven patients (12-5%) had
previous coronary angioplasty and another 12
(13%) had previously undergone coronary
artery bypass surgery. Cardiac catheterisation
revealed multivessel disease in 74 (80%) and
single vessel disease in the remainder.
The normal control population consisted of

203 healthy blood donors, aged 45 (SD 16)
years, 100 male, 103 female.

IMMUNOLOGICAL METHODS
Preparation of antigen
Atrial tissue was obtained from one normal
donor heart at the time of transplantation.
Histological examination of tissue excluded
specific heart muscle disease, inflammation,
and necrosis. Samples used for myosin prepa-
ration were frozen in liquid nitrogen and
stored at - 80°C until used. Myosin samples
were prepared as previously described.'422
All solutions contained a number of pro-
teolytic inhibitors, in particular 5 mM EGTA,
3 mM benzamidine, and 10 mM phenyl-
methyl-sulphonyl-fluoride. Samples were
homogenised and washed four times with 40
mM KC1 at 4°C. Extracting solution contain-
ing 300 mM KC1, 0 1 mM dithiothreitol, 150
mM phosphate buffer, and 5 mM MgATP at
pH 6-5 was added (20 ml for each gram of tis-
sue). After 30 min, the insoluble residues were
removed from the extract by centrifugation at
27 000 g for 15 min. The supernatant was fur-
ther centrifuged at 150 000 g for 2 h, and sub-
sequently dialysed overnight against 30-40
volumes of a solution containing 10 mM KC1,
0 1 mM dithiothreitol, and 1 mM Tris-HCl at
pH 7-2. Precipitated a myosin was collected
by low speed centrifugation and resuspended
in 0 5 M NaCl-50% glycerol.

Western blot overlay studies, performed as
previously described,'4 showed that there was
contamination of the purified atrial myosin
with small amounts of IgG. This was removed
with affinity chromatography. The a myosin
sample at a concentration of approximately
0 5 mg/ml was passed down a 2 ml column
(Pierce) packed with an agarose gel containing
beads linked to anti-human IgG (Sigma). The
binding equivalent of this gel was 1 mg of
human IgG per ml of resin. Myosin was
diluted in pH 9-6 carbonate-bicarbonate
buffer containing 50 mmol sodium pyrophos-
phate to enhance solubility. Protein concen-
tration was determined according to the
bicinchoninic acid method (Pierce).

Immunosorbent assay method
Ninety six well enzyme linked immunosorbent
assay plates (Immulon 1; Dynatech) were
coated with sequential duplicates of 100 ,ul
purified human atrial myosin at a concentra-
tion of 5 ,ug/ml. Control wells contained buffer
alone. Plates were incubated for 1 h at 37°C
with shaking and washed six times with phos-
phate buffered saline (PBS) solution (Sigma)
containing 0a1% Tween 20 (PBS-T). All wash
steps between incubations were identical.
Wells were blocked with 200 ,ul PBS-T con-
taining 2% bovine serum albumin fraction V
(Sigma), then incubated for 30 min at 37°C
with shaking, and washed. Wells were next
coated with 100,ul duplicates of each serum
sample. These were diluted at 1/40 and 1/320
in PBS-T containing 1% phosphate buffered
saline, and had previously been centrifuged at
10 000 rpm for 2 min. Serum samples from
patients and controls were analysed in a
"blinded" fashion by the same operator. Each
plate in each assay contained a positive control
serum sample from the same dilated cardio-
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myopathy patient, who showed consistently
high responses. The layout of each plate
included four blank wells that contained
medium alone. Plates were incubated for 1 h
at 37°C with shaking and then washed. Wells
were then coated with 100 ,ul of biotinylated
goat anti-human IgG y chain (Vector
Laboratories) diluted 1/1000 in PBS-T, incu-
bated for 1 h at 37°C with shaking, and
washed. Avidin-peroxidase complex solution
(Vector Laboratories) was prepared according
to the manufacturers' instructions by dilution
in PBS-T 1 h before use, and stored at 4°C,
100 ,ul of avidin-peroxidase complex was
added to each well, and plates were incubated
for 1 h at 37°C with shaking, and washed.
Finally, plates were coated with 100 ,ul of
orthophenyl diamene substrate (Sigma) and
incubated for 15 min at 37°C in the dark with-
out agitation; absorbance was assessed imme-
diately using a Pasteur Diagnostics Enzyme
Linked Immunosorbent Assay reader at 450
nm, linked to Arcom Macintosh software.

Calculation ofEnzyme Linked Immunosorbent
Assay results
The mean absorbance obtained from the
"blank" wells on each plate was subtracted
from the values for each serum sample both in
the presence and absence of myosin. The
value achieved in absence of myosin was then
subtracted from that obtained in presence of
myosin to provide the true absorbance attrib-
utable to that serum sample. The value of the
positive control for each plate was adjusted to
an absorbance of 1'0 to provide a correction
ratio that was then applied to all the other
samples on the plate.

STATISTICAL ANALYSIS

X2 Analysis, analysis of variance, or unpaired
two tailed Student's t tests were used as appro-
priate. A probability of < 0 05 was considered
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Figure 1 Comparison of anti-a-myosin antibody in
patients with dilated cardiomyopathy, ischaemic heart
disease, and normal controls. The scattergram shows mean
raised anti-a-myosin antibody levels (serum dilution 1140)
in patients with dilated cardiomyopathy (n = 81)
compared to normal controls (n = 199), but not to
ischaemic heart disease patients (n = 31) at serum dilution
1140, suggesting that anti-a-myosin antibodies are not
specific for dilated cardiomyopathy at this serum dilution.
DCM, idiopathic dilated cardiomyopathy; IHD,
ischaemic heart disease.
DCM v IHD, NS; DCM v normal, P = 0-003; IHD v

normal, P = 0-008.

to be statistically significant. All antibody lev-
els are expressed as mean absorbance at 450
nm with SEM in parentheses. The upper limit
of normal for the assay was defined as 2 SD
deviations above the mean value obtained
from normal controls, and all values greater
than this cutoffwere defined as abnormal anti-
body levels.

Results
CLINICAL CHARACTERISATION OF PATIENTS
WITH DILATED CARDIOMYOPATHY AND THEIR
RELATIVES
Seventy four patients were in New York Heart
Association (NYHA) functional class HI and
49 were in class III/IV. Patients had been
symptomatic for 35 (SD 49) months (range
0-204) before diagnosis, and 71 (59%) were
clinically deteriorating, defined as a change in
NYHA status from I/II to III/IV in the six
months before diagnosis; the mean VO2max
was 21 (SD 10) ml/min/kg. Cross sectional
echocardiography showed a mean left ventricu-
lar diastolic diameter of 70 (11) mm and
fractional shortening of 15 (8)%. Left
ventriculography revealed a mean ejection
fraction of 24 (1 1)%; pulmonary capillary
wedge pressure was 21 (9) mm Hg. At
endomyocardial biopsy 51 patients (65%) had
established endomyocardial fibrosis compati-
ble with dilated cardiomyopathy; the remain-
der had normal histology.

All relatives were asymptomatic and had
normal 12-lead resting electrocardiograms.
The mean VO2max was 40 (10) ml/min/kg. In
35 relatives (14%) left ventricular function
was considered normal but the quality of the
echocardiographic recording was unsatis-
factory for quantitative measurements.
Echocardiographic assessment revealed a
mean left ventricular diastolic diameter of 50
(6) mm, left ventricular systolic diameter of 33
(6) mm, and fractional shortening of 33 (6)%.
Left ventricular enlargement was identified in
36 (17%) relatives, depressed fractional short-
ening in only 9 (4%), and 17 (7%) had both
left ventricular enlargement and depressed
fractional shortening. The remaining 190 rela-
tives were echocardiographically normal.

STANDARDISATION OF ENZYME LINKED
IMMUNOSORBENT ASSAY
Absolute absorbance recorded in the blank
wells was 0 05-0-07. The optimal concentra-
tion of myosin was found to be 5 ,ug/ml. The
detection range of the assay was down to
serum dilution of 1/640. Maximum signal was
achieved at 1/40 but this dilution did not dis-
criminate between patients with dilated car-
diomyopathy and ischaemic heart disease
(0-69 (0 04) v 0 70 (0 07); P = NS) (fig 1),
although antibody levels were higher in dilated
cardiomyopathy patients than in normals
(0 69 (SEM 0 04) v 0-5 (0 02); P = 0-03).
Therefore a serum dilution of 1/320 was cho-
sen as appropriate for screening large numbers
of sera. Antibody levels at 1/320 correlated
with those obtained at 1/40 (r = 0-7,
P << 0.001) when considering all results from

600



Autoimmunity to a myosin in a subset ofpatients with idiopathic dilated cardiomyopathy

Figure 2 Comparison of
anti-a-myosin antibody in
patients with dilated
cardiomyopathy. The
scattergram shows raised
anti-a-myosin antibody
levels in 123 patients with
dilated cardiomyopathy
compared to 92 ischaemic
heart disease patients and
203 normal controls at
serum dilution 11320.
DCM, idiopathic dilated
cardiomyopathy; IHD,
ischaemic heart disease.
Dashed line represents
cutoiffor normal.
DCM v IHD, P = 0 001;
DCM v normal,
P = 0 0001; IHD v
normal, P = NS.

1400

o 1200

x 1000
(D

c 800

-n 600
0
.o 400

200

0

0

I

o~~

o a

DCM n=123 IHD n=92 Normal n=203

patients with dilated cardiomyopathy or
ischaemic heart disease, relatives, and normal
controls; this association was even stronger in
the patients alone (r = 0-8, P 4( 0 001). To
assess interassay variation, sera were randomly
chosen from 30 patients, and measured twice
in separate assays on different days (serum
dilution of 1/320); the correlation between
absorbances was r = 0 74 (P < 0 001).

ANTI-a-MYOSIN ANTIBODY IN PATIENTS WITH
DILATED CARDIOMYOPATHY
Patients with dilated cardiomyopathy had
higher antibody levels than patients with
ischaemic heart disease (0-27 (SEM 0-02) v
0-20 (0 01), P = 0 001) or normal individuals
(0.27 (SEM 0 02) v 0-17 (0 01), P = 0 001),
and there was no significant difference
between ischaemic heart disease and controls
(fig 2). A greater proportion of patients with
dilated cardiomyopathy (25/123, 20%) had an
abnormal result compared to patients with
ischaemic heart disease (4/92, 4%, P = 0001)
and normal controls (4/203, 2%, P K 0 001).
The frequency of abnormal antibody results
was similar in ischaemic heart disease and
normals (4/92, 4% v 4/203, 2%, P = NS).

Prevalence of anti-a-myosin antibodies in pedigrees

ELISA * Familial Non-familial P

Patients with dilated cardiomyopathy (n = 32)
Abnormal, n (%) 1 (9) 6 (29) NS
Normal, n (%) 10 (91) 15 (71)

Relatives ofpatients with dilated cardiomyopathy (n = 252)
Abnormal, n (%) 8 (8) 33 (21) 0 005
Normal, n (%) 90 (92) 121 (79)

ELISA, enzyme linked immunosorbent assay
*ELISA was not performed in six patients with dilated car-
diomyopathy with familial and 15 with non-familial disease.

Although an abnormal antibody result
tended to be more common in patients with
non-familial dilated cardiomyopathy than in
those with familial disease, this difference was
not statistically significant (6/21, 29% v 1/11,
9%; P = NS). In the remaining 21 index cases
whose pedigrees were screened, serum from
the time of diagnosis was not available (table).

ANTI-a-MYOSIN ANTIBODY IN RELATIVES OF
PATIENTS WITH DILATED CARDIOMYOPATHY
Mean antibody levels were greater in relatives
than in controls (0-26 (0 01) v 0d17 (0 01);
P << 0 001) (fig 3); a greater proportion of
relatives had an abnormal result compared to
normal controls (41/252, 16% v 4/203, 2%;
P < 0o001).

In the 16 pedigrees with familial disease the
proportion of relatives with an abnormal anti-
body level was lower (8%) than that observed
in non-familial pedigrees (21%, P = 0 005)
(table) but still greater than that in the normal
control population (2%, P = 0 02). Relatives
from kindreds with familial dilated cardiomy-
opathy had lower antibody levels than those
with non-familial dilated cardiomyopathy
(0-21 (SEM 0 01) v 0-29 (0 01); P <K 0 001).
The relation between antibody status of rel-

atives from the 53 pedigrees and their index
case is shown in fig 4. The anti-myosin anti-
body was present in 20/53 (38%) of the pedi-
grees. Three of seven pedigrees (43%) whose
proband result was abnormal had > 1 relative
who also had an abnormal result compared to
seven of 25 pedigrees (28%) whose proband
antibody status was normal (P = NS). Higher
antibody levels were identified in 53 relatives
for whom the proband had an abnormal anti-
body result compared to 116 relatives for
whom the proband had a normal antibody
result (0 37 (0 02) v 0-22 (0-01); P << 0 001).

CORRELATION OF ANTIBODY STATUS WITH
CLINICAL DATA IN PROBANDS AND RELATIVES
There was no relationship between anti-
myosin antibody levels and the clinical
features (including. alcohol consumption), or
haemodynamic, echocardiographic, and
exercise measurements in the probands with
dilated cardiomyopathy. Anti-myosin anti-
body levels were not associated with any of the
medications taken by the patients.

Figure 3 Comparison of
anti-a-myosin antibody in
relatives ofpatients with
dilated cardiomyopathy.
The scattergram shows
raised anti-a-myosin
antibody levels in 252
relatives of53 patients
with dilated
cardiomyopathy compared
to normal controls (n =
203) at serum dilution
11320.
Relatives v normals,
p < 0.001.
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Among the relatives, females had higher
anti-a-myosin antibody levels than males (0-28
(SEM 0-01) v 0-23 (0-01), P = 0 03). Similar
proportions of abnormal antibody results were
found in relatives classified as normal, left ven-
tricular enlargement, or potentially affected on
the basis of established echocardiographic cut-
offs (30/158, 30%; 3/36, 8%; 1/17, 16%
respectively; P = NS). Relatives with left ven-
tricular enlargement had lower antibody levels
than those with normal echocardiograms (0-21
(SEM 0 02) v 027 (0-01); P = 0 03).

Discussion
Enzyme immunosorbent assay (ELISA) has not
previously been used to detect antibodies to
cardiac specific human a myosin in dilated
cardiomyopathy.'6 A recent report found that
20% of patients with dilated cardiomyopathy
possessed raised antibodies to human ,B
myosin (cross reactive with skeletal muscle),
but did not state the prevalence of this anti-
body in ischaemic heart failure controls.'7
Lauer et al identified low titre (1/40) antibodies
to human ,B myosin in 42% of patients with
acute myocarditis and in 21% of a heteroge-
neous group of cardiac patients who mainly
had coronary disease.'6 A separate study of
ischaemic heart disease patients used rabbit /3
myosin to detect anti-myosin antibodies in
38% of patients after cardiac surgery and in
16% following myocardial infarction, but nei-
ther the titre of serum used nor the cutoff for
positivity was reported.2324 A similarly high
proportion of cross-reactive antibodies has
already been documented in ischaemic heart
disease controls using an immunofluorescent
technique.5 Conversely, the low prevalence in
the present study of antibodies to a myosin
among patients with ischaemic heart disease
indicates that these markers are more specific
for dilated cardiomyopathy. Thus previous
studies have either examined cross-reactive /3
myosin or myosin of animal origin, or have not
compared antibody levels with patients with
ischaemic heart disease. In addition to the lack
of disease specificity, EIUSA studies using
myosin of animal origin23 24 have the limitation
that the antigenic epitopes recognised by
human sera may not occur in myosin proteins
from different species, and the prevalence of
antibodies against tissue specific human /3
myosin (present in skeletal muscle) has not
been assessed.

In this study a standardised ELISA showed
that 20% of patients with dilated cardiomy-
opathy, 16% of their relatives, and 38% of
dilated cardiomyopathy families possess high
titre organ and disease specific anti-a-human
myosin antibodies. The finding of disease
specific antibodies to a myosin in this patient
population confirms previous studies using
western blotting,'4 1' and also suggests that
the antigenic specificity of antibodies detected
by indirect immunofluorescence in 25% of
the same cohort of relatives include a
myosin.'0
Our findings of increased anti-a-myosin

antibody in patients with dilated cardiomyo-

pathy and their relatives are also relevant
because a myosin is the only autoantigen that
fulfils the criteria for organ specific autoimmu-
nity,'5 in that immunisation of susceptible
mice with cardiac (a), but not skeletal myosin
(/3), reproduced the human disease pheno-
type.'2 This suggested that the pathogenically
important autoimmune epitopes reside on the a
isoform, which is not expressed in murine or
human skeletal muscle.

Antibody concentrations in symptom-free
relatives were higher than in normal controls
and were higher in relatives of index cases who
had an abnormal result compared to relatives
of probands who had a normal result, suggest-
ing that antibody responses to a myosin tend
to segregate in specific pedigrees. Moreover,
lower mean antibody concentrations were pre-
sent in relatives of kindreds with familial dis-
ease than in relatives from non-familial
pedigrees. A previous report found that anti-
heart antibodies against a range of antigens
were more common in relatives from pedigrees
with familial disease, and also documented an
association between the presence of antibodies
and ventricular dimensions;'0 the detection of
responses to antigens other than a myosin may
explain the apparent discrepancy. In this study
we used a higher serum dilution (1/320) than
that employed in indirect immunofluorescence
and examined humoral responses to a myosin
alone, but apart from the finding of higher
anti-a-myosin antibody levels in female rela-
tives we did not detect any association with
clinical variables. Although the mean level of
antibody was lower in asymptomatic relatives
with left ventricular enlargement than in those
with normal echocardiograms, the prevalence
of abnormal antibody results was similar in the
two groups.
The prevalence of antibodies tended to be

higher in those patients with non-familial dis-
ease (29%) than those with familial disease
(9%), in whom genetic mechanisms of patho-
genesis might predominate, but this difference
was not statistically significant. Similarly,
Michels et al found no association between
familial disease and the prevalence of antibod-
ies to human ventricular myosin in patients
with dilated cardiomyopathy."7 In order to
enhance the specificity of an abnormal anti-a-
myosin antibody result for dilated cardiomy-
opathy in the present study, a high serum
dilution was employed (1/320). Consequently
the number of patients with abnormal results
was reduced, and this may have limited the
statistical power of the study to detect rela-
tions with clinical variables.
The fact that anti-a-myosin antibodies were

present in only a minority of pedigrees (38%)
emphasises the heterogeneity of aetiologies in
dilated cardiomyopathy, and suggests that
immune responses to a myosm are present
only in a subset of individuals. Cardiac anti-
gens other than myosin may, however, also be
important in the pathogenesis of dilated car-
diomyopathy: western blot studies have shown
that a myosin is only one of several antigens
recognised by sera from patients, and the total
proportion of dilated cardiomyopathy patients
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with immune abnormalities could be higher
than that reported in this study.'4 15
The presence of raised concentrations of

anti-a-myosin antibodies in dilated cardiomy-
opathy pedigrees with both familial and non-

familial disease does not support a primary
pathogenic role for this antibody26; the anti-
body is more likely to be a marker of disease
predisposition. The ability of an abnormal
ELISA result to predict future disease in asymp-
tomatic relatives will only be clarified by longi-
tudinal study, although its use in screening will
be limited by the sensitivity of the assay.

In conclusion, the description of antibodies
to a myosin in patients and their relatives pro-
vides another clue for a role for autoimmunity
in the pathogenesis of dilated cardiomyopathy,
and emphasises the importance of a myosin as
a potential target antigen in selected patients
with this disease.
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