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Abstract
Dilated cardiomyopathy (DCM), a leading cause of heart failure and heart transplantation in
younger adults, is characterized by dilatation and impaired contraction of the left or both ventricles; it may be idiopathic, familial/genetic (20-30%), viral, and/or immune. On endomyocardial biopsy there is chronic inflammation in 30-40% of cases. Mutations in genes encoding
myocyte structural proteins, cardiotoxic noxae and infectious agents are known causes; due to
high aetiologic and genetic heterogeneity, the gene defects identified so far account for a tiny
proportion of the familial cases. In at least two thirds of patients, DCM remains idiopathic.
Myocarditis may be idiopathic, infectious or autoimmune and may heal or lead to DCM. Circulating heart-reactive autoantibodies are found in myocarditis/DCM patients and symptomfree relatives at higher frequency than in normal or noninflammatory heart disease control
groups. These autoantibodies are directed against multiple antigens, some of which are expressed only in the heart (organ-specific); some autoantibodies have functional effects on cardiac myocytes in vitro as well as in animal models. Depletion of nonantigen-specific antibodies by extracorporeal immunoadsorption is associated with improved ventricular function and
reduced cardiac symptoms in some DCM patients, suggesting that autoantibodies may also
have a functional role in humans. Immunosuppression seems beneficial in patients who are
virus-negative and cardiac autoantibody positive. Prospective family studies have shown that
cardiac-specific autoantibodies are present in at least 60% of both familial and non familial
pedigrees and predict DCM development among asymptomatic relatives, years before clinical
and echocardiographic evidence of disease. Animal models have shown the autoimmune myocarditis/DCM can be induced by virus as well as reproduced by immunization with a wellcharacterized autoantigen, cardiac myosin. Thus, in a substantial proportion of patients, myocarditis and DCM represent different stages of an organ-specific autoimmune disease, that
represents the final common pathogenetic pathway of infectious and noninfectious myocardial
injuries in genetically predisposed individuals.
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List of abbreviations
AHA
ANT
BCKD-E2

CB3
cTnI
DCM
ELISA
EMB
HSP
MHC
PKA
PCR
s-I IFL
SPRIA

anti-heart autoantibodies
adenine nucleotide translocator
branched chain α-ketoacid
dehydrogenase dihydrolipoyl
transacylase
Coxsackie B3
cardiac Troponin I
dilated cardiomyopathy
enzyme-linked immunosorbent
assay
endomyocardial biopsy
heat shock proteins
myosin heavy chain
protein kinase A
polymerase chain reaction
standard indirect immunofluorescence
indirect micro solid-phase radioimmunoassay

Introduction
According to the current WHO classification
of cardiomyopathies, dilated cardiomyopathy
(DCM) is characterized by dilatation and impaired contraction of the left or both ventricles; it may be idiopathic, familial/genetic, viral, and/or immune [1]. The diagnosis of
DCM requires exclusion of known, specific
causes of heart failure, including coronary artery disease. On endomyocardial biopsy
(EMB) there is myocyte loss, compensatory
hypertrophy, fibrous tissue and immunohistochemical findings consistent with chronic inflammation (myocarditis) in 30-40% of cases.
DCM represents a leading cause of severe
heart failure and heart transplantation in
younger adults, with an annual incidence of
up to 100 patients and a prevalence of 300
to 400 patients per million in the USA. DCM
is familial in 20-30% of cases. Mutations in
genes encoding myocyte structural proteins,
cardiotoxic substances and drugs and infectious agents, especially viruses, are known
causes; however, due to high aetiologic and
genetic heterogeneity, the gene defects iden-

tified so far account for a tiny proportion of
the familial cases [2]. In at least two-thirds of
patients, aetiology of DCM remains idiopathic.
Myocarditis is an inflammatory disease of
the myocardium, and is diagnosed by EMB
using established histological, immunological
and immunohistochemical criteria; it may be
idiopathic, infectious or autoimmune and
may heal or lead to DCM [1-4]. Etiopathogenetic causes of myocarditis are detailed in
Table 1.

Pathology of myocarditis
Based only on histopathologic criteria, several distinct types of myocarditis have been
identified: lymphocytic, eosinophilic, polymorphous, giant cell, and granulomatous
myocarditis. Lymphocytic myocarditis is the
most common type of myocarditis in Western countries and most cases are documented or presumed to have viral origin. In order
to develop uniform, and reproducible morphologic criteria for the pathologic diagnosis
of myocarditis, a panel of cardiac pathologists developed a classification of the disease
based on histologic features of EMB specimens [3]. The Dallas classification adopts two
different types of terminology for the first
EMB and for the second one, which should
be scheduled after at least 6 weeks (Tab 2).
The first EMB may recognise active myocarditis in the presence of inflammatory cell infiltrates associated with necrosis or degeneration of cardiomyocytes, borderline myocarditis when only the inflammatory cells are
seen, or absence of myocarditis in the absence of inflammation. On the second or follow-up EMB, the pathologist, comparing the
morphological findings with those observed
in the preceding biopsy sample, may identify
persistent, resolving or healed myocarditis.
Myocarditis can be labelled as “persistent” or
“resolving” only if a diagnosis of myocarditis
is unequivocally achieved on a previous
EMB.
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Table 1: Etiopathogenetic agents associated with myocarditis/inflammatory cardiomyopathy
1. Infective Myocarditis
Bacterial

Spirochetal
Fungal

Protozoal
Parasitic
Rickettsial
Viral

2. Immune-mediated Myocarditis
Allergens

Alloantigens
Autoantigens

3. Toxic Myocarditis
Drugs

Heavy Metals
Miscellaneous

Hormones
Physical agents

Staphylococcus, Streptococcus, Pneumococcus, Meningococcus, Gonococcus, Salmonella, Corynebacterium diphtheriae, Haemophilus influenzae, Mycobacterium (tuberculosis),
Mycoplasma pneumoniae, Brucella
Borrelia (Lyme disease), Leptospira (Weil disease)
Aspergillus, Actinomyces, Blastomyces, Candida, Coccidioides, Cryptococcus, Histoplasma, Mucormycoses, Nocardia,
Sporothrix
Trypanosoma cruzi, Toxoplasma gondii, Entamoeba,
Leishmania
Trichinella spiralis, Echinococcus granulosus, Tenia solium
Coxiella burnetii (Q fever), R. rickettsii (Rocky Mountain
spotted fever), R. tsutsugamuschi
coxsackievirus A and B, echovirus, poliovirus, hepatitis viruses, influenza A and B viruses, adenovirus, respiratory syncytial virus, mumps virus, measles virus, rubella virus, dengue virus, Chikungunya virus, yellow fever virus, Junin virus,
Lassa fever virus, lymphocytic choriomeningitis virus, herpes
simplex virus, varicella-zoster, human herpes virus-6, cytomegalovirus, Epstein-Barr virus, variola virus, vaccinia virus,
parvovirus B19, rabies virus, human immunodeficiency virus1
Tetanus toxoid, Vaccines, Serum sickness
Drugs: penicillin, cefaclor, colchicine, furosemide, isoniazid,
lidocaine, tetracycline, sulfonamides, phenytoin, phenylbutazone, methyldopa, thiazide diuretics, amitriptyline
Heart transplant rejection
Idiopathic: Virus-negative lymphocytic, virus-negative giant
cell
Associated with autoimmune or immune-oriented disorders:
systemic lupus erythematosus, rheumatoid arthritis, ChurgStrauss syndrome, Kawasaki’s disease, inflammatory bowel
disease, scleroderma, polymyositis, myasthenia gravis, insulin-dependent diabetes mellitus, thyrotoxicosis, sarcoidosis,
Wegener’s granulomatosis
amphetamines, anthracyclines, cocaine, cyclophosphamide,
ethanol, fluorouracil, lithium, catecholamines, hemetine, interleukin-2, trastuzumab, clozapine
copper, iron, lead
scorpion sting, snake, and spider bites, bee and wasp
stings, carbon monoxide, inhalants, phosphorus, arsenic,
sodium azide
Pheochromocytoma, Vitamins: beri-beri
Radiation, electric shock
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Table 2: Myocarditis: Histopathological criteria from Dallas Classification (Aretz, Am J Cardiovasc Pathol 1987;1:3-14)
I EMB

II EMB

Active
(Inflammatory cells + necrosis/degeneration)

Persistent
(with or without Fibrosis)

Borderline
(Inflammatory cells)

Resolving
(with or without Fibrosis)

Negative

Healed
(with or without Fibrosis)

Although the Dallas criteria include the
advantage of using a simple, universally accepted and standardized terminology, they
have some important limitations. In the original Dallas classification, other histologic
types of inflammatory infiltrate (e.g. lymphocytic, eosinophilic, neutrophilic or giant cell)
are just mentioned in the view of a possible
differentiation between a primary (or idiopathic) form of myocarditis from a process
secondary to a known cause [3]. It is not
specified if the terminology (e.g. active, borderline, healing with or without fibrosis) that
is currently used in the most common form
(lymphocytic myocarditis) can be equally applied to the other forms. Myocyte changes including frank necrosis and degeneration have
been described in the original report from
Aretz [3], however specification of the type
and extension of myocyte damage was not
included in the classification. It is very difficult to foresee the natural history of the disease and the specific timing of its evolution,
however, when EMB is performed and a thorough morphological evaluation carried out, it
is mandatory to add temporal information of
the lesion, and highlight the clinical history in
order to provide indications on the disease
course. This approach may avoid the unrestricted use of the term borderline myocarditis. This term should not be inappropriately
used for chronic forms, which instead are defined “inflammatory cardiomyopathy” [1].
The intensity and distribution of the inflammatory infiltrate are highly variable, ranging from a solitary small focus to multifocal
aggregates to diffuse myocardial involve-

ment. On routine haematoxylin eosin stained
sections it may be difficult to characterize interstitial cells, since normal myocardial components such as mast cells, fibroblast nuclei
cut in cross section, pericytes, histiocytes,
and endothelial cells may resemble lymphocytes [5,6]. Recently, a cut off of <14 leucocytes/mm2 with the presence of T lymphocytes <7 cells/mm2 has been considered a
more realistic value [7]. Most experts in the
field agree that an actual increase of sensitivity of EMB has been reached combining immunohistochemistry and routine histology. A
large panel of monoclonal and polyclonal antibodies is now mandatory to identify and
characterize the inflammatory cell population as well as the activated immunological
processes [5,6]. Angelini et al showed that in
patients who did not fulfil the Dallas criteria,
immunohistochemistry allowed to detect inflammatory infiltrates in the myocardium,
characterized by T-lymphocytes and
macrophages, thus excluding the possibility
of acute ischemia, that is characterized by a
neutrophilic infiltrate [5,6]. The presence of
an inflammatory infiltrate on immunohistochemical analysis together with molecular
detection of genomic sequences for cardiotropic viruses by polymerase chain reaction (PCR) increases the diagnostic accuracy
of EMB in those cases of myocarditis in
which the application only of the Dallas criteria would otherwise have failed to detect and
characterize the inflammatory disease [5,6,89].
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Clinical features in myocarditis
The clinical features of myocarditis are heterogeneous [10-15]. Cardiac involvement
may be preceded (1-2 weeks) by a systemic
flu-like illness. Myocarditis may be subclinical,
causing minor symptoms (palpitation, atypical chest pain), ECG abnormalities (atrioventricular conduction disturbance, bundle
branch block, ST and T-wave changes), or arrhythmias (paroxysmal atrial fibrillation or
ventricular arrhythmias) with or without global or regional left and/or right ventricular dysfunction. Pericardial involvement commonly
coexists with myocarditis. Other presentations of myocarditis include syncope, sudden
death, acute right or left ventricular failure,
cardiogenic shock, or DCM. A syndrome
mimicking acute myocardial infarction, but
with normal coronary arteries, may also occur. Prognosis of myocarditis is thought to
be good, with complete recovery in the majority of patients. However, myocarditis can
cause fulminant and fatal heart failure. Relapses may occur, and about one third of patients will develop residual mild left ventricular dysfunction or DCM. Thus, in a patient
subset, myocarditis and DCM represent the
acute and chronic stages of an inflammatory
disease of the myocardium, which can be viral, post infectious immune or primarily organ-specific autoimmune [1-4].

Autoimmune features in
myocarditis/DCM
Autoimmune diseases fulfil at least two of the
major criteria proposed by Rose [16-17]. Fulfilled Rose-Witebski autoimmune criteria in
human myocarditis/DCM include familial aggregation and clustering of autoimmune diseases in patients and relatives, a weak association with HLA-DR4, DR5, lymph mononuclear cell infiltrates and/or abnormal expression of HLA class II and adhesion molecules
on cardiac endothelium on EMB, in the affected patients and family members, increased levels of circulating cytokines and
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cardiac autoantibodies in patients and family
members, experimental models of both antibody-mediated and cell-mediated autoimmune myocarditis/DCM following immunization with relevant autoantigen(s), the best
characterized of which are cardiac myosin
and the beta-1 adrenergic receptor [18-33]
(Table 3).

Anti-heart autoantibodies
(AHA) by standard indirect
immunofluorescence (s-I IFL)
Several researchers reported antibodies to
distinct cardiac antigens in myocarditis and
DCM by s-I IFL, but the organ- and diseasespecificity of these antibody types were not
always evaluated [16]. These antibodies
were either cross-reactive or untested on
skeletal muscle. In addition, it remained unclear whether these antibodies were diseasespecific for myocarditis/DCM, because disease controls were not always tested [16].
Using indirect s-I IFL on 4 µm-thick unfixed fresh frozen cryostat sections of blood
group O normal human atrium, ventricle and
skeletal muscle, and absorption with human
heart and skeletal muscle and rat liver, organspecific IgG anti-heart autoantibodies (AHA)
giving a diffuse cytoplasmic staining pattern
of myocytes, and a negative pattern on skeletal muscle, were found in about one third of
myocarditis/DCM patients and their symptom-free family members, in 1% of patients
with other cardiac disease, in 3% of normal
subjects, and in 17% of patients without cardiac disease, but with autoimmune polyendocrinopathy [16,19,23-24,34]. AHA of the
cross-reactive 1 type, which exhibited partial
organ-specificity for heart antigens by absorption and gave a fine striational staining
pattern on myocytes, but were negative or
only weakly stained skeletal muscle, were also more frequently detected in DCM/myocarditis than in controls. Conversely, AHA
of the cross-reactive 2 type, which were entirely skeletal muscle cross-reactive by absorption and gave a broad striational “myas-
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Table 3: Fullfilled Rose-Witebsky autoimmune features in myocarditis/DCM
Major
• Mononuclear cell infiltration and abnormal HLA expression in the target organ (organ-specific
disease) in the absence of infectious agents or known inflammatory causes: yes
• Circulating autoantibodies and/or autoreactive lymphocytes in patients and in unaffected family
members: yes
• Autoantibody and/or autoreactive lymphocytes in situ within the affected tissue: yes
• Identification and isolation of autoantigen (s) involved: yes
• Disease induced in animals by immunisation with relevant autoantigen, and/or passive transfer of
serum, purified autoantibody and/or lymphocytes: yes
• Efficacy of immunosuppressive therapy: controversial
Minor
a) Common to all autoimmune disorders
• Middle-aged women most frequently affected: no
• Familial aggregation: yes
• HLA association: controversial
• Hypergammaglobulinemia: no
• Clinical course characterized by exacerbations and remissions: yes
• Autoimmune diseases associated in the same patient or in family members: yes
a) Typical of organ-specific autoimmune disorders
• Autoantigens at low concentration: not known
• Autoantibodies directly against organ-specific autoantigens: yes
• Immunopathology mediated by Type II, IV, V, VI reactions: yes
• Induction of antibodies induces an organ-specific disease/phenotype: yes
• Transfer of autoantibodies also transfers the disease/phenotype: yes

thenic” pattern on heart and skeletal muscle,
were found in similar proportions among
groups [19,23-24,34]. Prospective family
studies have shown that AHA are present in
at least 60% of both familial and non familial
pedigrees, and are independent predictors of
DCM development in symptom-free relatives
at 5 year follow-up, in keeping with the view
that autoimmunity is clinically relevant in the
majority of myocarditis/DCM cases [19-20].
More recently AHA and anti-intercalated disk
autoantibodies (AIDA), also detected by s-I
IFL, have been found at increased frequency
in idiopathic recurrent acute pericarditis, providing evidence for autoimmunity in this rare
idiopathic heart disease [35].

Autoantibodies to myosin
heavy chain (MHC), other
sarcolemmal autoantigens and
heat shock proteins (HSP)
Two of the autoantigens recognized by the
AHA in DCM, were identified as a and b
myosin heavy chain (MHC) isoforms, by
Western blotting; several bands due to yet
unknown antigens were also detected [25].
The a isoform is expressed solely within the
atrial myocardium. Antibodies to this molecule represent organ-specific AHA. The identification of α and β MHC as autoantigens in
human DCM parallels what is seen in the experimental model [17,36,37] and in human
myocarditis [24,26]. These findings have
been confirmed by various groups [26,27]; a
study suggested that the disease-specific antimyosin antibodies in DCM sera are mainly of
IgG3 subclass [27]. In some studies the antimyosin antibodies were associated with dete-

88
rioration of cardiac function [16,26]. Others
found antibodies to heat shock proteins
(HSP) -60 and HSP-70 at higher frequency in
DCM than in control subjects [16].
One study reported the effects of anti-cardiac myosin autoantibodies from human
DCM patients, affinity-purified by immunoaffinity column chromatography, on
contractility, L-type Ca2+ current and Ca2+
transients in continuously perfused rat ventricular myocytes [38]. The antibodies reduced the capacity of electrical field-stimulated myocytes to contract in a dose-dependent
manner, but inhibition of contraction, expressed as a percentage of untreated cells,
was independent of antibody titre. Myocytes
treated with DCM antibodies raised peak systolic and diastolic levels of [Ca2+]i in response to an increase in beating frequency
(0.2 to 3.0 Hz) [38]. However, the antibodies
were not internalized by myocytes and had
no effect on L-type Ca2+ current, thus it was
speculated that altered sensitivity of the myofilaments to [Ca2+]i might be involved as a
potential mechanism of anti-cardiac myosin
antibody mediated impairment in DCM [38].
These in vitro data suggest that some of the
anti-myosin antibodies, similar to other antibody specificities, may have a functional role
in human DCM, influencing contractility of
myocytes. Myosin is an intracellular protein,
thus there are two major hypotheses, which
may be not mutually exclusive, to explain interruption of tolerance to this autoantigen.
These include molecular mimicry, since
cross-reactive epitopes between cardiac
myosin and infectious agents have been
found, and myocyte necrosis due to viral infection or other tissue insults [37, 39-40].
Both mechanisms would explain the association of viral infection with autoimmune myocarditis/DCM. Infection with Coxsackie B3
(CB3) virus triggers antimyosin reactivity and
autoimmune myocarditis in many mouse
strains, and immunization with cardiac
myosin induces organ-specific myocardial
disease in the same susceptible strains [4142]. In some strains, such as Balb/c mice,
CB3 virus-induced or myosin-induced myo-
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carditis is T cell-mediated [42], whereas in
other strains, such as DBA/2 mice, it is an antibody-mediated disease [43] . The same may
apply to humans, so that the antimyosin antibodies may be directly pathogenic in some,
but not all patients with myocarditis/DCM
according to different immunogenetic backgrounds, isotype [43] and/or subclass specificity of these antibodies [27]. In keeping
with this, an experimental model of myosininduced autoimmune myocarditis has revealed an additional mechanism by which
anti-cardiac myosin autoantibodies may lead
to heart dysfunction [44]. Li et al showed
that anti-cardiac myosin antibodies induced
by immunization with cardiac myosin or its
pathogenic peptide S2-16 target the β-adrenergic receptor on the heart cell surface and
specifically induce camp-dependent protein
kinase A (PKA) activity in heart cells. Antibody-mediated cell signalling of PKA was inhibited by cardiac myosin, anti-IgG, or specific inhibitors of the β-adrenergic receptor
pathway [44]. Monoclonal antibodies specific for cardiac myosin confirmed the cross-reactive mimicry between cardiac myosin and
the b-adrenergic receptor. In addition, passive transfer of purified IgG from cardiacmyosin immunized rats produced IgG deposition and apoptosis and DCM-like changes
in the heart of normal recipients [44].
Interestingly, mice deficient in the T cell
costimulatory molecule PD1 spontaneously
developed autoimmune DCM in the absence
of inflammatory infiltrates, but accompanied
by deposition of immune complexes on the
surface of myocytes [45]. Sera from these
mice contained high titer autoantibodies to
cardiac Troponin I (cTnI); injected monoclonal antibodies to cTnI induced dilatation and
heart dysfunction and were therefore considered responsible for the DCM in PD1 deficient mice [46]. The anti-cTnI antibodies possibly recognized cTnI expressed on the cardiomyocyte surface, did not cross-react with
the Ca-channel, but enhanced the Ca2+ current [46], similar to the Ca2+ enhancement
described for the antibodies against the adenine nucleotide translocator (ANT) [47-48],
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the b1-adrenoceptor [28-31, 49-50], and cardiac myosin [38]. Thus it may be that distinct
anti-cardiac autoantibody specificities contribute to the induction of humoral-mediated
DCM, in the absence of myocardial inflammation, by affecting regulation of the Ca2+
current [18,46]. cTnI would be an organ-specific cardiac autoantigen; since one study
failed to show a higher frequency of anti-cTnI antibodies in human DCM compared to ischemic heart disease [25], further clinical
confirmatory work is needed.

Autoantibodies to sarcolemmal
Na-K-ATPase
A study, using porcine cerebral cortex Na-KATPase as antigen by enzyme-linked immunosorbent assay (ELISA), found anti-Na-KATPase autoantibodies in 26% of DCM and
in 2% of normal subjects, and suggested that
they might possess biologic activity [51]. Cardiac sudden death was independently predicted by the presence of antibodies. The authors speculated that these antibodies might
lead to electrical instability, because of abnormal Ca 2+ handling by reduced Na-K-ATPase activity. It remains to be seen whether
these antibodies are disease-specific for
DCM. Sarcolemmal Na-K-ATPase does not
seem to fulfil strict criteria of organ-specific
cardiac autoantigen [16].

Autoantibodies to
mitochondrial antigens
Antibodies against mitochondrial antigens,
the M7 [52], the adenine nucleotide translocator (ANT) [47-48] and the branched chain
a-ketoacid dehydrogenase dihydrolipoyl
transacylase (BCKD-E2) [53] have also been
detected. The M7 antibodies, detected by
ELISA on beef heart mitochondria, were of
IgG class and were found in 31% of DCM patients, 13% of those with myocarditis, 33%
of controls with hypertrophic cardiomyopathy, but not in controls with other cardiac dis-
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ease, immune-mediated disorders, or in normal subjects [52]. Using an indirect micro solid-phase radioimmunoassay (SPRIA) and
ANT, a protein of the internal mitochondrial
membrane, purified from beef heart, liver
and kidney as antigen, anti-ANT antibodies
were found in 57-91% of myocarditis/DCM
sera, and in no controls with ischemic heart
disease, or in normal subjects [47]. Mitochondrial antigens have generally been classified as nonorgan-specific. The heart-specificity of the M7 antibodies was shown by absorption studies, whereas these were not performed with the ANT and the BCKD-E2 antibodies. Experimentally induced affinity-purified anti-ANT antibodies cross-reacted with
calcium channel complex proteins of rat cardiac myocytes, induced enhancement of
transmembrane calcium current, and produced calcium-dependent cell lysis in the absence of complement [47-48]. Antibody-dependent cell lysis has not been shown using
the antibodies present in patients’ sera.

Autoantibodies to β-adrenergic
and β2-muscarinic receptors
Using a binding inhibition assay on rat cardiac membranes, a significant inhibitory activity, attributed to anti-β1-adrenoceptor IgG
antibodies, was found in 30-75% of DCM
sera, 37% of disease controls and 18% of
sera from normal subjects [28-29]. Magnusson et al., using as antigens synthetic peptides analogous to the sequences of the second extra cellular loop of β1- and β2 adrenergic receptors by ELISA, found antibodies in
31% of DCM patients, 12% of normal subjects and in none of the disease controls [30].
When analysed in a functional test system
of spontaneously beating neonatal rat myocytes, antibody positive DCM sera [28] or
the affinity purified β1-receptor antibodies
[30] increased the beating frequency of isolated myocytes in vitro. β1-blocking drugs inhibited the effect of the antibodies. Stimulating anti β1-receptor antibodies were present
in 96% of myocarditis and 26-95% of DCM
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sera, in 8-10% of controls with ischemic
heart disease and 0-19% of normal subjects
[16]. It has been suggested that this antibodymediated stimulation of the b1-receptor, observed in vitro, could occur in vivo.
Fu et al., using as antigen a synthetic peptide analogous to the 169-193 sequence of
the second extra cellular loop of human M2
muscarinic receptors by ELISA, showed antiM2 antibodies in 39% of DCM sera and 7%
of the normal subjects [54]. The immunization of rabbits with a synthetic peptide corresponding to the sequence of the second extracellular loop of either β1-adrenoceptors or
M2-muscarinic receptors resulted in a moderate dilatation of the right ventricle with lymph
mononuclear cell infiltrates within a year
[55]. DCM was induced by immunizing inbred rats against the second extra cellular
loop of β1- and β2 adrenergic receptors and
reproduced in healthy isogenic rats by passive transfer of the stimulatory autoantibodies from diseased rats [49]. Based on these
results these authors suggested that anti-β1
adrenergic receptor-induced DCM should be
considered a disease entity of its own, similar
to other receptor-directed autoimmune diseases, such as myasthenia gravis or Graves’
disease [50]. It is puzzling that these receptors, established autoantigens in an organspecific autoimmune disease such as myocarditis/DCM, are not strictly organ-specific
cardiac components; in fact their distribution
is not restricted to the heart, and there are no
cardiac-specific isoforms [16].
The frequency of stimulating anti-β1adrenergic receptor antibodies was rather
low (about 10% in ischemic and 30% in
DCM) using cell systems that have been advocated as gold standard tools for detection
of functionally relevant antibodies in patients
since they present the target receptor in its
natural conformation [31], but new screening
techniques have been developed such as
functional fluorescence resonance energy
transfer (FRET) assay [56]. A pilot study of immunoadsorption failed to show a correlation
between hemodynamic benefit and anti-β1receptor antibody positivity [57]. The patho-
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genic contribution of anti-β1-receptor, antiM2 receptor, anti-troponin, AHA and AIDA
in human myocarditis/DCM and their relevance for prognosis and therapy is being actively investigated in a multicenter prospective trial, the ETICs trial [58].

Autoimmunity in
myocarditis/DCM:
clinical implications and
conclusive remarks
The presence of organ- and disease-specific
AHA of IgG class against myosin and other
antigens supports the involvement of autoimmunity in at least one third of myocarditis/
DCM patients and in 60% of both familial
and non-familial pedigrees [10,16,1920,23,24]. In overt DCM, AHA was associated with shorter duration and minor severity
of symptoms [23]. In many patients who
were AHA positive at diagnosis these markers were undetectable at follow-up [59]. In
symptom-free relatives AHA preceded of 5
years other diagnostic abnormalities of heart
dysfunction [20]. These findings suggest that
AHA detected by s-I IFL are early markers.
The absence of antibodies at diagnosis in
some patients could indicate that cell-mediated mechanisms are predominant, and/or that
autoimmunity is not involved; since the preclinical stage in DCM is prolonged [20], it
might also relate to reduction of antibody levels with disease progression [59]. These findings have been obtained using standard autoimmune serology techniques, in particular
s-I IFL, ELISA and immunoblotting, and have
been confirmed by several groups
[26,27,37,38]. The low frequency of AHA
detected by s-I IFL in control patients with
heart dysfunction not due to myocarditis/
DCM [10,16,19-20,23,24], the decrease in
antibody titres in advanced DCM and their
detection in symptom-free relatives with a
normal echocardiogram [19,20,59] suggest
that these markers are not epiphenomena associated with tissue necrosis of various caus-
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es, but represent specific markers of immune
pathogenesis. AHA were found in similar proportions of patients with DCM and with
biopsy-proven myocarditis according to the
Dallas criteria, included in the Myocarditis
Treatment Trial [24], suggesting that conventional histology does not distinguish between
patients with and without an on-going immune-mediated process. The Myocarditis
Treatment Trial failed to show an improvement in survival in biopsy-proven myocarditis
with immunosuppressive therapy [11]; however, no immunohistochemical or serological
markers (e.g. increased HLA expression on
EMB and/or detection of serum AHA in the
absence of viral genome in myocardial tissue)
were used to identify those patients with immune-mediated pathogenesis in whom immunosuppression could have been beneficial
[11]. Conversely, recent studies suggest its
long-term benefit in immune-mediated myocarditis/DCM, identified by immunohistochemical markers on EMB or serum AHA in
the absence of viral genome [12,13,60] and
in giant cell myocarditis [15]. In a recent
prospective study of biopsy-proven myocarditis, the disease was classified as autoimmune,
(positive AHA, virus-negative PCR), in 48% of
patients, viral (virus-positive PCR, negative
AHA) in 9%, viral and immune (virus-positive
PCR, positive AHA) in 12%, idiopathic
and/or cell-mediated (virus-negative PCR,
negative AHA) in 31% [10]. Thus, autoimmune myocarditis was the most common
form, suggesting that a majority of patients
may benefit of immunosuppression. The
31% of cases that were negative for both
AHA and PCR [10] might be classified as “idiopathic myocarditis” and could reflect viral
myocarditis, due to yet unknown pathogens,
or, most likely, a cell-mediated autoimmune
form, that might benefit of immunosuppression. AHA occurred in association with positive PCR for virus in 12% of patients [10].
These patients might be candidates for antiviral and, after virus clearance, immunosuppression or combined anti-viral and immunosuppressive therapy.
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Virus-negative myocarditis/DCM patients
with cardiac-specific autoantibodies should
also be included in future trials of immunosuppressive therapy.
Myosin fulfilled the expected criteria for
organ-specific autoimmunity, in that immunization with cardiac but not skeletal myosin
reproduced, in susceptible mouse strains, the
human disease phenotype of myocarditis/
DCM [17,36,37,41-44]. However, autoimmune diseases are often polyclonal, with production of autoantibodies to different autoantigens. Some of these autoantigens are
involved earlier in disease and are more
closely related to primary pathogenetic
events compared to those, which play a role
in secondary immunopathogenesis [17].
Both experimental and clinical evidence, in
particular the multiplicity of autoantibody
specificities identified so far, exists that this also applies to myocarditis/DCM.
Non antigen-specific IgG adsorption has
been used in DCM patients with high titre antibodies to the β1-receptor, and it has been
suggested that it has beneficial clinical effects, accompanied by undetectable antibody titres during follow-up [32]. This does
not imply a direct pathogenic effect of the
anti β1-receptor antibodies. The adsorption
technique used was non-antigen specific; in
addition, in antibody-mediated disorders the
antibody titres rise again at the end of
plasmapheresis. However, recently new evidence has been provided in favour of the
possibility that the beneficial effect of immunoadsorption is related to removal of
pathogenic cardio depressant autoantibodies
of IgG3 subclass, although no conclusion is
yet possible on the potential pathogenic role
of a specific autoantibody [33,61]. It may be
that this technique has a favourable immunomodulatory/immunosuppressive effect;
in addition, IgG substitution performed after
immunoadsorption to avoid infective complications of unselective IgG depletion, may
have contributed to the observed hemodynamic improvement; randomized studies are
underway. This does not undermine the possible role of any of the described antibodies
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as predictive markers. It is still unknown
whether subjects classified as seronegative
for one antibody are positive for another,
which is the temporal sequence of appearance of the various antibodies (anti-myosin,
c-TnI, b-adrenoceptor, mitochondrial and other antigens) and whether single or multiple
antigen-specific antibody tests will be superior to a non-antigen specific technique, such
as s-I IFL, as screening tools. Collaborative
work among laboratories testing the individual antibodies is underway [58].
In conclusion, several groups have shown
that a subset of patients with myocarditis/idiopathic DCM and of their symptom-free relatives has circulating heart-reactive autoantibodies. These autoantibodies are directed
against multiple antigens, some of which are
strictly expressed in the myocardium (e.g. organ-specific for the heart), others are expressed in heart and skeletal muscle (e.g.
muscle-specific). Distinct autoantibodies
have also different prevalence in disease and
normal controls (e.g. by IFL the organ-specific and cross-reactive-1 type AHA are diseasespecific for DCM, some of the muscle-specific antibodies are not). Different antibody
techniques detect one or more antibody
specificities, thus they cannot be used interchangeably as screening tools. Antibody frequency in DCM vs. controls is expected to
be different using distinct techniques; at present it is unknown whether the same subset
(30-40%) of patients produce more than one
antibody or different patient groups develop
autoimmunity to different antigens. Antibodies of IgG class, which are shown to be cardiac and disease-specific for myocarditis/
DCM, can be used as reliable markers of autoimmune pathogenesis for identifying patients in whom immunosuppression and/or
immunomodulation therapy may be beneficial and their relatives at risk. Some of these
autoantibodies may also have a functional
role in patients, as suggested by in vitro data
as well as by preliminary clinical observations, though further work is in progress to
clarify this important issue.

A. L. P. Caforio, S. Bottaro, S. Iliceto

References
1. Richardson P, McKenna WJ, Bristow M et
al. Report of the 1995 World Health Organization/International Society and Federation of Cardiology Task Force on the definition and classification of cardiomyopathies. Circulation 1996; 93: 841-842
2. Jefferies JL, Towbin JA. Dilated cardiomyopathy. Lancet 2010; 375: 752-762
3. Aretz HT, Billingham ME, Edwards WE et al.
Myocarditis: a histopathologic definition
and classification. Am J Cardiol Pathol
1985; 1: 1-10
4. Magnani JW, Dec WG. Myocarditis. Current trends in diagnosis and treatment. Circulation 2006; 113; 876-90
5. Angelini A, Crosato M, Boffa GM et al. Active versus borderline myocarditis: clinicopathological correlates and prognostic implications. Heart 2002; 87: 210-215
6. Angelini A, Calzolari V, Calabrese F, Boffa
GM, Maddalena F, Chioin R, Thiene G.
Myocarditis mimicking acute myocardial infarction: role of endomyocardial biopsy in
the differential diagnosis. Heart 2000; 84
(3): 245-50
7. Maisch B, Herzum M, Hufnagel G et al. Immunosuppressive and immunomodulatory
treatment for myocarditis. Curr Opin Cardiol 1996; 11: 310-324
8. Yajima T, Knowlton KU. Viral myocarditis:
from the perspective of the virus. Circulation 2009; 119: 2615-24
9. Calabrese F, Thiene G. Myocarditis and inflammatory cardiomyopathy: microbiological and molecular aspects. Cardiovascular
Pathology 2003; 60: 11-25
10. Caforio ALP, Calabrese F, Angelini A, Tona
F, Vinci A, Bottaro S, Ramondo A, Carturan
E, Iliceto S, Thiene G, Daliento L. A prospective study of biopsy-proven myocarditis:
prognostic relevance of clinical and
etiopathogenetic features at diagnosis. Eur
Heart J , 2007; 28 (11): 1326-33
11. Mason JW, O’Connell JB, Herskowitz A,
Rose NR, McManus BM, Billingham ME,
Moon TE, and the Myocarditis Treatment
Trial Investigators. A clinical trial of immunosuppressive therapy for myocarditis. N Engl J Med 1995; 333: 269-275
12. Frustaci A, Chimenti C, Calabrese F, Pieroni
M, Thiene G, Maseri A. Immunosuppressive
therapy for active lymphocytic myocarditis:

Dilated cardiomyopathy (DCM) and myocarditis

virological and immunologic profile of responders versus nonresponders. Circulation
2003; 107: 857-63
13. Wojnicz R, Nowalany-Kozielska E, Wojciechowska C et al. Randomized, placebo
controlled study for immunosuppressive
treatment of inflammatory dilated cardiomyopathy. Two-year follow-up results.
Circulation 2001; 104: 39-45
14. Caforio ALP, Tona F, Vinci A, Calabrese F,
Ramondo A, L Cacciavillani, Corbetti F,
Leoni L, Thiene G, Iliceto S, Angelini A.
Acute biopsy-proven lymphocytic myocarditis mimicking Takotsubo cardiomyopathy. Eur J Heart Fail 2009; 11: 428-31
15. Cooper LT Jr, Hare JM, Tazelaar HD, Edwards WD, Starling RC, Deng MC, Menon
S, Mullen GM, Jaski B, Bailey KR, Cunningham MW, Dec GW; Giant Cell Myocarditis
Treatment Trial Investigators. Usefulness of
immunosuppression for giant cell myocarditis. Am J Cardiol 2008; 102 (11): 1535-9
16. Caforio ALP, Tona F, Bottaro S, Vinci A,
Daliento L, Thiene G, Iliceto S. Clinical implications of anti-heart autoantibodies in
myocarditis and dilated cardiomyopathy.
Autoimmunity 2008; 41 (1): 35-45
17. Rose NR. The significance of autoimmunity
in myocarditis. In: Ernst Schering Research
Foundation Workshop 55. Editors: HP
Schultheiss, JF Kapp, Grotzbach G. Chronic
viral and inflammatory cardiomyopathy.
Berlin: Springer-Verlag, 2005: 169-93
18. Okazaki T, Honjo T. Pathogenic roles of
cardiac autoantibodies in dilated cardiomyopathy. Trends in Molecular Medicine
2005; 11: 322-326
19. Caforio ALP, Keeling PJ, Zachara E et al. Evidence from family studies for autoimmunity in dilated cardiomyopathy. Lancet 1994;
344: 773-777
20. Caforio ALP, Mahon NG, Baig KM et al.
Prospective familial assessment in dilated
cardiomyopathy. Cardiac autoantibodies
predict disease development in asymptomatic relatives. Circulation 2007; 115: 7683
21. Limas CJ, Iakovis P, Anyfantakis A, Kroupis
C, Cokkison DV. Familial clustering of autoimmune diseases in patients with dilated
cardiomyopathy. Am J Cardiol 2004; 93:
1189-91

93
22. Mahon NG, Madden B, Caforio ALP et al.
Immunohistochemical evidence of myocardial disease in apparently healthy relatives
of patients with dilated cardiomyopathy. J
Am Coll Cardiol 2002; 39: 455-462
23. Caforio ALP, Bonifacio E, Stewart JT et al.
Novel organ-specific circulating cardiac autoantibodies in dilated cardiomyopathy. J
Am Coll Cardiol 1990; 15: 1527-1534
24. Caforio ALP, Goldman JH, Haven AJ et al.
Circulating cardiac autoantibodies as markers of autoimmunity in clinical and biopsyproven myocarditis. Eur Heart J 1997; 18:
270-275
25. Caforio ALP, Grazzini M, Mann JM et al.
Identification of a and b cardiac myosin
heavy chain isoforms as major autoantigens
in dilated cardiomyopathy. Circulation
1992; 85: 1734-1742
26. Lauer B, Schannwell M, Kuhl U et al. Antimyosin autoantibodies are associated with
deterioration of systolic and diastolic left
ventricular function in patients with chronic
myocarditis. J Am Coll Cardiol 2000; 35:
11-18
27. Warraich RS, Dunn MJ, Yacoub MH. Subclass specificity of autoantibodies against
myosin in patients with idiopathic dilated
cardiomyopathy: proinflammatory antibodies in dilated cardiomyopathy patients.
Biochem Biophys Res Commun 1999; 259:
255-261
28. Wallukat G, Morwinski M, Kowal K et al.
Antibodies against the b-adrenergic receptor in human myocarditis and dilated cardiomyopathy: b-adrenergic agonism without desensitization. Eur Heart J 1991; 12
(Suppl D): 178-181
29. Limas CJ, Limas C. β-receptor antibodies
and genetics in dilated cardiomyopathy.
Eur Heart J 1991; 12 (Suppl D): 175-177
30. Magnusson Y, Wallukat G, Waagstein F et
al. Autoimmunity in idiopathic dilated cardiomyopathy: characterization of antibodies against the β1-adrenoceptor with positive chronotropic effect. Circulation 1994;
89: 2760-2667
31. Jahns R, Boivin V, Krapf T et al. Modulation
of b1-adrenoceptor activity by domain-specific antibodies and heart-failure associated
autoantibodies. J Am Coll Cardiol 2000;
36: 1280-1287

94
32. Muller J, Wallukat G, Dandel M et al. Immunoglobulin adsorption in patients with
idiopathic dilated cardiomyopathy. Circulation 2000; 101: 385-391
33. Staudt A, Bohm M, Knebel F et al. Potential
role of autoantibodies belonging to the immunoglobulin G-3 subclass in cardiac dysfunction among patients with dilated cardiomyopathy. Circulation 2002; 106: 24482453
34. Caforio ALP, Wagner R, Gill JR et al. Organspecific cardiac autoantibodies: new serological markers for systemic hypertension in
autoimmune polyendocrinopathy. Lancet
1991 337: 1111-15
35. Caforio ALP, Brucato A, Doria A, Brambilla
G, Vinci A, Ghirardello A, Bottaro S, Tona F,
Betterle C, Daliento L, Thiene G, Iliceto S.
High frequency of circulating anti-heart and
anti-intercalated disc autoantibodies: evidence for autoimmunity in idiopathic recurrent acute pericarditis. Heart 2010; 96: 77984
36. MacLellan RW, Lusis AJ. Dilated cardiomyopathy: learning to live with yourself. Nat
Med 2003; 9: 1455-1456
37. Rose NR. Viral damage or ‘molecular mimicry’– placing the blame in myocarditis. Nature Med 2000; 6: 631-632
38. Warraich RS, Griffiths E, Falconar A, et al.
Human cardiac myosin autoantibodies impair myocyte contractility: a cause-and-effect relationship. FASEB J 2006; 20: 651-660
39. Horwitz MS, La Cava A, Fine C et al. Pancreatic expression of interferon-g protects
mice from lethal coxsackievirus B3 infection
and subsequent myocarditis. Nature Med
2000; 6: 693-707.
40. Galvin JE, Hemric ME, Ward K et al. Cytotoxic mAb from rheumatic carditis recognizes heart valves and laminin. J Clin Invest
2000; 106: 217-224
41. Neu N, Rose NR, Beisel KW et al. Cardiac
myosin induces myocarditis in genetically
predisposed mice. J Immunol 1987; 139:
3630-3636
42. Smith SC, Allen PM (1991) Myosin-induced
myocarditis is a T cell-mediated disease. J
Immunol 1991; 147: 2141-2147
43. Kuan AP, Zuckier L, Liao L et al. Immunoglobulin isotype determines pathogenicity in antibody-mediated myocarditis
in naïve mice. Circ Res 2000; 86: 281-285

A. L. P. Caforio, S. Bottaro, S. Iliceto

44. Li Y, Heuser JS, Cunningham LC, Kosanke
SD, Cunningham MW. Mimicry and antibody-mediated cell signaling in autoimmune myocarditis. J Immunol 2006; 177:
8234-8240.
45. Nishimira H et al. Autoimmune dilated cardiomyopathy in PD-1 receptor-deficient
mice. Science 2001; 291: 319-322
46. Okazaki T, Tanaka Y, Nishio R et al. Autoantibodies against cardiac troponin I are responsible for dilated cardiomyopathy in PD1-deficient mice. Nat Med 2003; 9: 14771483
47. Schultheiss HP, Kuhl U, Schwimmbeck P et
al Biomolecular changes in dilated cardiomyopathy. In: Baroldi G, Camerini F,
Goodwin JF (eds). Advances in Cardiomyopathies. Springer Verlag, Berlin, 1990, pp.
221-234
48. Schultheiss HP, Ulrich G, Janda I et al. Antibody mediated enhancement of calcium
permeability in cardiac myocytes. J Exp
Med 1988; 168: 2105-2119
49. Jahns R, Boivin V, Hein L et al. Direct evidence for a b1-adrenergic receptor directed
autoimmune attack as a cause of idiopathic
dilated cardiomyopathy. J Clin Invest 2004;
113:1419-1429
50. Jahns R, Boivin V,Lohse MJ et al. b1-adrenergic receptor function, autoimmunity and
pathogenesis of dilated cardiomyopathy.
Trends Cardiovasc Med 2006; 16:20-24
51. Baba A, Yoshikawa T, Ogawa S. Autoantibodies against sarcolemmal Na-K-ATPase:
possible upstream targets of arrhythmias
and sudden death in patients with dilated
cardiomyopathy. J Am Coll Cardiol 2002;
40: 1153-1159
52. Klein R, Maisch B, Kochsiek K et al. Demonstration of organ specific antibodies against
heart mitochondria (anti-M7) in sera from
patients with some forms of heart diseases.
Clin Exp Immunol 1984; 58: 283-292
53. Ansari AA, Neckelmann N, Villinger F et al.
Epitope mapping of the branched chain-ketoacid
dehydrogenase
dihydrolipoyl
transacylase (BCKD-E2) protein that reacts
with sera from patients with idiopathic dilated cardiomyopathy. J Immunol 1994; 153:
4754-4765
54. Fu LX, Magnusson Y, Bergh CH et al. Localization of a functional autoimmune epitope
on the muscarinic acetylcholine receptor-2

95

Dilated cardiomyopathy (DCM) and myocarditis

55.

56.

57.

58.

59.

in patients with idiopathic dilated cardiomyopathy. J Clin Invest 1993; 91: 19641968
Matsui S et al. Peptides derived from cardiovascular G-protein-coupled receptors induce morphological cardiomyopathic
changes in immunized rabbits. J Mol Cell
Cardiol 1997; 29: 641-655
Nikolaev VO, Boivin V, Störk S et al. A novel fluorescent method for the rapid detection of functional beta1-adrenergic receptor
autoantibodies in heart failure. J Am Coll
Cardiol 2007; 50: 423-431
Mobini R, Staudt A, Felix SB et al. Hemodynamic improvement and removal of autoantibodies against the b1-adrenergic receptor
by immunoadsorption therapy in dilated
cardiomyopathy. J Autoimmun 2003; 20:
345-350
Deubner N, Berliner D, Schlipp A et al, on
behalf of the ETiCS-Study Group. Cardiac
Beta1-Adrenoceptor Autoantibodies in Human Heart Disease: Rationale and Design
of the Etiology, Titre-Course, and Survival
(ETiCS) Study. Eur J Heart Fail 2009; 11:
428-31
Caforio ALP, Goldman JH, Baig KM et al.
Cardiac autoantibodies in dilated cardio-

myopathy become undetectable with disease progression. Heart 1997; 77: 62-67
60. Frustaci A, Russo MA, Chimenti C. Randomized study on the efficacy of immunosuppressive therapy in patients with virus-negative inflammatory cardiomyopathy: the TIMIC study. Eur Heart J 2009; 30: 1995-2002
61. Felix SB. Staudt A, Landsberger M et al.
(2002) Removal of cardiodepressant antibodies in dilated cardiomyopathy by immunoadsorption. J Am Coll Cardiol 39: 646652

Correspondence address
Alida L.P. Caforio, M.D., Ph.D.
Division of Cardiology
Dept of Cardiological, Thoracic and
Vascular Sciences
Centro “V. Gallucci”
University of Padova-Policlinico
Via Giustiniani, 2
35128 Padova
Italy
alida.caforio@unipd.it

