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Abstract
Molecular mimicry is a hallmark of the pathogenesis of rheumatic fever where the streptococcal group A carbohydrate epitope,
N-acetyl glucosamine, and the a-helical coiled-coil streptococcal M protein structurally mimic cardiac myosin in the human
disease, rheumatic carditis, and in animal models immunized with streptococcalM protein and cardiac myosin. Recent studies
have unraveled the potential pathogenic mechanisms by which the immune response against the group A streptococcus attacks
the rheumatic valve leading to chronic rheumatic heart disease. Both B- and T-cell responses are involved in the process, and
evidence for the hypotheses of molecular mimicry and epitope spreading are reviewed.
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Introduction

Rheumatic fever, a sequela of group A streptococcal

infection, is characterized by inflammation of the

joints (arthritis), heart (carditis), central nervous

system (chorea), skin (erythema marginatum) and/or

subcutaneous nodules [1]. Any of these five major

manifestations may be seen in rheumatic fever and are

established as the Jones criteria as revised by the

American Heart Association [2–4]. Rheumatic fever

is autoimmune in nature and results from production

of autoreactive antibodies and T-cells crossreactive

with components of the group A streptococcus and

host tissues. The medical importance of rheumatic

fever is due to serious cardiac manifestations leading

to death or valve replacement [1,4]. In 1900s,

rheumatic fever was considered the most common

cause of acquired heart disease in school-aged

children in the US [5,6], and it is a major cause of

acquired heart disease in children worldwide occur-

ring most frequently in developing countries [6]. The

incidence of rheumatic heart disease worldwide ranges

from 0.55 to 11 per thousand [7]. A recent
epidemiological survey in rural North India cited
210 cases of rheumatic heart disease per 100,000
school children ages 5 to 15 [7]. Epidemiological data
leaves little doubt that rheumatic fever is a world
health problem.

Advances have beenmade toward understanding the

pathogenesis of rheumatic fever and its manifestations

as a postinfectious autoimmune sequela. Risk factors in

disease include the major histocompatibility complex

(MHC) antigens, immune responses against host and

streptococcal antigens as well as socio-economic

conditions and ethnicity [8]. It is evident that T

lymphocytes play an important role in the pathogenesis

of rheumatic carditis, and data support the hypothesis

that antibodies play an important role in the initiation

of the disease at the valve endothelium [9]. Pathogenic

epitopes of streptococcal andhost antigenswhich cause

autoimmune disease in animal models have been

defined. Our review will summarize the current

evidence for the role of crossreactive antibodies and

T-cells in the pathogenesis of rheumatic carditis.
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Genetic susceptibility in rheumatic fever/rheumatic heart

disease

The individual as well as familial predisposition of

rheumatic fever has been postulated for more than a

century (extracted from Taranta) [10]. The search for

genetic markers revealed that human leukocyte-

associated antigen (HLA) class II genes or other

genes in linkage disequilibrium were potentially

involved with the development of rheumatic fever/

rheumatic heart disease. HLA class II genes are

located in human chromosome 6 and are responsible

for the control of immune responses. HLA class II

molecules play an important role in antigen presen-

tation to the T-cell receptor (TCR) and consequently

in the triggering of cellular and humoral immune

responses. Association with different HLA class II

antigens has been found in several populations [11].

Among the HLA class II alleles described, HLA-DR7

was the allele most consistently associated with

rheumatic heart disease [12–17]. The association of

DR7 with different DQ-B or DQ-A alleles seems to be

associated with the development of multiple valvular

lesions (MVL) or mitral valve regurgitation (MVR) in

rheumatic heart disease patients [15,17]. HLA-DR53,

another HLA class II molecule, is in linkage

disequilibrium with HLA-DR4, DR7 and DR9. This

molecule was found to be in strong association with

rheumatic fever/rheumatic heart disease in two studies

with mulatto Brazilian patients [12,14] but not in

Brazilian Caucasian patients [16]. Although this

molecule has not been described in previous studies,

HLA-DR4 and DR9 were found to be associated with

rheumatic fever in American Caucasian and Arabian

patients [18,19], whereas in Egyptian and Latvian

patients, HLA-DR7 was associated with the disease

[15,19]. In Japanese rheumatic heart disease patients,

susceptibility to mitral stenosis seems to be in part

controlled by the HLA-DQA gene or by genes in close

disequilibrium linkage with HLA-DQA* 0104 and

DQB1*05031 [20]. HLA-DQA*0501 DQB*0301

associated with DRB1*1601 (DR2) was associated

with rheumatic heart disease in a Mexican Mestizo

population [21]. In the Mexican rheumatic heart

disease patients, increased frequencies for some tumor

necrosis factor (TNF)-a alleles was also observed

[22]. The TNF-a gene is located on chromosome six

between HLA-B and HLA-DR suggesting linkage

disequilibrium between these genes.

Molecular mimicry, degeneracy and epitope spreading

Molecular mimicry is defined as the sharing of

epitopes between antigens of the host and strepto-

coccal bacteria. For antibodies, three types of mimicry

have been defined between antigens, including the

sharing of: (1) identical amino acid sequences, (2)

homologous but non-identical amino acid sequences

and (3) epitopes on dissimilar molecules such as

peptides and carbohydrates [23–26] or between DNA

and peptides [27,28] or carbohydrates and gangio-

sides [29]. Although mimicry necessitates that the

antibody recognize more than one antigen and results

in lower affinity, the affinities of crossreactive

antibodies differ and can be of high enough affinity

to cause cytotoxity in the presence of complement or

induce antibody mediated cell signaling of a cell

surface receptor [9,29].

Molecular mimicry for T-cells is different from that

described for antibody and requires an understanding

of mimicry and degeneracy and their relationship.

Although the recognition of multiple antigens may be

a degenerate property of some T-cells, it is not a

property of all of them. Degeneracy may result in the

recognition of amino acid sequences without any

sequence homology between the two or many

peptides. Mimicry in pathogenesis means that

sequences are recognized by T-cells that are specific

for the molecules related to the disease, as in the case

of rheumatic carditis [30]. However, mimicry is a type

of T-cell degeneracy. The ability of T-cells to recognize

a wider range of antigens is important for the T-cell

repertoire since TCRs do not undergo somatic

mutation as do antibody V genes. Mimicry may

begin the disease process in a target organ and lead to

chronic autoimmune disease through epitope spread-

ing [31]. In epitope spreading, T-cells at the site of

disease may no longer recognize the original mimick-

ing epitope but recognize epitopes in other proteins of

the target organ which continue to perpetuate the

disease long after the initiating antigen or infection has

been eliminated.

Anti-streptococcal autoantibodies against the heart:

Development of monoclonal antibodies

Anti-cardiac antibodies were associated with acute

rheumatic fever in 1945 by Cavelti [32] and in 1964 by

Kaplan [33] and in 1970 by Zabriskie and colleagues

[34]. Antibody and complement were found deposited

in hearts of patients with acute rheumatic heart

disease [33]. Anti-heart antibodies persisted in

patients with rheumatic recurrences, but declined by

five years after the initial rheumatic episode. Zabriskie

suggested that repeated episodes of streptococcal

infections were important in development of acute

rheumatic fever [34]. These previous data supported

the hypothesis that acute rheumatic fever has an

autoimmune origin.

Historically, anti-heart antibodies could be

absorbed from human sera by group A streptococci,

their cell walls or membranes [35–37], and sera

from rheumatic fever patients or rabbit anti-group

A streptococcal sera reacted with heart or skeletal

muscle [38–40]. The streptococcal crossreactive

antigens were found in streptococcal walls and
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membranes and were associated with the streptococ-

cal M protein and the group A carbohydrate

[36,37,41]. It was evident from many studies that

the group A streptococci were associated with

autoantibody responses against heart and other

tissues, however, crossreactivity was not understood

due to the large number of antibodies present in

human and animal sera. Since this time, monoclonal

antibodies (mAbs) have been used to characterize the

crossreactivity between streptococci and heart and

have been important in understanding the pathogen-

esis of rheumatic heart disease.

Human and mouse anti-streptococcal mAbs

[28,42,43] reacted with myocardium in heart tissue

sections similar to that demonstrated for human and

animal sera studied previously. Crossreactive anti-

streptococcal mAbs identified myosin as the dominant

autoantigen in heart [44,45] and have been shown to

recognize streptococcal M protein as well as the group

A carbohydrate [23,24,46]. mAbs validated the

hypothesis of crossreactivity between group A strep-

tococci and heart tissue. The specificities of mouse

crossreactive mAbs were found to recognize either M

protein or the group A carbohydrate epitope N-acetyl-

b-D-glucosamine and cardiac myosin, and several a-

helical proteins found in heart or valve including

tropomyosin and vimentin, respectively [46,47]. The

human crossreactive anti-streptococcal mAbs derived

from rheumatic carditis patients reacted with cardiac

myosin and with N-acetyl-glucosamine, the immuno-

dominant epitope of the group A carbohydrate [9,23].

Reactivity with N-acetyl-glucosamine was an import-

ant feature of the human mAbs because elevated and

persistent levels of anti-group A carbohydrate anti-

bodies indicated a poor prognosis in cases of chronic

rheumatic valvulitis [48]. Anti-DNA and anti-nuclear

reactivity was observed among a few mouse mAbs

which was not seen in the human mAbs [45].

Anti-nuclear or anti-DNA antibodies are not a

feature of acute rheumatic fever. In the case of anti-

N-acetyl-glucosamine antibodies, Shikhman et al.

[24] demonstrated that some of the anti-streptococcal/

anti-myosin mouse and human mAbs recognized

cytoskeletal proteins and the epitope of the group

A carbohydrate, N-acetyl-glucosamine. Antibodies

which recognized N-acetyl-glucosamine also recog-

nized peptides which could bind lectins and induced

an immune response against N-acetyl-glucosamine

[23–25]. These data illustrate that the N-acetyl-glu-

cosamine antibody repertoire is closely linked with

immune responses against myosin and other a-helical

proteins in the heart as well as other target organs in

rheumatic fever.

Anti-streptococcal crossreactive mAbs represented

three major groups: (A) mAbs reactive with a-helical

coiled-coil molecules such as myosin, tropomyosin

and keratin, (B) mAbs reactive with myosin and

DNA, and (C) mAbs reactive with myosin and

N-acetyl-glucosamine. Affinity purified human anti-

myosin antibodies from acute rheumatic fever sera

demonstrated the reactivities observed in the mAb

groups A and C, and identified a crossreactive epitope

near the pepsin cleavage site in M5 and M6 proteins

[43]. The amino acid sequence of the epitope was

identified as Gln–Lys–Ser–Lys–Gln. Proteolytic

fragments and synthetic peptides of human cardiac

myosin were used to identify sites of crossreactivity in

the myosin molecule. mAbs reacted with the heavy

chain of myosin within the a-helical rod region.

Reactivity with sites in cardiac myosin is particularly

important since it has been shown to induce

myocarditis when administered to susceptible animals

whereas skeletal myosin does not [49,50].

The streptococcal M protein antigen also reacted

with mAbs derived from mice and humans [46,51].

TheMproteinwas identifiedbyManjula, Fischetti and

colleagues as an a-helical heptad repeating structure

which resembled a-helical proteins such as tropomyo-

sin and the desmin–keratin family of molecules [52–

54]. Anti-streptococcal crossreactive mAbs identified

mimicry with a-helical coiled-coil proteins myosin,

tropomyosin, vimentin, laminin and keratin

[9,23,25,47,55–57]. In streptococcal M protein, the

myosin crossreactive sequence (Gln–Lys–Ser–Lys–

Gln) near the pepsin cleavage site in M5 and M6

proteins [43], while other myosin crossreactive sites

were identified by Dale and Beachey in M5 [58] and

M19 [59]. Using overlapping synthetic peptides ofM5

protein, myosin crossreactive B-cell epitopes were

identified in peptides from the A, B and C repeat

regions ofM5protein [60]. Investigation ofmAb10B6,

an anti-M protein mAb which recognized the class I

epitope ofM proteins, revealed that it reacted withM5

peptides containing the class I epitope andwith cardiac

and skeletal myosins [61]. The class I epitope shared

homology with both skeletal and cardiac myosins,

but peptides containing the class I epitope did not

cause any tissue inflammation in animal models as

described below.

T-cell immune responses in rheumatic fever/rheumatic

heart disease

The first evidence of CD4þT-cell involvement in

rheumatic heart disease lesions was described by

Raizada et al. [62] and led us to investigate their role in

the development of heart-tissue lesions. Molecular

mimicry between b hemolytic streptococci and heart

tissue proteins was demonstrated through an analysis

of the heart-tissue infiltrating T-cell repertoire leading

to local tissue damage in rheumatic heart disease.

By generating T-cell clones from heart lesions of four

severe rheumatic heart disease patients we demon-

strated for the first time the ability of 7.5% of these

cells to simultaneously recognize M protein peptides

and heart tissue-derived proteins. Three M5 regions
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(residues 1–25, 81–103 and 163–177) cross-reacted

with several heart protein fractions, mainly those

derived from valvular tissue with molecular masses of

95–150, 43–65 and 30–43 kDa were described [63].

An extension of this work defined the M5 (81–103) as

an immunodominant region recognized by both

peripheral blood mononuclear cells (PBMC) and

intralesional T-cell clones (Figure 1) [64]. In murine

models, in which mice were immunized with intact

cardiac myosin, lymph-node T-cells cross reacted with

overlapping M5 peptides NT5/6 [60] that aligned

with the M5 (81–103) region recognized by human

intralesional T-cells (Table I) reinforcing the dom-

inance of this region. The sequence and a-helical

nature of the streptococcal M protein has been

previously reported [65–67].

Yoshinaga et al. [68] also isolated T-cells from

rheumatic heart disease heart valves and compared the

reactivity of phytohemagglutinin and streptococcal

antigen-stimulated T-cell lines derived from heart

valve specimens and PBMCs of rheumatic fever

patients, and showed that, albeit these cells recognized

cell wall and membrane streptococcal antigens, they

failed to react with the M protein, myosin or other

mammalian cytoskeletal proteins. These results are in

contrast with those published [30,63,64] which could

be due to the possibility that they may have tested only

established T-cell lines not isolated T-cell clones or

that the T-cells isolated from valves were reactive with

different streptococcal or heart proteins. It is possible

that T-cells in the valve may respond to antigens other

than M protein or myosin following a streptococcal

infection. In addition, we would expect that any

activated T-cell could enter through the activated valve

endothelium [69] and not all T-cells entering the valve

would cause disease. Only T-cells expanded by

valvular or crossreactive antigens would survive and

cause disease.

In studies of peripheral blood T-cells in rheumatic

heart disease, Ellis et al. [30] reported that peripheral

human T-cell clones responsive to group A strepto-

coccal recombinant M6 (rM6) protein were derived

from rheumatic carditis and selected for dual

recognition of rM6 and human cardiac myosin.

Crossreactive T-cell clones recognized human cardiac

myosin, tropomyosin and laminin, a valve protein. Ten

CD4þ and three CD8þ rM6/human cardiac myosin

crossreactive T-cell clones showed 100-fold greater

avidity for rM6 than human cardiac myosin, and

tenfold greater avidity for human cardiac myosin than

laminin or tropomyosin [30]. The T-cell clones had a

heterogeneous Vb-gene and complementarity deter-

mining region (CDR)3 usage. The crossreactive

response was MHC II restricted by DR or DQ, or

HLA I restricted for CD8þ clones. The human T-cell

clones specifically proliferated to epitopes in the

B-repeat region of streptococcal M protein and

epitopes in the S2 and LMM regions of human

cardiac myosin confirming molecular mimicry for

T-cells from peripheral blood in rheumatic heart

disease [30]. T-cell clones produced interferon (IFN)-

g in response to peptide antigen supporting a TH1

response. The study of peripheral human T-cell clones

from rheumatic heart disease demonstrates mimicry at

M5 Immunodominant Region 

M5 peptides 81-96 83-103 91-103

T cell Intralesional Positive/163 9 10 3

clones  (%) 5.5 6.1 1.8 

PBMC Positive/23 2 1 0

 (%) 8.6 4.3 

Figure 1. Reactivity of PBMC and intralesional T cell clones against the M5(81–103) immunodominant region. Intralesional T cell clones

were obtained from surgical fragments of rheumatic heart disease patients as previously described [63]. M5 peptides were tested by

proliferation assays and considered positive when SI $ 3.0. Peptide sequences were based on sequences published byManjula et al. [67]. M5

(81–96) DKLKQQRDTLSTQKET; M5(83–103) LKQQRDTLSTQKETLEREVQN; M5(91–103) STQKETLEREVQN.

Table I. M protein homologous regions recognized by human and murine T-cells.

Amino acid residues Human heart T cell clones Murine lymph node T-cells

*NT5 (59–76) KKEHEAENDKLKQQRDTL *
*NT6 (72–89) QRDTLSTQKETLEREVQN *
†M5 (81–96) DKLKQQRDTLSTQKET *
†M5 (83–103) LKQQRDTLSTQKETLEREVQN *
†M5 (91–103) STQKETLEREVQN *

*Peptides were based on sequences published by Miller et al. [65] and presented myosin cross reactivity [60].
† sequences from Manjula et al. [67] and presented cross reactivity with human valvular tissue proteins [63]. Bold typed and underlined

regions correspond to the identical residues among the different peptides.
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the T-cell level between streptococcal M protein and

human cardiac myosin epitopes and supports the work

reported for T-cell mimicry in the valve.

In favor of the putative pathogenic role of the

M5(81–96) peptide as a trigger of cross reactivity with

heart tissue proteins is the fact that this peptide

induces in vitro the production of IFN-g, an

inflammatory cytokine, by heart tissue infiltrating

T-cell lines [70]. This data supports the observation

that mononuclear cells infiltrating both myocardium

and valvular tissue preferentially produced inflamma-

tory cytokines (IFN-g and TNF-a) confirming that

rheumatic heart disease is mediated by an inflamma-

tory immune response. An important finding was the

fact that few mononuclear cells infiltrating the valves

were able to produce interleukin (IL)-4, a regulatory

cytokine. In contrast, in the myocardium we found

large number of T-cells expressing IL-4. These results

demonstrated that the significantly lower IL-4

expression in the valvular tissue might contribute to

the progression of rheumatic heart disease leading to

permanent valvular damage [70].

The recognition of M5 protein peptides by

peripheral blood T-cells also demonstrated evolution

of carditis in rheumatic heart disease patients. TheM5

(81–96) peptide elicited a cellular immune response

in 46% of patients with severe carditis. Several heart

tissue-derived proteins were also recognized by

peripheral T-cells. In addition, 70% of severe

rheumatic heart disease patients that recognized the

M5 (81–96) peptide express the HLA-DR7 molecule

[64] that is associated with the development of MVL

[15,17]. In contrast, the M5 (11–25) peptide was

preferentially recognized by mild rheumatic heart

disease patients [64].

The activation of the cellular immune response

involved the MHC class I and II molecules, peptides

and the TCR. T-cell repertoire is defined by the

assembly of the 24 Vb, 13 Jb, 31 Va and 61 Ja families.

The analysis of these regions may detect antigen-

driven T-cell expansions in autoimmune diseases.

We analyzed the T-cell repertoire in peripheral and

intralesional T cell lines derived from rheumatic heart

disease patients, and we found polyclonal expansions

in the peripheral blood and several oligoclonal

expansions in both myocardium and mitral valve

tissue [71]. Intralesional T-cell clones crossreactive

with streptococcal and heart tissue proteins frequently

used the same TCR-VbJb VaJa and CDR3 sequences

to recognize different antigens showing a degenerate

pattern of recognition [11,72].

Superantigens are proteins that polyclonally activate

T-cells through an MHC class II dependent, but

MHC haplotype-unrestricted mechanism. Prolifera-

tive responses to superantigens are limited to T-cells

expressing a particular TCR-Vb gene but are

independent of antigen specificity. A superantigenic

effect of streptococcal M5 protein is described by

some groups [73,74] but in fact the exotoxin secreted

by group A streptococci is responsible for the potent

superantigen effect observed [75,76].

Pathogenic mechanisms in rheumatic carditis

The pathogenesis of rheumatic carditis in the

initiating stages is hypothesized to be a two stage

process whereby antibodies damage and inflame the

endothelium of the valve making it susceptible to

infiltration and attack by T-cells. Although the role of

the crossreactive or polyspecific antibodies in the

pathogenesis of rheumatic fever has been controver-

sial, it has been shown that the antibodies that

recognize cardiac myosin in the myocardium also

recognize the valve endothelium and laminin [9]

(Figure 2). Human monoclonal antibody from

rheumatic carditis identified epitopes in laminin and

cardiac myosin and was cytotoxic for the endothelium

in the presence of complement. Although further

studies are needed to demonstrate this principle in

animal models, the evidence suggests that the

antibody may be required to target the valve for

T-cell infiltration and attack.

Figure 2. Diagram illustrating the pathogenic mechanisms in initiation and development of rheumatic heart disease.
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There is strong evidence for inflammation at the

valvular endothelium in acute rheumatic carditis.

Vascular cell adhesion molecule-1 (VCAM-1) is

upregulated on the endothelium of the valve in disease

in children requiring valve replacements. The upre-

gulation of VCAM-1 would promote T cell adhesion

and infiltration into the avascular valve, which is the

second stage of disease in the valve. The valve

becomes infiltrated byM protein specific T-cells which

produce primarily g-IFN and result in the scarring in

the valvular tissue [11,63,64,70,71]. Further discus-

sion of these hypotheses and data can be found in a

recent review by Cunningham [77]. The scarring

leads to deformity and malfunctioning of the valve and

to the neovascularization of scar tissue which upon

reinfection with group A streptococci would promote

further disease in the valve due to cellular infiltration

through the blood vessels in the neovascularized valve

tissue as well as at the surface endothelium of the

valve. For this reason, penicillin prophylaxis is

important to prevent further group A streptococcal

infection and exacerbation of disease.

Finally, once disease has become chronic in the

valve, other proteins in the valve such as laminin,

vimentin, collagen and others may be presented to the

immune system and epitope spreading would be

predicted to occur (Figure 2). Immune responses

would continue to promote a TH1 granulomatous

response in the valve [70] with additional scarring. It is

possible that responses against collagen, laminin and

vimentin as well as myosin may occur during a chronic

epitope spreading stage where antibodies and T cells

against new epitopes and antigens would appear but

may not have the specificity of the original mimicking

antigen and by definition constitute epitope spreading.

Animal models of carditis

Animal models to study rheumatic fever are limited

because man is the host and reservoir of group A

streptococci. Animals are not easily infected with

group A streptococci, and once infected, animal

models do not maintain an infection for a lengthy

period of time. Most animal models of rheumatic fever

have relied on immunization of rabbits, mice, rats and

monkeys [78–82].

The model that has been most useful in comparison

to the human rheumatic fever histopathology in the

heart has been the definition of a model in the Lewis

rat immunized with recombinant group A strepto-

coccal M protein serotype 6 [49,82]. In this model, the

M protein induced valvular infiltration at the

endothelium of the valve in approximately 50% of

the rats immunized with the M protein. Lesions

included verrucae and Aschoff-like lesions in the rat

valves [82]. T cell lines were isolated from rats with

disease. The T-cell lines crossreacted with strepto-

coccalM protein and cardiac myosin [82]. In addition,

immunization with peptides of streptococcal M

protein as well as the pepsin fragment of M5 protein

also induced valvular lesions (Cunningham, unpub-

lished observations). These studies have been per-

formed in the anticipation of identifying an animal

model which through immunization procedures could

be used to study rheumatic fever or rheumatic heart

disease.

Other studies developed mouse models immunized

with peptides of the streptococcal M5 protein which

elicited rheumatic-like lesions in mice. The first of

these studies identified a streptococcal M5 protein

amino acid sequence, GLKTENEGLKTENE-

GLKTE (NT4 peptide), which shared similarities

with cardiac myosin and produced myocarditis in

BALB/c andMRL/þþ mice [60,83]. Myocarditis was

also observed in BALB/c mice when immunized with

peptides of M5 protein from the A and B repeat

regions which included streptococcal M5 protein

peptides NT4, NT5, NT6, B1A and B3A which

elicited cellular infiltrates in the myocardium as

previously described [60]. The A and B repeat regions

of M proteins contain sequence homology with

cardiac myosin, a known autoantigen in myocarditis.

Peptides from the C repeat region shared homology

with both skeletal and cardiac myosins and did not

elicit an inflammatory reaction in the myocardium of

mice [60].

The data are consistent with the hypothesis that

only cardiac myosins and not skeletal myosin induce

inflammatory heart disease [50]. The hypothesis in

rheumatic heart disease is that unique sequences in M

proteins break immune tolerance to pathogenic

epitopes in human cardiac myosin and lead to an

autoimmune mediated pathogenesis in rheumatic

fever and rheumatic carditis. Although animal models

support this hypothesis, there are multiple factors,

which must be considered in an animal model of a

human disease.

Most of the studies on T-cell epitopes in rheumatic

fever and in animal models focus on the streptococcal

M5 protein molecule, becauseM5 has been a serotype

associated for many years with acute rheumatic fever

outbreaks [84,85]. T- and B-cell epitopes of the M5

protein were defined in previous studies by Robinson

and colleagues [86,87], by Good and Pruksakorn

[88–90], and in our own laboratory [60]. T cell

epitopes crossreactive with cardiac myosin and

defined in animal models have been summarized

previously by Cunningham [60]. The T cell cross-

reactive epitopes were found primarily in the A and B

repeat regions of the M protein in mice and rats [60]

(Cunningham, unpublished observations).

In studies of the B- and T-cell epitopes of

streptococcal M5 protein which crossreacted with

myosin were mapped using 23 overlapping synthetic

peptides (18-mers) of the A, B and C repeat regions

of the M5 protein [60]. Six dominant myosin
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crossreactive sites in the streptococcal M5 molecule

consistently stimulated T-cells from mice sensitized to

human cardiac myosin. Dominant myosin cross-

reactive T-cell epitopes of M5 protein in BALB/c

mice were located in the same region as the

streptococcal M5 sequences recognized by T cell

clones from rheumatic heart valves [63]. M5 peptides

were also reported by Pruksakorn, Good and

colleagues to stimulate peripheral human T-cells

from normal individuals and rheumatic fever which

were crossreactive with myosin peptides [88]. The

collective evidence suggest that amino acid sequences

in M5 protein which share homology with cardiac

myosin may break tolerance and promote T cell

mediated inflammatory heart disease in animals and

man [11,30,60,63,64,71,83].

Conclusion

Evidence presented in our review suggest that

molecular mimicry and epitope spreading are likely

pathogenic mechanisms of T cell responses in

rheumatic valves after attack of the valve endothelium

by anti-streptococcal antibody at the valve surface

(Figure 2). Once the valve endothelium is activated,

the valve is infiltrated by T-cells which recognize

streptococcal M protein and cardiac myosin as well as

other valve related proteins. Studies in animal models

as well as in human rheumatic heart disease have

provided evidence of antibody mimicry between the

group A carbohydrate epitope and cardiac myosin and

laminin and of T cell mimicry between streptococcal

M protein and human cardiac myosin epitopes and

other a-helical proteins present in the valve such as

laminin or vimentin. The repeated stimulation of the

T-cells in the valve leads to scarring and IFN-g

production with neovascularization and increased

infiltration by T-cells with potentially an epitope

spreading mechanism that perpetuates the disease.
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