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Abstract. Molecular mimicry of viral antigens with self
determinants has been proposed as one of the patho-
genic mechanisms in autoimmune disease. Evidence of
viral mimicry in animal models of autoimmunity is
accumulating. Murine adenovirus, Semliki forest virus,
lactate dehydrogenase-clevating virus, herpes simplex
virus type-1, hepatitis B virus, encephalomyocarditis
virus, Theiler’s murine encephalomyelitis virus, Cox-
sackievirus and cytomegalovirus have been found to
mimic physiologically important host proteins. How-
ever, epitope homology of a viral and self determinant

is not in itself strong evidence for mimicry as a patho-
genic mechanism. The mimicking determinant must also
be capable of inducing disease in the absence of
replicative virus. Animal models provide evaluation of
the viral trigger, and development and therapy for au-
toimmune diseases. Identification of host proteins that
can induce disease together with the knowledge of im-
mune system dysregulation, genetic association and en-
vironmental factors may lead to improved
immunotherapeutic strategies for human autoimmune
diseases.
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Viruses and autoimmune disease

Viruses have been implicated as a trigger for autoim-
mune diseases over the last 15 years [reviewed in refs
1-4]. Various immunological mechanisms induced by
viral infections are mostly beneficial for the host, play-
ing a major role clearing the infectious agent. However,
certain anti-viral immune responses can be reactive
against self. The outcome may cause injury to the host,
with progression of a protective immune response into
an autoaggressive immune response. This may lead to
chronic autoimmune disease. The mechanisms of loss of
self-non-self discrimination triggered by a viral infection
are incompletely understood but evidence favours
molecular mimicry in select cases of autoimmune dis-
ease. Mechanisms other than mimicry include tissue
damage and release of sequestered autoantigens by per-
sistent virus infection, activation signals provided by
virus infection which lead to a loss of self tolerance,
epitope spreading of the anti-viral immune response
and dysregulation of the production of cytokines such
as tumour necrosis factor-o (TNF-o). This review will
focus on experimental evidence for viral mimics of self

in animal models of autoimmune disease including my-
ocarditis. Experiments in which transgenic animals ex-
pressing viral (‘self’) antigens can be stimulated by virus
infection to respond to the expressed viral transgene
illustrate the autoreactive potential of the immune re-
sponse [reviewed in ref. 4]. Furthermore, these models
allow investigations of the induction, progression and
regulation of molecular mimicry. There are very few
established animal models providing conclusive proof
of the phenomenon of mimicry in the precipitation and
potentiation of autoimmune disease. However, the
search to identify viruses in autoimmunity operating
through molecular mimicry is far from complete. This
review will illustrate the cytomegalovirus (CMV) my-
ocarditis model [5—7] in the pursuit for evidence of
novel viral mimics. Finally, clinical autoimmune dis-
eases and the relevance of suspected human viral
mimicry will be discussed.

Emphasis needs to be placed on the nature of the
antigenic mimic of the viral and self proteins and their
importance in the pathology of disease. Cross-reactivity
of an immune response requires a disease-inducing epi-
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tope that can be tissue specific or, occasionally, sys-
temic. The form and valence of the antigenic determi-
nant is responsible for inducing autoimmunity in
experiments involving spreading of the T-cell-mediated
immune response [8]. Other factors including viral
tropism, viral genetic sequences, host genetic back-
ground and environmental conditions play important
pathogenic roles in disease establishment. Virus-induced
autoimmunity through molecular mimicry may involve
the production of autoantibodies and/or the stimulation
of autoreactive T cell responses, which are usually
CD4+ T cell dependent. These autoimmune responses
may either initiate disease or potentiate an established
disease [reviewed in ref. 9]. Most often, the autoimmune
disease is inflammatory in nature with chronic tissue
injury in the absence of detectable infectious viral repli-
cation. No single mechanism can explain the extremely
varied phenomena of autoimmunity, but there is clear
evidence in animal models that some viral infections
may lead to autoimmune disease.

Animal models of viral mimicry in autoimmune disease

Several viruses have been directly associated with the
development of autoimmunity leading to disease in ex-
perimental models through molecular mimicry (table 1).
Analysis of animal models can provide evidence for the
role of viruses in initiating disease, the influence of
genetic factors, viral persistence in chronic autoimmu-
nity, the immunopathogenic responses involved in dis-
ease, and the antigenic mimic of the viral and self
protein. The genetic nature of the mimic may be of

Table 1. Animal models of viral mimicry in autoimmune disease.
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several types. Not every residue in a linear sequence
need be identical between the viral antigen and the self
peptide recognised by the T cell. Indeed, non-linear
epitopes may stimulate autoreactive B cells which pre-
dominantly recognise conformational determinants, in-
cluding «-helical coiled-coil structures [10, 11].
Furthermore, the length of the peptide and the flanking
sequences of the homologous region may influence
MHC binding and subsequently the type of cell-medi-
ated immune response (CD4" or CD8" T cells) stimu-
lated in autoimmunity.

Adenovirus

Murine adenovirus type I infection of mice induces
experimental autoimmune thyroiditis [12]. A viral E1B
peptide (residues 368-381) which exhibits homology
with a thyroglobulin peptide (residues 2695-2706) was
found to be a poor immunogen but could act as an
agonist for activated autoreactive T cells, suggesting a
role for mimicry in the enhancement of the pathogenesis
of autoimmune disease.

Semliki forest virus

Mice infected with Semliki forest virus develop en-
cephalomyelitis followed by demyelination of the brain
[13]. There is sequence similarity between the viral E2
protein (residues 115-129) and myelin oligodendrocyte
glycoprotein (residues 18-32) and immunisation with
either peptide elicits an experimental allergic en-
cephalomyelitis-like disease with vacuolation of the cen-
tral nervous system (fig. 1).

Virus Epitope mimic Autoimmune disease Animal model
viral self
Murine adenovirus type I~ E1B protein thyroglobulin experimental autoimmune mouse [12]
thyroiditis
Semliki forest virus E2 protein myelin oligodendrocyte encephalomyelitis mouse [13]
glycoprotein
Lactate dehydrogenase- VP3 protein intermediate filaments motor neuron disease mouse [14]

elevating virus

Herpes simplex virus type-1 coat protein

corneal antigens, 1gG2a

stromal keratitis mouse [17, 18]

(UL6)
Hepatitis B virus polymerase myelin basic protein experimental allergic rabbit [1]
encephalitis
Encephalomyocarditis virus VPI1 protein histidyl tRNA synthetase polymyositis mouse [24]
Coxsackievirus B3 VP1 protein myosin, tropomyosin, vi- myocarditis mouse [31, 32]
mentin
Coxsackievirus B3 unknown adenine translocator protein myocarditis mouse [35]
Coxsackievirus B4 VP1 protein cardiac myosin heavy chain  myocarditis mouse [36]
Murine cytomegalovirus unknown cardiac myosin heavy chain  myocarditis mouse [6, 7]
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Semliki forest virus E2 (115-129)

Myelin oligodendrocyte glycoprotein (18-32)

Reovirus p1 protein

Myelin PO glycoprotein (56-71)

Varicella-zoster virus glycoprotein D

Myelin PO glycoprotein (180-199)

Herpes simplex virus-1 UL6 (299-314)

Keratogenic peptide

Hepatitis B virus polymerase (589-598)

Myelin basic protein (66-75)

Streptococcal NT4 peptide

Cardiac myosin heavy chain (B, 1279-1286)

MCMV M43

Cardiac myosin heavy chain (¢, 871-879)

Mimicry in virus-induced autoimmunity

IQDTRNAVRACRIQY

DEAELPCRISPGKNA ([12]

LVPYIDEPLVVVTEHA
GQPYIDEVGTFKERIQ [13]
VLLVRLDHSRSTDGF
SSKRGRQTPVLYAMLDHSRS [13]
ASVKVLLGRKSDSERG
RKSD ERG [18]
IGCYGSLPQE
TTHYGSLPQK [1]
GLKTENEGLKTENEGLKTE
KLQTENGE [32]
EMRIKELIE
EARRKELEE

Figure 1. Sequence alignments of viral mimics with host proteins. Identical residues in the peptides are shown with a full colon and the
repetitive homologous sequences in the streptococcal NT4 peptide are underlined.

Lactate dehydrogenase-elevating virus

Infection of mice with lactate dehydrogenase-elevating
virus induces motor neuron disease with the production
of autoantibodies to intermediate filaments [14]. Fur-
thermore, monoclonal antibodies directed against the
virus cross-react with VP3 envelope protein and deter-
minants of intermediate filaments, implicating molecu-
lar mimicry.

Reovirus, herpesviruses and HIV-1

Experimental allergic neuritis is a demyelinating disease
of the peripheral nervous system and can be induced in
Lewis rats by immunisation with myelin PO glyco-
protein [15]. This experimental animal disease repre-
sents the human autoimmune disease, Guillain-Barré
syndrome [16]. Homologous sequences of five or more
consecutive amino acids between several viral proteins
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and myelin have been found. Reovirus, Epstein Barr
virus, CMYV, varicella zoster virus, and HIV-1 all share
sequence homologies with peptides of myelin. Certain T
cell epitopes of myelin elicited disease in the rat; how-
ever, immunisation of rats with either viral peptides of
reovirus pl protein or varicella zoster virus glycoprotein
D with sequence similarities to the neuritogenic deter-
minants of myelin PO glycoprotein (residues 56—71 and
180-199, respectively) did not induce disease (fig. 1).
Thus, the pathogenicity of peptides is not always associ-
ated with sequence homology but must be tested in the
induction of autoimmune responses in Vvivo.

Another member of the herpesvirus family, herpes sim-
plex virus type-1, induces herpes stromal keratitis in
mice [17, 18]. Molecular mimicry between the viral coat
protein (UL6, residues 299-314) and corneal antigens
leads to autoreactive CD4* T cells in C.AL-20 mice
(fig. 1). Furthermore, mice can be tolerised by vaccina-
tion with the peptide before corneal challenge with
herpes simplex virus type-1.

Hepatitis B virus

The encephalitogenic protein, myelin basic protein,
shares sequence homology with the hepatitis B virus [1].
The viral mimic shares six out of the ten amino acid
residues with myelin and this peptide can elicit experi-
mental allergic encephalomyelitis in rabbits (fig. 1). A
cross-reactive antibody response was generated in rab-
bits immunised with either the peptide from hepatitis B
virus or the encephalitogenic peptide of myelin basic
protein. However, only five out of seven rabbits immu-
nised with the viral polymerase peptides, having se-
quence homologies with myelin basic protein, developed
immune responses characterised by cellular infiltrates in
the central nervous system. In addition, peripheral
blood lymphocytes from the immunised rabbits were
stimulated to proliferate after recognition of either
myelin basic protein or the viral polymerase. This
model is an example of molecular mimicry operating to
perpetuate tissue injury in the central nervous system
that can persist beyond complete resolution of the infec-
tious virus that initiated the autoimmune response. Fur-
thermore, acute demyelinating transverse myelitis
associated with circulating immune complexes of hep-
atitis B surface antigen has been documented in humans
[19].

Encephalomyocarditis virus

Polymyositis is an inflammatory disease of skeletal mus-
cle. It has long been associated with the development of
autoimmune responses, including the production of au-
toantibodies to amino acid transfer RNA synthetases.
In particular, the predominance of antibodies reactive
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to histidyl transfer RNA synthetase (HRS) in a select
group of myositis patients has led to the study of the
role of this candidate autoantigen in myositis [20]. Mice
immunised with HRS protein develop a high-titre-anti-
body response to HRS but do not develop myositis [21].
In contrast, studies transferring the gene encoding
HRS, by injection of a mammalian expression plasmid
into skeletal muscle, which allows persistent expression
of the transgene in vivo, showed the induction of myosi-
tis with a low-titre-antibody response to HRS [22].
Inoculation of mice with the blank expression vector
induced neither myositis nor the anti-HRS antibody
response. Furthermore, immunisation with an unrelated
antigenic determinant, the haemagglutinin of influenza
A virus, did not induce myositis. The cellular infiltrate
was predominantly mononuclear and was localised to
the DNA-inoculated muscle. However, the loss of self
tolerance to HRS remains to be established in this
animal model. Encephalomyocarditis viral infection of
mice induces polymyositis [23]. Interestingly, sequence
similarities between the VP1 protein of encephalomy-
ocarditis virus and HRS may be important in viral
mimicry in this disease [24].

Theiler’s murine encephalomyelitis virus

Infection of mice with Theiler’s murine encephalomyeli-
tis virus provides a model for multiple sclerosis, a
T-cell-mediated autoimmune demyelinating human dis-
ease. This experimental model is characterised by a
chronic CD4* T cell response which is initially directed
at viral determinants but persists in the central nervous
system and is directed against multiple myelin autoepi-
topes [25]. However, unlike the above-mentioned au-
toimmune responses, kinetic studies of the autoepitopes
recognised by T cells show an ordered progression to
sequestered autoantigens that are released subsequent
to viral-specific immune responses to myelin. Although
there is no involvement of mimicry at the T cell level,
other investigators have reported antibody cross-reac-
tivity including that of a monoclonal antibody cross-re-
active with Theiler’s murine encephalomyelitis virus and
myelin basic protein which augments disease patho-
genicity [26]. Molecular mimicry by such viruses may
initiate spreading of an autoimmune response [reviewed
in ref. 27].

Coxsackievirus

Coxsackieviruses have been implicated in autoimmune
myocarditis [reviewed in refs 28, 29]. Post-viral my-
ocarditis can be found in genetically susceptible mice in
the absence of detectable Coxsackievirus DNA [30].
Mouse models of myocarditis induced by Coxsack-
ievirus B3 infection have demonstrated a major role for
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an autoimmune response directed against VP1 polypep-
tides and heart antigens, including myosin, tropomyosin
and vimentin [31]. Furthermore, a three-way cross-reac-
tivity exists between heart antigens, Coxsackievirus B3
and group A streptococcus M5 [32]. Neutralising mono-
clonal antibodies to Coxsackievirus B3 which cross-re-
act with cardiac myosin have been found to be
pathogenic in mice [33]. In this murine model, certain
strains of inbred mice are susceptible to myocarditis
which is also dependent on the virus variant. No differ-
ences in the viral titre in the heart were noted with any
of the virus strains, however, cytolytic activity of T cells
derived from the lymph nodes correlated with disease
severity. This experimental model allowed the testing of
defined viral VP1 peptides as vaccines to prevent the
development of autoimmune myocarditis following vi-
ral infection [31]. Pre-immunisation with certain VP1
peptides either resulted in partial protection from viral-
induced myocarditis (peptide 1) or exacerbation of the
severity of myocarditis (peptides 3 and 21) when com-
pared to mice that were not immunised with the various
VP1 peptides before challenge with Coxsackievirus B3.
Furthermore, vaccination with NT4, a mimicking pep-
tide from streptococcal M5 protein, coupled to syn-
geneic splenocytes protected mice from Coxsackievirus
B3-induced myocarditis [34] (fig. 1). Tolerance induced
by peptide vaccination may be due to immunomodula-
tion by switching a predominant Thl-type response to a
Th2-type response. These findings indicate the impor-
tance of cross-reactive immune responses (CD4" T cell
dependent) to infectious agents and cardiac myosin in
the development of heart disease.

Coxsackievirus B3 also has cross-reactive epitopes with
adenine translocator protein [35]. Since immunisation
with adenine translocator protein can induce myocardi-
tis, mimicry between this self protein and Coxsack-
ievirus B3 variants is postulated as a possible trigger for
disease. A variant of Coxsackievirus B3 (Woodruff) has
been found to induce myocarditis that is mediated by
cytolytic T cells. Mice infected with parental virus (Cox-
sackievirus B3) develop myocarditis which is mediated
by cytotoxic autoreactive T lymphocytes. In this model,
a virus variant H3-10A1 that induces very mild disease
compared to the parental virus was investigated. Such
suppression of myocarditis was mediated by the action
of immunoregulatory lymphocytes. These cells were
found in H3-10A1 virus-infected animals but not in
animals infected with the parental Coxsackievirus B3.
Furthermore, myocarditis could be transferred with the
T cells from Coxsackievirus B3-infected mice but not
with T cells from H3-10A1 virus-infected mice.
Immunological cross-reactivity between Coxsackievirus
B4, the VPl protein, and the o« cardiac myosin
molecule, the heavy chain (residues 1632-1647), also
leads to myocarditis in a mouse model [36]. A mono-
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clonal antibody found to neutralise Coxsackievirus B4
through recognition of VP1 was shown to cross-react
with murine o cardiac myosin. Epitope mapping using
antibody screening of an expression library showed that
sequences within the light meromyosin fragment of car-
diac myosin were recognised. The overlapping peptides
all contained a common sequence (residues 1299-1647)
and the above-mentioned monoclonal antibody reacted
to the epitope (residues 1632—1647) within this region
of the molecule. In summary, the above Coxsackievirus
models have provided clues to the mechanisms of
pathogenesis for myocarditis and have indicated that
multiple proteins are involved in the autoimmune
response.

Cytomegalovirus

Prognosis of viral myocarditis in humans is dependent
on the correct diagnosis of the patient. Presenting
symptoms must be characterised into either the acute or
chronic stage of the disease. Treatment is mutifactorial
and may involve anti-viral, immunomodulatory and
immunosuppressive agents. Since, cytomegaloviruses
are species specific, human CMV cannot be studied in
experimental animal models. Animal models such as
MCM V-induced myocarditis allow the detailed study of
this natural mouse pathogen, MCMV, as a trigger for
autoimmune disease.

MCMYV infection of mice induces the inflammatory
heart disease myocarditis [37]. Cells bearing viral inclu-
sions can be found in the heart tissue by immunohisto-
chemistry during the acute phase of the infection (days
3—10 post-infection) and infectious virus can also be
detected by plaque assay at days 3 to 10 post-infection
[38]. Although replicative virus is never detected in the
heart beyond day 10, certain strains of inbred mice
develop chronic myocarditis out to day 100 post-infec-
tion in the absence of infectious virus in the heart.
Myocarditis in MCMV-infected animals is character-
ised by a mixed cellular infiltrate during the acute phase
and an infiltrate of predominantly mononuclear cells
during the chronic phase of the disease. Inflammation
may be associated with necrosis of myofibres within the
areas of myocardial inflammation, which can vary from
focal to diffuse infiltration. Degenerative changes range
from loss of striations, vacuolation to myofibre drop
out. Immunopathogenicity may be associated with ef-
fector mechanisms of the virus, immune cells and/or
cytokines.

Genetic factors of the host and virus influence the
susceptibility of the murine host to MCMV-induced
myocarditis [38]. MCM V-induced myocarditis is bipha-
sic in susceptible BALB/c mice with an acute phase
occurring at days 3-21 and a second chronic phase
occurring at days 28—100 post-infection [38; D. Fair-
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weather, G. R. Shellam and C. M. Lawson, unpub-
lished observations). In contrast, C57BL/6 mice only
develop mild myocarditis at days 5—7 with no evidence
of myocarditis beyond day 7 post-infection. These two
mouse strains thus represent hosts that are either sus-
ceptible or resistant to viral-induced myocarditis. The
possession of the b or d allele at the H-2 complex
confers susceptibility to disease, whereas possession of
the k allele confers resistance. Non-H-2 genes are also
involved. Most interestingly, viral replication does not
correlate with susceptibility to myocarditis. Indeed, in-
creasing the viral inoculum in C57BL/6 mice does not
induce chronic myocarditis. Viral genome (iel and gB
genes) persists in the heart as determined by nested
polymerase chain reaction out to day 100 post-infection
in both BALB/c and C57BL/6 mice [D. Fairweather, G.
R. Shellam and C. M. Lawson, unpublished observa-
tions]. However, viral transcripts for iel but not for gB
genes are detected out to day 70 post-infection in both
mouse strains. Genetically different isolates of MCMV
obtained from wild-trapped Mus domesticus can induce
myocarditis in inbred BALB/c mice [39]. Myocarditis
was detected in approximately 30% of wild mice (n =
17) and 100% of these animals were seropositive for
MCMYV. However, this observation does not necessarily
imply that the observed myocarditis was directly due to
MCMV infection. Taken together, it appears that dif-
ferent MCMYV isolates induce myocardial disease and
that replicative virus is not solely responsible for
chronic disease.

Athymic nude mice do not develop myocarditis follow-
ing MCMYV infection even though they disseminate the
viral infection and produce higher titres of virus in
many tissues [40]. Mice immunosuppressed with cy-
closporin A showed a delayed onset of myocarditis by
about 4 days and also produced higher titres of virus
with an increased organ distribution of viral infection
compared with untreated MCM V-infected mice [41].
In addition to antibodies reactive to MCMYV antigens,
autoantibodies to heart antigens, including reactivity to
the heart contractile proteins, troponin, tropomyosin,
myosin, and actin are found during acute MCMYV infec-
tion of mice [6, 42]. During the chronic phase of the
disease, BALB/c mice produce predominantly autoanti-
bodies reactive to the heavy chain of cardiac myosin
(200-kDa protein) [6, 7]. Autoantibodies to cardiac
myosin which cross-react with skeletal myosin are
found in both BALB/c and C57BL/6 mouse strains
during acute infection. However, only the BALB/c mice
produce a subpopulation of autoantibodies specific for
the cardiac isoform of myosin during the chronic stage
of disease in addition to the cross-reactive population of
autoantibodies to cardiac and skeletal myosins. Of im-
portance was our finding that some neutralising mono-
clonal antibodies (IgG2b subclass) directed against
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structural determinants of MCMV react with cardiac
myosin [43]. Indeed, these monoclonal antibodies recog-
nised murine, rat and human cardiac myosin peptides
[D. Fairweather, M. Cunningham, G. R. Shellam and
C. M. Lawson, unpublished observations]. These find-
ings imply the possible mechanism of mimicry between
the virus and cardiac myosin molecule in the genesis of
myocarditis following MCMYV infection. The isoform-
specific autoantibodies directed against cardiac myosin
obtained from MCM V-infected BALB/c mice (taken at
day 56 post-infection) can passively transfer disease to
uninfected BALB/c mice. This is in contrast to the lack
of myocarditis transfer with normal mouse sera or from
BALB/c sera taken at day 10 post-infection which does
not contain the isoform-specific antibodies [7]. Immune
sera, from MCM V-infected C57BL/6 mice, enriched for
cardiac-myosin-reactive antibodies, did not transfer dis-
ease to BALB/c recipients.

Indeed, cardiac myosin itself can induce myocarditis in
the absence of viral infection, indicating the physiologi-
cal importance of this molecule in autoimmunity [7, 44].
High titres of autoantibodies to cardiac myosin are
produced in myosin-immunised BALB/c mice. Thus the
candidate autoantigen, cardiac myosin, is capable of
inducing immunopathology in the heart. This points to
a possible pathogenic role of viral mimicry with cardiac
myosin in the disease pathogenesis, since many other
infectious agents have been implicated in myocarditis
with an established mimic to the cardiac myosin
molecule. Computer analysis of sequence homologies
between cardiac myosin and MCMYV revealed a region
of six out of nine amino acids in the large tegument
protein M48 of MCMYV and murine cardiac myosin
heavy chain (residues 869-877; fig. 1). This peptide
sequence is identical in the rat and human CMYV large
tegument protein and in the rat and human cardiac
myosin molecules with predicted high o helix am-
phiphilicity. This intriguing experimental model can be
studied for the role of new viral mimics with cardiac
myosin resulting in autoreactive immune responses in
chronic myocarditis. However, certain selection criteria
[reviewed in ref. 45] would need to be met before the
antigenic determinant is classified as a proven mimic in
the induction of autoimmunity. These include direct
evidence of disease mediation by transfer of pathogenic
antibody and/or T cells directed against the mimicking
determinant(s), reproduction of disease by administra-
tion of the viral mimic, and immunomodulation of
disease via the route of administration and/or dosage of
the mimic. Nonetheless, increased knowledge of autore-
active immune responses in myocarditis will provide
improved strategies for the development of im-
munotherapies for the inflammatory heart diseases.
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Human autoimmune disease with putative viral mimics

There are many other clinical autoimmune diseases for
which viral mimicry of human antigenic determinants is
a suspected cause. Several of these human viruses in-
cluding Coxsackievirus, rotavirus, CMYV, hepatitis
viruses, HIV-1, human T-cell-lymphotropic virus type I
(HTLV-1), Epstein-Barr virus and influenza A virus will
be discussed briefly (table 2).

Coxsackievirus infections are strongly associated with
myocarditis in humans [reviewed in ref. 46]. Cytotoxic
and viral neutralizing antibodies have been reported to
cross-react with the enteroviruses, streptococcal M
proteins and cardiac myosin [32]. Molecular mimicry
between viruses and islet cell antigens appears to be
important in the development of insulin-dependent dia-
betes mellitus [47]. Recently, rotavirus infections have
been associated with insulin-dependent diabetes in chil-
dren [48]. A tyrosine phosphatase IA-2 peptide shares
sequence homology with a VP7 peptide of rotavirus and
such peptides bind to HLA-DR4*0401. Interestingly,
the VP4 peptide has similarity with another type I
diabetes autoantigen, glutamic acid decarboxylase.
Other viruses with known sequence homology to the
TA-2 immunodominant peptide include dengue, CMV,
measles, hepatitis C and canine distemper virus. There-
fore, several viruses may be involved in the activation of
autoimmunity to islet cells through mimicry of f cell
peptides in type I diabetes.

CMV is an aetiological agent in the autoimmune condi-
tion, chronic graft-versus-host disease, which is a com-
plication of immunocompromised allogeneic bone

Table 2. Human autoimmune disease with putative viral mimics.

Mimicry in virus-induced autoimmunity

marrow transplant recipients [3]. The aminopeptidase N
(CD13) molecule (self antigen) which is incorporated
into the viral envelope induces an anti-viral antibody
response which also reacts with the host CD13. A
correlation between the presence of serum CMV DNA
and antibody directed against myelin-associated glyco-
protein with neuropathy has been reported [49].
Hepatitis B virus infection has been associated with
acute demyelinating transverse myelitis in a hepatitis B
surface antigen carrier [19]. The hepatitis B surface
antigen has sequence homology with myelin basic
protein, a molecule that is well established in this dis-
ease process. Hepatitis C virus infection may induce
autoimmune hepatitis and cytochrome P4502D6 has
been implicated as a possible mimic in this disease
[50].

HIV-1 infection may trigger an autoimmune response
to the CD40-binding site of the MHC class II molecule
which has been found to mimic HIV-1 gp120 envelope
in patients with AIDS [51]. Human HTLV-1 has se-
quence homologies in the viral core proteins with
transaldolase TAL-H a molecule expressed selectively
by oligodendrocytes, in which autoreactivity may lead
to oligodendrocyte destruction in multiple sclerosis
[52].

Epstein-Barr virus shares homologous regions between
the glycine/alanine repeat of the viral nuclear antigen-1
and epidermal keratin, collagen type II, and actin
proteins [53]. Rheumatoid arthritis may result from
such autoimmune responses in patients. Recently, hu-
man cytotoxic T cell clones reactive against the immedi-
ate-early antigen of Epstein-Barr virus were shown to

Virus Epitope mimic

Autoimmune disease

viral self

Coxsackie B
viruses
Coxsackievirus

VPI protein

P2-C protein

B4
Rotavirus VP7 tyrosine phohsphatase 1A-2
Cytomegalovirus CDI13 envelope aminopeptidase N (CD13)
Cytomegalovirus unknown myelin-associated protein
Hepatitis B virus hepatitis B surface myelin basic protein
antigen
Hepatitis C unknown cytochrome P4502D6

virus
HIV-1
HTLV-I
Epstein-Barr
virus
Influenza B
virus

gpl120 envelope
core proteins
nuclear antigen-1

transaldolase (TAL-H)

matrix protein

(M) (p68)

cardiac myosin heavy chain

p cell E1, E2, glutamate decarboxylase 65, 67

CD40-binding site MHC class 11
epidermal keratin, collagen type II, actin

(U1l) RNA-small nuclear ribonucleoprotein

myocarditis [32, 36]

insulin-dependent diabetes mellitus [47]
insulin-dependent diabetes mellitus [48]
chronic graft-versus-host disease [3]
chronic polyneuropathy [49]

acute demyelinating transverse myelitis [19]
autoimmune hepatitis [50]

AIDS [51]

multiple sclerosis [52]

rheumatoid arthritis [53]

systemic rheumatic diseases [55]
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cross-react with a self peptide of a serine/threonine
kinase and a replication initiation peptide of Staphylo-
coccus aureus [54]. Influenza B virus is involved in
systemic rheumatic diseases in patients, and the sus-
pected viral mimic lies within the nucleus transporter
signal of the viral matrix (M1) protein which has ho-
mology with (Ul) RNA-small nuclear ribonucle-
oprotein [55].

Concluding remarks

In this review, strong evidence of viral mimicry in the
pathogenesis of autoimmune disease is illustrated using
several animal models. These examples of molecular
mimicry point to the elaborate immune evasion strate-
gies employed by viruses to replicate effectively in their
host. It must be emphasised that for autoimmune dis-
ease to occur, the cross-reactive autoimmune response
needs to be directed at self determinants capable of
eliciting disease, as distinct from the many non-patho-
genic cross-reactive immune responses which may be
generated. New sequence homologies found between
viral and self determinants should not necessarily be
proposed in eliciting autoimmune responses [2, 56]. In
addition, induced autoimmune responses may not nec-
essarily be critical for the development of disease. The
development of autoimmune disease is appreciated to
be a multifactorial process [reviewed in ref. 44]. Actual
involvement of viral mimics in the onset, progression
and control of autoimmune diseases requires careful
examination in experimental animal models using the
candidate peptide(s) as immunogens in the induction of
loss of tolerance. Approaches utilising naked DNA for
gene transfer and the creation of transgenic mouse lines
will aid research endeavours [1, 2]. In the future, the
evidence may expand and provide valuable information
to clarify as yet controversial clinical cases of autoim-
mune disease, as outlined in this review. Viral mimicry
will be placed in perspective as a mechanism of induc-
tion of known autoimmune conditions and will no
doubt be proposed in further diseases triggered by virus
infections.
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