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ABSTRACT

Pathogenesis of coxsackievirus cardiomyopathy has not yet been clarified. Evidences from clinical
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practices and laboratory researches have hinted a pathologic association among organs of pancreas,

spleen and heart, underlying a probable new pathogenesis. We summarized these evidences here and
proposed the probable mechanism, which might bring about some changes to the diagnosis and

treatment of viral cardiomyopathy.
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[1] INTRODUCTION

Cardiomyopathy is a major cause of sudden unexpected death
in young patients, it contributes significantly to the societal
burden of heart failure. Now significant evidences from animal
models and clinical studies suggests that viral myocarditis is
important in the etiology of dilated cardiomyopathy.
Enterovirus, and especially Coxsackieviruses of group B
(CVB), is the most common infectious agent [1, 2].

Enteroviruses (family Picornaviridae) are nonenveloped
icosahedral viruses that contain a single plus-strand RNA
genome of about 7,500bp. The CVB are typical enteroviruses
and 5” end of the genome is not capped but is linked covalently
to the viral protein, VPg. The virus receptor, human
coxsackievirus and adenovirus receptor (CAR), a protein of the
immunoglobulin superfamily [3-5], most likely interacts with
virus capsid in the depression that surrounds the 5-fold axes of
symmetry.

In clinical, progression of coxsackievirus myocarditis to
dilated cardiomyopathy has always been a deteriorating
outcome which usually resorts to heart transplant [1].
Pathogenesis of coxsackievirus cardiomyopathy hasn’t yet
been clarified and the diagnosis is conventionally based on
clinical presentations [2]. Although endomyocardium biopsy
(EMB) evidences have been the gold standard, this Dallas
criteria has been questioned in practice [6, 7]. New
pathogenesis viewpoint may help in diagnosis and treatment of

the disease. Based on current evidences of a pathologic
association between pancreas, spleen and heart, such a
viewpoint is proposed as a hypothesis in this review.

[IIJCOEXISTENCE OF PANCREAS DISEASES
AND MYOCARDIAL INJURY IN CLINICAL
PRACTICE

The phenomenon of myocardial injury accompanying pancreas
diseases has been noticed for a long time in clinical practice. A
wide spectrum of the related pancreas diseases have been
mentioned including cystic fibrosis [8], pancreas carcinoma [9]
and acute pancreatitis caused by toxic substances [10]. A large
sample autopsy in children covering 2,000 cases carried out by
Nezelof C et al. [11] found that children’s pancreatic diseases
were usually associated with multifocal myocardial necrosis
and fibrosis, in which the pancreatic diseases include cystic
fibrosis, pancreatic lipomatosis and extensive small bowel
resection.

Pancreas injuries resulting from various reasons usually
accompany heart inflammation. This is also the case with
regard to coxsackievirus cardiomyopathy.

[l EXISTENCE OF A PATHOLOGIC
ASSOCIATION BETWEEN PANCREAS AND
HEART WITH REGARD TO COXSACKIEVIRUS
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Among the various causative agents of cardiomyopathy,
enterovirus infection, especially coxsackievirus infection is the
most common reason [2]. Coincidentally, coxsackievirus
infection of the heart is often accompanied by pancreas
infection. In 1998, an outbreak of enterovirus 71 infection was
evoked in Taiwan, a comprehensive study on death cases
revealed that hearts and pancreas suffered infection at the same
time [12]. A case report of neonate death in Germany in 2006
was attributed eventually to enterovirus myocarditis
complicated by pancreatitis [13]. Early in the 1970’s, it has
been found that coxsackievirus infection could lead to
myocarditis and necrosis of the endocrine part of pancreas
causing the simultaneous secondary diabetes [14]. An autopsy
research [15] found that enterovirus infection, while causing
the onset of myocarditis, almost simultaneously led to the
inflammation of pancreas. These evidences are all implying a
correlation between pancreas diseases and myocardium injury
in the background of virus infection.

Such a correlation was also observed in animals. Gomez RM et
al. [16] infected Balb/c mouse with coxsackievirus B3 and 1
week post infection all mouse were found pancreas glandular
duct inflammation and focal myocarditis. Such organ injuries
were restricted in pancreas and heart selectively and was
absent in other organs like liver etc. This “targeted-organ-
injury” property of coxsackievirus was attributed to at least
one important cell structure component- coxsackie and
adenovirus receptor (CAR) [17, 18]. After the depletion of
CAR from pancreas and heart, coxsackievirus titers decreased
significantly both in vitro and in vivo and the related organs
injury ameliorated as well[19]. Besides coxsackievirus,
another myocarditis-causing agent encephalomyocarditis virus
(EMV) could also injury pancreas and lead to the secondary
diabetes [20].

Mouse infected with fatal doses of CVB3 after expressing
IFNy in pancreas via transgenic method survived without
suffering myocarditis [21]. Suppressing the replication of virus
in the pancreas prevented the onset of myocarditis. There must
be some connection between pancreas and heart
pathologically. Tracy et al. [22] used 8 different strains of
CVB3 to infect mouse respectively, and 3 strains induced
myocarditis. All strains replicated and persisted in pancreas 8
days post infection, but the cardiotropic strains of CVB3
tended to reach a higher titer level in the early phase and
persist longer in serum, pancreas and heart than the non-
cardiotropic strains.

From the above evidences, we could see that pancreas diseases
and myocardium injuries associated with each other.

[IV] PANCREAS: RESERVOIR OF
COXSACKIEVIRUS COMPARING WITH HEART

ISSN: 0976-3104

A study [23] focusing on coxsackievirus B 5’s injury to mouse
organs revealed that virus clearance rate was slow in both
pancreas and heart than in liver. And virus RNA reached to
peak value more earlier in pancreas than in heart (2.5 days
V.S. 4 days), and the pathologic injury was also more serious
(acute pancreatitis V.S. marginal myocarditis). Cheung et al.
[24] found that as for the mouse 4 weeks and 8 weeks post
infection, heart and pancreas were the most seriously injured
organs, which implied the susceptibility to CVB5 infection of
both organs. However, along with age growing susceptibility
of the heart tissue decreased gradually. “Comparatively,
susceptibility of the pancreas exocrine part to the virus didn't
change. Pancreas is vulnerable to virus infection and favors
virus replication. This is true not only for the enteroviruses but
also for the encephalomyocarditis virus (EMV), which was
supported by the fact that 28 days post EMV infection virus
antigen could still be detected in the pancreas and pancreas
suffered from chronic obstructive pancreatitis, but the
inflammation focuses were almost healed completely except
for some virus antigen detected in the valves.

Various recombinant CVBs had been used to clarify the
pathogenesis of viral myocarditis. Henke et al. [25] designed a
recombinant CVB3 expressing IFNy and IL10. This
recombinant virus could infect mouse, but its appearance is
only restricted in pancreas rather than heart tissue. Pancreas
seemed to be friendlier to CVB instinctively. Similarly, Slifka
et al. [26] inserted one of the cytotoxic T-lymphocyte (CTL)
epitopes from lymphocytic choriomeningitis virus (LCMV)
into the genome of CVB3 and infected wild type neonate
mouse and LCMV immunized mouse”respectively with this
recombinant virus. The authors found that the latter displayed
significant anti-virus effect with a 50 fold decrease of virus
titer in the heart but only 6 fold in the pancreas. Besides, the
authors found that the inserted epitope of this recombinant
virus disappeared in vivo organ specifically with only 0~1.8%
maintained in heart and rather more in pancreas. Although the
authors addressed the immune pathogenesis of virus infection,
these data emphasized on the other hand that pancreas is more
vulnerable to CVB3 than heart and more compatible with the
invaded virus. Another experiment using a recombinant CVB3
(CVB3-PL2-Ad2L1) [27] concluded that the recombinant
coxsackievirus evoked viremia without inducing significant
pathological changes in pancreas and heart, but in the pancreas
rather than heart the authors found the persistent replication of
this virus. This also indicated that pancreas seemed to be
friendlier than heart to CVBs. Pancreas tends to be a reservoir
of CVBs.

Why pancreas is seemed to be friendlier than heart to CVBs?
The mechanism has not yet been clarified. Evidence hinted
that it might be associated with the pattern pancreas activates
the immune response. Vella et al. [28] studied pancreas
sensitivity of 8 different mouse genotypes to CVB4 and found
that the innate immunity, represented by NK cells, could
inhibit virus replication in the early phase while the humoral
response in the late phase failed inhibiting the virus
replication. Further research found an inability of pancreatic
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acinar cells to express the MHC I molecules. So it seemed that
the comparative inability of the pancreas immunity pattern
determines its compatibility with CVBs. Besides, low doses of
virus infection of NK cell-depleted C3H/HeJ mouse led to
pancreatitis in all mouse but myocarditis only in one case,
which also implied a more vulnerable property of pancreas
than heart.

Summarily, pancreas’ susceptibility to coxsackievirus and
compatibility with its proliferation seemed to be an intrinsic
property determined by some mechanisms not yet clarified.
The above evidences direct us to regard pancreas as a reservoir
of CVBs.

[V] THE HEART IS MORE VULNERABLE THAN
THE PANCREAS TO THE IMMUNOPATHOLOGIC
INJURY AROUSED BY COXSACKIEVIRUS
INFECTION

In the late phase of cardiomyopathy, viral genome may persist
in many cases [29]. However the deterioration of heart
function couldn’t merely be explained by direct injury effect of
virus and brought out the mechanism of pathologic immunity
[30, 31]. Comparing with pancreas, heart is more vulnerable to
pathologic immunity attack with regard to CVB infection. And
related mechanisms have been summarized in a serious of
reviews elsewhere [32-36].

One of the mechanisms we focused here is the autoimmunity
mechanism, which is still controversial. Although some
investigator questioned the role of autoimmunity in the
pathogenesis coxsackievirus cardiomyopathy [32], heart
reactive autoantibodies indeed exist like autoantibodies to 1
receptor [37], muscarinic acetylcholine receptor-2 [38], a-and
B-cardiac myosin heavy chain [39] and ADP/ATP carrier
(adenine nucleotide translocator, ANT) [40].0One of the
mechanisms involved in the production of these autoantibodies
is antigenic mimicry [34]. Some CVB protein components are
structurally similar with related heart proteins. For example,
the amino acid residues of ANT protein on 27-36 position are
homologous to that of CVB3 capsid protein on 1218-1228
position [41].

Immune cells’ intracellular signal transduction might also be
associated with susceptibility of heart to myocarditis [42].
Inhibiting the NFAT in CD4+ T cells could prevent the onset
of myocarditis but not pancreatitis. Virus titers in wild type
mouse and NFAT-inhibited mouse were in the same level in
pancreas but increased in NFAT-inhibited mouse’s heart,
indicating the difference of these two organs’ responses to
virus infection, in which pancreas’ injury seemed not owning
to immune factors like the heart was involved.

ISSN: 0976-3104

[VI] COMPROMISE OF SPLEEN B CELLS WITH
COXSACKIEVIRUS

Basically, B cell humoral immunity plays a dual role in the
injury of coxsackievirus to heart. On one hand, humoral
immunity plays a certain role in defense against virus
infection. Agamaglobulinemia patients are most vulnerable to
coxsackievirus infection because of inability to produce
antibody due to abnormal genes [43]. Despite B cells’ lacking
CARs on membrane surface, researches [44, 45] found that
CVBs could infect spleen B cells in a passive way of been
phagocytized in the procedure of antigen processing and
presentation.

On the other hand, humoral immunity could facilitate the
dissemination and replication of the infected CVBs [46, 47]. In
mouse whose B cells were knocked out, virus dissemination
and replication was delayed and chronic infection were
observed in various organs including heart, liver, brain,
kidney, lung, pancreas and spleen, which demonstrate B cells’
roles in facilitating CVB replication and dissemination besides
their killing effect[44].

Considering the compatibility of pancreas with CVBs and
vulnerability of heart to pathologic immune injuries, such a
compromise between B cells and CVBs might promote the
formation of a vicious circle.

[VII] SUMMARY AND HYPOTHESIS: CAUSE AND
EFFECT CHAIN OF “PANCREAS-SPLEEN-
HEART”

In summary [Figure-1], we hypothize that coxsackievirus
invade the digestive tract, infect pancreas, and invade
myocardium via viremia causing myocarditis and pancreatitis.
After the acute phase, virus in the heart are cleared while still
persist in pancreas. Anatomically adjoining, immune cells in
spleen, especially B cells, are activated continually or at
intervals by virus or virus components from pancreas, which
results in synthesis and release of anti-virus products like
antibodies to the peripheral circulation. Due to the similarity of
heart structure proteins to virus epitopes, heart tissue is injured
simultaneously. Besides, compatibility of pancreas with virus
keeps on the above malignant events and forms the vicious
cycle in specific individuals causing the progression of
myocarditis to cardiomyopathy eventually. In short, cause and
effect chain of “pancreas virus infection- spleen immunity
activation- heart tissue pathologic immune injury” finally leads
to the irreversible heart insufficiency.
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Fig: 1. Probable mechanism of interaction between heart, pancreas and spleen causes continuous heart injury after virus clearance in the
heart viaimmune mechanisms. At stage 1, heart, pancreas and spleen are all infected by CVBs. Immue system is evoked and viruses are cleared at
namely stage 2 completely in heart and spleen and only partially in pancreas. CVBs incubate in pancreas for a certain period and active immune system

represented by spleen functions continuously or at intervals at stage 3. Via molecular mimicry mechanism, autoantibodies to heart proteins are also
produced continuously or at intervals and cause persistent heart injury leading to the evolvement of myocarditis to cardiomyopathy.
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