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IRF: Interferon Releasing Factor JAK: Janus kinase
PRD: positive regulatory domain Stat: Signal transducers and activator of transcription
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ISRE: IFN simulated response element
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Chapter 5
Encephalomyocarditis Virus

Seiho Nagafuchi, Hironori Kurisaki, and Hitoshi Katsuta

Introducﬁon ;

Accumulatmg evidence. has suggested a viral origin of type l dmbetes development.
Historical study has indicated the presence of certain viruses including coxsackie
virus, cyotomegalovirus, varicella-zoster virus, and rubella virus in patients with fatal
viral infections associated with pancreatic islet cell damaoe (Jenson et al: 1980), sug-
gesting that many viruses have potent diabetes: mducers Recent advances in the field
have focused on the enteroviral infection as the most possible candidate virus to
induce type 1 diabetes associated with. mamunopaﬁmloglc reaction (Clements et al.
1995; Hanafusa and Imagawa 2008; Taunamen etal. 2011; Richardson et al. 2011).

Encephalomyocarditis (EMC) virus has provided the most useful animal model
for virus-induced type 1 dxabetes (Jun and Yoon 2001). Development of diabetes
depends on many factors mcludmo virus strain, challenge dose, host factors such as
sex, immunoprotective functlon mﬂammatory responses with macrophaoes cytok-
ines, chemokines and: chermcal mediators (Jun and Yoon 2001). Automunumty
induction is not hke]y to operate in this model, though a hit-and-run event cannot be
excluded. The clarification of the pathogenesis of EMC v1rus—mduced diabetes will
not only promote abetter understanding of the mechanisms of virus-induced diabe-
tes, but also enhance the protection strategy against virus-induced diabetes. The
hmtory and pathogenes;s of EMC virus-induced diabetes are described, and the
future aspects of the significance of this animal model of vmm-mduced diabetes are
discussed.

S. Nagafuchi, M.D., Ph.D. (&) » H. Kurisaki « H. Katsuta

Department of Medical Science and Technology. Graduate School of Medical Sciences,
Kyushu University. Fukuoka 812-8582. Japan : :
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" The EMC Virus

Encephalomyocarditis virus belongs to the Picornaviridae family, as enteroviruses
including coxsackie virus, genus cardiovirus, unenveloped, icosahedral structure
(Fig. 5.1a) consisting of four capsid proteins. (VP1~4), surrounding a. core of
ssRNA, moderately resistant to acidic pH (Racaniello 2007). ‘The virion contains
one molecule of positive sense, ssRNA, about 7.8 kb in size, containing a single
open reading frame (ORF) (Fig. 5.1b) (Racaniello 2007). The virus can be grown in
a tissue culture well with a one step replication time of about 8 h (Fig. 5.1¢), and can
mfect rodents, usually producing systemic infection representing encephalitis and
myocarditis. The virus rarely infects humans. C‘iraichead and McLane (1968) first
found that the M variant of the EMC virus certainly induced diabetes in.séveral

' susceptible strains of male mice. Later, Yoon et al. (1980) isolated the hwhly diabe-

togenic D variant-of EMC virus and the non-diabetogenic B strain

virus, by the plaque clone purification method. EMC-D virus produces diabetes in

over 90% of infected susceptible strain of mice, while EMC-B virus did not induce
diabetes in any strain of mice (Yoon et al. 1980). The sus ptlbxhty depends on the

- strain of mice and sex, namely only male mice are suscc;ptlble to the virus (Ross
‘et al. 1975; Yoon et al. 1980; Huber et al. 1985).

ese findings accelerated the
study of viral genetic factors to enhance the mduc on of dlabetes in susceptlb}e
animals-as well as research on pathogenesw (F: g ’*w ; T ’

PRI vl
10308

1A

infectvity of the EMC-D VIrs

1 gxigs

01234567869101112 22

fine after infestion (hr}

28 2 3A3B3C D I—Pmy (A)

Fig.5.1 Charactenstlcs of encephalomyocardltls (a) Negatlve stain’ of EMC»D virus. Comtesy of
Dr. Yuji Ueki and Emeritus Professor Kazunobu Amako, Kyushu University. (b) Growth curve: of
EMC-D virus in mouse embryonic fibroblasts. {¢) Genomic structure of EMC virus
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“Fig. 5.2 Mechanisms of pancreétic B-cell damage due to EMCV infection

‘Pathogenesis of EMC Virus-Induced kDiabetes
EMC Virus

The differing dxabetogemcn‘.y among EMC viruses has been noted to be dependent
on the genetic variation. First, the M variant of EMC virus was obtained as highly
diabetogenic, and later 1he diabetogenic EMIC-D virus and the non- dlabetogemc B
[AU3] variant were isolated respectively (Craighead and MacLane 1964; Yoon et al.
1980). A]thoucrh EMC-D virus and EMC-B virus could not be distinguished by
either: neutrahzatlon assay or competitive radioimmmunoassay (Yoon et al. 1980),
examination of the complete nucleotide sequences of the genomes of both variants
showed that they were different in only 14 nucleotide positions (Eun et al. 1988;
Bae et al. 1989). Further molecular analysis by g Geﬂeratmo mutant viruses revealed
that a “G” base at position 3155 ([GCC] Ala-776) 1s common to all diabetogenic
variants, while an “A” base at the same position (JACC] Thr-776) is common to all
non-diabetogenic variants (Bae and Yoon 1993). Therefore, only one amino acid,
alanine (776th amino acid on the polyprotein), is essential for the diabetogenicity of
the EMC virus (Bae and Yoon 1993). These beautiful studies revealed that the sin-
gle point mutation of “A” to “G” at position 3155 (Thr-776 to Ala-776) are critical
td operate as the diabetogenic EMC virus (Jun et al. 1997). Tt was found that a
change from Thr-776 to Ala-776 reduced the hydrophilicity of the region by 37%,
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which may increase the efficiency of viral attachment to pancreatic beta cells (Kang

“and Yoon 1993; Jun et al. 1997.1998), suggesting that the significance of the genetic
* difference had been supposed to influence the effectiveness of the attachment for

beta cells. A challenge dose i is not critical for inducing diabetes; however, it has
been indicated that a high dose (10%) PFU challenge destroys dlrectly the pancreatic
beta cells; whﬂe low dose (10% challenge will induce inflammatory re‘;ponqe@ which
may damage beta cells (Yoon et al 1980; Hube1 et al 1985) ‘

Protection

Innate Immunity

Since the EMC virus-induced diabetes develops within 3 days after mfectmn innate

1mmumty, such as macrophages, interferons, and early mﬂammatmy responses, is
hkely to be most important for detennmmo the outcome after EMC virus infection
(Yoon et al. 1980). Recent advances in the immunology of innate immunity found
the significance of pattern recognition receptors (PRRs) dlrected against pathogen-

- associated molecular | patterns (PAMPs) (Takeuchi and Akira 2009). They include

toll-like receptors (TLR), and intracellular helicase: such as melanocyte differentia-
tion antigen (MDA) 5 for picornavirus retinoic acid inducible gene (RIG) I, and
interferon induced with the helicase C domam 1 (IFIHI) for paramyxovirus. It was
reported that polymorphlsm of the IFIHI gene is associated with type 1 diabetes
(Smyth et al. 2006), although it remains uncertain whether this may be associated
with the viral infection. In EMC virus infection, TLR 3, 7, 8, and MDA-5 function
as receptors, mediating the swnal transductlon pathway, inducing cellular activation

mcludmg interferon productxon (Takeuc}n and Akira 2009). McCartney et al. (2011)
- reported that MDAS and TLR3 are both reqmred to prevent. diabetes in mice infected
: with EMC-D virus. Infectnon of TIr3- mice caused diabetes due to lmpaxred IFN-1
"responses and vmxs—mduced B-cell damage rather than T«ceﬂ-medlated autoimmu-
ity (McCartney et al 201 1). Mice lacking Jjust one copy of MDA5 deve]oped tran-

sient hypervlycemla when infected with EMCV-D, whereas homozygous
MDAS5 _mice developed severe cardlac pathology (McCaﬂney etal. 2011). TLR3
and MDAS5 controlled EMC-D virus infection and dlabetes by actmg in hematopon-
etic and stromal cells, respectlvely, inducing IFN-I responses at kinetically distinct

“time pomts (McCartney et al. 2011). They conclude that optimal functioning of
viral sensors and prompt. TFN-I responses are requxred to prevent diabetes in this
~animal model, suggesting the significance of PRR dependent innate 1mmumty acti-
‘vation (McCartney etal. 2011).

Reoardmg the role of mfer!‘eron, conflicting. dafa in this model have been reperfed

, (Kaptur et al. 1989; erabawa et al. 199‘3) One study reported that interferon may
Worsen the EMC—D vn‘us~mduced dxabetes (Kaptur et al. 1989), and others point to
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AK: Janus kinase,
Tyk: Tyrosine kinase

IRF: Interferon Releasing Factor :
PRD: positive regulatory domain Stat: Signal transducers and activator of«transcripﬁcn
CARD: Caspase recruitment domaln IFNR: Interferon receptor 3
TLR: Toll-like receptor ISRE: IFN simulated responge element

PKR: RNA dependent protein kinase

Oligo2.5A: 2, 5’ohgoadeny!ic acid

Fig. 5.3 Interferon production following EMCV infection and mducnon of anti-viral substances
by interferon receptor signaling pathway

the swmﬁcance of protectwe role of mterferon (leasawa et al. 1995; McCarmey
et al. 2011). Possibly the challenﬂg dose of EMC—D virus may aiter the protective
and/or pathogemc role of mterfero in tlus ‘model (Flg 5.3).

Adaptive Immunity

Because EMC virus-induced diabetes develops as early as 3-5 days after infection,
acquired and/or adaptive immunity did not likely play an important role (Yoon et al.
1980; Kounoue et al. 2008). Susceptibility to EMC-D virus-induced diabetes is not
controlled by the MHC type, and passive transfer of lymphocytes from mice made
diabetic mice with EMC-D virus into normal mice failed to produce diabetes (Yoon
et al. 1983). In addition, T-cell-deficient nude mice, B-cell-deficient (muMT) mice,
or both T-cell- and B-cell-deficient Rag-2 knockout mice could resist against
EMC-D virus-induced diabetes (Kounoue et al. 2008), indicating that adaptive
immunity did not affect the outcome of vuus-qnduced diabetes. On the other hand,
adoptively transferred antibody to the EMC virus was effective when given before
and within 36 h after infection (Kounoue et al. 2008), suggesting that early adoptwe
antibody transfer or vaccination before mfectlon may Work to protect against EMC
virus-induced diabetes.
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destructxon of pancxeanc B-cells (Baek and Yoon 1990, 1991).

‘ing factor to worsen the detenorauon )
1993). Inﬁltrated macrophaves may be. responSIble to produce those cytotomc

S. Nagafuchi et al.
Accelerating Factors
Inflammatory Cells

EMC virus belongs to the group of cytolytic viruses, and therefore alarge chal]enoe
dose with the virus destroys pancreatic p-cells extenswe}y enough to Iead to diabe-

tes (Yoon et al. 1980; Jun and Yoon 2001). At lower doses of mfectlon panereatxc

B-cell damage is rather minimal. However, induced 1nﬂammatory Tesponse: mclud—
ing infiltrated macrophages and produced cytokmes and chemical mediators may
damage further the B-cells to a reduced level of insulin secretion, leading to hyper-

- glycemia (Baek and Yoon 1990, 1991; Hirasawa et al. 1997) Indeed hlstopatho-
logic study of EMCV«mduced animals developmg insulitis with mﬁltratlon of

macrophages to the islets showed that they were assocmted thh the extensive

_Cytokines, Chemokines, and Chemﬁcal(Me&iéiors

Interleukin-1 and tumor necrosis factor (TNF) o were suggested to function as key
mediators of pancreatic beta-cell destruciic ducing DNA fragmentation
(Hirasawa et al. 1997; Rabinovitch et al. '994) Nitric oxide may work as a damag-
pancreatic B-cell function (Fehsel et al.

mediators (Hirasawa et al. 1997). Recently, it was reported that the 'CXCR3 ligand
CXCL10 was produced by enterovzrus»mfected pancreatic B-cells, attracting cyto-
toxic T cells and macrophaoes, expressing CXCR3, associated with the induction of
msulms, leadm0 to B-cell damage (Tanaka et al. 2009). :

| otheerfcalemg}g:aig!

Streptozom and a]loxan are well-known dlabetogeme substances inducing DNA

fstrand hreads and poly ADP rlbose synthetase which Iead to the lack of ATP in
pancreatic ﬁ-cells resulting in extensive B~ce1} damage (Yamamoto et al. 1981).
Some possxble chemlcals exist in the environment such as sheptozom Whlch isa
‘compound of nitrourea and glucose; ta streptoxocm—hke substance may be gener-

ated reactmg with nitrosamines in food and water, and glucose. In addition, alloxan
can be derxved from uric acid in the punne ‘metabolism pathway by oxndatlon with

‘superox1de substanee (Santos et al. 1999). The producad alloxan would possxbly
work as a B-cell-specific cytotoxic chemical. Although these possxble chemlcals o

induce B-cell damage have not been proved to operate in the environment, it should
be noticed that they may work as a risk factor in addition to viral infection.
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