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Abstract

Human enterovirus species A (HEV-A) is one of the four species of HEV in the genus
Enterovirus in the family Picornaviridae. Among HEV-A, coxsackievirus A16 (CVA16)
and enterovirus 71 (EV71) are the major causative agents of hand, foot, and mouth
disease (HFMD). Some other types of HEV-A are commonly associated with
herpangina. Although HFMD and herpangina due to HEV-A are common febrile
diseases among infants and children, EV71 can cause various neurological diseases,

such as aseptic meningitis and fatal encephalitis.

Recently, two human transmembrane proteins, P-selectin glycoprotein ligand-1
(PSGL-1) and scavenger receptor class B, member 2 (SCARB2), were identified as
functional receptors for EV71 and CVA16. In in vitro infection experiments using the
prototype HEV-A strains, PSGL-1 and SCARB2 could be responsible for the specific
receptors for EV71 and CVA16. However, the involvement of both receptors in the in
vitro and in vivo infections of clinical isolates of HEV-A has not been clarified yet. To
elucidate a diverse array of the clinical outcome of HEV-A-associated diseases, the
identification and characterization of HEV-A receptors may provide useful information

in understanding the HEV-A pathogenesis at a molecular level.

Keywords:

Human enterovirus species A, enterovirus 71, receptor, PSGL-1, SCARB2



55 1. Introduction

56  The genus Enterovirus within family Picornaviridae, nonenveloped viruses with a

57  single-stranded RNA genome of positive polarity, is comprised of more than 100

58  serotypes (Pallansch and Roos, 2007). Human enteroviruses (HEVs) are presently

59  classified into four species, HEV species A, B, C, and D (HEV-A, B, C, and D). At

60  present, coxsackievirus A2 (CVA2), CVA3, CVA4, CVAS, CVA6, CVA7, CVAS,

61 CVAIL0, CVA12, CVA14, CVALG, enterovirus 71 (EV71), EV76, EV89, EV90, EVI1,
62  and EV92 have been classified as HEV-A (Oberste et al., 2004, 2005, 2008). In addition,
63  four types of simian enteroviruses are classified as HEV-A (Oberste et al., 2007).

64  Although most enterovirus infections are asymptomatic, particular clinical

65  manifestations are associated with specific types of enteroviruses (Pallansch and Roos,
66  2007). CVA2, CVA4, CVAS, CVA6, and CVA10 are commonly associated with

67  herpangina. EV71 and CVA16 are major causative agents of hand, foot, and mouth

68  disease (HFMD), a common febrile disease occurring mainly in young children,

69  characterized by skin rash imnvolving palms and soles, and ulcers on oral mucosa.

70  Recently, HFMD outbreaks mainly due to CVA6 have been reported (Fujimoto et al., in
71  press). Clinical manifestations of HFMD caused by EV71, CVA6, and CVA16 are

72  usually mild and self-limited. However, EV71 infection causes a diverse range of

73  neurological diseases, such as aseptic meningitis, acute flaccid paralysis, brainstem

74  encephalitis, neurogenic pulmonary edema, and may result in long-term neurological
75  sequelae, mainly in infants and young children (Alexander et al., 1994;McMinn,

76 2002;Modlin, 2007).

77

78  Recently, two human transmembrane proteins, P-selectin glycoprotein ligand-1

79  (PSGL-1) (Nishimura et al., 2009) and scavenger receptor class B, member 2

80 (SCARB2) (Yamayoshi et al., 2009), were identified as functional receptors for EV71
81  and CVA16 (Patel and Bergelson, 2009). In addition, annexin II (Yang et al., 2011),
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sialic acid (Yang et al., 2009), and dendritic cell(DC)-specific ICAM3-grabbing
nonintegrin (DC-SIGN) (Lin et al., 2009b) were found to be cellular factors involved in
the early stages of EV71 infection. This review summarizes our current understanding

of the EV71/CVA16 receptors and their role in HEV-A infection.

2. PSGL-1

Patients with severe EV71-associated encephalitis and neurological pulmonary edema
showed a significant depletion of T cells and high levels of proinflammatory cytokines
(Lin et al., 2003;Wang et al., 2003), suggesting the possible involvement of
lymphocytes in EV71 infection and the immunopathogenesis. Therefore, we generated a
¢DNA library from Jurkat T cells and used it for expression cloning to identify a
receptor on lymphocytes that specifically binds to EV71. Finally we identified PSGL-1
as a functional EV71 receptor on Jurkat T cells (Nishimura et al., 2009).

PSGL-1 is a sialomucin leukocyte membrane protein expressed as a homodimer of
disulfide-linked subunits and it can bind to three different selectins (P, E, and L) (Sako
et al., 1993;Laszik et al., 1996;Somers et al., 2000). The tissue distribution of PSGL-1 is
restricted to myeloid, lymphoid, and dendritic lineages, and platelets. PSGL-1 is also
expressed on DCs of lymph nodes and macrophages in the intestinal mucosa (Laszik et
al., 1996), which could be the primary sites of EV71 replication. PSGL-1 plays critical
roles in the tethering and rolling of leukocytes for the recruitment of cells from blood

vessels to the sites of acute inflammation upon stimulation by infection.

We found that some representative EV71 strains bind to PSGL-1 but other strains did
not (Nishimura et al., 2009). According to their PSGL-1 binding capability, we
classified the EV71 isolates as PSGL-1-binding strains (EV71-PB) and
PSGL-1-non-binding strains (EV71-non-PB). The replication of EV71-PB in Jurkat T



