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Review

Virus receptors in the human central
nervous system

Becky Schweighardt and Walter J Atwood

Department of Molecular Microbiology and Immunology, Brown University, Providence, Rhode Island, USA

The initial event in the life cycle of a virus is its interaction with receptors
present on the surface of a cell. Understanding these interactions is important
to our understanding of viral tropism, spread, and pathogenesis. This is par-
ticularly true of viruses that target the central nervous system as these viruses
must maintain a tropism for both the nervous system and for peripheral or-
gans that allow for viral replication and spread to new susceptible hosts. These
viruses therefore interact with a diverse set of cells and tissues, interactions
that are likely mediated by both common and unique receptors present on
each target tissue. In addition, physiological changes in the host can lead to
increased or decreased expression of virus receptors, which in�uence virus
traf�cking, spread, and tissue speci�c pathology. This review will focus on the
relatively few virus receptor systems that have been described in some level
of detail for viruses that target the human central nervous system. Journal of
NeuroVirology (2001) 7, 187–195.

Introduction

The central nervous system (CNS) is a target for a
large number of viral infections. The major
viruses associated with CNS infection include
members of the Picornaviridae (enteroviruses,
coxsackieviruses, echoviruses), Paramyxoviridae
(measles virus, mumps virus), Herpesviridae (sim-
plex viruses, cytomegalovirus, HHV-6), Togaviridae
(Eastern, Western, and Venezuelan Equine En-
cephalitis viruses), Flaviviridae (Yellow Fever virus,
West Nile fever virus, Dengue viruses, Japanese
Encephalitis virus, St. Louis Encephalitis virus),
Rhabdoviridae (rabies), Arenaviridae (many species),
Bunyaviridae (LaCrosse virus, California encephali-
tis virus), Reoviridae (coltivirus), Retroviridae
(HIV-1, HTLV-1), and Papovaviridae (JC Virus) fam-
ilies (for a complete review see (Johnson, 1998). Cell
surface receptors for most of the viruses listed here
have not been described. This review focuses on
those viruses for which speci�c cell surface receptors
have been elucidated or at least partially described.
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Cellular receptors for measles virus
Measles virus (MV) belongs to the family Paramyx-
oviridae and the genus morbillivirus. Infection with
Measles virus (MV) continues to be a major cause
of morbidity and mortality worldwide (Grif�n and
Bellini, 1996). Measles virus infection is usually as-
sociated with an acute respiratory illness that is com-
plicated by immune suppression (McChesney and
Oldstone, 1989). Measles is also a neurotropic virus
that causes acute encephalitis and a slowly progress-
ing chronic disease known as subacute sclerosing pa-
nencephalitis (SSPE) (Grif�n and Bellini, 1996).

The host range of MV is restricted to humans and to
some species of monkey (Blake and Trask, 1921). The
limited host range is largely determined by host cell
receptor recognition, as MV will not bind to, or infect
cells from nonpermissive hosts. Two viral proteins
are involved in MV cell entry. The hemagglutinin pro-
tein (H) mediates MV attachment to host cell recep-
tors and the fusion protein (F) mediates the fusion of
viral and host cell membranes in a pH-independent
manner (Wild et al, 1991).

Early attempts to identify the speci�c measles virus
receptor on host cells used anti-idiotypic antibod-
ies prepared against H protein to immunopreciptate
20-kd and 30.5-kd proteins from monkey kidney cells
(Krah and Choppin, 1988). The identity of these pro-
teins is not known. More recently, a monoclonal anti-
body raised against Jurkat T cells was found to block
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Figure 1A and B Receptors for neurotropic viruses. (A) Measles
virus (MV) uses all four isoforms of CD46 to infect cells. All three
serotypesof human poliovirususe CD155 (PVR) to infect cells. Her-
pes Simplex Viruses (HSV) �rst attach to cells by an interaction of
viral glycoproteinC and heparan sulfate. Viral glycoprotein D then
interacts with either Herpesvirus entry mediators A, B, or C (HveA,
HveB, or HveC). Membrane fusion requires the concerted action
of viral glycoproteins gB, gD, gH, and gL. (B) Rabies virus can use
either the acetylcholine receptor, neural cell adnhesion molecule
(NCAM), or the low af�nity nerve growth factor receptor (NGFR) to
infect cells. HIV-1 uses CD4 and either CCR5 or CCR3 to infect mi-
croglial cells. The mechanism by which HIV infects CD4 negative
glial cells in the CNS is not known. A 260 kD protein and a 65 kD
protein present on glial cells may be involved. The human poly-
omavirus, JCV, uses an unidenti�ed N-linked glycoprotein con-
taining terminal ® 2-6 linked sialic acids to infect glial cells. For
all of the viruses discussed in this review, glycosylationof receptor
molecules may in�uence virus-host cell receptor recognition.

MV binding to and infection of a wide range of human
and simian cells that were permissive for measles
virus infection (Naniche et al, 1993a; Naniche et al,
1993b). This antibody was subsequently used to im-
muopurify a 57–62 kd membrane protein that was
identi�ed as membrane cofactor protein (MCP) or
CD46 (Naniche et al, 1993a; Figure 1). In parallel ex-
periments, MV binding to human/rodent somatic cell
hybrids localized the measles virus receptor to hu-
man chromosome 1 (Dorig et al, 1993). These authors
hypothesized that CD46 was a likely candidate for
this receptor. They then demonstrated that expres-
sion of CD46 in nonpermissive cells rendered the
cells susceptible to infection with MV (Dorig et al,
1993).

CD46 is a member of the regulators of complement
activation (RCA) family of proteins. The members of
this gene family cluster on human chromosome 1 at
q3.2 (Liszewski et al, 1991). The protein functions to
inhibit complement deposition on normal host cell
surfaces. Several isoforms of CD46 have been de-
scribed and many of these are differentially expressed
on cells and in tissues (Buchholz et al, 1996). The
four common isoforms all function as receptors for
MV (Buchholz et al, 1996; Manchester et al, 1994;
Manchester et al, 2000).

The role of CD46 in CNS infection is not clear
and several studies have suggested alternative mech-
anisms of measles virus spread in the CNS. In one
study, and alternative isoform of CD46 was detected
in the brains of several patients who died of measles
infection as well as in normal control brain (Buchholz
et al, 1996). In another study involving SSPE
brains, CD46 was not detected (Ogata et al, 1997).
Finally, measles virus has clearly been shown capa-
ble of direct cell to cell spread in the CNS in a CD46-
independent manner (Lawrence et al, 2000). These
data suggest that CD46 is necessary for the initial
establishment of CNS infection and that in certain
cell types, such as neurons, that MV continues to
spread by direct cell-to-cell contact in the absence of
CD46.

Several lines of CD46 transgenic mice have been
developed and these are being evaluated as models
for measles virus infection (Horvat et al, 1996; Rall
et al, 1997; Blixenkrone-Moller et al, 1998; Mrkic
et al, 1998; Oldstone et al, 1999). In one model,
measles virus infection appears to recapitulate all
aspects of measles infection in humans, including
immunosuppression and neurotropism (Oldstone
et al, 1999).

Cellular receptors for polioviruses
The human polioviruses belong to the enterovirus
genus of the family Picornaviridae (Rueckert, 1996).
All three serotypes cause disease in humans and hu-
mans are the only known reservoir of this virus. Pri-
mary replication of poliovirus occurs in oropharyn-
geal and intestinal epithelial cells. The virus then
spreads and replicates in lymphoid organs, including
Peyers patch, tonsils, and deep cervical and mesen-
teric lymph nodes. Secondary multiplication in these
organs leads to a secondary viremia and virus then
spreads to many additional organ systems, including
the nervous system. The primary targets of poliovirus
infection in the CNS are motor neurons in the anterior
horn of the spinal cord, the medulla, the prefrontal
gyrus, and the cerebellum. Spinal poliomyelitis oc-
curs when neurons in the anterior horn of spinal cord
are affected and bulbar poliomyelitis occurs when
cranial nerves and the medulla become infected. Vac-
cine strains of poliovirus are attenuated for replica-
tion in nervous system tissue but maintain the abil-
ity to replicate in the gut. Mutations associated with
the attenuated phenotype map to domain VI in the
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poliovirus internal ribosome entry site (IRES). This
indicates that differential recognition of the IRES el-
ement by cell-type speci�c proteins plays a role in
determining the neurotropism of poliovirus. Speci�c
poliovirus receptors also contribute to tropism as in-
fection of nonsusceptible cells by poliovirus can be
rescued by transfection of a functional poliovirus re-
ceptor (PVR). In addition, many cell types that are
resistant to infection with poliovirus virions can be
infected by poliovirus RNA.

The receptor for poliovirus was originally identi-
�ed by screening a HeLa cell cDNA library with an
exon-speci�c probe that recognized human genomic
DNA encoding poliovirus receptors (Mendelsohn
et al, 1989; Tomassini and Colonno, 1986). Nu-
cleotide sequence analysis of the cDNA clone re-
vealed that the poliovirus receptor was a new mem-
ber of the immunoglobulin receptor superfamily of
proteins (Figure 1). The human poliovirus recep-
tor gene is located on chromosome 19q13.1-13.2.
The PVR gene encodes a pre-mRNA that is differ-
entially spliced to give rise to 4 different polypep-
tides (reviewed in (Freistadt et al, 1995; Gromeier
et al, 1995; Leon-Monzon et al, 1995). Two of these
are cell surface proteins (hPVR® and ±) and two lack
the transmembrane domain and are secreted (hPVR¯
and hPVR° ). Northern blot analysis of human tissues
found that PVR mRNA was widely expressed in hu-
man tissues. The development of transgenic mice ex-
pressing the human PVR also found that the receptor
was expressed in more tissues than were susceptible
to poliovirus infection. This indicates that presence
of a functional PVR is necessary but not suf�cient to
mediate poliovirus infection. As the PVR is heavily
modi�ed by N-linked glycosylation and sialya-
tion it is possible that different glycoforms of the
hPVRs are expressed in a tissue- and cell-type
speci�c manner. These differences may contribute
to viral tropism and would explain the discrep-
ancies described previously. In support of this,
the tropism and spread of a related poliovirus,
Theiler’s murine encephalomyelitis virus (TMEV),
is dependent on host cell glycosylation (Zhou
et al, 1997). This group of viruses can be subdivided
into highly neurovirulent strains (GDVII, and TO),
and less neurovirulent strains (BeAn, and DA). The
highly neurovirulent viruses rapidly destroy neu-
rons, and kill the host within days. The less neurovir-
ulent viruses establish persistent infections and give
rise to chronic demyelination (Zhou et al, 1997). The
major difference between these strains appears to be
in host cell receptor recognition (Zhou et al, 1997).
The persistent viruses all recognize sialyloligosac-
charides as a component of their receptors whereas
the highly neurovirulent strains do not. This in-
dicates that cell-type speci�c differences in glyco-
sylation could profoundly affect the tissue speci-
�city of polioviruses in humans and in transgenic
mice.

Cellular receptors for Herpes Simplex Viruses
The Herpes Simplex Viruses (HSV-1 and 2) are alpha-
herpesviruses in the family Herpesviridae. Alphaher-
pesviruses are characterized by having a short life
cycle, a wide host range, and tissue tropism, and by
their ability to establish latency in sensory ganglia
(Roizman and Sears, 1996). In addition to infecting
epithelial cells and establishing latency in sensory
ganglia, HSV-1 is also capable of infecting the cen-
tral nervous system. HSV-1 has been characterized
as having low neuroinvasivness but high neuroviru-
lence. In other words, HSV-1 rarely invades the CNS,
but when it does, the consequencesare almost always
fatal.

All members of the family Herpesviridae are large
enveloped double stranded DNA viruses and encode
at least 30 different virion polypeptides (Roizman
and Sears, 1996). Five of these proteins participate
in viral entry. The herpesvirus glycoprotein C (gC) is
the major glycoprotein responsible for virus attach-
ment to cells (WuDunn and Spear, 1989; Figure 1).
The glycosaminoglycan, heparan sulfate, serves as a
receptor for gC. In the absence of gC, other herpes
virus glycoproteins such as gB can mediate attach-
ment to heparin sulfate. Viral attachment to heparan
sulfate, however, is not suf�cient to mediate infec-
tion. Viral entry depends upon four additional gly-
coproteins, named gB, gD, gH, and gL (Spear et al,
2000). In a series of elegant studies, several core-
ceptors for HSV-1 infection were identi�ed. The �rst
coreceptor identi�ed was herpes virus entry mediator
(HVEM) (Montgomery et al, 1996; Warner et al, 1998;
Figure 1). This protein was found to belong to the
TNF receptor family and has since been renamed her-
pes virus entry mediator A (HveA) or TNF receptor
superfamily #14 (TNFRSF-14). Additional corecep-
tors were cloned that belonged to the immunoglobu-
lin superfamily that included the poliovirus recep-
tor or CD155, and two poliovirus receptor related
molecules Prr2 and Prr1 (Cocchi et al, 1998; Geraghty
et al, 1998; Warner et al, 1998; Figure 1). These
later two proteins were renamed HveB, or Nectin 2®,
and HveC or Nectin 1®. The nectins are a subfam-
ily of adhesion molecules within the immunoglob-
ulin superfamily of proteins. The herpes virus
glycoprotein D (gD) interacts with all of these core-
ceptor proteins. In contrast to the ubiquitous dis-
tribution of heparan sulfate, these coreceptors are
differentially expressed in different tissues and there-
fore play a major role in tropism. It is not clear which
of these coreceptors predominates in CNS tissue.

Cellular receptors for rabies virus
Rabies virus belongs to the lyssavirus genus of
the family Rhabdoviridae (for a recent review see
(Plotkin, 2000). Following exposure to the rabies
virus by the bite of an infected mammal, cell free
virus gains access to the nervous system. Neurons
at the neuromuscular junction are infected �rst,
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and this is thought to be mediated by a speci�c
interaction between the rabies virus glycoprotein
G and acetylcholine receptors (Lentz et al, 1982;
Gastka et al, 1996; Figure 1). The virus then trav-
els by retrograde axonal transport to cell bodies.
Replication in neurons leads to further spread of
virus in the CNS. Rabies is also transported by an-
terograde axonal transport to the skin and salivary
glands where it can be transmitted to new suscep-
tible hosts. Other molecules that have been impli-
cated as rabies virus receptors include the neural
cell adhesion molecule (NCAM) and the low af�n-
ity nerve growth factor (NGF) receptor (Thoulouze
et al, 1998; Tuffereau et al, 1998; Figure 1).
Recently, �bronectin has been implicated as a recep-
tor for viral hemorrhagic septicemia virus (VHSV),
a salmonid rhabdovirus causing signi�cant mortal-
ity in rainbow trout (Bearzotti et al, 1999). Whether
�bronectin can serve as an alternative receptor for
rabies in some tissues is not known.

Cellular receptors for JC virus (JCV)
JCV was originally isolated from the brain of a pa-
tient with progressive multifocal leukoencephalopa-
thy (PML) and subsequently propagated in cultures of
human fetal glial cells (Padgett et al, 1971). As these
cells are dif�cult to obtain, virus isolation and prop-
agation was attempted in a wide variety of other cell
types with little or no success (Major et al, 1992). As
a result of these early studies, JCV was characterized
as having a very narrow host range. In vivo, JCV in-
fection is restricted to oligodendrocytes, astrocytes,
and B-lymphocytes (Houff et al, 1988; Monaco et al,
1996). This highly restricted cell type speci�city is
also seen it in vitro as virus infection is restricted to
primary cultures of human glial cells and to a few
established human glial cell lines.

JCV, like most other polyomaviruses, hemagglu-
tinates red blood cells in a sialic acid dependent
manner. Until recently, very little was known about
JCV receptors on cells other than erythrocytes. The
�rst suggestion that receptors played a role in tropism
came from a comparison of the ability of JCV virions
or JCV DNA to initiate early viral gene expression
in nonpermissive HeLa cells. In these experiments,
JCV virions did not infect HeLa cells and no early vi-
ral gene expression was detected (Schweighardt and
Atwood, 2000). In contrast, transfection of JCV DNA
into the HeLa cells led to early viral gene expression
(Schweighardt and Atwood, 2000). This suggests that
one block to infection of nonpermissive cells by JCV
is at an early stage in the viral life cycle, perhaps
at the level of receptor binding. The nature of the
glial cells receptor for JCV was then characterized
biochemically. These data demonstrated that infec-
tion of glial cells by JCV can be inhibited by treat-
ing cells with tunicamycin, or by enzymatic removal
of ® (2-3) and ® (2-6) linked sialic acids (Liu et al,
1998). A recombinant ® (2-3) speci�c neuraminidase
did not inhibit infection of these cells by JCV sug-

gesting that the ® (2-6) linkage is critical. Infection of
cells by JCV was also not inhibited by an O-linked
glycosylation inhibitor, BenzylGalNac, or by trypsin,
chymotrypsin, phospholipase A2, or phospholipase
C. These data when taken together demonstrate that
the JCV receptor is a trypsin resistant N-linked gly-
coprotein containing ® (2-6) linked sialic acid (Liu
et al, 1998; Figure 1). These properties distinguish
JCV from other polyomaviruses that use sialic acid
as cell surface receptors. It is interesting to note that
treatment of glial cells with trypsin reduces virus
binding to cells but, paradoxically, leads to increased
infectivity (our unpublished observations). This may
be due to the elimination of pseudoreceptors for JCV
that act to limit accessibility to speci�c and produc-
tive receptor binding sites.

Recently, JCV binding to a wide variety of permis-
sive and nonpermissive cells was studied by �ow
cytometry. JCV bound to all of the cell lines tested,
regardless of their known susceptibility to infection
(Wei et al, 2000). An ® (2-6) linked sialic acid spe-
ci�c lectin, SNA, also bound to all of these cells. It
is therefore likely that many cell surface glycolipids
and glycoproteins are modi�ed by ® (2-6) sialyation
but that only a minority of these molecules can serve
as a speci�c receptor for JCV. Interestingly, when JCV
binding to primary cells was examined, a different
story emerged. In these experiments, JCV bound only
to primary cells that were known to be susceptible to
infection. For example, virus bound to primary hu-
man glial cells, to primary tonsillar stromal cells, and
to primary human B cells but did not bind to primary
human T cells (Wei et al, 2000). This indicates that
there may be speci�city of JCV binding in vivo that
is not apparent when one examines virus binding to
tumor cell lines. The identi�cation of a speci�c glial
cell receptor for JCV has remained elusive.

Cellular receptors for HIV-1
Human Immunode�ciency Virus (HIV)-associated
dementia affects approximately 20% of HIV-infected
individuals (Lipton, 1994; McArthur et al, 1997). It
is characterized by progressive cognitive and motor
dysfunction (Atwood et al, 1993; Kolson et al, 1998).
The neuropathology of HIV dementia includes dif-
fuse damage to white matter, loss of synaptic den-
sity, vacuolization of dendritic processes, reactive
astrogliosis, and the appearance of multinucleated gi-
ant cells (Epstein and Gendelman, 1993; Everall et al,
1991; Kolson et al, 1998).

The presence of HIV within the central nervous sys-
tem (CNS) is not suf�cient to cause dementia. Proviral
HIV DNA has been isolated from brain within 2 weeks
of primary infection, providing evidence that HIV in-
vades the CNS early during the course of infection
(Davis et al, 1992). However, most HIV infected indi-
viduals do not develop HIV associated dementia until
the terminal stages of AIDS when CD4 counts are at
their lowest, suggesting that an intact immune sys-
tem may protect the CNS from dementia (Brew et al,
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1996; Soontornniyomkij et al, 1998). In addition, the
incidence of HIV dementia is reduced in individuals
receiving effective anti-retroviral therapy, suggesting
that reducing systemic viral replication limits CNS
damage (Brodt et al, 1997; Dore et al, 1999).

In the CNS, perivascular microglial cells and
in�ltrating macrophages are the predominant cell
types productively infected by HIV (Gabuzda et al,
1986; Watkins et al, 1990; Jordan et al, 1991; Wiley
et al, 1986). HIV proviral DNA as well as early and late
viral gene products are readily detected within these
cell types in vivo (Koenig et al, 1986; Wiley et al, 1986;
An et al, 1999a). Infection of macrophages by HIV in-
volves the cellular receptors CD4 and CCR5 (Alkhatib
et al, 1996; Deng et al, 1996; Doranz et al, 1996). Ini-
tially, the viral envelope glycoprotein, gp120, binds
to the cellular receptor CD4 (Figure 1). This inter-
action induces a conformational change within the
gp120 molecule which exposes, or creates, a binding
site for CCR5, the chemokine receptor that serves as
the main coreceptor for macrophage tropic strains of
HIV-1. (Kwong et al, 1998; Rizzuto et al, 1998; Wyatt
et al, 1998; Figure 1). It has been determined that the
tropism of different strains of HIV is determined by
the coreceptor binding site of the viral gp120 (Chan
and Kim, 1998; Littman, 1998; Rizzuto et al, 1998).
Interaction of gp120 with the coreceptor induces
further conformational changes within the envelope
glycoproteins that expose a fusogenic domain in
gp41, which consequently leads to the virus-cell fu-
sion event. Microglia, which are also a CD4 positive
cell-type, have been shown to be highly susceptible
to infection by macrophage tropic strains of HIV
(Watkins et al, 1990; Jordan et al, 1991). Microglia
express the ¯-chemokine receptors, CCR5 and CCR3.
HIV infection of microglial cells can be inhibited by
pretreatment with the ligands of these two corecep-
tors, RANTES and eotaxin respectively, implying
that both CCR3 and CCR5 play a role in HIV infection
of microglia in vivo (He et al, 1997; Shieh et al, 1998).

Despite the fact that neuronal damage leads to the
symptoms of dementia, there is little evidence of
direct infection of neurons by HIV. This indicates that
neurons are being damaged indirectly (Everall et al,
1991; Masliah et al, 1992; Gelbard et al, 1995; Bagasra
et al, 1996; Nuovo and Al�eri, 1996; Brannagan
et al, 1997). Infected macrophages are known to se-
crete many potentially neurotoxic substances, such
as in�ammatory cytokines, quinolinic acid, and ni-
tric oxide (Dawson et al, 1993). It is likely that the
presence of infected macrophages within the CNS
contributes to the neuropathogenesis of HIV demen-
tia (Lipton, 1994).

There is limited evidence to suggest that oligoden-
drocytes are directly infected by HIV. HIV DNA has
been detected by in situ hybridization in cells that
have the morphology of oligodendrocytes (Nuovo
et al, 1994; Bagasra et al, 1996). More recently,
HIV DNA was detected in oligodendroctyes in vivo
using a more sensitive technique called polymerase

chain reaction/in situ hybridization (PCR-IS) (An
et al, 1999b). However, positive identi�cation of
oligodendrocytes in tissue sections can be dif�cult
due to problematic staining for galactocylceramide
(GalCer), the most commonly used oligodendro-
cyte marker (Albright et al, 1996). In many cases,
researchers must rely on morphological characteriza-
tion alone to identify oligodendrocytes. However, in
vitro studies have demonstrated that puri�ed adult
oligodendrocytes in culture are able to support a
restricted infection by some strains of HIV (Albright
et al, 1996). The cellular receptors involved in HIV in-
fection of oligodendrocytes have not been identi�ed.

HIV has been found to establish a persistent
infection in astrocytes in vivo and in culture (Conant
et al, 1994; Nuovo et al, 1994; Tornatore et al, 1994a;
Tornatore et al, 1994b; Nath et al, 1995; Ranki et al,
1995; Bagasra et al, 1996; An et al, 1999a; An et al,
1999b). Proviral DNA and early viral gene products
are detected in astrocytes in vivo, however, late viral
gene products are not detected (Nuovo et al, 1994;
Ranki et al, 1995; Bagasra et al, 1996; An et al, 1999a;
An et al, 1999b). In primary cultures of human fetal
astrocytes, HIV establishes a low level, noncytopathic
infection, which becomes latent after several days of
virus production (Tornatore et al, 1994b; Tornatore
et al, 1993; Tornatore et al, 1991) The latent infection
in astrocytes can be reactivated by treatment of the
cells with TNF®; IL-1¯, and phorbol esters such as
PMA (Tornatore et al, 1993). Astrocytes are often re-
ferred to as a reservoir of HIV within the CNS because
they restrict viral replication, yet can still transfer in-
fection to other susceptible cell types (Brack-Werner,
1999). Astrocytes also provide HIV with a sanctuary
from antiviral therapy, because many of the current
antiviral drugs do not ef�ciently cross the blood–
brain barrier (Brack-Werner, 1999; Kerza-Kwiatecki
and Amini, 1999). Persistently infected astrocytes
may provide a continuous source of infectious virus
in vivo, even within an individual whose systemic
viral load has been dramatically reduced by anti-viral
therapy (Kerza-Kwiatecki and Amini, 1999).

The CD4-independent mechanism by which HIV-
1 enters astrocytes has not been de�ned. One group
has reported that a 260kDa protein located on the
surface of fetal astrocytes binds gp120, however, it re-
mains to be determined whether or not this molecule
can serve as a receptor for HIV-1 entry (Ma et al,
1994). Another group has reported that gp120 binds
to a 65kDa molecule on the surface of human astro-
cytes, but again, its involvement in HIV entry has not
been determined (Hao and Lyman, 1999). Astrocytes
have been found to express several chemokine re-
ceptors, including CXCR2, CXCR4, CCR1, and CCR5
(Hesselgesser and Horuk, 1999). The role of
chemokine receptors as HIV coreceptors suggests that
these receptors may play a role in the entry of HIV
into astrocytes. However, one group has found no
involvement of major chemokine receptors in infec-
tion of astrocytes by HIV-1 (Sabri et al, 1999). This
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is supported by our study demonstrating that nei-
ther CD4 nor CXCR4 are involved in infection of
an astrocyte cell line by a T-tropic strain of HIV-1
(Schweighardt et al, 2001).

Conclusions

As our knowledge about cellular receptors for viruses
grows it is becoming increasingly apparent that virus-
host cell receptor interactions play a major role in de-
termining viral tropism in vivo. The picture is com-
plicated by the fact that many viruses are now being
shown to require more than a single receptor to infect
a cell. Moreover, tissue speci�c differences in recep-
tor glycosylation also contribute signi�cantly to virus
tropism. As the complexities of these virus-host cell
receptor interactions unfold, novel strategies to treat
or prevent viral infection of the CNS should present
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based therapeutics.

Acknowledgements

Work in our laboratory was supported by grants
from the National Institutes of Health, including
CA-71878, RR-00-003, 1P30AI42853, a Brown Uni-
versity Salomon Foundation grant #6-32320 to WA,
and by Grants-in-aid of Research from Sigma Xi, the
Scienti�c Research Society to BS. BS was also sup-
ported by a Department of Education training grant
in Areas of National Need (GANN).

Brannagan TH, Nuovo GJ, Hays AP, Latov N (1997). Hu-
man immunode�ciency virus infection of dorsal root
ganglion neurons detectedby polymerase chain reaction
in situ hybridization. Ann Neurol 42(3): 368–372.

Brew BJ, Dunbar N, Pemberton L, Kaldor J (1996). Pre-
dictive markers of AIDS dementia complex: CD4 cell
count and cerebrospinal �uid concentrations of beta
2-microglobulin and neopterin. J Infect Dis 174:
294–298.

Brodt HR, Kamps BS, Gute P, Knupp B, Staszewski S, Helm
EB (1997). Changing incidence of AIDS-de�ning ill-
nesses in the era of antiretroviral combination therapy.
AIDS 11(14): 1731–1738.

Buchholz CJ, Gerlier D, Hu A, Cathomen T, Liszewski
MK, Atkinson JP, Cattaneo R (1996). Selective expres-
sion of a subset of measles virus receptor-competent
CD46 isoforms in human brain. Virology 217(1): 349–
355.

Chan DC, Kim PS (1998). HIV entry and its inhibition. Cell
93: 681–684.

Cocchi F, Menotti L, Mirandola P, Lopez M, Campadelli-
Fiume G (1998). The ectodomain of a novel member of
the immunoglobulin subfamily related to the poliovirus
receptor has the attributes of a bona �de receptor for
herpes simplex virus types 1 and 2 in human cells. J Virol
72(12): 9992–10002.

Conant K, Tornatore CS, Atwood WJ, Meyers K, Traub R,
Major EO (1994). In vivo and in vitro infection of the
astrocyte by HIV-1. Adv Neuroimmunol 4: 1–3.

Davis L, Hjelle B, Miller V, Palmer D, Llewellyn A, Merlin
T, Young S, Mills R, Wachsman W, Wiley C (1992). Early
viral brain invasion in iatrogenic human immunode�-
ciency virus. Neurology 42: 1736–1739.

Dawson VL, Dawson TM, Bartley DA, Uhl GR, Snyder SH
(1993). Mechanisms of nitric oxide-mediated neurotox-
icity in primary brain cultures. J Neurosci 13(6): 2651–
2661.

Deng H, Liu R, EllmeierW, Choe S, Unatmaz D, Burkhart M,
DiMarzio P, Marmon S, Sutton RE, Hill CM, Davis CB,
Peiper SC, Schall TJ, Littman DR, Landau NR (1996).



Virus receptors in the CNS

B Schweighardt and WJ Atwood 193

Identi�cation of a major co-receptor for primary isolates
of HIV-1. Nature 381: 661–666.

Doranz BJ, Rucker J, Yi Y, Smith RJ, Samson M, Peiper SC,
Parmentier M, Collman RG, Doms RW (1996). A dual
tropic primary HIV-1 isolate that used fusin and the beta-
chemokine receptors CCR5, CCR3 and CKR-2b as fusion
cofactors. Cell 85: 1149–1158.

Dore, GJ, Correll PK, Li Y, Kaldor JM, Cooper DA, Brew
BJ (1999). Changes to AIDS dementia complex in the
era of highly active antiretroviral therapy. AIDS 13(10):
1249–1253.

Dorig RE, Marcil A, Chopra A, Richardson CD (1993). The
human CD46 molecule is a receptor for measles virus
(Edmonston strain). Cell 75(2): 295–305.

Epstein L, Gendelman H (1993). Human immunode�ciency
virus type 1 infection of the nervous system: patho-
genetic mechanisms. Ann Neurol 33: 429–436.

Everall I, Luthert P, Lantos P (1991). Neuronal loss in
the frontal cortex in HIV infection. Lancet 337: 1119–
1121.

Freistadt MS, Stoltz DA, Eberle KE (1995). Role of po-
liovirus receptors in the spread of the infection. Ann
NY Acad Sci 753: 37–47.

Gabuzda D, Ho D, De La Monte S, Hirsch M, Rota T, Sobel R
(1986). Immunohistochemical identi�cation of HTLV-III
antigen in brains of patients with AIDS. Ann Neurol
20: 289–295.

Gastka M, Horvath J, Lentz TL (1996). Rabies virus bind-
ing to the nicotinic acetylcholine receptor alpha subunit
demonstrated by virus overlay protein binding assay.
J Gen Virol 77(Pt 10): 2437–2440.

Gelbard HA, James HJ, Sharer LR, Perry SW, Kazee AM,
Saito Y, Blumberg BM, Epstein LG (1995). Apop-
totic neurons in brains from paediatric patients with
HIV-1 encephalitis and progressive encephalopathy.
Neuropathol Appl Neurobiol 21: 208–217.

Geraghty RJ, Krummenacher C, Cohen GH, Eisenberg RJ,
Spear PG (1998). Entry of alphaherpesviruses mediated
by poliovirus receptor-related protein 1 and poliovirus
receptor. Science 280(5369): 1618–1620.

Grif�n DE, Bellini WJ (1996). Measles virus. In: Fields
Virology. Fields B (ed). Lippincott-Raven, Philadelphia,
pp 1267–1312.

Gromeier M, Lu HH, Bernhardt G, Harber JJ, Bibb JA,
Wimmer E (1995). The human poliovirus receptor.
Receptor–virus interaction and parameters of disease
speci�city. Ann NY Acad Sci 753: 19–36.

Hao H, Lyman WD (1999). HIV infection of fetal human
astrocytes: the potential role of a receptor-mediated en-
docytic pathway. Brain Res 823: 24–32.

He J, Chen Y, Farzan M, Choe H, Ohagen A, Gartner S,
Busciglio J, Yang X, Hofmann W, Newman W, Mackay
CR, Sodroski J, Gabuzda D (1997). CCR3 and CCR5 are
co-receptors for HIV-1 infection of microglia. Nature
385: 645–649.

HesselgesserJ, Horuk R (1999). Chemokine and chemokine
receptor expression in the centralnervous system. J Neu-
rovirol 5, 13–26.

Horvat B, Rivailler P, Varior-Krishnan G, Cardoso A, Gerlier
D, Rabourdin-Combe C (1996). Transgenic mice express-
ing human measles virus (MV) receptor CD46 provide
cells exhibiting different permissivities to MV infection.
J Virol 70: 6673–6681.

Houff SA, Major EO, Katz DA, Kufta CV, Sever JL, Pittaluga
S, Roberts JR, Gitt J, Saini N, Lux W (1988). Involvement
of JC virus-infected mononuclear cells from the bone

marrow and spleen in the pathogenesis of progressive
multifocal leukoencephalopathy. N Engl J Med 318: 301–
305.

Johnson RT (1998). Viral infections of the nervous system.
2nd ed. Lippincott-Raven, Philadelphia.

Jordan CA, Watkins BA, Kufta C, Dubois-Dalcq M (1991).
Infection of brain microglial cells by human immunod-
e�ciency virus type 1. J Virol 65: 736–742.

Kerza-Kwiatecki AP, Amini S (1999). CNS as an HIV-1
reservoir; BBB and drug delivery. J Neurovirol 5: 113–
114.

Koenig S, Gendelman H, Orenstein J, Dal Canto M,
Pezeshkpour G, Yungbluth M, Janotta F, Aksamit A,
Martin M, Fauci A (1986). Detection of AIDS virus in
macrophages in brain tissue from AIDS patients. Sci-
ence 233: 1089–1093.

Kolson DL, Lavi E, Gonzalez-Scarano F (1998). The effects
of human immunode�ciency virus in the central ner-
vous system. Adv Virus Res 50: 1–700.

Krah DL, Choppin PW (1988). Mice immunized with
measles virus develop antibodies to a cell surface re-
ceptor for binding virus. J Virol 62(5): 1565–1572.

Kwong PD, Wyatt R, Robinson J, Sweet RW, Sodroski J,
Hendrickson WA (1998). Structure of an HIV gp120 en-
velope glycoprotein in complex with the CD4 receptor
and a neutralizing human antibody. Nature 393: 648–
659.

Lawrence DM, Patterson CE, Gales TL, D’Orazio JL, Vaughn
MM, Rall GF (2000). Measles virus spread between neu-
rons requires cell contact but not CD46 expression, syn-
cytium formation, or extracellular virus production. J
Virol 74(4): 1908–1918.

Lentz TL, Burrage TG, Smith AL, Crick J, Tignor GH (1982).
Is the acetylcholine receptor a rabies virus receptor? Sci-
ence 215: 182–184.

Leon-Monzon ME, Illa I, Dalakas MC (1995). Expression of
poliovirus receptor in human spinal cord and muscle.
Ann NY Acad Sci 753: 48–57.

Lipton SA (1994). HIV-related neuronal injury. Mol Neuro-
biol 8: 181–196.

Liszewski MK, Post TW, Atkinson JP (1991). Membrane co-
factor protein (MCP or CD46): newest member of the
regulators of complement activation gene cluster. Annu
Rev Immunol 9: 431–455.

Littman DR (1998). Chemokine receptors: keys to AIDS
pathogenesis. Cell 93: 677–680.

Liu CK, Wei G, Atwood WJ (1998). Infection of glial cells by
the human polyomavirus JC is mediated by an N-linked
glycoprotein containing terminal alpha 2-6 linked sialic
acids. J Virol 72: 4643–4649.

Ma M, Geiger JD, Nath A (1994). Characterization of a
novel binding site for the human immunode�ciency
virus type 1 envelope protein gp120 on human fetal as-
trocytes. J Virol 68(10): 6824–6828.

Major EO, Amemiya K, Tornatore CS, Houff SA, Berger
JR (1992). Pathogenesis and molecular biology of pro-
gressive multifocal leukoencephalopathy, the JC virus-
induced demyelinating disease of the human brain. Clin
Microbiol Rev 5: 49–73.

Manchester M, Liszewski MK, Atkinson JP, Oldstone MB
(1994). Multiple isoforms of CD46 (membrane cofactor
protein) serve as receptors for measles virus. Proc Natl
Acad Sci USA 91(6): 2161–2165.

Manchester M, Naniche D, Stehle T (2000). CD46 as
a measles receptor: form follows function. Virology
274(1): 5–10.



Virus receptors in the CNS

194 B Schweighardt and WJ Atwood

Masliah E, Ge N, Morey M, DeTeresa R, Terry, R, Wiley
C (1992). Spectrum of human immunode�ciency virus
associated neocortical damage. Ann Neurol 32: 321–
329.

McArthur JC, McClernon DR, Cronin MF, Nance-Sproson
TE, Saah AJ, St Clair M, Lanier ER (1997). Relationship
between human immunode�ciency virus-associatedde-
mentia and viral load in cerebrospinal �uid and brain.
Ann Neurol 42: 689–698.

McChesney MB, Oldstone MB (1989). Virus-induced im-
munosuppression: infections with measles virus and
human immunode�ciency virus. Adv Immunol 45: 335–
380.

Mendelsohn CL, Wimmer E, Racaniello VR (1989). Cellular
receptor for poliovirus:molecular cloning, nucleotide
sequence, and expression of a new member of the im-
munoglobulin superfamily. Cell 56: 855–865.

Monaco MGC, Atwood WJ, Gravell M, Tornatore CS, Major
EO (1996). JCV infection of hematopoetic progenitor
cells, primary B lymphocytes, and tonsillar stromal
cells: Implicationfor viral latency. J Virol 70: 7004–7012.

Montgomery RI, Warner MS, Lum BJ, Spear PG (1996).
Herpes simplex virus-1 entry into cells is mediated by a
novel member of the TNF/NGF receptor family. Cell 87:
427–436.

Mrkic B, Pavlovic J, Rulicke T, Volpe P, Buchholz CJ,
Hourcade D, Atkinson JP, Aguzzi A, Cattaneo R (1998).
Measles virus spread and pathogenesis in genetically
modi�ed mice. J Virol 72(9): 7420–7427.

Naniche D, Varior-Krishnan G, Cervoni F, Wild TF, Rossi B,
Rabourdin-Combe C, Gerlier D (1993a). Human mem-
brane cofactor protein (CD46) acts as a cellular receptor
for measles virus. J Virol 67(10): 6025–6032.

Naniche D, Wild TF, Rabourdin-Combe C, Gerlier D
(1993b). Measles virus haemagglutinin induces down-
regulation of gp57/67, a molecule involved in virus
binding. J Gen Virol 74(Pt 6): 1073–1079.

Nath A, Hartloper V, Furer M, Fowke KR (1995). Infection
of human fetal astrocytes with HIV-1: viral tropism and
the role of cell to cell contact in viral transmission. J
Neuropathol Exp Neurol 54: 320–330.

Nuovo GJ, Al�eri ML (1996). AIDS dementia is associated
with massive, activated HIV-1 infection and concomi-
tant expression of several cytokines. Mol Med 2(3): 358–
366.

Nuovo, GJ, Gallery F, MacConnell P, Braun A (1994). In situ
detection of polymerase chain reaction-ampli�ed HIV-1
nucleic acids and tumor necrosis factor-alpha RNA in
the central nervous system. Am J Pathol 144: 659–666.

Ogata A, Czub S, Ogata S, Cosby SL, McQuaid S, Budka
H, ter Meulen V, Schneider-Schaulies J (1997). Absence
of measles virus receptor (CD46) in lesions of subacute
sclerosing panencephalitis brains. Acta Neuropathol
(Berl) 94(5): 444–449.

Oldstone MB, Lewicki H, Thomas D, Tishon A, Dales S,
Patterson J, Manchester M, Homann D, Naniche D, Holz
A (1999). Measles virus infection in a transgenic model:
virus-induced immunosuppression and central nervous
system disease. Cell 98(5): 629–640.

Padgett B, ZuRhein G, Walker D, Echroade R, Dessel B
(1971). Cultivation of papova-like virus from human
brain with progressive multifocal leukoencephalopathy.
Lancet I: 1257–1260.

Plotkin SA (2000). Rabies. Clin Infect Dis 30(1): 4–12.
Rall GF, Manchester M, Daniels LR, Callahan EM, Belman

AR, Oldstone MB (1997). A transgenic mouse model for

measles virus infection of the brain. Proc Natl Acad Sci
USA 94(9): 4659–4663.

Ranki A, Nyberg M, Ovod V (1995). Abundant expression
of HIV Nef and Rev proteins in brain astrocytes in vivo
is associated with dementia. AIDS 9: 1001–1008.

Rizzuto CD, Wyatt R, Hernandez-Ramos N, Sun Y,
Kwong PD, Hendrickson WA, Sodroski J (1998). A con-
served HIV gp120 glycoprotein structure involved in
chemokine receptor binding. Science 280: 1949–1953.

Roizman B, Sears AE (1996). Herpes Simplex Viruses
and their replication. In: Fundamental Virology. Fields
BN, Knipe DM, Howley PM (eds). Lippincott-Raven,
Philadelphia, pp 1043–1107.

Rueckert RR (1996). Picornaviridae: The viruses and their
replication. In: Fundamental Virology Fields BN, Knipe
DM, Howley PM (eds). Lippincott-Raven, Philadelphia,
pp 477–522.

Sabri F, Tresoldi E, Di Stefano M, Polo S, Monaco MC,
Verani A, Fiore JR, Lusso P, Major E, Chiodi F, Scarlatti G
(1999). Nonproductive human immunode�ciency virus
type 1 infectionof human fetal astrocytes: independence
from CD4 and major chemokine receptors. Virology 264:
370–384.

Schweighardt B, Atwood WJ (2000). Glial cells as targets of
viral infection in the human central nervous system. In:
Glial Cell Function Nieto-Sampedro M, Castellano B,
(eds). Vol. 132. Elsevier Press, Amsterdam, pp 731–745.

Schweighardt B, Shieh, JTC, Atwood WJ (2001). CD4/
CXCR4 independent infection of human astrocytes by
a T-tropic strain of HIV-1. J Neuro Virol in press.

Shieh JTC, Albright AV, Sharron M, Gartner S, Strizki J,
Doms RW, Gonzalez-Scarano F (1998). Chemokine re-
ceptor utilization by human immunode�ciency virus
type 1 isolates that replicate in microglia. J Virol 72:
4243–4249.

Soontornniyomkij V, Nieto-Rodriguez JA, Martinez AJ,
Kingsley L A, Achim CL, and Wiley CA (1998). Brain
HIV burden and length of survival after AIDS diagnosis.
Clin Neuropathol 17: 95–99.

Spear PG, Eisenberg RJ, Cohen GH (2000). Three classes of
cell surface receptors for alphaherpesvirus entry. Virol-
ogy 275(1): 1–8.

Thoulouze MI, Lafage M, Schachner M, Hartmann U,
Cremer H, Lafon M (1998). The neural cell adhesion
molecule is a receptor for rabies virus. J Virol 72(9),
7181–7190.

Tomassini JE, Colonno RJ (1986). Isolation of a receptor
protein involved in attachment of human rhinoviruses.
J Virol 58(2): 290–295.

Tornatore C, Chandra R, Berger JR, Major EO (1994a). HIV-1
infection of subcortical astrocytes in the pediatric cen-
tral nervous. Neurology 44: 481–487.

Tornatore C, Meyers K, Atwood W, Conant K, Major
E (1994b). Temporal patterns of human immunode�-
ciency virus type 1 transcripts in human fetal astrocytes.
J Virol 68: 93–102.

Tornatore C, Nath A, Amemiya K, Major EO (1993). Per-
sistent human immunode�ciency virus type 1 infection
in human fetal glial cells reactivated by T-cell factor(s)
or by the cytokines tumor necrosis factor alpha and
interleukin-1 beta. J Virol 65: 6094–6100.

Tornatore CS, Nath A, Amemiya K, Major EO (1991). Persis-
tent human immunode�ciency virus type 1 infection in
human glial cells reactivated by T cell factors or by the
cytokines tumor necrosis factor alpha and interleukin
1 beta. J Virol 65: 6094–6100.



Virus receptors in the CNS

B Schweighardt and WJ Atwood 195

Tuffereau C, Benejean J, Blondel D, Kieffer B, Flamand
A (1998). Low-af�nity nerve-growth factor receptor
(P75NTR) can serve as a receptor for rabies virus. Embo
J 17(24): 7250–7259.

Warner MS, Geraghty RJ, Martinez WM, Montgomery RI,
Whitbeck JC, Xu R, Eisenberg RJ, Cohen GH, Spear, PG
(1998). A cell surface protein with herpesvirus entry ac-
tivity (HveB) confers susceptibility to infection by mu-
tants of herpes simplex virus type 1, herpes simplex
virus type 2, and pseudorabies virus. Virology 246(1):
179–189.

Watkins BA, Dorn HH, Kelly WB, Armstrong RC, Potts BJ,
Michaels F, Kufta CV, Dubois-Dalcq M (1990). Speci�c
tropism of HIV-1 for microglial cells in primary human
brain cultures. Science 249: 549–552.

Wei G, Liu CK, Atwood WJ (2000). JC Virus binds to
primary human glial cells, tonsillar stromal cells, and
B-lymphocytes, but not to T-lymphcytes. J Neurovirol
6(2): 127–136.

Wild TF, Malvoisin E, Buckland R (1991). Measles virus:
both the haemagglutinin and fusion glycoproteins
are required for fusion. J Gen Virol 72(Pt 2): 439–
442.

Wiley C, Schrier R, Nelson J, Lampert P, Oldstone M (1986).
Cellular localization of human immunode�ciency virus
infection within the brains of aquired immune de�-
ciency patients. Proc Natl Acad Sci USA 83: 7089–
7093.

WuDunn D, Spear PG (1989). Initial interaction of herpes
simplex virus with cells is binding to heparan sulfate.
J Virol 63(1): 52–58.

Wyatt R, Kwong PD, Desjardins E, Sweet R, Robinson
J, Hendrickson WA, Sodroski J (1998). The antigenic
structure of HIV gp120 envelope protein. Nature 393:
705–711.

Zhou L, Lin X, Green TJ, Lipton HL, Luo M (1997). Role
of sialyloligosaccharide binding in Theiler’s virus
persistence. J Virol 71(12): 9701–9712.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


