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Relevance of studies of cellular receptors to the
prevention and control of viral disease:
Memorandum from a WHO Meeting*

This Memorandum describes recent scientific advances in the identification and
characterization of cell receptors for viruses and their relevance to programmes for the
prevention and control of viral diseases. These areas of anti-viral research provide an
improved understanding of the mechanisms of viral pathogenesis and a rational basis for
the development of anti-viral drugs, viral vaccines, and new diagnostic approaches and
reagents. Advances in research to characterize the cellular receptors for human picorna-
viruses (including poliovirus, coxsackievirus and rhinovirus), influenza viruses, and
reoviruses are reviewed.

GENERAL CONSIDERATIONS

Viruses exhibit specificities in their abilities to
replicate at the species, tissue and cellular level.
Restriction of replication may be due to a number of
factors governing the interaction between a virus and
its target cell. The initial interaction involves the
attachment of the virus, through specific binding sites
on the virion (referred to as virion attachment sites
(VAS) in this report), to corresponding receptors at
the cell surface. The subsequent events include entry
into the cell, replication of the viral genetic infor-
mation, and the assembly and release of infectious
virions. The cellular receptors for viruses are
structures which presumably play a role in normal cell
physiology; they are probably mobile cell membrane
components that are subject to continuous turnover.
Although in general little is known of the nature of

cell receptors for viruses, several physiological recep-
tors, including those for certain hormones (e.g.,
insulin), neurotransmitters (e.g., acetylcholine), and
transport proteins (e.g., low-density lipoprotein),
have been isolated and identified. Modern techniques
now make feasible similar studies on the character-
ization of cellular receptors for viruses.

Studies of cellular receptors for viruses and the
corresponding binding structure on the virion (VAS)
may help to explain some features of viral patho-
genesis such as tissue tropism and the range of the
host's specificity. It may also provide strategies for
the control of viral disease by specific intervention of
the initial stage of virus-cell interaction. Of particular
importance in this context is the fact that viruses
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lation of this Memorandum will appear in a later issue of the Bulletin.

within a single taxonomic group (e.g., genus or
species) often possess a common receptor specificity,
despite possession of considerable antigenic diversity.
For example, all three serotypes of poliovirus appear
to utilize a common cell receptor. Thus, effective
intervention against several distinct serotypes of
virus, within a given taxonomic group, could poten-
tially be provided by a single anti-viral agent. In
contrast, immunoprophylaxis requires multivalent
vaccines (e.g., polio vaccines, influenza vaccines).
The specificity of the VAS might well be conserved for
a given virus, despite progressive evolution of
antigens in nature.
The molecular interactions between VAS and

cellular receptors are believed to be specific for a
given virus strain and cell. However, it is possible that
related virus strains, or variants within a virus popu-
lation, can recognize cellular receptors with similar or
slightly different molecular structures. As a con-
sequence, blocking of attachment to one group of
receptors may still allow variants of the virus to enter
the cell via a closely related pathway. Variants using
different receptors have been demonstrated in studies
of influenza virus and Sendai virus.
Some viruses may gain access to the host cell by

mechanisms not involving binding to specific recep-
tors. An example of this is the uptake of dengue virus
antibody complexes by interaction with receptors for
the immunoglobulin Fc region on macrophages.
Viruses that enter cells by such non-specific
mechanisms are not dealt with in the present report.

RECEPTOR IDENTIFICATION

Adsorption of animal viruses to host cells is
mediated by a viral binding protein which attaches to
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components on the cell surface. In principle, the
structure recognized by the viral protein may be a cell
surface protein, a carbohydrate group of a glyco-
protein or glycolipid, or molecules of the lipid bilayer.
General strategies for the identification of cellular
receptors include the use of cell receptor-specific
immunoglobulins (generated as monoclonal or anti-
idiotypic antibodies), fractionation of cells into
components identified by their virus-binding
activities, enzymatic modification of cell surface
carbohydrate as a result of virus attachment, and the
use of specific inhibitors of virus-cell interaction. A
number of viruses appear to recognize proteins of
known physiological function, e.g., rabies virus
possibly recognizes the acetylcholine receptor;
Epstein-Barr virus, the C3 complement receptor; and
reoviruses, the beta adrenergic receptor. Others
appear to bind to proteins that are still uncharac-
terized; viruses of this type that were considered in
detail at the meeting are poliovirus, coxsackievirus,
rhinovirus, and reovirus. Examples of viruses that
utilize carbohydrate structures as receptors include
myxoviruses, paramyxoviruses and polyoma viruses;
of these, the influenza virus was considered in most
detail at the meeting. The reader's attention is drawn
to a number of review articles relevant to studies of
viral receptors. -

Picornavirus receptors

The diverse receptor specificities for the different
species of picornaviruses appear to correlate well with
taxonomic classification based on host range and
specific pathogenesis.

Preliminary steps have been taken in identifying
cell receptors for poliovirus. Several monoclonal
antibodies, prepared against surface determinants of
Hep 2c cells (a continuous cell line of human origin),
have been obtained which specifically block virus
absorption and infection of cells by all three polio-
virus serotypes without affecting the uptake of other
viruses. The antibodies were equally effective on cells
of human and primate origin against a variety of
avirulent and virulent polioviruses. Attempts to
identify the cell receptor site using monoclonal anti-
body reagents are in progress.
Group B coxsackieviruses have been shown to bind

specifically to a plasma membrane protein isolated
from Hela cells. The purification of this protein was
made possible by the stability of the virus-receptor
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complex in the presence of detergents. The complex
was iodinated, the virions disrupted, and the free
receptor protein was shown to bind to virions of
coxsackieviruses BI and B3 but not to poliovirus. It is
possible that this is but one component of a multi-
component receptor site; its relative molecular mass
(Mr) is approximately 50 000.
A monoclonal antibody to the cell surface has been

described which blocks cellular receptors for
coxsackieviruses B1, B3, B5, echovirus 6, and
coxsackievirus A21, but does not block receptors for
16 other picornaviruses. This antibody appears to
block the adsorption of a wide range of viruses which
by other criteria appear to utilize different receptor
sites. Attempts are being made to identify and isolate
the protein to which the monoclonal antibody binds.
However, the antibody does not immunoprecipitate
the receptor protein (M, 50 000) described above.
The participants at the meeting agreed that the

assembly of a "library" of monoclonal antibodies
against the cell receptors for different picornaviruses
would be of great value to further elucidate the
structure of these cell receptors.

Reovirus receptors

Anti-idiotypes to a monoclonal antibody directed
against the sigma-one protein from the reovirus type 3
surface, and which neutralize reovirus 3 infectivity,
have been shown to bind to neural cells and lympho-
cytes in a manner resembling the parental reovirus.
They therefore appear to recognize the cell surface
receptor for reovirus and have been reported to
induce serotype-specific immunity in animals.
A protein of Mr 67 000 has been isolated from the

surface of cells which reacted with an anti-idiotype
antibody to sigma-one protein of reovirus 3 and thus
appears to be the cellular receptor for the virus.
A number of studies suggest that a physiological

receptor, the beta adrenergic receptor protein of Mr
67 000, is precipitated by antibody to the reovirus 3
receptor. Purified reovirus receptor (isolated by anti-
idiotype antibodies) and the beta adrenergic receptor
(isolated from calf lung) are apparently identical in
relative molecular mass and isoelectric point. Further-
more, tryptic digests of both receptors were closely
similar.

Influenza virus receptors

Influenza viruses bind to cells as a result of inter-
actions between the haemagglutinin glycoprotein of
the virus envelope and sialic-acid-containing recep-
tors on the cell surface. The three-dimensional
configuration of the haemagglutinin molecule is
known at high resolution, which makes the influenza
virus a unique model for receptor studies. Based on
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assays employing erythrocytes modified so as to
possess surface sialioligosaccharides of defined
sequence, it has been possible to show that influenza
viruses exhibit great diversity in their recognition of
determinants. Correlation of receptor specificity of
individual influenza A viruses with the species of
animals from which they were isolated suggests that
different species may specifically select virus variants.
The potential for such selection by inhibition of
infection using soluble glycoproteins and by differen-
tial adsorption to cellular receptors has been
demonstrated in vitro.
The region of the haemagglutinin molecule

involved in receptor binding is in the distal globular
domain of each HA, subunit which contains a
'pocket' of conserved amino acid residues, in
particular tyrosine at position 98, tryptophan at
position 153, and histidine at position 183 from the N
terminus of HA,. Direct evidence for the involvement
of this pocket in sialic acid binding has been obtained
from analyses of the primary structure of mutants
which recognize sialic acid in different linkages, either
a2:3 or a2:6 to the penultimate residues of
carbohydrate side-chains. The amino acid at position
226 of HA1 is the only distinguishing residue of these
mutants, with either leucine (a 2:6-binding) or
glutamine (a2:3-binding) in this position. This
residue is in close proximity to the conserved amino
acids of the binding site.

Understanding the detailed receptor specificities of
influenza virus and the mechanisms of selection of
receptor variants in the host may be important in
providing a rational basis for the development of
drugs that will prevent viral infection by blocking
viral adsorption and of new approaches to vaccine
development.
The location of binding sites for antibodies that

inhibit haemagglutination is consistent with the above
description of the sialic-acid-binding region since they
encircle the pocket particularly in the prominent loop
(antigenic region A) and a loop and short alpha-helix
at the tip of the molecule (antigenic region B).
Further, antigenic and sialic-acid-binding sites are
seen to be interrelated since the antigenicity of the
haemagglutinin can be directly affected by modifi-
cations in the sialic-acid-binding pocket.

Investigations with influenza B, influenza B
(HINI), and influenza A (H3N2) viruses have
demonstrated a previously unsuspected source of
antigenic variability in these viruses. Clinical isolates
of influenza virus adapted to growth in eggs were
shown to differ antigenically from virus grown solely
in mammalian (dog kidney) cells. Viruses from these
two sources differ markedly in their ability to react in
haemagglutination-inhibition or neutralization tests
with panels of monoclonal anti-haemagglutinin anti-

bodies, some of which react exclusively with virus
which has been egg-adapted whilst others react only
with virus passaged exclusively in mammalian cells.
Viruses propagated either in eggs or in mammalian
cells also exhibit profound differences in their ability
to react with antibody in human sera, serum antibody
being detected at considerably higher frequency and
titre in tests with virus grown in mammalian cells than
with egg-adapted virus. The molecular basis for host-
cell selection has been studied. Viruses from the same
clinical specimen but propagated in eggs or in
mammalian cells are found to differ by a single, or in
some cases, two amino acids located at the distal tip of
the HA1 subunit. These findings have potentially
important practical implications since influenza
viruses are almost invariably propagated in the
allantoic cavities of fertile hens' eggs prior to their
antigenic characterization for epidemiological and
surveillance purposes, and for the preparation of
vaccines.
The probable explanation for these findings is that

the propagation of virus from clinical isolates in eggs
selects 'receptor' mutants with a concomitant
variation in antigenicity due to the proximity of
antigenic sites to the receptor-binding site in the tip of
the HA molecule.

RESEARCH PRIORITIES AND IMPLICATIONS FOR
DISEASE CONTROL

While details of the interactions of viral-binding
proteins with cellular receptors have been defined in
part for some viruses, much remains to be established
concerning virus-cell attachments, even for the best
characterized of these systems. Antibodies specific to
all receptor sites for viruses are likely to be of value in
the identification of the sites by the methods
described above. Improved knowledge of the fine
conformational structure of the viral proteins,
through which the viruses are attached to the cell, will
clarify the details of the virus-cell interaction.
Cloning and sequencing of receptor genes, in the cases
where the receptor is a protein, will help to identify
the precise cellular structures that bind the virus.
Similarly, analysis of the fine specificity of carbo-
hydrate group recognition using natural and synthetic
substrates may provide improved knowledge on the
carbohydrate receptors.

Studies leading to the chemical and structural
characterization of the virion attachment sites and the
corresponding cell receptors for viruses have poten-
tial applications for developing a variety of
approaches in anti-viral research. Work in this area
may lead to the development of new immunoprophy-
lactic reagents and vaccines, as well as anti-viral
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compounds and diagnostic reagents.
Monoclonal antibodies to the cellular receptors of

several groups of viruses have recently been obtained.
Such antibodies have in some cases been shown to
prevent infection of susceptible cells by virus. It will
be important to determine whether anti-receptor anti-
bodies will provide protection of the intact host
against viral infection or reduce viral pathogenicity.
This approach can be evaluated in animal models.
However, for routine use in man anti-receptor
immunoglobulins for passive application may need to
be of human origin.

Detailed information on the nature of virion
attachment sites and the distribution and variability
of cell receptors may lead to rational approaches to
the development of new, live attenuated viral vaccines
with precisely modified receptor specificity. Mole-
cules with cell receptor specificity for viruses, or their
analogues, may be prepared by synthetic chemistry or
expressed using recombinant DNA technology and
evaluated as specific anti-viral drugs.

Viruses may be used as specific probes for the
analysis of the cell surface and the isolation of specific
cell receptors which may have physiological and
pharmacological properties. Known drugs (antago-
nists or agonists) with defined pharmacological
effects on hormonal receptors may prove useful for
studies of potential anti-viral activity pending further
definition of hormone receptors as cellular receptors
for viruses.

Antibodies directed specifically at cell receptors for
viruses may be of value as diagnostic reagents in
virology. For example, monoclonal antibodies that
specifically block the replication of all three serotypes
of poliovirus or of multiple serotypes of rhinovirus
have been prepared. Such reagants could be employed
for the group identification of viruses, thus elimin-
ating the need to resort to specific neutralizing anti-
bodies.

RECOMMENDATIONS

(1) Because identification and characterization of
cell receptors for viruses have implications both for
newer approaches to the development of viral
vaccines and for the design of anti-viral drugs,
periodic meetings of experts should be held, whenever
appropriate, at an international level to review
developments in this field and to identify possible
practical applications relevant to viral disease control
programmes.

(2) International collaboration and exchange of
information between research workers involved in
studies of cell receptors for different groups of virus,

particularly concerning work on viruses of medical
importance, should be promoted.

(3) Research workers in this field should be
encouraged to exchange relevant research reagents,
e.g., monoclonal antibodies directed against cell
receptors for specific viruses.

(4) In addition to studies on picornaviruses,
influenza viruses and reoviruses, work should be
encouraged on the identification of the receptors of
other viruses of medical importance, including those
causing acute enteric infections (e.g., rotavirus),
acute respiratory infections (e.g., respiratory
syncytial virus), and certain viral haemorrhagic fevers
(e.g., dengue virus), and neurotropic viruses (e.g.,
Japanese encephalitis virus).

(5) Studies to determine the degree of sharing of
cell receptor specificity within groups of viruses
comprising large numbers of distinct serotypes (e.g.,
human enteroviruses and adenoviruses) should be
encouraged.

(6) The prospects for mutually beneficial collab-
oration between workers involved in studies of viral
receptors and those involved in other areas of cell
biology, including physiological receptors, should be
explored.
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