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Coreceptors: Implications for HIV
Pathogenesis and Therapy

John P. Moore

Human immunodeficiency virus® (HIV)
cannot enter human cells unless it first binds
to two key molecules on the cell surface. The
identity of one of these, CD4, has been known
since 1984, but only last year did the decade-
long search for the second receptor molecules
end (1). Identification of these coreceptors—
CCR5 and CXCR4—has changed the view in
several arenas of acquired immunodeficiency
syndrome (AIDS) research.

The virology of HIV has now become
more understandable. The HIV-1 strains
that cause most transmissions of viruses by
sexual contact are called M-tropic viruses.
These HIV-1 strains (also known as NSI pri-
mary viruses) can replicate in primary CD4*
T cells and macrophages and use the B-
chemokine receptor CCR5 (and, less often,
CCR3) as their coreceptor. The T-tropic vi-
ruses (sometimes called SI primary) can also
replicate in primary CD4* T cells but can in
addition infect established CD4* T cell lines
in vitro, which they do via the a-chemokine
receptor CXCR4 (fusin). Many of these T-
tropic strains can use CCR5 in addition to
CXCR4, and some can enter macrophages
via CCR5, at least under certain in vitro
conditions (1). Whether other coreceptors
contribute to HIV-1 pathogenesis is unre-
solved, but the existence of another corecep-
tor for some T-tropic strains can be inferred
from in vitro studies. What is occurring in
patients? Because M-tropic HIV-1 strains are
implicated in about 90% of sexual transmis-
sions of HIV, CCRS5 is the predominant
coreceptor for the virus in patients; transmis-
sion (or systemic establishment) of CXCR4-
using (T-tropic) strains is rare (1, 2). How-
ever, once Sl viruses evolve in vivo (or if
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they are transmitted), they are especially
virulent and cause faster disease progression
(1, 3).

The numbers and identity of coreceptor
molecules on target cells, and the ability of
HIV-1 strains to likely enter cells via the
different coreceptors, seem to be critical de-
terminants of disease progression. These fac-
tors are major influences on both host- and
virus-dependent aspects of HIV-1 infection.
For example, a homozygous defect (A32) in
CCRS5 correlates strongly with resistance to
HIV-1 infection in vivo and in vitro. Indi-
viduals who are heterozygous for a defective
CCRS5 allele are at best weakly protected
against infection and have only a modestly
slowed disease progression (2). However,
other factors can influ-
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controllable factors that could increase resis-
tance to disease.

The state of activation of CD4* T cells
also affects coreceptor expression. Quiescent
CD4* T cells express CCR5 only minimally
or not at all, but they do express CXCR4.
Activation with interleukin-2 (IL-2) causes
strong, sustained up-regulation of CCR5 ex-
pression and transient up-regulation of
CXCR4 (5). Hence, M-tropic strains that
only use CCR5 for entry do not fuse effi-
ciently with quiescent T cells, whereas T-
tropic primary and lab strains can do so
without difficulty (7). In assessing anti-
body effectiveness, assays for virus neutral-
ization that rely on HIV-1 entry into resting
cells are badly skewed by these variations in
coreceptor expression. Memory T cells
(CD45RO*) are susceptible to the effects of
B-chemokines that bind CCR5 (8) and ex-
press much more CCR5 than naive T cells
(CD45RA*), but CXCR4 expression ap-
pears to be less variable between T cell sub-
sets (5). A phenotypic switch (M- to T-
tropic) that may be associated with escape
from B-chemokines, or reduced production
of a-chemokines, can occur during disease
progression (1, 3). This could render a whole
new set of naive CD4* T cells susceptible to
efficient HIV-1 infection (through CXCR4).
Another important but as yet uncharted area
is the interaction of CD4 with CCR5 and
CXCR4. The specifics of this process will be
important for understanding HIV-1 infec-
tion and perhaps also for more general immu-
nology studies.

How does the new information about
coreceptors affect the prospects for a success-
ful vaccine for HIV? It may be possible to
create a human CD4*,

ence the level of CCR5
expression on activated
CD4* T cells and thereby
affect the efficiency of
HIV-1 infection in vitro
(4, 5). For reasons that
are not yet clear, the
amount of CCR5 expres-
sion on the cell surface
(as measured by MIP-1B
binding) varies by 20-
fold on CD4* T cells from
individuals with two
wild-type CCR5 alleles
(4) (see figure). Staining
with a CCR5-specific
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CCR5* transgenic mouse
or rabbit for vaccine test-
ing. However, the infec-
tious inoculum that would
be required in such ani-
mals might prove prob-
lematically high, because
HIV-1 replication in
nonhuman cells is not
very efficient, even if en-
try blocks are overcome.
Among the existing pri-
mate models, CCR5 is an
® important coreceptor for
° simian immunodeficiency
virus (SIV) stocks used for

monoclonal antibody in- CCR5

dicates a similar large vari-

wild type homozygote
(n=21)

A-32 CCRS experimentation, but an-

(he2) other (as yet unreported)

ability (6). Such variation
may far outweigh any ef-
fect of one defective al-
lele for CCR5. The causes
of this variation should be
the subject of intensive
studies, as they point to

Binding to a coreceptor. The bind-
ing of the chemokine 1251-MIP-1B to
the coreceptor of activated CD4* T
cells differs markedly in 21 individu-
als with two wild-type CCRS5 alleles
and three individuals homozygous
for defective CCRS alleles (19).

coreceptor is probably the
simian counterpart of
CXCR4 (CXCR4 does
not usually function with
SIV) (9). It will be impor-
tant to completely char-
acterize the coreceptor us-
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age of all the available SIV stocks, for it
would be desirable to use as an HIV-1 vac-
cine model an SIV strain that enters cells via
CCR5. Many SIV stocks seem to more
closely resemble HIV-1 laboratory or T-
tropic primary strains than M-tropic strains
in that they use multiple coreceptors to enter
CD4* T cells, whereas M-tropic (HIV-1)
strains exclusively use CCR5. This prefer-
ence of SIV presumably reflects the common
practice of passing this virus in human cells
in vitro and the understandable tendency to
select for virulent strains in vivo.

CCRS5 is the major coreceptor for M-
tropic HIV-1 strains from all genetic sub-
types tested (10). The interaction of HIV-1
gp120 with CCRS5 is sensitive to neutralizing
antibodies; many antibodies that do not in-
hibit the binding of gp120 to the CD4 mol-
ecule prevent subsequent interactions with
CCRS5 (4, 11). Because HIV-1 entry is fun-
damentally the same for all genetic subtypes,
the gp120 proteins of all HIV-1 strains are
likely to conserve binding sites for both CD4
and CCR5 (or CXCR4). The structural
changes that occur as these molecules func-
tion during virus-cell fusion will also be
broadly common. Hence, the HIV-1 enve-
lope tertiary and quaternary structures may
be rather similar among the genetic subtypes
(although subject to some sequence varia-
tion). The gpl20 variable loops probably
shield critical, conserved structures from an-
tibody attack (11, 12), and antibodies to
these loops may complicate the interpreta-
tion of studies of neutralization serotypes
(13). The more conserved structures prob-
ably become exposed only transiently during
fusion, limiting the chances of the virus be-
ing neutralized (4, 11), which would make
sound sense from the virus’ perspective. Be-
cause neutralization of other subtypes by hu-
man antibodies can occur (13, 14), a cross-
reactive, antibody-based vaccine is pos-
sible—if only we could learn how to induce
such antibodies. The CCR5 molecule itself is
poorly immunogenic and so may not be a
good candidate to use as a vaccine.

In principle, the coreceptors (especially
CCRD5) are an attractive target for antiviral
therapy, and a B-chemokine derivative does
inhibit HIV-1 infectivity in vitro (15). Will
the B-chemokines be exploitable in practice?
Beyond the traditional hurdles of drug devel-
opment will be ones specific to the B-
chemokines, among them variation in the
sensitivity of different strains to these com-
pounds and the particular ease with which

An enhanced version of this Perspec-
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HIV-1 might escape their effects. M-tropic
primary strains tend to be sensitive to B-
chemokines, T-tropic ones insensitive, but
even among M-tropic primary viruses that
use only CCR5 (1, 16), there can be exten-
sive variation (50-fold) in B-chemokine in-
hibition (17). It will be important to test lead
compounds on a spectrum of primary HIV-1
strains. This lesson was learned during stud-
ies of the soluble CD4 inhibitors of the inter-
action of HIV-1 with its primary receptor,
CD4; soluble CD4 inhibited laboratory
strains but not primary viruses (18). The ex-
tensive plasticity of the HIV-1 binding sites
on the coreceptors, combined with the virus’
notorious mutability, might facilitate escape
from coreceptor antagonists. It is even fea-
sible that blockade of CCR5 during estab-
lished infection might drive HIV-1 evolu-
tion toward the use of CXCR4 (or other
coreceptors) and, hence, the development of
the more virulent T-tropic phenotype. These
issues and more will need to be addressed ina
field that continues to evolve at the frenetic
pace that accompanied its birth in 1996.
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The Virtual Embryo (“The site
that keeps on developing”) at the Uni-
versity of Calgary is a full-service Web
resource for developmental biology.
Along with the latest news about mam-
malian cloning, there are essays in the
“journal club” discussing the current lit-
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which is also available for downloading as
a stand-alone network client application.
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through to image and e-mail address
databases. Where available, links to
downloadable files of articles are given,
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Some articles are linked both backward
and forward: In addition to the regular
reference list of an article, one can also
obtain a list of articles that cite it. The
site is rounded out with links to star cata-
logs and classic reference texts.
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