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The AIDS epidemic has provided virologists and immunologists with any number of puzzles and mysteries. Until recently,
one of the less comprehensible behaviors of HIV-1 was its species specificity. In spite of the fact that CD4 is clearly its
receptor, the virus will not infect murine cells engineered to express human CD4. An allied, and no less opaque, problem
is that not all CD4-expressing human cells are infectible by all strains of HIV-1. Some strains, particularly those isolated
early in infection, will only infect macrophages or primary activated T cells (called M-tropic strains), while those isolated
from patients with AIDS will readily infect both primary activated T cells and T-lymphocyte cell lines (called T-tropic, or
more properly, T-cell line-tropic [TCL-tropic] strains). Some of these later isolates are exclusively TCL-tropic, but most
have kept their M-tropism and are denoted as dual-tropic viruses (1, 2). HIV-1 infection begins with fusion of the viral
envelope to the plasma membrane of the target cell. A variety of ingenious assays that specifically examine this stage of
the viral life cycle provide a readout of membrane fusion without depending on any subsequent events, such as viral
replication (3). Using these assays, it became clear that uninfectible cells could be rendered infectible by physically fusing
them with susceptible cells. As the only function measured in this assay […]
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The AIDS epidemic has provided virol-
ogists and immunologists with any
number of puzzles and mysteries. Until
recently, one of the less comprehensible
behaviors of HIV-1 was its species speci-
ficity. In spite of the fact that CD4 is
clearly its receptor, the virus will not
infect murine cells engineered to express
human CD4. An allied, and no less
opaque, problem is that not all CD4-
expressing human cells are infectible by
all strains of HIV-1. Some strains, par-
ticularly those isolated early in infec-
tion, will only infect macrophages or
primary activated T cells (called M-trop-
ic strains), while those isolated from
patients with AIDS will readily infect
both primary activated T cells and T-
lymphocyte cell lines (called T-tropic, or
more properly, T-cell line–tropic [TCL-
tropic] strains). Some of these later iso-
lates are exclusively TCL-tropic, but
most have kept their M-tropism and are
denoted as dual-tropic viruses (1, 2).

HIV-1 infection begins with fusion of
the viral envelope to the plasma mem-
brane of the target cell. A variety of

ingenious assays that specifically exam-
ine this stage of the viral life cycle pro-
vide a readout of membrane fusion
without depending on any subsequent
events, such as viral replication (3).
Using these assays, it became clear that
uninfectible cells could be rendered
infectible by physically fusing them with
susceptible cells. As the only function
measured in this assay is viral fusion,
that observation implied the existence
of a second receptor, or coreceptor,
working in concert with CD4 to permit
fusion and infection. But the molecular
nature of the coreceptor was another
one of those enduring HIV mysteries.

Relief came abruptly in 1996 with Ed
Berger’s landmark discovery that the
coreceptor used by TCL-tropic strains is
the chemokine receptor CXCR4 (4).
With that paradigm established, several
groups promptly demonstrated that the
primary receptor used by M-tropic
strains is another chemokine receptor,
CCR5 (5–8). This explained the observa-
tion that 3 chemokines known to be lig-
ands for CCR5 — MIP-1α, MIP-1β, and

RANTES — could prevent
infection by M-tropic, but
not TCL-tropic, viruses
(9). Conversely, the ligand
for CXCR4, SDF-1α, pre-
vents infection by TCL-
tropic, but not M-tropic,
viruses (10, 11).

A model can now be
constructed that unites
strain tropism with the
course of clinical disease
(Figure 1). The transmis-
sible strains of HIV-1 are
almost exclusively M-
tropic, and these are the
strains isolated from
patients during latency.
These viruses are called
R5 because they use

CCR5, but not CXCR4, and will not
induce syncytia formation in T-cell
lines. As disease progression occurs,
strains acquire the ability to use CXCR4
and become either dual-tropic (R5X4)
or exclusively TCL-tropic (X4). These
viruses concurrently gain the ability to
induce syncytia, although the relation-
ship between this property and HIV
pathogenesis is unclear.

Two observations have complicated
this satisfyingly simple picture. The
first is that the family of chemokine
receptors is large, and many additional
members have coreceptor activity in
fusion assays in vitro (12). This raises
the question of which coreceptors a
virus actually uses in vivo. The second
problem is the very existence of dual-
tropic viruses, and again raises the ques-
tion of which coreceptors are patho-
physiologically relevant.

In this issue of the JCI, Glushakova et
al. (13) provide some answers to the lat-
ter question by examining coreceptor
usage by dual-tropic viruses. They
employ 2 technical approaches that
lend weight to their assertion that
despite dual tropism, these viruses use
only 1 coreceptor in vivo. First, they
infect intact fragments of human lym-
phoid tissue floating on collagen rafts.
Because infection of cells in tissue cul-
ture requires activation, and because
activation can modulate coreceptor
expression, infection of intact lym-
phoid tissue more closely resembles
infection in vivo and provides a more
faithful model of coreceptor expression.

Their second technical trick is to use
viruses that differ only in their cellular
recognition sites, i.e., the viral envelope
(14). The viral envelope protein is a 160-
kDa precursor that is cleaved into gp120
and gp41 subunits that, in turn, form
noncovalently associated trimers in the
membrane. A great deal of epitope analy-
sis and a solved structural analysis indi-
cate that gp120 binding to CD4 on a tar-
get cell produces a conformational
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Figure 1
HIV-1 cellular tropism and chemokine coreceptors. See text for details.



ing of the roles of specific coreceptors
in HIV infection, thereby identifying
drug targets with confidence. Until
then, one must view in vitro data with
caution, and realize that the use of 2
receptors in vitro may add up to the use
of only 1 receptor in vivo.
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change that enhances gp120 binding to
its appropriate chemokine receptor (15,
16). There is also evidence that CD4 and
the chemokine receptor preexist in a
complex on the cell surface (17). Binding
to the chemokine receptor then opens up
gp120 to reveal gp41, which is the pro-
tein engine that drives membrane fusion.

At first glance, if one wanted to
address the question of receptor usage
by dual-tropic viruses, one would col-
lect a handful of dual-tropic isolates
and assay their specificities in cell lines
and then in lymphoid rafts. The prob-
lem is that there is now substantial evi-
dence that target cell specificity is not
solely dictated by coreceptor usage or, if
it is, it can be modified by cellular con-
text or relative receptor number. For
example, R4 viruses tend not to infect
macrophages despite their expression
of CXCR4. Some of these other deter-
minants may differ depending on viral
genetics, so that there is no guarantee
that independently isolated dual-trop-
ic viruses can be strictly compared.

Glushakova et al. get around this
problem by using viruses that differ
only in the region of gp120 that confers
coreceptor specificity. Beginning with
89.6, a well-characterized dual-tropic
virus, they created 2 additional viruses
in which they replaced variable regions
3, 4, and 5 of gp120 (V3-V5) with V3-V5
of the M-tropic strains SF162 or JR-FL.
All 3 viruses were still dual-tropic in
vitro, as defined by their ability to use
CCR5 and CXCR4 to induce cell fusion.
However, the authors then employed
agents that block specific coreceptor
usage to show that 89.6 exclusively uses
CXCR4 in human lymphoid rafts,
whereas the 89.6/SF162 chimera pri-
marily used CCR5, and the 89.6/JR-FL
chimera used both receptors. Further-
more, cytopathicity of each strain, as
defined by CD4+ T-cell depletion, corre-
lated positively with its use of CXCR4
and negatively with its use of CCR5.

What does this tell us? The main mes-
sage is that coreceptor use in vivo may
not be predicted accurately by patterns
of coreceptor use in vitro. This state-
ment has to be draped with caveats.
First, lymphoid rafts are not really the
same as in vivo infection in humans.
Second, chimeras were used to permit
genetically clean comparisons, but that
means that 2 of the 3 viruses examined
do not exist in nature. And third, even

though the chimeras both have an M-
tropic V3 (the major determinant of
coreceptor usage; ref. 14), they recog-
nize CXCR4 in vitro just as well as 89.6,
suggesting that the coreceptor interac-
tions in the chimeras may not be physi-
ological. Still, the point made with
these 3 viruses echoes the observation
that viruses capable of using several dif-
ferent chemokine receptors in vitro are
nonetheless committed to using CCR5
exclusively when infecting PBMCs (18).

There is a striking analogy between the
profusion of functional coreceptors
defined by in vitro assays and the so-
called promiscuity problem of the
chemokine system (19). There are some
50 human chemokines and 18 defined
receptors, with only a few unassigned
orphans remaining. Ligand binding
assays in vitro show, not unexpectedly,
that many chemokines bind to more
than 1 receptor, and many receptors
bind more than 1 chemokine, all with
high affinity. Because of this
ligand/receptor promiscuity, many
investigators have despaired of the pos-
sibility that there might be any specifici-
ty in the chemokine system. Targeting 1
chemokine or receptor with a drug was
thought to be pointless, as the redun-
dant ligand or receptor would step in to
fill its physiologic shoes.

However, every chemokine ligand or
receptor knockout mouse created so far
has a unique phenotype. There is, as it
turns out, tremendous inherent speci-
ficity in this system, and it appears to be
based, in part, on when and where the
chemokines and their receptors are
expressed. In the same way, despite an
ability to utilize many chemokine
receptors in vitro, HIV strains examined
in more physiological systems tend to
restrict their usage. In the case of blood
cells that express several receptors
simultaneously, the basis for this selec-
tivity is unclear. It may have to do with
preferential association with CD4 or
with postfusion events that are cell
type–specific. In other cases, expression
of certain coreceptors may be limited to
specific anatomic sites, making them
physiologically relevant for HIV infec-
tion at those loci.

The lesson, of course, is obvious and
trite. There is no substitute for in vivo
analysis. What the field desperately
needs is a reliable and faithful in vivo
model that would permit rigorous test-


