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ABSTRACT The chemokine receptors CXCR4 and CCRS
function as coreceptors for HIV-1 entry into CD4* cells.
During the early stages of HIV infection, viral isolates tend to
use CCRS for viral entry, while later isolates tend to use
CXCRA4. The pattern of expression of these chemokine recep-
tors on T cell subsets and their regulation has important
implications for AIDS pathogenesis and lymphocyte recircu-
lation. A mAb to CXCR4, 12GS5, showed partial inhibition of
chemotaxis and calcium influx induced by SDF-1, the natural
ligand of CXCR4. 12GS5 stained predominantly the naive,
unactivated CD26'" CD45RA* CD45R0~ T lymphocyte sub-
set of peripheral blood lymphocytes. In contrast, a mAb
specific for CCR5, 5C7, stained CD26"igh CD45RAl*Y
CD45R0* T lymphocytes, a subset thought to represent pre-
viously activated/memory cells. CXCR4 expression was rap-
idly up-regulated on peripheral blood mononuclear cells dur-
ing phytohemagglutinin stimulation and interleukin 2 prim-
ing, and responsiveness to SDF-1 increased simultaneously.
CCRS expression, however, showed only a gradual increase
over 12 days of culture with interleukin 2, while T cell
activation with phytohemagglutinin was ineffective. Taken
together, the data suggest distinct functions for the two
receptors and their ligands in the migration of lymphocyte
subsets through lymphoid and nonlymphoid tissues. Further-
more, the largely reciprocal expression of CXCR4 and CCRS
among peripheral blood T cells implies distinct susceptibility
of T cell subsets to viral entry by T cell line-tropic versus
macrophage-tropic strains during the course of HIV infection.

Chemokines and their receptors are postulated to direct
migration of distinct leukocyte subsets to sites of inflammation
and to their specific niches in lymphoid organs (1, 2). Lym-
phocyte migration experiments in vivo have revealed prefer-
ential pathways of recirculation for certain subsets of T cells
(3). Among T lymphocytes, the naive CD45RA™* subset is the
predominant lymph node homing subset, whereas CD45R0*
memory type T cells are the predominant population migrating
through peripheral tissues (1, 4, 5). Virtually all T cell che-
moattractants described to date selectively attract memory/
activated T cells (6-9). We recently have described a CXC-
chemokine, SDF-1, that attracts unactivated, freshly isolated
peripheral blood lymphocytes with high efficacy (10). SDF-1
attracts lymphocytes and monocytes, but not neutrophils, in
vitro and in vivo (10). SDF-1 is unusually well conserved
between mouse and man (11), and its gene is located on
chromosome 10, while the other CXC- and CC-chemokines
cluster on chromosomes 4 and 17, respectively. SDF-1 func-
tions in the development of nonhematopoietic organs, includ-
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ing the heart, and in B lymphocyte development, and its
knockout is lethal (12). SDF-1 signals through a seven-
transmembrane-domain receptor previously known as
LESTR /fusin, now designated CXC-chemokine receptor 4
(CXCR4) (13, 14).

The importance of chemokine receptors for HI'V entry and
AIDS pathogenesis has been illustrated by numerous publi-
cations over the last year. Before its identity as a chemokine
receptor was known, CXCR4 was shown to mediate entry of
T cell line-tropic (T-tropic) HIV-1 strains (15), a process that
subsequently was shown to be inhibited by SDF-1 (13, 14). The
CC-chemokine receptors CCRS, and to a lesser extent CCR3
and CCR2b, mediate entry of macrophage-tropic (M-tropic)
viral strains (16-20). The importance of chemokine receptors
in HIV-1 pathogenesis is underscored by the observation that
individuals deficient in CCRS and peripheral blood mononu-
clear cells (PBMC) from these individuals are resistant to
infection by HIV-1 (19, 21-24).

Thus, the expression of chemokine receptors and their
regulation is thought to influence lymphocyte migration, as
well as HIV infection and AIDS pathogenesis. Here, using a
specific mAb, we report on the expression of CXCR4 on
leukocytes and compare this expression with that of CCRS.
Our findings show distinct expression patterns as well as
differential regulation during phytohemagglutinin (PHA)
stimulation and interleukin 2 (IL-2) priming of the two core-
ceptors on T lymphocytes.

MATERIALS AND METHODS

Cells, Cell Lines, and Cell Culture. Human PBMC, neutro-
phils, and eosinophils were obtained from healthy donors as
described (10, 25). For lymphocyte stimulation experiments,
freshly prepared PBMC were seeded into 24 well-plates (Corn-
ing) at 2 X 10° cells per ml in RPMI 1640 medium with 10%
fetal calf serum containing either 150 units/ml recombinant
IL-2 (kindly provided by Antonio Lanzavecchia, Basel, Swit-
zerland) or 2.5 ug/ml PHA (Sigma). Half the volume was
replaced with fresh medium supplemented with IL-2 and
PHA, respectively, on days 6 and 9. The stably CXCR4-
transfected Chinese hamster ovary cell line 1C2 was grown as
described (26).

mAbs. A mADb to CXCR4, termed 12G5, was generated by
immunizing BALB/c mice with Sup-T1 cells that were chron-
ically infected with the SIVmac variant CP-MAC (27). mAbs
to CCR5 were generated in C57/BL6 mice using CCRS5-
transfected L1.2 cells (L.W. and C.R.M., unpublished results),
two of which (5C7 and biotinylated 3D8) were used in this
study. These mAbs specifically stain L1.2 cells transfected with
CCRS but not other CC-chemokine receptors. In addition,
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ghytohemagglutinin; IL-2, interleukin 2; PE, phycoerythrin.
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these mAbs are unreactive against leukocytes from CCRS-
deficient individuals. Phycoerythrin (PE)-conjugated mAbs to
CD20 (L27), CD26 (L272), CD56 (MY31), CD69 (L78),
CD45R0 (UCHL-1), and a peridinin-chlorophyll-protein
(PerCP)-conjugated mAb to CD3 (SK7) as well as PE- and
PerCP-labeled control antibodies were obtained from Becton
Dickinson. A PE-conjugated mAb to CD45RA (MEMS56) was
purchased from Caltag Laboratories (Burlingame, CA).
Three-color flow cytometry was carried out by incubating 2 X
10° cells in PBS/1% BSA/5 mM EDTA for 30 min with
supernatant or purified antibody at a final concentration of 5
pg/ml. Cells were washed, incubated with a 1:50 dilution of a
fluorescein isothiocyanate-conjugated goat anti-mouse Ig
F(ab’)? (Caltag Laboratories) for 20 min and washed again
before incubation with 10% normal mouse serum in PBS to
block unoccupied sites on the goat anti-mouse Ig F(ab’)%
Finally, the appropriate directly conjugated mAb(s) were
added. Cells were washed and analyzed using a FACScan
(Becton Dickinson). Fluorescence intensity of chemokine
receptor-expressing cells was quantitated in terms of number
of molecules of equivalent soluble fluorochrome (see Table 1)
using Quantum 26 beads (Flow Cytometry Standards, San
Juan, PR) according to the manufacturer’s recommendations.

Chemokines and Chemotaxis Assay. Synthetic full-length
human SDF-1a-(1-67) and its N-terminal truncation form
SDF-1a-(6-67) (10, 13) were a kind gift of Ian Clark-Lewis
(Vancouver, Canada). MIP-18 was purchased from Genzyme.
Chemotaxis assays were carried out as described (10, 13) with
the exception that PBMC were migrated for 2 h. Briefly, 5 X
105 PBMC or T cell blasts in 100 ul of RPMI 1640 medium
containing 0.25% human serum albumin were transmigrated
through 5-um pore-size bare filter Transwell inserts (Costar).
Migrated cells were counted by FACS analysis scatter-gating
on lymphocytes. For antibody inhibition, cells were incubated
for 15 min with differing concentrations of mAb to CXCR4
(12G5) or CCR3 (7B11) before addition to the top chamber of
the chemotaxis assay. Chemotaxis then was carried out in the
presence of mAb to an optimal concentration of 1.5 ug/ml
SDF-1a-(1-67).

Calcium Fluorimetry. Measurement of intracellular calcium
was carried out as described (13). Briefly, CXCR4 stably
transfected CHO cells, termed 1C2, were loaded with fura-2
AM (Molecular Probes) and added in the presence or absence
of mAD to a stirred cuvette of a Hitachi F2000 spectrometer
(Hitachi Instruments, Danbury, CT). Chemokines were added
to a final concentration of 1 ug/ml.

RESULTS

A CXCR4-Specific mAb, 12G5, Inhibits SDF-1-Mediated
Cellular Responses in Lymphocytes and CXCR4 Transfec-
tants. A mADb, termed 12GS5, that had been generated by
immunizing BALB/c mice with Sup-T1 cells chronically in-
fected with the SIVmac variant CP-MAC was shown to
specifically bind the HIV-1 coreceptor CXCR4 (27). Because
the CXC-chemokine SDF-1 uses this receptor, we tested the
12G5 mAb for inhibition of cellular responses mediated by
SDF-1. mAb 12GS5 inhibited SDF-1-induced chemotaxis of
freshly purified lymphocytes (Fig. 14) and monocytes (data
not shown) in a concentration-dependent manner, while a
mAb to the CC-chemokine receptor 3 (CCR3) (28), termed
7B11, was ineffective in the same assay. However, inhibition
was consistently incomplete in multiple experiments. This
could be explained by the presence of additional receptors for
SDF-1 on lymphocytes or by incomplete interference by mAb
12G5 of SDF-1 signaling through CXCR4. To address this
question we tested 12G5 for inhibition of SDF-1-mediated
increases in intracellular calcium concentrations in CHO cells
stably transfected with CXCR4 (26). At 10 pg/ml, 12G5 mAb
inhibited about 50% of SDF-1-induced calcium influx, and 50
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Fic. 1. The CXCR4-specific mAb 12GS5 partially blocks SDF-1-
induced cellular responses. (4) mAb 12G5 blocks the majority of
SDF-1-induced lymphocyte chemotaxis. Freshly isolated PBMC were
preincubated with the indicated concentrations of mAbs to CXCR4
(12GS5) and CCR3 (7B11) for 15 min and subsequently added to the
top chamber of bare filter Transwell inserts. SDF-1 at the optimal
concentration of 1.5 ug/ml was added to the bottom chamber.
Transmigrated cells were counted by flow cytometry scatter-gating on
the lymphocytes. Results are shown as percentage of input. The
experiment shown was representative of four independent experi-
ments. (B) 12G5 partially blocks SDF-1-induced increases in intra-
cellular calcium. CXCR4 stably transfected CHO cells (1C2) loaded
with fura-2 AM were exposed to 1 ug/ml of full-length SDF-1a-(1-67)
or truncated inactive SDF-1a-(6—67) (negative control) in the pres-
ence (lower reading) or absence (upper reading) of 10 pug/ml 12G5
mAb. Using the mAb at 50 wg/ml produced identical results.

pg/ml of 12G5 mAb gave no further inhibition (Fig. 1B).
Because untransfected CHO cells are unresponsive to SDF-1
(13, 14) this experiment shows that the 12G5 mAb inhibits
CXCR4-mediated responses to SDF-1 only partially. There-
fore, only partial inhibition by 12G5 mAb of lymphocyte
chemotaxis to SDF-1 would be expected, although the pres-
ence of an additional receptor on lymphocytes cannot be
discounted.

Expression of CXCR4 on Leukocyte Subsets. CXCR4
mRNA has been reported to be widely expressed in leukocytes
and related cell lines (26, 29), yet SDF-1 acts only on certain
leukocyte subsets (10). Expression of CXCR4 was measured
on leukocyte subsets by flow cytometry using mAb 12GS.
CXCR4 was expressed on monocytes and lymphocyte subsets
with some donor variation and not on granulocytes (Table 1).
This pattern of expression coincides with our previous finding
that SDF-1 is an efficacious chemoattractant for lymphocytes
and monocytes but not neutrophils (10).

Chemokines are thought to direct lymphocyte subset spe-
cific migration (1, 2). Functional subsets among T lympho-
cytes, namely the so-called naive and memory subsets, can be
distinguished by the expression of surface antigens such as
CD45RA, CD45R0, CD2, and CD11a (30). These subsets have
been shown to be biased for distinct routes of recirculation in
vivo (3, 31) and to show different chemotactic properties in
vitro (6-9). We therefore carried out three-color flow cytom-
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Table 1. Surface expression of CXCR4 is restricted to

mononuclear cells

Specific

fluorescence

CXCR4 intensity of

expression, 12G5-positive

Leukocyte subset % positive* cells, MESFT
Neutrophils 04+ 0.3 —
Eosinophils 0.0=x 0.2 —

T lymphocytes (CD3* cells) 41.6 £ 16.1 3580 * 1423

B lymphocytes (CD20* cells) 535+ 184 4989 + 2264
Natural killer cells (CD56™ cells) 02=x 03 —

Monocytes (CD14+ cells) 204+ 94 1525 = 537

Jurkat 90 9369
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*The percentage of cells stained with control mAb was <3%, and it
was subtracted. Results are mean * SD of eight experiments.

TThe fluorescence intensity (MESF, molecules of equivalent soluble
fluorochrome) of leukocytes stained with a control mAb was 37 for
lymphocytes and 1622 for monocytes, and these values were sub-
tracted. Results are mean * SD.

etry using PBMC to determine the expression pattern of
CXCR4 on CD3" T lymphocyte subsets. Fig. 24, Left shows
that CXCR4 is expressed predominantly on CD26'%
CD45RA* CD45R0~ T lymphocytes, the T cell subset re-
ferred to as naive (32), although CD45R A expression may be
more a marker for resting, unactivated cells (4). CXCR4 was
evenly distributed on CD4* and CD8" subsets (data not
shown). We compared this novel expression pattern of CXCR4
with that of CCRS, the other major HIV-1 coreceptor (16-20)
using a mAb generated against CCRS5 L1.2 transfectants, 5C7
(L.W. and C.R.M., unpublished results). CCRS5 is expressed on
a reciprocal subset of T lymphocytes compared with CXCR4-
expressing cells (Fig. 24). The CCR5" subset was CD26hgh
CD45RAY CD45R0", corresponding to an activated/
memory subset (32, 33). In an attempt to demonstrate that
CXCR4- and CCR5-expressing T lymphocytes in the periph-
eral blood belong predominantly to mutually exclusive subsets,
three-color flow cytometry was carried out using mAb to
CXCR4 and CCRS. Fig. 2B shows that the HIV coreceptors
CXCR4 and CCRS are largely expressed on distinct, mutually
exclusive subsets of freshly isolated peripheral blood lympho-
cytes.

The HIV Coreceptors CXCR4 and CCRS Are Differentially
Regulated After T Lymphocyte Activation and IL-2 Priming.
Because CXCR4 and CCRS are expressed predominantly on
resting naive and activated/memory type T lymphocytes,
respectively, we determined receptor expression during T cell
activation using three-color immunofluorescence flow cytom-
etry. Freshly prepared PBMC were cultured in media contain-
ing either PHA (2.5 ug/ml) or IL-2 (150 units/ml) for up to
12 days. Responsiveness of stimulated lymphocytes to SDF-1
and MIP-18 as well as receptor expression was determined on
days 0, 3, 6, 9, and 12. Although there is promiscuity among
CC-chemokines and their receptors, MIP-18 is thought to be
specific for CCRS, because PBMC from individuals deficient
in CCRS are unresponsive to MIP-1p while responses to other
CC-chemokines are normal (22).

PHA stimulation induced a rapid up-regulation of CXCR4
within the first 72 h with >80% of CD3* blasts staining
positive (Fig. 3 4 and C). This increase in receptor expression
correlated with an increased number of lymphocytes respond-
ing to SDF-1 in the chemotaxis assay (Fig. 3B). In contrast,
CCRS expression was consistently unchanged during the first
12 days of PHA stimulation (Fig. 34). In fact, on day 3 during
PHA stimulation, decreased expresssion of CCRS5 compared
with freshly isolated PBMC was observed. Similar results were
obtained for T cell activation using immobilized anti-CD3
(data not shown).
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FiG.2. The HIV coreceptors CXCR4 and CCRS5 are expressed on
distinct T lymphocyte subsets. (4) Three-color flow cytometry of
freshly isolated PBMC shows expression on distinct T lymphocyte
subsets. Two-dimensional contour plots show CXCR4 (12G5 mAb)
and CCRS5 (5C7 mAb) expression versus CD26, CD45RA, and
CD45R0. (Top Left) Staining using irrelevant control antibodies.
Lymphocytes were gated according to their forward and side scatter,
and CD3-PerCP staining. (B) Two-dimensional contour plot shows
expression of CXCR4 (12G5 mAb) versus CCRS (biotinylated 3D8§
mAD) on T cells. T cells were analyzed as in 4. Percentages of cells in
the respective quadrants are indicated.

IL-2 recently was found to be a potent inducer of CC-
chemokine receptor mRNA and to increase responsiveness to
CC-chemokines in CD45R0* T lymphocytes (34). Consistent
with these findings, CCRS expression gradually increased over
12 days in the presence of 150 units/ml IL-2, and specific
migration to MIP-13 above background became detectable
(Fig. 3 A and B). CXCR4 expression also was rapidly up-
regulated by IL-2, but peaked earlier on day 6 after a 32-fold
increase in the number of molecules of equivalent soluble
fluorochrome as determined for the entire population of
CD3"* lymphocytes (mean of three independent experiments)
(Fig. 34). In long-term (>3 weeks) cultures of CD3 activated,
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Fi1G.3. CXCR4 and CCRS are differentially regulated during PHA stimulation and IL-2 priming. (4) Expression of CXCR4 (squares) and CCRS5
(triangles) changes during PHA stimulation (filled symbols) and IL-2 priming (open symbols). Immunofluorescent staining with 12G5 mAb to
CXCR4 and 5C7 mAb to CCRS is expressed for the entire population as number of molecules of equivalent soluble fluorochrome (MESF) from
one representative experiment of three. Fluorescent intensity of the entire population for CCRS5 decreased on day 3 as the CCRS5-positive subset
of T cells was markedly reduced. T cells were gated according to their forward and side scatter, and CD3-PerCP staining in4 and C. (B) Chemotactic
response to SDF-1 and MIP-1p correlates with expression of CXCR4 and CCRS, respectively. T cells migrated to control medium (dotted columns),
SDF-1a-(1-67) (1.5 png/ml) (filled columns), and MIP-183 (100 ng/ml) (open columns). Shown is chemotaxis of PBMC stimulated with PHA (Upper)
or primed with IL-2 (Lower) for the indicated number of days. Bars indicate the range of duplicates. (C) CXCR4 is rapidly up-regulated during
PHA stimulation and IL-2 priming. CXCR4 expression was measured in freshly isolated lymphocytes (thin line, Left), in day 3 PHA-stimulated
T cell blast (thick line, Right), and in day 3 IL-2 stimulated T cells (thin line, Right). The filled bar graphs indicate staining with an unrelated control

mADb.

IL-2-stimulated T cells, CXCR4 expression gradually declined
to levels approaching background, whereas CCRS expression
on these cells was high (data not shown).

DISCUSSION

Chemokine receptors play an important role during the early
events of HIV-1 infection of CD4* cells. CXCR4 is the
fusogenic receptor that promotes entry of T-tropic HIV-1
strains, while CCRS5 allows entry of M-tropic HIV-1 strains
(13-20). The importance of these findings recently has been
underscored by the finding that individuals deficient in CCR5
remain uninfected in the face of high-risk exposure to virus
(22-24). CCRS appears to be important during early stages of
infection, whereas CXCR4-using T-tropic viruses emerge later
in the progression to AIDS. Knowledge of the expression and
regulation of these receptors is of prime importance for
understanding HIV pathogenesis. We investigated the func-
tional activity of a mAb to CXCR4, expression of CXCR4 and
its relation to that of CCRS on blood leukocytes, and the
regulation of CXCR4 and CCRS after T cell activation.

A mADb specific for CXCR4, termed 12GS5, partially blocked
SDF-1-induced chemotaxis and increases of intracellular cal-
cium. These findings further support reports on the specificity
of this mAb for CXCR4 (27). Complete inhibition of SDF-1-
mediated cellular responses could not be reached even at high
concentrations of antibody. Our previous work has shown that
function-blocking antibodies to chemokine receptors are dif-
ficult to generate (28), and indeed many mAbs produced in our
laboratory block only about 90% of functional responses (35).

CXCR4 expression on T cells and on macrophages and its
absence from neutrophilic and eosinophilic granulocytes mir-
rors the chemotactic activity of SDF-1 for leukocyte subsets.
We recently have reported that SDF-1 is an efficacious che-
moattractant for lymphocytes and monocytes but is inactive on
neutrophils (10). The same experiments demonstrated that
SDF-1 attracts 10-fold more freshly isolated, unactivated lym-
phocytes than previously described lymphocyte chemoattrac-
tants, such as MIP-1a, MIP-13, RANTES, and IL-8 (10). Here
we show that the SDF-1 receptor CXCR4 is predominantly
expressed on the naive, unstimulated T lymphocyte subset, a
distribution for a chemokine receptor that to our knowledge
has not been previously described. Our previous studies have
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shown that CD45RA* and CD45R0* T cell subsets migrate
along an SDF-1 gradient with comparable efficacy (10), which
indicates that the lower expression of CXCR4 on the
CD45R0™" subset is sufficient to induce efficient migration.
These findings indicate that receptor number is not the only
determinant for efficient chemotaxis in the Transwell chemo-
taxis assay and that other factors that differ among subsets, like
migratory capacity, also may play a role.

The expression of SDF-1 in the absence of inflammation and
its high efficacy previously have lead us to propose that SDF-1
may play a role in lymphocyte recirculation (10). Studies in
sheep have shown that CD45RA™ T cells are generally ex-
cluded from peripheral tissues, but migrate effectively through
organized lymphoid tissues, such as lymph nodes (1, 3, 4).
Migration through high endothelial venules is dependent on
G-protein-coupled receptors, possibly chemokine receptors
(36). The unique expression of CXCR4 on the CD26!°%
CD45RA* CD45R0~ naive lymphocyte subset further sub-
stantiates the notion that SDF-1 may be important in lympho-
cyte recirculation.

We found that CCR35 is expressed on the CD26high
CD45RAY, CD45R0* lymphocyte subset. This coincides
with the expression of the receptor for the CC-chemokine
MCP-1 (9). Both receptors are expressed on the activated/
memory subset.

CXCR4 and CCRS expression are differentially regulated
during T cell activation and IL-2 priming. IL-2 recently has
been described to potently up-regulate CCR1 and CCR2
mRNA in CD45R0" T lymphocytes as well as the chemotactic
potential to CC-chemokines in these cells (34). T cell activa-
tion, on the other hand, using PHA or anti-CD3/anti-CD28
did not induce responsiveness to CC-chemokines in these
studies, and it actually counteracted the effect of IL-2 (34). Our
results confirm these findings, now on the level of surface
expression of CCRS, that prolonged incubation with IL-2
increases CC-chemokine receptor expression and responsive-
ness to CC-chemokines in T lymphocytes while T cell activa-
tion is ineffective. T cell activation, simulated in vitro by PHA
stimulation, may be a way to rapidly immobilize a lymphocyte
at the site of activation while exposure to IL-2 may be the
mechanism to enhance its ability to migrate to this site. In
contrast, CXCR4 expression during T cell activation follows a
distinct pattern. CXCR4 is rapidly up-regulated after both
PHA stimulation and IL-2 priming, reaching a peak within 3—6
days. Interestingly, CXCR4 expression and responsiveness to
SDF-1 in day 12 PHA blasts remains high, indicating that this
receptor-ligand pair may participate not only in the localiza-
tion of resting lymphocytes but also in events during lympho-
cyte activation. Only long-term (>3 weeks) CD3/IL-2-
stimulated T cells showed decreased expression of CXCR4.
These long-term cultured T cells resemble in many ways
circulating CD45R0* T cells, which also express low levels of
CXCRA4.

CXCR4 and CCRS are the predominant chemokine recep-
tors used as coreceptors in HIV-1 entry, and as such their
expression pattern is important for determining viral tropism.
CXCR4 and CCRS can be used by a wide variety of HIV-1
strains from different clades (37). Thus, although some HIV-1
strains can use other chemokine receptors for entry, CXCR4
and CCRS represent the model coreceptors for T-tropic and
M-tropic HIV-1 strains, respectively (15-20). In the course of
human HIV infection, M-tropic virus strains predominate
during the early phase of infection, while dual-tropic and
T-tropic strains occur late during disease progression to AIDS.
In this report, we identified the T lymphocyte subsets express-
ing the two coreceptors and found them to be largely mutually
exclusive. These findings suggest that in progression to AIDS
during the shift from M- to dual- and finally T-tropic virus
strains, the target cell population will shift to a different
lymphocyte subset. This crucial point in AIDS pathogenesis is

Proc. Natl. Acad. Sci. USA 94 (1997) 1929

still poorly understood, and further work will be necessary to
elucidate the importance of our in vitro findings. CXCR4 usage
as a coreceptor may render a much larger population of
lymphocytes susceptible to HIV-1 late in the course of infec-
tion.

Coreceptor expression may limit viral entry in quiescent
lymphocytes. It has been appreciated by many groups that
freshly purified, unstimulated T lymphocytes are not suscep-
tible to productive infection with HIV-1 and its associated
cytopathology (38—41). While this may be due to post-entry
blocks (39), data from Engleman’s group suggest that fusion of
a cell line expressing env glycoproteins of the T-tropic HXBc2
strain with unactivated CD4* T lymphocytes as measured in a
syncytium formation assay occurs at a significantly lower rate
than with PHA- or anti-CD3-activated T cells (38, 40). In other
words, membrane fusion using a cell line constitutively ex-
pressing env glycoproteins of a T-tropic HIV-1 strain was
enhanced when the CD4" T lymphocyte fusion partner pre-
viously was activated. These results may relate to our finding
that CXCR4 is efficiently up-regulated after T cell activation.
Furthermore, the apparent down-modulation of CCRS in
stimulated T lymphocytes may explain the recently observed
resistance of CD3/CD28 stimulated CD4* T cells to infection
by a M-tropic HIV-1 strain (42).

The characterization of functionally important chemokine
receptors in T cells with mAbs opens up many avenues for
future work. Understanding the precise role of CXCR4 and
CCRS in lymphocyte recirculation in vivo and in AIDS patho-
genesis are important goals for further work.
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