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Abstract

Monocyte chemotactic protein (MCP)-1, -2, and -3 all have
been shown to induce monocyte/macrophage migration in
vitro and MCP-1, also known as MCAF, chemoattracts ba-
sophils and mast cells. We report here that natural MCP-
1 as well as synthetic preparations of MCP-2 and MCP-3
stimulate significant in vitro chemotaxis of human periph-
eral blood T lymphocytes. This MCP-induced migration was
dose-dependent and directional, but not chemokinetic. Phe-
notypic analysis of the T cell population responsive to MCP-
1, MCP-2, and MCP-3 demonstrates that both CD4+ and
CD8+ T cells migrated in response to these chemokines.
Similar results were observed using human CD4+ and CD8+
T cell clones. Neutralizing antisera to MCAF or MCP-2
abrogated T cell migration in response to MCP-1 and MCP-
2, respectively, but not to RANTES. Subcutaneous adminis-
tration of purified MCP-1 into the hind flanks of SCID mice
engrafted with human peripheral blood lymphocytes (PBL)
induced signfificant human CD3 + T cell infiltration into the
site of injection at 4 h. These results demonstrate that MCP-
1, MCP-2, and MCP-3 are inflammatory mediators that
specifically stimulate the directional migration of T cells as

well as monocytes and may play an important role in im-
mune cell recruitment into sites of antigenic challenge. (J.
Clin. Invest. 1995. 95:1370-1376.) Key words: MCP-1
MCP-2 * MCP-3 * T lymphocytes * chemokines

Introduction

The local accumulation of inflammatory cells appears to be
mediated by the local production and secretion of a family of
8-1O-kD chemotactic cytokines (called chemokines) by non-

leukocytic and leukocytic cell types (1). All of the chemokines
have been found to induce directional migration of various cell
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types, including neutrophils, monocytes, T lymphocytes, baso-
phils, eosinophils, or fibroblasts (2-4). Many of the a chemo-
kine subfamily members with a C-X-C structure such as in-
terleukin-8 (IL-8), GRO, ENA-78, neutrophil attracting pro-
tein-2 (NAP-2), interferon-inducible protein-10 (IP-10) and
granulocyte chemotactic protein-2 (GCP-2) have been shown
to chemoattract and activate neutrophils. In contrast, all of the
/3 chemokines characterized by a C-C structure including
macrophage inflammatory protein-la (MIP-la), MIP-l,6,
RANTES, macrophage chemotactic protein-l (MCP-1), MCP-
2, and MCP-3 chemoattract and activate monocytes. Previous
studies have also demonstrated that the P chemokines MIP-lla,
MIP-1,, RANTES and the a chemokines IL-8 and IP-10 also
induce the directional migration of human T cells and T cell
subsets (5-10). A more recent report has described the ability
of purified human MCP-1 to induce T cell migration through
an endothelial cell barrier ( 11).

The human MCP-1 cDNA encodes a 99-amino acid residue
precursor protein with a 23-residue signal peptide that is cleaved
to generate the 76-residue mature protein ( 12). In one publica-
tion, MCP-l has been reported to activate monocytes or macro-
phages to arrest growth of some tumor target cells and therefore
has also been called monocyte chemotactic and activating factor
(MCAF)' (13). Recently, two additional monocyte chemoat-
tractants MCP-2 and MCP-3, showing 62 and 71% homology
respectively with MCP-1 have been biochemically isolated,
identified, and synthesized (14, 15). The chemotactic potency
for monocytes was comparable for all three MCPs. However,
MCP-1 induced a higher number of cells to migrate than MCP-
3 and MCP-2 which were less effective. Intradermal injection
of each of these chemokines in rabbits has resulted in selective
monocyte recruitment in vivo within 18 h (14, 15).

Apart from its chemotactic activity on monocytes, MCAF/
MCP-1 can stimulate the following activities in monocytes: to

be cytostatic for some human and mouse tumor cell lines; to

increase intracellular calcium levels; and to induce the release
of superoxide anions and lysosomal enzymes from monocytes
in vitro (2, 16). While none of the MCP proteins have been
shown to have any effect on neutrophil migration, MCAF/MCP-
1 has also been shown to chemoattract and induce histamine
release by basophils and mast cells (17-19). Although the
recombinant human MCAF has multiple biological activities,
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there has been a report that purified natural MCP-1 has higher
biological affinity and is a more potent monocyte chemoattrac-
tant (20).

Since a number of the other ,l chemokines attract T cells as
well as monocytes, we have tested natural MCP-1 and synthetic
MCP-2 and MCP-3 in chemotaxis assays for their ability to
induced the migration of purified human peripheral blood T
cells.

Despite the fact that earlier preparations of recombinant
MCAF were not chemotactic for T cells, all of the naturally
derived MCP proteins induce T cell migration in vitro. The T
cell response to these chemokines is both dose-dependent and
similar in potency to RANTES, MIP-la, and MIP-1,6. The
effect of these three homologous chemokines on T lymphocytes
was evaluated in vitro as well as in vivo.

Methods

Cells. Peripheral blood mononuclear cells (PBMC) were obtained from
normal donors by leukopheresis. The donors had given informed con-

sent. T cells and T cell subsets were purified using a modified procedure
using R&D T cell and T cell subset enrichment columns (R&D Systems,
Minneapolis, MN). Briefly, PBMC were passaged over Ficoll-Hypaque
to remove erythrocytes, granulocytes, and cellular debris. T cells were

isolated following the manufacturer's instructions with the following
modification. Viable cells isolated from the F/H interface (1 x 107
cells/ml) were subsequently incubated at 4°C with 10 ug/ml anti-CD16
antibody for 30 min, and then passaged over an R&D System T cell
enrichment column. Preincubation of PBMCs with anti-CD16 antibody
facilitates removal of natural killer (NK) cells from the T cell prepara-
tions. This isolation procedure typically yielded > 94% CD3+ CDl9-
CD16 - CD56 - lymphocytes. Similarly, CD4 + and CD8 + T cell subsets
were also isolated using R&D Systems T cell subset columns following
the manufacturer's instructions and typically yielded > 93% purified T
cell subpopulations. The contaminating cell populations in the T cell
and T cell subsets preparations were negative for the CD14, CD16,
CDl9, and CD56 markers and therefore did not include NK cells, mono-
cytes, or B cells.

The tetanus toxoid-reactive CD4 + T cell clone, 2B 1 and the alloreac-
tive CD8 + T cell clone, C6B7 were isolated from the blood of normal
consenting donors and were characterized by this laboratory as pre-
viously described (5).

Chemokines. Natural human MCP-1 was isolated from cytokine-
stimulated osteosarcoma cells and purified to homogeneity (21 ). MCP-2
and MCP-3 were chemically synthesized on a 431A solid-phase peptide
synthesizer (Applied Biosystems, Foster City, CA) using Fmoc chemis-
try. Folding, disulfide bridge formation and purification were as de-
scribed (21). rhMCAF was expressed in E. coli and fresh batches were

purchased from Pepro Tech, Inc. (Rocky Hill, NJ) and R&D Systems
(Minneapolis, MN). rhMIP-ls and rhRANTES were purchased from
R&D Systems (Minneapolis, MN). Antibodies against rhMCAF and

synthetic MCP-2 were raised in rabbits (22). Control rabbit antisera to

ENA-78 was generously donated by Drs. Steven Kunkel and Robert
Sreiter (University of Michigan Medical School, Ann Arbor, MI).

Chemotaxis Assay. T cell migration was quantitated using a modifi-
cation of the Boyden chamber technique. Briefly, T cells were suspended
at I07 cells/ml in RPMI 1640 plus 0.5% heat-inactivated hu-AB serum,
and were placed in the top wells of a 48-well microchemotaxis chamber.
The upper and lower wells were separated by a 5-jum pore size polycar-
bonate filter that separated the cells from the control and experimental
samples in the bottom wells. All polycarbonate filters used were coated
with fibronectin 1-2 hr before use in the assay (D. Taub, unpublished
observation). All responses and filters were assayed in triplicate. The
chambers were incubated for 4 h at 37°C in a 5% CO2 moist atmosphere,
and the filters were washed to remove non-migrating T cells from the
upper surface. Filters were subsequently fixed in methanol and stained

with Diff-Quik, and the numbers of migrating T cells per high-power

field were counted for each well. The results represent the average
number of migrating cells per high power field (±SD). The statistical

significance of these results was determined using an unpaired student's
t test.

Mice. C.b-17 scid/scid (SCID) mice were obtained from the Animal
Production Area (NCI-FCRDC, Frederick, MD). Mice were used at 8-
12 wk of age and were kept under specific pathogen-free conditions.
The SCID mice were housed in microisolator cages, and all food, water,
and bedding were autoclaved before use. SCID mice also received 40
mg trimethoprim and 200 mg of sulfamethoxazole per 320 ml of drink-
ing water.

Transfer of huPBL. All mice received 20 1.l of aASGMI i.p. 1 d
before human cell injection (anti-ASGMl; Wako Chemicals, Dallas,
TX), which we previously found to improve human cell engraftment
through the abrogation of SCID NK activity (23). HuPBL were obtained
from healthy donors in leukopacks. All donors were screened for HIV-
1 and hepatitis B before donation and signed informed consent forms.
The huPBL were then elutriated to remove monocytes and fractions
containing > 90% of lymphocytes were used. The cells were then
counted on a Coulter Counter (Coulter Electronics, Hialeah, FL) and 1
x 10' huPBL were injected i.p. into the SCID recipients. Immediately

after huPBL injection, MCP-l (1 ,Ig in 0.1 ml HBSS) or 0.1 ml HBSS
were injected s.c. in the SCID mice and were assayed 4 h after a single

injection.
Immunohistochemistry. Skin injection sites and the underlying body

wall were embedded in O.C.T. compound tissue medium (Baxter Health
Care Corp., Charlotte, N.C.), snap-frozen on dry ice and stored at -70°C
until sectioning. Tissues were sectioned on a cryostat at 5 Hm. Before
staining, tissue sections were warmed to room temperature, fixed for 10
min in acetone, and rinsed in PBS. The following primary mouse mAb
were used: DAKO-CD3, T3-4B5 (normal human blood T lympho-
cytes); DAKO-CD4, MT3 10 (helper/inducer T lymphocytes, CD4);
DAKO-CD8, and DK25 (suppressor/cytotoxic T lymphocytes, CD8)
(Dako Corporation, Carpenteria, CA). Dilutions of antibody were
1:150, 1:40, and 1:30 respectively; incubation time was 30 min. The
avidin-biotin complex (ABC) method was used with the mouse ABC
Vectastain Elite Kit (Vector Laboratories, Burlingame, CA) as the sec-

ondary antibody and 3,3' diaminobenzidine as the chromogen. Mayer's
hematoxylin was used as a counter-stain. An injection site negative
control (mouse Elite kit and no primary antibody) and a positive control
(pelleted normal human lymphocytes) were included for each sam-

ple run.

Results and Discussion

Chemotactic effect of purified hMCP-J and synthetic MCP-2
and MCP-3for resting human T lymphocytes. Purified unstimu-
lated human T lymphocytes consistently responded to 0.01 to
1 ng/ml of purified hMCP-1, synthetic hMCP-2 and hMCP-3,
and recombinant hRANTES (P > 0.05) (Fig. 1 A). Higher
concentrations (> 10 ng/ml) demonstrated only a modest mi-

gratory response on unstimulated T cells, thus yielding a typical
"bell-shaped" curve. In many cases, MCP-3 required concen-

trations of 1 ng/ml or above to induce significant T cell migra-
tion. Migratory responses by unstimulated T cells were also
observed using rhRANTES at similar concentrations. In our

assay system as with many others (5-11), only a small percent-
age of the loaded T cells migrate in response to MCP- 1, -2,
and -3 (- 2-8% of the total number of T cells were MCP-
responsive, depending on the donor). Similar percentages of
migrating T cells were also observed in response to the MIP-
1 s and RANTES. Fresh batches of recombinant human E. coli-
derived MCAF/MCP-1 from PeproTech were similar in po-

tency but less efficacious in inducing unstimulated T cell migra-
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Figure 1. Purified hMCP-l and synthetic preparations of MCP-2 and

MCP-3 are chemotactic for resting human T lymphocytes and T lympho-
cyte subsets on fibronectin-coated filters. Human lymphocytes were iso-

lated as described in Methods and were tested for chemotactic activity in

response to various concentrations of MCP-1, -2, -3, RANTES, and

MCAF in a 48-well microchemotaxis assay. Purified unstimulated T lym-

phocytes (A) were separated by negative selection into purified CD4+

(B) and CD8+ (C) T cell populations (see Methods). Lymphocytes were

separated from the chemokine dilutions by a human fibronectin-coated

polycarbonate filters. The results are expressed as the mean number of

migrating cells per high powered field (±SD) . This representative experi-
ment has been performed at least six times with different T cell donors

(n = 6). Astericks indicate significant T cell migration. *P > 0.05; **P
> 0.01.

tion compared to similar concentrations of natural MCP-1 (Fig.
1 A). These results were very unexpected because previous
preparations of rhMCAF/MCP-1 which have the identical se-

quence as the purified natural MCP-1 were chemotactic for

monocytes, basophils, and mast cells, but failed to chemoattract
unstimulated or activated T cells. These earlier preparations of
rhMCAF/MCP-l had about one-half the binding capacity and

chemotactic activity for monocytes shown by purified prepara-

tions of MCAF/MCP-1 and may have been suboptimal (20).
In the present study, a number of the conditions in the assay

for T cell chemotaxis were modified which may account for

the improved reactivity of unstimulated T cells to recombinant

MCAF. The T cells were rapidly purified by chromatography
at 25°C. The filters were coated with fibronectin rather than
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Table I. MCP-I is Chemotactic not Chemokinetic for Human
T Cells*

MCP-I (ng/ml) in upper wellst
Lower wells

MCP-l (ng/ml) 0 0.1 1.0 10

0 28 (3) 35 (5) 22 (7) 20 (5)

0.1 117 (II)** 43 (4) 23 (8) 25 (3)

1.0 89 (5)** 75 (4)** 39 (7) 26 (5)

10.0 54 (3)* 67 (5)* 42 (6) 29 (4)

* Different concentrations of natural MCP-1 were placed in the upper
and/or lower wells of the chemotaxis chamber. A fibronectin-coated
polycarbonate filter separated the fresh purified T cells placed in the
upper wells from the MCP- 1 diutions in the lower wells. The chemotaxis
chamber was incubated at 37°C for 4 h in 5% CO2. After incubation,
the filter was removed, scraped, fixed in methanol, stained, and counted
on a light microscope. t The results are expressed as the mean number
of migrating T cells per high power fields (±SD). This experiment has
been performed at least three times with different T cell donors (n =
3). * P < 0.05; ** P < 0.01.

collagen, because it yields better lymphocyte adherence and
migration (data not shown). Checkerboard analysis established
that the MCP-1, -2, and -3 chemokines induce chemotactic
rather than chemokinetic migration. Less than 8% of all MCP-
induced T cell migration was found to be chemokinetic (Table
I). These technical improvements have enabled us to detect T
cell chemotactic responses to picogram rather than nanogram
concentrations of MCP-1, -2, and -3 as well as MIP-1 and
RANTES chemokines by resting rather than anti-CD3-activated
T cells (5).

The chemoattractant effect of hMCP-1, hMCP-2, and
hMCP-3 on subsets of CD4+ and CD8+ T lymphocytes. Previ-
ous studies from several laboratories have revealed that MIP-
la preferentially chemoattracts activated CD8+ T cells, while
MIP- 1,3 preferentially chemoattracts preactivated CD4 + T lym-
phocytes (5, 8). Thus, the selective chemotactic effects of
MCP-1, MCP-2, and MCP-3 on CD4+ and CD8 + T cells were
evaluated. The results (Fig. 1 A-C) show significant migration
of CD4+ and CD8+ T cells of MCP-1, MCP-2, and MCP-3 as

well as RANTES at concentrations of 0.1 and 1 ng/ml (P
< 0.05). However, in the same series of experiments, only
50% of the T cell donors exhibited preferential chemotaxis

of CD8+ and CD4+ T cell subsets in response to MIP-la and
MIP- 1,/, respectively. We feel that there is a preferential subset
chemotactic effect associated with MIP- la and MIP-1,f; how-
ever this effect appears to be donor-dependent and may involve
issues of maturation and cellular activation. The ability ofMCPs
to induce T cell subset migration was further supported through
the use of human CD4 + and CD8 + T cell clones (Fig. 2). Both
the tetanus-toxoid reactive CD4+ T cell clone, 2B 1, and the
alloreactive CD8+ T cell clone, C6B7, migrate in response to
MCP- 1, MCP-2, and MCP-3 as well as the /3 chemokine
RANTES. The clones responded to these chemokines at similar
dose ranges (0.01-1 ng/ml) as purified T cell subpopulations.
Of the T cell clones loaded into the chamber, only 2-12%
of the clones tested migrated in response to the chemokines
suggesting that even homogeneous populations will not results
in high migrating percentages. In several human CD4+ and
CD8 + T cell clone studies, we have also observed preferential
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Figure 2. The effect of hMCP-1, hMCP-2, and hMCP-3 on the chemo-
tactic response of CD4+ and CD8+ human T cell clones. The tetanus
toxoid-reactive CD4+, 3E12, and the alloreactive CD8+ clone, C6B7,
were tested for their ability to migrate in response to various concentra-
tions of chemokine as described in Methods. The results are expressed
as the mean number of migrating T cells per high power field (±SD).
This representative experiment has been performed at least four times

(n = 4). Astericks indicate significant levels of T cell migr-Ation. *P
> 0.05, **P > 0.01.
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Figure 3. Neutralizing antisera to MCP- 1 and MCP-2 inhibits MCP-1-

and MCP-2-induced T cell migration, respectively. MCP- 1, MCP-2, and

RANTES at 0.1 ng/ml were preincubated with a 1 / 100 dilution of rabbit

antisera specific for MCP-1 or MCP-2 or a control antisera specific for
ENA-78 for 30 mm on ice. After incubation, both treated and untreated
chemokine preparations were placed in the bottom wells of the micro-
chemotaxis chamber and tested for lymphocyte migration. The results
are expressed as the mean number of T cells per high power field

(+SD). This representative experiment is quite reproducible and has

been performed on three different donors (n =3 ). Astericks (*) indicate
significant changes (P > 0.05) between untreated and antibody-treated
groups.

migration to MIP-let (CD8+) and MIP-l/3 (CD4±) in a sig-

nificant percentage of the clones tested (D. Taub, unpublished

observations ). Additional phenotyping is needed to characterize
the subset of T cells which selectively respond to MIP- l1t versus
MIP- 1 f.

Inhibitory effect of specific antibodies on MCP-J1- and
MCP-2-induced T cell migration. Polyclonal neutralizing rab-

bit antisera specific for MCP-1 inhibited MCP- 1- but not MCP-
2-induced T cell migration in a 48-well microchemotaxis assay

(P > 0.05) (Fig. 3). Similarly, antisera to MCP-2 inhibited

MCP-2-mediated T cell migration (P > 0.05) while having

little to no effect on migration in response to MCP-1. Neither

antibody had any significant effect on T cell chemotaxis in

response to RANTES. Control antisera to ENA-78 also failed to

inhibit MCP-1- and MCP-2-induced lymphocyte movement.

These experiments show that antibodies specifically inhibit the
capacity of MCP- 1 and -2 rather than contaminant chemokines
to chemoattract unstimulated T cells.

Effect ofpurified MCP-J on human CD3 + T cell accumula-
tion in huPBL-SCID mice in vivo. Since purified MCP- 1 was

chemotactic for T cells in vitro, we wanted to evaluate its effects
on human T cell migration in vivo. We examined the effects of

purified MCP-1 using a huPBL-SCID model we have developed
(23). In this model, huPBL were injected into the peritoneal
cavity of SCID mice followed a single subcutaneous injection
of either purified MCP-1 (1 ,ug) or HBSS into the mouse hind-
flank. 4 h later, the injection site was biopsied and examined
by immunohistology for the presence of human T cells as deter-
mined by anti-CD3 staining. We have previously demonstrated
that injections of either HBSS (Fig. 4 A) or rhM-CSF (data not

shown) does not result in significant human T cell infiltration
after 4 h (23). However, it should be noted that a small number
of murine leukocytes were observed in the histiological sections

of the HBSS injection site. Immunohistological analysis re-

vealed that a significant percentage of the infiltrating cells were

human CD3 + T cells present in the biopsy area of the huPBL-
SCID mice receiving one injection of purified MCP-1 (Fig. 4

B). These results then support the in vitro data indicating that
MCP- 1 is chemotactic for human T cells both in vitro and in

vivo. However, one cannot rule out that the effects of MCP-1
in vivo may also be indirect due to its chemotactic effects
on murine macrophages which may then elicit human T cell
chemotaxis as well as possible effects of MCP-1 on the expres-
sion of other cytokines and/or adhesion molecules which may
mediate these effects.

MCP-1, -2, and -3, like RANTES, MIP-la, and MIP-1,6,
are known to be potent monocyte chemoattractants (2-4). All
of these chemokines attract monocytes over similar dose ranges
and do not chemoattract neutrophils. The MCP chemokines also
demonstrate similar effects on T cell chemotaxis as RANTES

and MIP-1 over comparable dose ranges. In addition, similar

percentages of human T cells (between 2 and 8%) appear to

migrate in response to all the chemokines suggesting that only
certain T cell populations within the bulk preparations have the

capacity to respond and/or migrate to chemotactic signals. A
recent report by Carr and colleagues have also demonstrated
that purified human MCP-1 is capable of eliciting significant T
cell migration through an endothelial cell barrier at a dose range
of 50-500 ng/ml with a similar number of T cells responding
(up to 2-3% of the loaded population) (11). Differences in
the dose of MCP- 1 required to induce T cell movement between

laboratories may be due to differences in the systems utilized,
more specifically a transendothelial migation versus a Boyden

Figure 4. Purified MCP-1 induces human T cell migration into sites of injection into chimeric huPBL-SCID mice. Mice were injected with huPBL

i.p. followed by either a s.c injection of HBSS or MCP-1 (1 ,.tg). The skin of MCP-1 or HBSS injection sites were frozen in O.C.T. tissue medium

(Baxter Health Care Corp., Charlotte, NC) and sections were cut as described in the Materials and Methods. The sections were then stained with

anti-CD3 (biotin) followed by anti-mouse Ig peroxidase antibody which results in the brown labeling of CD3+ cells. Panel A shows the biopsy
area (40x) of a SCID mouse receiving huPBL with a single dose of HBSS. No CD3+ cells are detected. Panel B shows the biopsy area (40x)
of a SCID mouse receiving huPBL with a single s.c. injection of MCP-1. Note the infiltration of human CD3+ T cells in the subcutaneous fatty
tissues of the skin biopsy (arrow). Arrows indicate areas of human T cell infiltration. This representative experiment was found to be reproducible
and has been performed at least three times with purified MCP-1 and/or recombinant MCAF/MCP-1 (n = 3).
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chamber system. Like RANTES and IP-10, MCP-1, -2, and -3
induced significant migratory activity in both CD4 + and CD8 +
T lymphocytes, with the majority of migratory activity being
observed in the CD4+ T cell subset. This lack of T subset
preference using MCP-1 was also noted by Carr and colleagues
( 11). The capacity of the MCP as well as RANTES chemokines
to act on resting peripheral blood human T cells suggests that
sufficient high affinity receptor is expressed by these T cells to
enable them to respond to these chemokines prior to exposure
to antigens or polyclonal stimulants. Consequently, the chemo-
kines have the potential to act on antigen activated cells, but
may also regulate the homing and redistribution of unstimulated
T cells to local tissues.

The apparent redundancy of the increasing number of chem-
okines acting on monocytes and T cells is troubling. However,
there are distinctions in the cell sources of chemokines and the
timing of their production. Since MCP-1, -2, and -3, like IP-
10, are secreted predominantly by activated macrophages and
non-leukocytic cells in response to stimuli, these chemokines
presumeably direct mononuclear cells to local tissue sites. In

contrast, RANTES, MIP-la and MIP-1,6 are predominantly T
lymphocyte-derived and may preferentially direct mononuclear
cells towards lymphoid tissues. RANTES is constitutively pro-
duced and may therefore contribute to lymphocyte homing to

lymphoid tissues.
The MCP- 1, -2, and -3 terminology may not be fully appro-

priate since these molecules induce different biological re-

sponses although they exhibit 62 and 72% similarity in amino
acid sequence relative to MCP-1 (15, 16). In fact, it has been
reported that MCP-3 but not MCP-2 competes for MCP- 1 sites
on monocytes and MCP-3 but not MCP-2 desensitized the re-

sponse to MCP- 1 suggesting that MCP-2 does not use the same

receptor as MCP- 1 and MCP-3 (24). Furthermore, MCP-2 uses

a unique mechanism of signal transduction that is inhibitable
by cholera toxin rather than pertussis toxin, does not increase
intracellular Ca2+ concentrations, and does not induce the re-

lease of arachidonic acid (24). Furthermore, the nature of the
MCP-2 inducers differ from those for MCP-1 and MCP-3 (22,
25). These results suggest that although the /3 chemokines have
some redundant actions on T lymphocytes, they may play differ-
ent roles in attracting T lymphocytes and monocytes in combi-
nation with other cell types such as eosinophils, basophils, and
mast cells to inflammatory sites (25).
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