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FPRL1 is a seven-transmembrane (STM), G-protein
oupled receptor which was originally identified as a
ow affinity receptor for the bacterial chemotactic
ormyl peptide and a high affinity receptor for the
ipid metabolite lipoxin A4. We recently discovered
hat a number of peptides, including several synthetic
omains of the HIV-1 envelope proteins and the serum
myloid A, use FPRL1 to induce migration and cal-
ium mobilization in human monocytes and neutro-
hils. In this study, we report that a synthetic peptide
omain of the V3 region of the HIV-1 envelope gp120,
ctivates the FPRL1 receptor in monocytes and neu-
rophils. Furthermore, monocytes prestimulated with
3 peptide showed reduced response to several che-
okines that use multiple cell receptors. This is asso-

iated with a rapid phosphorylation of the chemokine
eceptor CCR5 on the serine residues. Our study sug-
ests that FPRL1, as a classical chemoattractant re-
eptor, may play an important role in modulating
onocyte activation in the presence of multiple

timuli. © 2000 Academic Press
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Phagocytic leukocytes respond to a large number of
hemoattractants with directional cell movement, ac-
ivation of intergrins, generation of superoxide anions,
nd release of granule contents. These functions con-
titute the first-line of host defense against invading
icroorganisms. Numerous chemoattractants have

een identified, which include the “classical” chemoat-
ractants such as N-formyl-methionyl-leucyl-phenyl-
lanine (fMLP), activated complement component 5
C5a), leukotriene B4 (LTB4) and platelet-activating
actor (PAF) (1–3), and a superfamily of newly defined
hemokines (4–6). Both classical chemoattractants
nd chemokines activate G-protein coupled seven
ransmembrane (STM) receptors expressed not only on
ells of hematopoietic origin, but also on other cell
ypes. The interaction of these receptors with agonists
lays a major role in the regulation of a number of
athophysiological processes.
FPRL1 is one of the classical STM receptors and was

riginally characterized as a low affinity receptor for
he bacterial chemotactic peptide fMLP, which mobi-
izes Ca21 through this receptor at high concentrations
7–9). A lipid metabolite lipoxin A4 (LXA4) has been
escribed as a high affinity agonist for FPRL1 by bind-
ng to and activating the GTPase through this receptor
10). We recently identified several synthetic peptide
omains derived from the HIV-1 envelope proteins and
human acute phase protein serum amyloid A (SAA)
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hat induce migration and Ca21 mobilization in human
hagocytic leukocytes by preferentially activating
PRL1 (11–13). These observations expanded the ago-
ist spectrum of FPRL1 and suggested a greater capa-
ility of FPRL1 to host a variety of synthetic and en-
ogenously produced agonists that do not bear
ignificant sequence similarities. In this study, we re-
ort that a synthetic peptide domain derived from the
3 region of the HIV-1 gp120 is also a chemotactic
gonist for FPRL1. Furthermore, activation of FPRL1
y V3 peptide resulted in attenuation of monocyte re-
ponses to selected chemokines in association with the
erine phosphorylation of the chemokine receptor
CR5.

ATERIALS AND METHODS

Reagents and cells. Synthetic V3 peptide (33 amino acid) of the
IV-1 gp120 (MN) (TRPNYNKRKRIHIGPGRAFYTTKNIIGTIR-
AH-NH2) was kindly provided by the NIH AIDS Research and
eference Reagents Program (Bethesda, MD). This peptide was also
ynthesized on a preparative scale (0.25 mmol) by Fmoc chemistry on
433A peptide synthesizer (PE Biosystem, Foster City, CA) (14) and
urified by RP-HPLC on a Resource RPC column (Amersham Phar-
acia Biotech, Uppsala, Sweden). The sequence of the synthetic

eptide was confirmed by Edman degradation on a 477A/120A pro-
ein sequencer (PE Biosystems). Recombinant human chemokines
nd SAA were purchased from Pepro Tech Inc. (Rocky Hill, NJ). The
hemotactic peptide fMLP and horse radish peroxidase conjugated
oat anti-rabbit IgG were purchased from Sigma (St. Louis, MO).
rotein A Sepharose CL-4B beads were purchased from Pharmacia
iotech (Piscataway, NJ). Polyclonal rabbit anti-phosphoserine an-

ibody was from Zymed Laboratory Inc. (South San Francisco, CA).
olyclonal rabbit anti-CCR5 was from ProSci, Inc. (Poway, CA).
Human peripheral blood monocytes and neutrophils were sepa-

ated from Buffy-Coats (NIH Clinical Center, Transfusion Medicine
epartment, Bethesda, MD) as described previously (12). Rat baso-
hilic leukemia cells (RBL-2H3) transfected with an epitope-tagged
DNA coding for the high affinity fMLP receptor, FPR (designated
TFR cells), were a kind gift of Drs. H. Ali and R. Snyderman (Duke

FIG. 1. Induction of phagocyte migration by synthetic V3 peptid
n response to V3 peptide over control medium. * P , 0.01, compare
esponse to V3 peptide by pertussis toxin (PT). Cells preincubated w
xamined for migration induced by fMLP and V3 peptide. * P , 0.01
Medium).
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niversity, Durham, NC). Human embryonic kidney epithelial 293
ells transfected with cDNA encoding FPRL1 (FPRL1/293 cells) were
stablished as previously described (7).

Chemotaxis assays. The migration of cells was assessed by a
8-well micro-chemotaxis chamber technique as described (13). Che-
oattractants were placed in the wells of the lower compartment of

he chemotaxis chamber. Cell suspension was placed in the wells of
he upper compartment. Two compartments were separated by a
olycarbonate filter (Neuroprobe, CabinJohn, MD, 5 mm pore-size for
onocytes and neutrophils, 10 mm pore size for receptor transfec-

ants). The filters used for migration of cell lines transfected with
eceptor genes were precoated with 50 mg/ml collagen type I (Collab-
rative Biomedical Products, Bedford, MA). The chamber was incu-
ated at 37°C in humidified air with 5% CO2. After incubation (1 h
or neutrophils, 1.5 h for monocytes, and 5 h for receptor transfected
ell lines), the filter was removed, fixed and stained with LeukoStat
Fisher Scientific, Pittsburg, PA). The migrated cells in three high-
owered fields (4003) were counted by light microscopy after coding
he samples. The results are expressed as the mean (6 SE) value of
he migration in triplicate samples and are representatives of at
east three experiments performed. Cell migration was also pre-
ented as chemotaxis index (CI) representing the fold increase in cell
igration induced by stimulants over control medium.

Calcium mobilization. Calcium mobilization was measured by
ncubating 2 3 107/ml cells in loading medium (DMEM, 10% FBS)
ith 5 mM Fura-2 AM (Molecular Probes, Eugene, OR) for 30 min at

oom temperature in the dark. The dye-loaded cells were washed 3
imes with loading medium and resuspended in saline buffer [138
M NaCl, 6 mM KCl, 1 mM CaCl2, 10 mM HEPES (pH 7.4), 5 mM
lucose, 0.1% BSA] at a concentration of 1 3 106/ml. The cells were

hen transferred into quartz cuvettes (2 ml) which were placed in a
uminescence spectrometer (LS-50B, Perkin-Elmer, Beaconsfield,
ngland). Stimulants at different concentrations were added in a
olume of 20 ml to each cuvette at the indicated time points. The ratio
f fluorescence at 340 and 380 nm wavelength was calculated using
FL WinLab program (Perkin-Elmer).

Phosphorylation of CCR5. Monocytes stimulated with different
oncentrations of stimulants for indicated time periods at 37°C were
ysed for 20 min on ice with periodic mixing in lysis buffer [1% Triton
-100, 20 mM Tris–HCl (pH 8.0), 137 mM NaCl, 15% glycerol, 5 mM
DTA] containing phosphatase and protease inhibitors (1 mM phe-
ylmethylsulfonyl fluoride, 5 mg/ml aprotinin, 5 mg/ml leupeptin, 1

A) Fold increase (chemotaxis index) of human phagocyte migration
ith spontaneous migration. (B) Inhibition of monocyte migration in
100 ng/ml pertussis toxin (PT) at 37°C for 30 min were washed and
mpared with migration of monocytes incubated with medium alone
e. (
d w
ith
, co
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leaned with 30 ml of washed Protein A Sepharose beads (15 ml
acked beads) at 4°C for 1 h and 1 mg of polyclonal anti-
hosphoserine antibody was added to 200 mg cell lysates diluted with
3 immunoprecipitation (IP) buffer [13: 1% Triton X-100, 10 mM
ris–HCl (pH 7.4), 137 mM NaCl, 1 mM EDTA, 1 mM EGTA, 0.2 mM
odium, 0.2 mM PMSF, 0.5% NP-40]. The reaction mixture was
ncubated at 4°C overnight under constant rocking. The immu-
ecomplex was captured by adding 50 ml of washed Protein A sepha-
ose beads (25 ml packed beads) and incubating the reaction mixture
t 4°C for an additional 2 h. The beads were spun down (10 s at
4,000 rpm), drained off the supernatants, washed 3 times with
ce-cold 13 IP buffer, then were resuspended in 30 ml 23 Laemmli
ample buffer (126 mM Tris–HCl, 20% Glycerol, 4% SDS, 0.005%
romophenol Blue. Novex, San Diego, CA) and boiled for 5 min to
lute the immune complex. After electrophoresis on 10% SDS–PAGE
recast gel (Novex, San Diego, CA), the proteins were transferred to
mmobilon P membranes (Millipore Corp., Bedford, MA). The mem-
rane was blocked in freshly prepared PBS containing 3% dry milk
t 4°C for 2 h, then was incubated with 1 mg/ml of polyclonal anti-
CR5 antibody overnight at 4°C followed by washing 3 times with
BS-T (0.05% Tween 20). The membrane was incubated with a horse
adish peroxidase-conjugated goat anti-rabbit IgG at 1:5000 dilution
n PBS containing 3% dry milk for 1 h at room temperature with
gitation. After washing 3 times with PBS-T, the membrane was
ncubated with SuperSignal Chemiluminescent Substrate Stable
eroxide Solution (PIERCE, Rockford, IL) for 1 min, and exposed to
IOMAX-MR film (Eastman Kodak Company, Rochester, NY).

Statistical analysis. All experiments were performed at least
hree times and the results presented are from representative exper-
ments. The significance of the difference between test and control
roups was analyzed using the Student’s t-test. A chemotaxis index
CI) of 1.8 or greater is statistically significant.

ESULTS

Since V3 region of the HIV-1 gp120 is thought to play
major role in determining the cell tropism of the
IV-1 (15–18), synthetic V3 peptides have been used to

xamine whether they interact directly with the viral
usion co-factors such as CCR5 and CXCR4 which in
he presence of CD4 mediate the fusion of monocyte or

lymphocyte tropic HIV-1 respectively (19). Synthetic
3 domains either linear or cyclized of the T-tropic HIV
trains IIIB and EL1, have been reported to directly
ind CXCR4 and induce migration of both CD41 and
D81 T lymphocytes (19). We also tested a synthetic
3 peptide domain derived from the MN strain of the
IV-1 and found that this V3 peptide is a potent che-
oattractant for human monocytes and neutrophils

Fig. 1A) but only weakly for T lymphocytes (data not
hown). Since the chemotaxis response of human
hagocytes to V3 peptide was inhibited by preincuba-
ion of the cells with pertussis toxin (Fig. 1B), we
ostulated that this V3 peptide activated G protein
oupled STM receptor(s).

In an effort to characterize the nature of the recep-
or(s) used by this V3 peptide in phagocytes, we found
hat both monocytes and neutrophils mobilized Ca21

fter stimulation with the peptide (Figs. 2A and 2B).
3 peptide did not attenuate the cell response to a
umber of chemokines including SDF-1a which is a
278
ognate ligand for the receptor CXCR4 (Figs. 2C–2F).
n contrast, the signaling of V3 peptide in phagocytes
as attenuated by high concentration of fMLP or vice
ersa (Figs. 2G and 2H), suggesting V3 peptide might
ctivate a low affinity receptor for fMLP. This hypoth-
sis was confirmed by experiments using cells trans-

FIG. 2. Calcium mobilization in phagocytes induced by V3 pep-
ide and cross desensitization with fMLP. (A and B) Ca21 mobiliza-
ion ing monocytes and neutrophils induced by V3 peptide. (C–F)
ffect of V3 peptide (1.5 mM) on chemokine induced Ca21 flux in
onocytes. (G and H) Cross-desensitization between V3 peptide (1.5
M) and fMLP (1 mM) for signaling in monocytes and neutrophils.
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ected to express FPRL1, a STM receptor known to
nteract with fMLP with low affinity (7, 9). As pre-
icted, V3 peptide induced both Ca21 mobilization and
hemotaxis of HEK293 cells transfected to express
PRL1 (Figs. 3A and 3B). In contrast, V3 peptide

nduced a low level of chemotaxis response (Fig. 3A),
ut not Ca21 mobilization in cells overexpressing FPR
Fig. 3C), the high affinity fMLP receptor (ETFR cells).
hese results showed that FPRL1 is a major functional
eceptor used by V3 peptide.

We have shown that stimulation of human phago-
ytes with V3 peptide did not attenuate the Ca21 flux
esponse to subsequent challenge with chemokines,
ndicating the V3 peptide does not share receptors with
he chemokines. However, since the V3 peptide prefer-
ntially activated a STM receptor FPRL1, we next
ested whether a prolonged treatment of monocytes
ith V3 peptide could attenuate the cell response to

hemokines, presumably based on “heterologous” de-
ensitization of the receptors, a process that has been
ocumented for a number of STM chemoattractant re-
eptors and may represent an important regulatory
lement in cell response in the presence of multiple
timulants. Chemokines RANTES, SDF-1a, and
CP-1 all induced a significant Ca21 mobilization in
onocytes preincubated with the culture medium

Fig. 4). However, when monocytes were preincubated
ith V3 peptide (1.5 mM) at 37°C for 60 min, the cell

esponse to RANTES and SDF-1a, was significantly
educed (Figs. 4A and 4B). In contrast, monocytes
reincubated with the protein kinase C (PKC) inhibitor
taurosporine followed by V3 peptide showed almost
ormal Ca21 mobilization in response to RANTES or
DF-1a. These results suggest that V3 peptide, by
ctivating FPRL1 in monocytes, caused a heterologous
esensitization of the cell response to these chemo-
ines via a PKC mediated signal transduction path-

FIG. 3. Migration and Ca21 flux in FPR (ETFR) and FPRL1 (FP
eceptor expressing cells in response to V3 peptide. fMLP was used
ells.
279
ay. On the other hand, the cell response to another
hemokine, MCP-1, and the chemotactic peptide fMLP
as only minimally affected by preincubation with V3
eptide (Figs. 4C and 4D), suggesting that the suscep-
ibility of the receptors to heterologous desensitization
aries widely.
Since in heterologous desensitization of G-protein

oupled STM receptors, the second messenger induced
hosphorylation of the receptor plays an important role
20), we investigated whether the CC chemokine recep-
or CCR5 could be phosphorylated by stimulation of
onocytes with V3 peptide. In our preliminary exper-

ments, CCR5 in both monocytes and receptor trans-
ected HEK293 cells (CCR5/293 cells) was detected by
mmunoblotting with a polyclonal anti-CCR5 antibody
s a dimerized protein species at about 75 kDa under
on-reducing conditions, and an approximately 40 kDa
pecies under reducing conditions (data not shown), in
greement with the results obtained by other investi-
ators with CCR5 transfected cell lines (21). In addi-
ion, stimulation of CCR5/293 cells, but not monocytes,
ith specific chemokines further promoted the dimer-

zation of CCR5 which could be detected even under
on-reducing conditions (data not shown). Since CCR5
as been reported to undergo phosphorylation on the
erine residues at its carboxyl terminus (22, 23), we
sed an anti-phosphoserine antibody to immunopre-
ipitate cell lysates followed by immunoblotting with
he polyclonal anti-CCR5 antibody to detect the phos-
horylation of CCR5. We observed that CCR5 could be
apidly phosphorylated by stimulation of the cells with
CR5 chemokine agonists MIP-1a, RANTES, and
IP-1b (Figs. 5A, 5B and data not shown) with the
aximal level of phosphorylation occurring at 1 min.

mmunoblotting of the total monocyte lysates with
nti-CCR5 antibody yielded a protein species at the
ame molecular weight position (Fig. 5C). Although

1/293) expressing cells induced by V3 peptide. (A) Migration of the
a control. (B) Ca21 flux induced by V3 peptide in FPRL1/293 ETFR
RL
as
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timulation of monocytes with V3 peptide also induced
ignificant serine phosphorylation of CCR5, the maxi-
al level of CCR5 phosphorylation was observed at 15
in after stimulation (Figs. 5D and 5E). These results

re in agreement with the notion that heterologous
eceptor desensitization may require a longer incuba-
ion time with the stimulants and an accumulation of
econd messengers that culminates in phosphorylation
f an unrelated STM receptor. In fact, when monocytes
ere pretreated with the PKC inhibitor staurosporine,
3 peptide no longer significantly induced phosphory-

ation of CCR5, whereas staurosporine treatment did
ot affect MIP-1b-induced CCR5 phosphorylation (Fig.

FIG. 4. Effect of preincubation with V3 peptide on monocyte Ca21

obilization in response to chemokines. Monocytes loaded with
ura-2 were preincubated with medium (Medium) or V3 peptide (V3)

or 60 min at 37°C. After washing, the cells were measured for Ca21

obilization in response to chemokines (10 nM) RANTES (A),
DF-1a (B), MCP-1 (C) or fMLP (10 nM) (D). In parallel experi-
ents, cells were first treated with staurosporine (2.5 ng/ml, 30 min

t 37°C) followed by V3 peptide (1.5 mM, 37°C, 60 min, Stauro 1 V3),
hen were measured for Ca21 flux in response to chemokines or
MLP.
280
hosphorylation differs from that induced by the
PRL1 ligand V3 peptide. To confirm the effect of
PRL1 activation on CCR5 phosphorylation, we used
AA, a known chemotactic agonist of FPRL1 (13). As
hown in Figs. 5G and 5H, treatment of monocytes
ith SAA indeed induced a rapid and dose-dependent

erine phosphorylation of CCR5. The bacterial chemo-
actic peptide fMLP which uses primarily the receptor
PR in monocytes, also induced CCR5 phosphorylation

Fig. 5E) with a maximal level of effect at 60 min (data
ot shown). These results indicate that CCR5 is sub-

ected to phosphorylation induced by activation of ei-
her FPR or FPRL1 in monocytes.

ISCUSSION

In this study, we showed that a synthetic V3 peptide
omain of gp120 from HIV-1 MN strain induced mi-
ration and Ca21 mobilization in human monocytes
nd neutrophils by preferentially activating a G
rotein-coupled STM receptor FPRL1. We also ob-
erved that activation of monocytes induced phosphor-
lation of the chemokine receptor CCR5 in association
ith attenuation of the cell signaling in response to

elected chemokines. This is an unexpected finding in
hat the V3 domain of the HIV-1 gp120 is thought to
lay an important role in determining the tropism of
he virus (15–18). Although the synthetic domain from
-tropic HIV-1 has not been documented to directly

nteract with the fusion co-receptor CCR5, the syn-
hetic and cyclized V3 peptide domain of the T-tropic
IV-1 strains (IIIB and ELI) has been reported to
irectly bind to the fusion co-receptor CXCR4 (19). In
ur study, a cyclized V3 peptide derived from HIV-1
p120 of the MN strain (NIH AIDS Research and Ref-
rence Reagent Program) did not activate monocytes or
eutrophils and both linealized or cyclized V3 peptide
f the gp120 (MN) did not interact with CXCR4 (data
ot shown). Therefore, a secondary or tertiary struc-
ure of the peptide may be crucial for the formation of
specific binding domain for CXCR4 and V3 domains

f different HIV-1 strains may have divergent capacity
o interact directly with chemokine fusion coreceptors.
ore research is required to address whether the abil-

ty of the V3 peptide domain to directly interact with
hemokine co-receptors is an intrinsic property for
p120 of all HIV-1 strains or if it is restricted to se-
ected strains. By analogy, the interaction of linealized
3 peptide with FPRL1 as seen in our study also needs

o be further investigated with domains derived from
ther HIV-1 strains.
FPRL1 was identified and molecularly cloned from a

enomic DNA library of human phagocytic cells by low
tringency hybridization of the cDNA library with the
equence of the prototype receptor FPR (7, 24–26).
PRL1 possesses 69% identity at the amino acid level



t
(
m
h
i
t
d
c
i
i
A
i
c
T
fl
c
n
m
a
n
(
h
F
e
i
p
p

v
d
t
s
r
c

F
t
a
G
a
e
M
A
d
G
T
c
p
s
a
a
a
t
c
w

n
o
c
M
6
1
M
a

Vol. 272, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
o the prototype chemotactic peptide receptor FPR
7–9, 24–26), and both receptors are expressed by
onocytes and neutrophils (26, 27). While fMLP is a
igh affinity agonist for FPR, it interacts with and

nduces Ca21 flux through FPRL1 only at high concen-
rations (7–9, 24–26). In our study, fMLP did not in-
uce significant migration of FPRL1/293 cells at a con-
entration as high as 50 mM (13), suggesting that fMLP
s not a full agonist for FPRL1. In contrast, V3 peptide
nduced both Ca21 flux and migration through FPRL1.
lthough FPRL1 was originally found to be expressed

n monocytes and neutrophils, cells other than phago-
ytes have been shown to express FPRL1 (8, 28).
herefore, FPRL1 may play an important role in in-
ammatory and immunological responses in human
ells. We recently identified several chemotactic ago-
ists for FPRL1 including some synthetic peptide do-
ains of the HIV-1 envelope protein (11, 12) and serum

myloid A (SAA) (13). In addition, several FPRL1 ago-
ists have been isolated from a random peptide library
29). Furthermore, a lipid metabolite lipoxin A4 (LXA4)
as been reported to be a high affinity agonist for
PRL1 (thus also termed LXA4R) (10). LXA4 is an
icosanoid generated in a number of inflammatory and
mmunological processes (30) yet appears to have op-
osing effects on proinflammtory responses of neutro-
hils versus monocytes (31–33). Thus differential acti-

FIG. 5. Phosphorylation of CCR5 in monocytes induced by chem
M for different time periods (min) at 37°C. (B) Monocytes treated wit
f monocytes treated with V3 peptide or MIP-1b (1 min) were immun
oncentration of V3 peptide for 60 min at 37°C, cells treated with MI
onocytes treated with V3 peptide (1.5 mM) for different time points

0 min were used as control. (F) Effect of staurosporine (Stauro, 2.5
min at 37°C) or V3 peptide (1.5 mM, 60 min). (G) Monocytes treat
onocytes treated with different concentrations of SAA for 60 min

nti-CCR5 antibody.
281
ation of second messengers induced by LXA4 in
ifferent cell types was postulated. It should be noted
hat the FPRL1 agonists identified thus far do not bear
ubstantial sequence homology and further study is
equired to define the structural basis for the promis-
uous property of FPRL1.
Since FPRL1 is highly homologous to the prototype

PR and both receptors are sensitive to pertussis toxin,
hey may share common features of second messenger
ctivation. The binding of FPR by agonists results in a

protein-mediated signaling cascade leading to cell
dhesion, chemotaxis, release of oxygen intermediates,
nhanced phagocytosis, and bacterial killing, as well as
AP kinase activation and gene transcription (8, 9).
ctivation by fMLP may also result in heterologous
esensitization of the subsequent cell response to other
-protein receptor ligands (20), including chemokines.
his is supported by our observation that fMLP at a
oncentration preferentially activating FPR caused
hosphorylation of CCR5 in monocytes. In our previous
tudy, incubation of human phagocytes with FPRL1
gonist SAA resulted in a reduction of cell response to
number of chemoattractants (34), suggesting that

ctivation of FPRL1 may also activate signaling events
hat cause desensitization of other G-protein coupled
hemotactic receptors. In support of this hypothesis,
e recently found that a peptide domain derived from

es and FPRL1 agonists. (A) Monocytes treated with MIP-1b at 100
ifferent concentrations of MIP-1b for 1 min at 37°C. (C) Total lysates
tted with anti-CCR5 antibody. (D) Monocytes treated with different

a (100 nM) and MIP-1b (100 nM) for 1 min were used as control. (E)
lls treated with MIP-1a (100 nM) for 1 min or with fMLP (1 mM) for
ml, 30 min) on CCR5 phosphorylation induced by MIP-1b (100 nM,
with SAA at 10 mg/ml for different time periods (min) at 37°C. (H)
37°C. Inset, Immunoblotting of 20 mg whole monocyte lysates with
okin
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hrough FPRL1 and down regulated the expression
nd function of two chemokine receptors CCR5 and
XCR4 (12) which act as key fusion cofactors for
IV-1. We further demonstrate that incubation of
onocytes with V3 peptide or SAA resulted in serine

hosphorylation of CCR5 accompanied by attenuation
f cell signaling in response to selected chemokine li-
ands. Since receptor heterologous desensitization was
onsidered an important pathophysiological process in
oncerted immune responses, FPRL1 may play an im-
ortant role in regulating monocyte response to multi-
le chemotactic stimulants. Therefore, immuneregula-
ory agents could be designed based on the interaction
f FPRL1 and its agonist.
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