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The synthetic peptide WKYMVm attenuates the function of the chemokine
receptors CCR5 and CXCR4 through activation of formyl

peptide receptor-like 1

Bao-Qun Li, Michele A. Wetzel, Judy A. Mikovits, Earl E. Henderson, Thomas J. Rogers, Wanghua Gong,
Yingying Le, Francis W. Ruscetti, and Ji Ming Wang

The G protein—coupled 7 transmembrane
(STM) chemoattractant receptors can be
inactivated by heterologous desensitiza-
tion. Earlier work showed that formly pep-
tide receptor-like 1 (FPRL1), an STM re-
ceptor with low affinity for the bacterial
chemotactic peptide formyl-methionyl-
leucyl-phenylalamine (fMLF), is activated
by peptide domains derived from the hu-
man immunodeficiency virus (HIV)-1 enve-
lope glycoprotein gp120 and its activa-
tion results in desensitization and down-
regulation of the chemokine receptors
CCR5 and CXCR4 from monocyte sur-
faces. This study investigated the possi-

bility of interfering with the function of
CCR5 or CXCR4 as HIV-1 coreceptors by
activating FPRL1. Cell lines were estab-
lished expressing FPRL1 in combination
with CD4/CXCR4 or CD4/CCR5 and the
effect of a synthetic peptide, WKYMVm, a
potent activator of formyl peptide recep-
tors with preference for FPRL1 was deter-
mined. Both CXCR4 and CCR5 were de-
sensitized by activation of the cells with
WKYMVm via a staurosporine-sensitive
pathway. This desensitization of CXCR4
and CCR5 also attenuated their capacity
as the fusion cofactors for HIV-1 envelope
glycoprotein and resulted in a significant

inhibition of p24 production by cell lines
infected with HIV-1 that use CCR5 or
CXCR4 as coreceptors. Furthermore,
WKYMVm inhibited the infection of hu-
man peripheral monocyte—derived macro-
phages and CD4 * T lymphocytes by R5 or
X4 strains of HIV-1, respectively. These
results indicate that heterologous desen-
sitization of CCR5 and CXCR4 by an
FPRL1 agonist attenuates their major bio-
logic functions and suggest an approach
to the development of additional anti-
HIV-1 agents. (Blood. 2001;97:2941-2947)
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Introduction

Chemokine receptors CCR5 and CXCR4 are 2 major coreceptateemoattractant receptors, the “cross-talk” among those receptors
for human immunodeficiency virus (HIV)-1 infection and belondhas been proposed to be important in fine-tuning of cell responses
to the 7 transmembrane (STM), G protein—coupled receptiorthe presence of multiple stimulants.

superfamilyt Such receptors are composed of 7 hydrophobic Two STM receptors that can be activated by the bacterial
transmembrane domains, an N-terminus outside the cell surfaceh&motactic peptide fMLF have been identified and cldhdePR
extracellular and 3 intracellular loops, and a C-terminus in thateracts with low concentrations of fMLF and thus acts as a
cytoplasmic compartmeitThe C-termini of these receptors con high-affinity fMLF receptor. On the other hand, the low-affinity
tain serine and threonine residues which, on phosphorylation, aaiant receptor formyl peptide receptor-like 1 (FPRL1) exhibits
involved in signaling and receptor desensitizafi@nAgonist- Ca’* flux only in response to high concentrations of fM&F.
induced phosphorylation of chemokine receptors, such as CCREgspite the fact that both FPR and FPRL1 are among the earliest
can result in homologous desensitization and internalization of thhemoattractant receptors discovered on human phagocytic leuko-
receptors:® Chemokine receptors may also be subjected to “hetarytes, their biologic significance in host defense and immune
ologous desensitization” when the cells are activated by agonistsponses is not clear. Although the nature of the host-derived
selective for unrelated STM receptdrBor example, activation of ligands for FPR remains obscure, at least 2 endogenous molecules
formyl peptide receptor (FPR), the receptor for the bacterisi humans, the lipid metabolite lipoxin A4 (LXA#)and a
chemotactic peptide fMLF, effectively desensitizes a number chemotactic acute-phase protein serum amyloid A (SAAjve
chemoattractant receptors, including the receptors for the cherbeen found to activate FPRL1. HIV-1 envelope glycoprotein gp120
kine interleukin (IL) 8% Both homologous and heterologousand gp41l also contain domains that preferentially activate either
desensitization results in impairment of various biologic functionSPR or FPRLI%12A 20 amino acid peptide domain derived from

of chemokine receptors in response to further stimulation by thegjp120 of the HIV-1, strain specifically stimulates phagocyte
cognate ligand3.Because human leukocytes express a variety ohemotaxis and Ca flux through FPRLEZ2 By activating a
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protein kinase C (PKC)-mediated signaling pathway, this peptid&icium mobilization

also dovyn-regulates the expression and chemotacnc function of @ﬁcium mobilization was measured by incubating cells<(207/mL) in
chemokine receptors CCRS5 and CXC_ZR“ in monoc%@rthe't “loading medium (DMEM, 10% FCS) with M Fura-2 am (Molecular
more, we have observed that activation of FPRL1 by its agonigigopes, Eugene, OR) for 1 hour at room temperature in the dark. The
induced serine phosphorylation of CCR5 in monocyteshese dye-loaded cells were washed 3 times and resuspended in saline buffer (138
observations motivated us to investigate whether the desensitize NaCl, 6 mM KCI, 1 mM CaCJ, 10 mM Hepes, pH 7.4, 5 mM glucose,
tion of CCR5 and CXCR4 by activation of FPRL1 could compro9.1% bovine serum albumin [BSA]). The cells were then transferred into
mise their capacity as HIV-1 coreceptors. In this study, we showwartz cuvettes (X 10° cells in 2 mL), which were placed in a lumines
that a synthetic peptide WKYMVm, originally derived from acence spectrometer _(LS—SOB, Perkin E_Imer, Beaconsfield, United King-
random peptide library and a highly potent agonist for FPRs Wiﬁpm). Stimulants at different concentrations were added in a volume of 20

L . L to cuvettes at the indicated time points. The ratio of fluorescence at 340
4
preference for FPRLY; desensitizes chemokine receptors CC:Rgnd 380 nm was calculated using a FL-WinLab program (Perkin Elmer). To

and CXCR4 and attenuates their capacity as HIV-1 COrecepto&amine the effect of W peptide, both FPRL1 and mock transfected Hos

Our results suggest a novel approach to the development (i were preincubated withdM W peptide or with medium alone for 40
anti-HIV-1 reagents. to 60 minutes at 37°C. The cells were thoroughly washed and then were
examined for calcium mobilization. For PKC-dependent heterologous
desensitization, FPRL1-transfected Hos cells were pretreated with the PKC
inhibitor staurosporine at 1.4 ng/mL for 1 hour at 37°C, washed thoroughly
Materials and methods with RPMI 1640, and then treated with W peptide.

Chemicals Phosphorylation of CCR5 and CXCR4

WKYMVm  (Trp-Lys-Tyr-Met-Val-D-Met, designated W peptide) was The phosphorylation of CCR5 was studied using an approach as described
synthesized and purified by the Department of Biochemistry, Colorag@eviouly?3Briefly, Hos/CD4/CCR5/FPRL1 cells treated with RANTES or
State University (Fort Collins, CO), based on the published sequéfte. w peptide were lysed and immunoprecipitated with a polyclonal antiphopho-
The purity of the peptide was more than 90%, and the amino acigrine antibody (Zymed Laboratory, South San Francisco, CA) followed by
composition was verified by mass spectrometry. The endotoxin levels in ii@munoblotting with a polyclonal anti-CCR5 antibody (a kind gift of Dr R.
dissolved peptide were undetectable. A scrambled peptide with the Sgirgeant, Millenium Biotechnology, Ramona, CA). The image was visual-
quence of KWMNVY, which does not activate FPRs, was used as contriled by using a horseradish peroxidase—conjugated goat antirabbit IgG and
The PKC inhibitor staurosporine was purchased from Sigma (St LouiguperSignal Chemiluminescent Substrate Stable Peroxide Solution (Pierce,
MO). All chemokines were purchased from Pepro Tech (Rocky Hill, NJ). Rockford, IL). CXCR4 phosphorylation was measured as described previ-
ously1® Briefly, Hos/CD4/CXCR4/FPRL1 cells were labeled withH]
orthophosphate (Amersham, Piscataway, NJ) and then were stimulated with
stromal cell-derived factor (SDF)lor W peptide. The cell lysates were
Human osteosarcoma cells coexpressing CD4/CCR5 or CD4/CXCReepared and imunoprecipitated with a rabbit polyclonal anti-CXCR4
(Hos/CD4/CCR5 or Hos/CD4/CXCR4) were obtained through the Ni@ntibody (a kind gift of Dr R. Sargeant, Millennium Biotechnology). The
AIDS Research and Reference Reagents Program. These cells were fuithgtune complexes were captured with protein A-Sepharose (Novex,
transfected with plasmid containing a full-length complementary DNAcarlsbad, CA) and subjected to sodium dodecy! sulfate—polyacrylamide gel
(cDNA) coding for FPRL1 (a kind gift of Drs P. M. Murphy and J. Gao,€lectrophoresis (SDS-PAGE) and autoradiography.

National Institute of Allergy and Infectious Diseases, Bethesda, MD), and

were designated Hos/CD4/CCR5/FPRL1 or Hos/CD4/CXCR4/FPRL1 cellQuantitative assays for HIV-1 envelope

Control cells were cotransfected with pcDNA3 plasmid vector alone arglycoprotein-mediated fusion

were designated Hos/CD4/CCR5/Mock or Hos/CD4/CXCR4/Mock cells. . i40Evi
The transfected cell lines were cultured in Dulbecco modified Eagl e assays were performed as described previosyiefly, Hos/CD4/

medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 506CR5 or Hos/CD4/CXCR4 cells in the presence or absence of FPRL1 were
wg/mL puromycine, and 2000g/mL geneticin. HeLa cells were purchasedinfet:ted with recombinant vaccinia virus VTF7-3 encoding the bacterio-
from American Tissue Culture Collection (Rockville, MD). TF228 ceIIs,phage T7 RNA polymerase under the contro| of the natural P7.5 early-late
which stably express HIV-1 T-tropic envelope protein gp12@.1, » , were vaccinia promoter. HelLa cells were coinfected with a recombinant vaccinia
kindly supplied by Dr D. Dimitrov (National Cancer Institute, Frederick'"S VBC43 expressing monocyte tropic HIV-1Env (Bal 31) and vBC21R

MD). Human peripheral blood mononuclear cells (PBMC) were isolate%?:_“immg ats promqter linked to tlflleacz reporter gene. TF 228 cells,
from leukopacks obtained from the Transfusion Medicine Department, NIf41iCh express T-tropic HIV-1 envelope protein gpl2@tLx, were
Clinical Center, Bethesda, MD. Monocytes were further purified b&/nfected with recombinant vaccinia virus vBC21R alone. After infection
elutriation to yield more than 90% pure preparations. CDdymphocytes with vaccinia viruses for 2 hours at 37°C, the cells were washed thoroughly

were further isolated by negative selection through anti-CD8 columidth culture medium and keptin fresh medium at 31°C overnight. Hos cells
(Miltenyi Biotech, Bergisch Gladbach, Germany) to yield more than g5gEXPressing or not expressing FPRL1 were pzetreated with W peptlde atthe
pure preparations. designated c_oncentratlons for 1 hour_at 37°C, then were mixed with the
Env-expressing cells. The 2 populations of cellsx(1(® each) were
seeded in triplicate in the wells of 96-well tissue culture plates. After 12
Chemotaxis assays hours of culture at 37°C, the cells were lysed with 0.05% Nonidet P-40 and
. . ) spun at 2500 rpm for 5 minutes. The pQ-cell lysate was mixed with 50
Chemotaxis assays were performed using a 48-well chemotaxis chamber,t 16 mm chiorophenol re@-galactopyranoside (CPRG) dissolved in
technique (Neuro Probe, Cabin John, MD) as described previbtisior phosphate buffer (0.12 M NHPO;, 0.08 M NaHPOy, 0.02 M KCI, 0.002

migration of receptor transfected Hos cells, the incubation period was)g MgSO,, 0.01 M B-mercaptoethanol). The reactions were kept at room
hours and polycarbonate filters (f6n pore size) precoated with collageniemperature for 30 minutes before the color was measured with an

type 1 were used. For human monocyte—derived macrophages, the incybgiy me.jinked immunosorbent assay (ELISA) reader at 570 nm.
tion period was 90 minutes withjdm pore-sized polycarbonate filters. The

results were expressed as chemotaxis index (Cl), which represents the f—?l'f}l infection

increase in the number of migrated cells in 3 high-powered fields (HPF) in

response to chemoattractants over spontaneous cell migration in respon3é®Hos cells expressing combinations of receptors were pretreated with W
control medium. peptide at the designated concentrations for 1 hour and infected with

Cells
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M-tropic (R5) HIV-1g4 (MOI 0.1, for Hos/CD4/CCR5/FPRL1) or T-tropic Hos/CD4/CCR5/FPRL1 cells

(X4) HIV-1pyL4-3 (MOI 0.1, for Hos/CD4/CXCR4/FPRL1) at 37°C for 2

hours. For infection of primary cells, CD4T lymphocytes were first A RANTES B W pep (Log M))
stimulated with phytohemagglutin (PHA; Sigma) ag8/mL and cultured 3+  (ng/mL)

with IL-2 at 50 U/mL for 4 days. Monocytes were cultured with 5% human £

AB serum for 4 to 6 days. The cells were then pretreated with W peptide at
the designated concentrations at 37°C for 1 hour before infection with X4 or@
R5 HIV-1 for 2 hours. At the end of infection, the cells were washed 3 times §
and cultured in fresh medium containing W peptide. The culture superna—@ 1
tants were collected at 72 hours for measurement of Hiyaly gene S
product P24 by ELISA (Zeptometrix, Buffalo, NY, and AIDS Vaccine
Program, NCI-FCRDC, Frederick, MD). In each experiment, CXC chemo- 0- r——
kine SDF-k (or CC chemokines RANTES, MIPel and MIP-PB) in 100 sec
combination were used as control inhibitors.
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Results
Hos/CD4/CCR5/Mock cells

Establishment of cell lines expressing FPRL1 and

HIV-1 coreceptors D RANTES E Wpep F Cross-desensitization
(ng/mL) f\

The Hos cells genetically engineered to express CD4 and CCR5 or PR 50 ! \

CXCR4 were additionally transfected with the full-length cDNA of I\ ]

FPRLL1. The transfected cells were cloned by limited dilution and ( \m Y I\,___

selected with both puromycin and geneticin. The coexpression of AN eI 10 SOV J

FPRL1 was examined by their responsiveness to a syntheticm_ﬂj e I\ - A A

peptide WKYMVm (W peptide) that is a highly efficacious ‘MJ

. . - -6
chemotactic agonist for FPRLI!$As shown in Figure 1Hos cells Wpep (10°)  Wpep  RANTES
expressing onIy CD4/CCR5 or CD4/CXCR4 migrated in responﬁgure 2. Calcium mobilization in Hos/CD4/CCRS5 cells coexpressing FPRL1 or
. . . DNA3 vector (Mock). (A) and (B) Ca** flux by Hos/CD4/CCR5/FPRL1 cells in
to the ChemOkme Ilgands bm_n_Ot tow peptlde' In contrast, Ce’rfeésponse to RANTES and W peptide. (C) Sequential stimulation of Hos/CD4/CCR5/
cotransfected with FPRL1 exhibited a response to both chemokin@gL1 celis with RANTES (50 ng/mL) and W peptide (10 nM) or vice versa. (D) and

and W peptide_ The cell response to W peptide occurred when ldwyCa** flux in Hos/CD4/CCR5/Mock cells induced by RANTES and W peptide. (F)

nanomolar concentrations of the peptide were used, indicati
FPRL1 was effectively expressed by these cells (Figure 1A,B).

:\ CD4/CCR5 B CD4/CXCR4

«@

T

Chemotaxis Index (Cl)
= no

0 ]
S rvepn s
< MIP-1B W peptide & SDF-1a W peptide
(ng/mL) (Log M) (ng/mL) (Log M)

Figure 1. Chemotactic response of cells to chemokines or W peptide. Hos/CD4/
CCR5 or Hos/CD4/CXCR4 cells were stably transfected with FPRL1 cDNA or
pcDNA3 vector alone. Cell migration in response to chemokines was examined. (A)
Migration of Hos/CD4/CCRS5 cells in the presence (FPRL1") or absence (Mock) of
FPRL1 in response to MIP-1a or W peptide compared to spontaneous migration
(medium). & indicates FPRL1"; B, Mock. (B) Migration of Hos/CD4/CXCR4 cells in
the presence (FPRL1") or absence (Mock) of FPRL1 in response to SDF-1a or W
peptide compared to migration in the absence of chemoattractants (medium). []
indicates FPRL1*; M, Mock. *P < .05 and **P < .01.

SES 2 oo

»

a uential stimulation of Hos/CD4/CCR5/Mock cells with W peptide (1 wM) and
TES (50 ng/mL).

Desensitization of CCR5 and CXCR4 in Hos cells
by activation of FPRL1

We next investigated the capacity of W peptide to desensitize
CCRS5 and CXCR4 in Hos cells following activation of FPRL1. As
shown in Figure 2, both W peptide and CCR5 ligand RANTES
induced dose-dependent Caflux in CD4/CCR5/FPRL1 cells
(Figure 2A,B). In cross-desensitization experiments, prior stimula-
tion of the cells with RANTES did not affect the subsequent
response to W peptide. However, stimulation of the cells with W
peptide significantly reduced the cell response to RANTES,
suggesting a desensitizing capacity of FPRL1 activation on cell
response to CCR5 ligand (Figure 2C). In contrast, RANTES, but
not W peptide, could induce similar levels of Camobilization in
cells in the absence of FPRL1 (Figure 2D,E). Prior exposure of
CD4/CCR5/Mock cells to W peptide did not affect the cell
response to RANTES (Figure 2F), suggesting the activity of W
peptide is dependent on the presence of FPRL1. Prolonged
incubation of CD4/CCR5/FPRL1 Hos cells with W peptide at 37°C
for 60 minutes completely abolished the response to RANTES
(Figure 3A). However, cells preincubated with the PKC inhibitor
staurosporine maintained a response to RANTES even after
prolonged incubation of cells with W peptide at 37°C for 60
minutes (Figure 3B). As a control, treatment of the cells with
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Figure 3. Heterologous desensitization of CCR5 and the effect of staurospor-

ine. Hos/CD4/CCR5/FPRL1 cells were preincubated in the absence (A) or presence
(B) of staurosporine (1.4 ng/mL) at 37°C for 1 hour, followed by treatment with W
peptide (1 wM) at 37°C for an additional 60 minutes. Ca** flux in response to
RANTES (50 ng/mL) was measured. Hos/CD4/CCR5/FPRL1 cells were preincu-
bated with (C) or without (D) staurosporine (1.4 ng/mL) at 37°C for 1 hour, and
RANTES-induced Ca*™* flux was then measured. (E) Hos/CD4/CCR5/FPRL1 cells
were preincubated at 37°C with medium, W peptide (1 wM, 1 hour; W pep),
staurosporine (1.4 ng/mL, 1 hour) followed by W peptide (1 wM, 1 hour;
Stauro+Wpep), or staurosporine alone (1.4 ng/mL, 1 hour; Stauro alone). After
washing, cell migration in response to RANTES (50 ng/mL) was measured. The
asterisk indicates a significantly reduced cell migration after W peptide treatment,
compared with cells treated with medium only (medium). B indicates medium; [J, W
pep; £, stauro + W pep; %, stauro alone. (F) Hos cells expressing CD4/CCR5/FPRL1
were treated at 37°C with RANTES (1 wg/mL, 1 minute) or W peptide (1 wM, 60
minutes). The cell lysates were detected for CCR5 phophorylation by using an
antiphosphoserine antibody (anti-PS) for immunoprecipitation (IP) followed by
immunoblot with anti-CCR5 antibody.
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desensitizing effect on CXCR4 resulting in reduction of the
response to the chemokine ligand SDdk-As shown in Figure 4,
Hos/CD4/CXCR4 cells cotransfected with FPRL1 mobilized Ca

in response to both SDF«l(Figure 4A) and W peptide (Figure
4B). In contrast, cells in the absence of FPRL1 responded only to
SDF-1un (Figure 4C) but not to W peptide (Figure 4D). Preincuba-
tion of Hos/CD4/CXCR4/FPRLL1 cells (at 37°C for 1 hour) with W
peptide (10® M) markedly reduced the response to SDk-1
(Figure 5A). However, the effect of W peptide was reduced when
the cells were pretreated with the PKC inhibitor staurosporine
(Figure 5B). Treatment of the cells with staurosporine alone did not
affect the cell response to SDF1(Figure 5C) compared to
medium alone (Figure 5D). Similar to its desensitizing effect on
CXCR4-mediated Ca" flux induced by SDF-& in receptor
transfected Hos cells, W peptide also attenuated cell migration in
response to SDFel in a PKC-activation—-dependent manner,
because cells pretreated with staurosporine were resistant to the
desensitizing activity of W peptide (Figure 5E). As observed for
CCRb5, the functional attenuation of CXCR4 by FPRL1 activation
was also associated with phosphorylation of CXCR4 in Hos cells
transfected with both CXCR4 and FPRL1 (Figure 5F).

We extended our observations of W peptide to primary mono-
cyte-derived macrophages, which express CCR5 and CXCR4 as
well as FPRL1. Cells preincubated with W peptide showed a
markedly reduced Ca flux (Figure 8A\) and chemotaxis (Figure
6B) in response to either RANTES or SDk-=1In contrast,
macrophages that were pretreated with staurosporine retained their
responsiveness to chemokines in bothClux and chemotaxis
experiments, confirming the requirement for PKC activation in
mediating the desensitizing effect of the W peptide. It should be

Hos/CD4/CXCR4/FPRL1 cells

staurosporine alone also did not affect the response to RANTES
(Figure 3C,D). These results suggest that the cross-desensitization
of CCR5 following FPRL1 activation is mediated by PKC. We also
investigated the capacity of W peptide to desensitize CCR5-
mediated cell migration, another crucial function of the chemokine
receptor. Figure 3, panel E, shows that preincubation of Hos cells
expressing CD4/CCR5/FPRL1 with W peptide inhibited cell
migration induced by CCR5 ligand RANTES, and the effect of W
peptide was significantly reduced when the cells were pretreated by
staurosporine, in support of the involvement of PKC activation in
FPRL1-mediated CCR5 desensitization. Furthermore, W peptide
induced serine phosphorylation of CCR5 in receptor transfected
Hos cells (Figure 3F). As predicted, the cognate CCR5 ligand
RANTES also induced the phosphorylation of CCR5. These results
are in agreement with our observations in monocyte/macro-
phages?in which several specific FPRL1 agonists heterologously

desensitize the function of CCR5 in association with CCR@'gure 4. Calcium mobilization in receptor-transfected Hos cells.
Ca't* flux by Hos/CD4/CXCRA4/FPRLL1 cells in response to SDF-1a and W peptide.

(C) and (D) Ca** flux in Hos/CD4/CXCR4/Mock cells in response to SDF-1a and W

phosphorylation.

A SDF-1a B W pep (Log M)
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Additional experiments showed that W peptide had a similagptide (1 um).

(A) and (B)
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Figure 5. Desensitization of CXCR4 by W peptide pretreatment and the effect of

staurosporine. Hos/CD4/CXCRA4/FPRLL1 cells were preincubated in the absence (A)
or presence (B) of staurosporine (1.4 ng/mL) at 37°C for 1 hour, followed by treatment
with W peptide (1 nM) at 37°C for an additional 1 hour. Ca*™* flux in response to
SDF-1a (100 ng/mL) was measured. Hos/CD4/CXCR4/FPRL1 cells were preincu-
bated with (C) or without (D) staurosporine (1.4 ng/mL) at 37°C for 1 hour, and
SDF-la—induced Ca** flux was then measured. (E) Hos/CD4/CXCR4/FPRL1 cells
were preincubated at 37°C with medium, W peptide (1 pM, 1 hour; W pep),
staurosporine (1.4 ng/mL, 1 hour) followed by W peptide (1 wM, 1 hour;
Stauro+Wpep), or staurosporine alone (1.4 ng/mL, 1 hour; Stauro alone). After
washing, cell migration in response to SDF-1a (50 ng/mL) was measured. The
asterisk indicates a significantly reduced cell migration after W peptide treatment,
compared with cells treated with medium only. B indicates medium; [J, W pep; &,
stauro + W pep; &, stauro alone. (F) [32P] orthophosphate-labeled Hos/CD4/CXCR4/
FPRL1 cells were treated at 37°C with SDF-1a (1 pg/mL, 1 minute) or W peptide (1
rM, 60 minutes). The cell lysates were immunoprecipitated (IP) by using an
anti-CXCR4 polyclonal antibody to detect increased phosphorylation of CXCRA4.

noted that our previous study has shown that W peptide is a potent
agonist for both FPRL1 and its prototype FPRiespite its higher

6_
efficacy on FPRL1. Because both FPRL1 and FPR are expressed in O 41
mononuclear phagocytes and are capable of transducing signals :
that culminate in desensitization of chemokine receptors, it would 2+ *
be difficult to distinguish which of the FPRs plays a major role in 4 =
S
5®

mediating the effect of the W peptide in macrophages. Our results
nevertheless suggest that W peptide is a potent desensitizer of &

CCR5 and CXCR4 in primary macrophages.

Inhibition of HIV-1 Env-mediated fusion
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Env-mediated fusion with cells that expressed CD4 and chemokine
receptors without FPRL1. Taken together, these results indicate
that the activation of FPRL1 by W peptide not only attenuated the
Ca**-mobilizing or chemotactic activity of CCR5 and CXCR4,
but also impaired their capacity to act as coreceptors for HIV-1
Env-mediated fusion.

Inhibition of HIV-1 infection by W peptide

The inhibition of HIV-1 Env-mediated fusion by W peptide in cell
lines coexpressing FPRL1 prompted us to investigate further
whether W peptide could suppress viral infection by activating
FPRLL1. As shown in Figure 8, pretreatment of Hos cells expressing
HIV-1 coreceptors and FPRL1 with W peptide significantly
reduced P24 production when the cells were infected with M-tropic
(R5) HIV-1 (Figure 8A) or T-tropic (X4) HIV-1 (Figure 8B). In
contrast, W peptide did not reduce P24 production in HIV-1
infected cell lines that were not cotransfected with FPRL1 (data not
shown). These results suggest that the anti-HIV-1 activity of W
peptide is dependent on the presence of FPRL1 in these cell lines.
Because FPRL1 is expressed in monodksand CD4+ T
lymphocytes (Le, unpublished observation), we then asked whether
W peptide could also inhibit HIV-1 infection of primary mono-
nuclear cells. Our results (Figure 8C) show that W peptide inhibited

A Ca?+ mobilization
Medium W pep Stauro
+ W pep

I

A A A

RANTES (50 ng/mL)

—_—

A A A

SDF-1a (50 ng/mL)

B Chemotaxis

B RANTES
El SDF-1a

oR
QA °

Cell treatment

We then investigated the effect of desensitization of CCR5 and _ _
CXCR4 by W peptide on HIV-1 Env-mediated fusion. Quantitativg'g“re 6. Effect of W peptide on macrophage response to chemokines RANTES
a

nd SDF-1«. Human macrophages generated by incubating monocytes with 5%

colorimetric fusion assays were performed, and our results ShoWﬂﬁ‘lan AB serum for 4 days were preincubated at 37°C with W peptide (1 wM, 1 hour;
that the fusion between HIV-1 Env-expressing cells and ceNg pep) of staurosporine (1.4 ng/mL, 1 hour) followed by W peptide (1 wM, 1 hour;
bearing CD4/CCR5/EPRL1 (Figure 7A) or CD4/CXCR4/FPRLftaurO+W pep). The cells were washed and examined for Ca** flux (A) and

chemotaxis (B) in response to RANTES or SDF-1a (50 ng/mL each). The asterisk

(F_igure 7B) V\_Ias Signiﬁcantly inhibited l_)y pre_treatmt_ant_of the Ce”iﬁdicates significantly reduced cell response in cells treated with W peptide in
with W peptide. In contrast, W peptide did not inhibit HIV-1comparison with cells treated with medium (Medium).
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A R5 Env B x4 Env postulated. In fact, B and T lymphocytes, as well as a number of
120 nonhematopoietic cell types, also express FPRL1 (Le, unpublished
data). When viewed together with the great diversity of agonists,

100 these characteristics suggest that FPRL1 may play an important
- 80 role in host defense and immunologic responses.
2 The signal transduction pathway mediated by FPRL1 has not
2 607 5 . been extensively studied. However, its high homology to the
g 4. * prototype FPR and sensitivity to pertussis toxin suggest that
° 4 FPRL1 might share many common features of secondary messen-

ger activation with FPR. The binding of FPR by its agonists results
in a G-protein signaling cascade that leads to cell adhesion,
migration, release of oxygen intermediates, and activation of
g 3 . mitogen-activated protein kina8é1%Activation of FPR by fMLF
N Wpep (LogM) & W pep (Log M) also attenuates the expression and function of several chemokine
Figure 7. Inhibition of HIV-1 Env-mediated fusion by W peptide. Hos/CD4/CCR5  receptors such as CXCRand CCRS%!' through heterologous
(FPRLLY o absence (Mock)of FPRLL were pretreatd with diferentconcentraions 0 Sensitization. Our previous study showed that preincubation of
EJpreptideat37°Cfor1hour, then were mixzdwith HelLa cells expressing R5 HIV-1 human leUKOCytes with the FPRL1 agonist SAA inhibited the
Env or TF-228 cells expressing X4 HIV-1 Env. After 12 hours of incubation at 37°C, ~ Fesponse to subsequent stimulation with other chemoattraéants,
the cells were lysed, _and the lysate was allowed to react with chlorophenol suggesting that activation of FPRL1 may, similar to the activation
i':gi'ggser:sgtfff:a:‘fﬁ'gfk.(cPRG) followed by measurement of OD at 570 nm. of FPR, result in desensitization of other chemotactic receptors.
The effect of F peptide, a synthetic peptide domain of HIV-1 gp120
that activates FPRL1 in monocytes and down-regulates the expres-
the infection by R5 and X4 HIV-1 strains in peripheral bloodsion/function of chemokine receptor CCR5 and CXCR4, supported
monocyte-derived macrophages and CD4ymphocytes cultured this hypothesié? The heterologous desensitization of CCR5 by
with IL-2. The inhibition of HIV-1 P24 production by W peptide in activated FPRL1 was associated with a PKC-mediated serine
PBMC was dose-dependent with more than 50% of the inhibitidihosphorylation of CCRS: However, in contrast to the effect on
achieved at a 10 nM concentration of the peptide. At 100 nMmonocytes, desensitization of CCR5 or CXCR4 in receptor-
W peptide showed an effect equal to or greater than that oftr@nsfected Hos cells by W peptide did not significantly reduce the
combination of CCR5 chemokines (MIRel MIP-13, and cell surface expression of these chemokine receptors as assessed by
RANTES) at 500 ng/mL each or fug/mL CXC chemokine FACS analyses using specific antibodies (Li, unpublished observa-
SDF-1o. tion). These results suggest that in Hos cells, heterologous desensi-
tization of CCR5 and CXCRA4 by activated FPRL1 may not result
in receptor internalization. Nevertheless, the signaling of CCR5
and CXCR4 in response to their cognate chemokine ligands is
similarly impaired in both monocytes and HOS cells. Whether

In this study, we showed that W peptide potently inhibits HIV_fctivation of FPRs could also affect the expression an_d signaling of
Env-mediated fusion and viral infection through heterologou%ther cell surface molecu_les sgch'as CD4, the primary HIV-1
desensitization of the chemokine receptors CCR5 and CXCR4. TiSEPIor, requires further investigation. It has been reported that
effect of W peptide on CCR5 and CXCR4 desensitization Wgsctlvatlon_ of CCR5 by its che.mo_klne ligand could atte_nuate
dependent on its capacity to activate FPRL1 in receptor-transfecFéB‘l'gi‘j'_??d -Bzeél chen_1_ot_aX|s md_uced by the bCD4 Ilga_rfl_d
Hos cells. This was supported by the observation that a scrambueam' ' Is C esensmz!ng acywty appears to be a specific
peptide with similar amino acid composition to W peptioleproperty of CCR5, because stimulation of other chemoklne recep-
KWMNVY, which was not an agonist for FPRs, did not desensitiztéjrS such as CCR1, CCR2, CCR3, and CXCR4 did not cause
CCR5 and CXCR4, and did not inhibit HIV-1 Env-mediated fusion
or viral infection of the cells (data not shown). W peptide was A B C
initially identified as an activator of human leukocytes by inducing 4, SRVECHRETDLY 5 SOESCRAFERL
chemotaxis and mediator reled4d5 Our previous efforts to 2
characterize its cellular receptors on leukocytes revealed that V< *
peptide activates 2 STM receptors used by the bacterial chemota 5 4,
tic peptide fMLF, FPR and FPRL1, with much higher potency for g
FPRL14FPRL1 possesses 69% identity at the amino acid level tcg ™| [}
the prototype receptor FPR. Unlike FPR, FPRL1 is activated tc 4Ll | s o
mobilize Ca* only by high concentrations of fMLF and does not paaeioas . woetos ek &3‘& st ol
mediate cell migration in response to fMEE-14 We recently o
Identlfle_d seve_ral other _chemotacuc agonists for FPRL]_" Inc“'ld”’g!;ure 8. Inhibition of HIV-1 replication by pretreatment with W peptide.
synthetic peptide domains of the HIV-1 envelope protéifsand  Hos/CD4/CCRS/FPRL (A) or Hos/CD4/CXCRAFPRLL (B) cells were preincubated
the acute-phase protein SKAN addition, LXA4 was reported to with W?;:)eptide at 3;°Ccfofr 1;ohur. The czlls ;vere tZen infected with R5 (gal)ﬂor XAZI
. : . - : NL4-3) HIV-1 at 37°C for ours, and P24 production was measured after 7.
bind FP_RLl_—transfected cells with hlgh affinity and t_o acuvat%?)urs. (C) Human monocyte—derived macrophages (R5, [Bal] W) or activated CD4* T
guanosine trlPhOSPhatase throth this receptor. LXA4 is generatﬁvq)hocytes (X4, [Pnl4-3] [J) were preincubated with W peptide or chemokines
in a number of inflammatory and immunologic diseases arigiP-1a, MIP-18, and RANTES at 500 ng/mL each with macrophages, or SDF-1a at
appears to have Opposing effects on the proinflammatory responlség/mL for CD4" T ceIIs)+ at 37°C for 1 hour,o followed by infection with R5
n trophils when compared with monocvi&9The expression (macrophages) or X4 (CD4" T cells) HIV-1 at 37 C'for 2 hours. The cell culture
orneu p_ - p : Ytes: p = supernatants were then measured for P24 production after 72 hours. *P < .01
of FPRL1 is not restricted to phagocytic leukocytes as originalbpmpared with cells not treated with W peptide.

201
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Discussion

Inhibition of P24 (%)
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similar CD4 desensitization. We also explored the possible crogsmpromise its capacity to act as an HIV-1 coreceptor. At maximal
talk between FPRL1 and CD4. Our preliminary results showed thaincentrations, the W peptide inhibited HIV-1 Env-mediated
activation of FPRLL1 in receptor transfected Hos cells or in primaifysion by approximately 60%, while inhibiting viral infectivity by
mononuclear cells did not reduce the binding of radiolabeled HIV+hore than 80%. Although these levels of inhibition are within an
gp120 (MN and CM stains) (Li, unpublished observation). llorder of magnitude, the results may suggest that the desensitization
addition, treatment for up to 1 hour with W peptide of CDZ  of the HIV-1 coreceptors leads to a high level of interference with
lymphocytes, which express FPRL1, did not enhance tyrosiim&ectivity without completely blocking viral fusion. In any case,
phosphorylation of the src-like kinase p8§Gong, unpublished desensitization of chemokine receptors may represent a novel
observation). We therefore postulated that activation of FPRIlapproach to the development of anti-HIV-1 agents. In this context,
might not transduce signals that significantly affected CD4 expreé/ peptide has several unique characteristics. First, it is a small
sion and function. However, further research is required to fullgeptide with only 6 amino acids and, therefore, may not be
elucidate this issue; in particular, the effect of long-term exposuaatigenic in vivo; second, it contana D amino acid at the
of cells to FPR agonists on phenotypic and functional alterations@sterminus and may be more resistant to peptidase degradation;
a subject of our ongoing investigation. and third, it recruits leukocytes through at least 2 FPRs and
Our present study demonstrated that W peptide, by activatieghances phagocytosis and release of reactive intermediates that
FPRL1, potently desensitized CCR5 and CXCR4 in cell linesupport host defense. Therefore, W peptide and its analogues may
transfected with FPRL1. In addition, W peptide inhibited HIV-lhave potential as a basis for developing novel anti-HIV-1 agents
Env-mediated cell fusion and viral infection of these cell linesand immune adjuvants.
Furthermore, the productive infection of human PBMC by HIV-1
of both the M-tropic and T-tropic strains was inhibited by W
peptide. These results are in support of a recent observationAgknowledgments
which activation of human PBMC with the B oligomer subunit of
the pertussis toxin, desensitizes CCR5 and inhibits HIV-1 fusidrhe authors thank P. M. Murphy and J. Gao for providing FPRL1
and infectior?>26 However, B oligomer did not affect the cell cDNA; J. J. Oppenhiem for reviewing the manuscript; N. M.
surface expression of CCR5, suggesting that disturbance of enlop, C. Sadowski, Y. Feng, and A. Brinnan for technical
signaling cascade at the level of CCR5 may be sufficient Bupport; and C. Fogle and T. Covell for secretarial assistance.
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