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Abstract

Phospholipase A, plays a key role in phagocytic cell functions. By screening a synthetic hexapeptide combinatorial library, we
identified 24 novel peptides based on their ability to stimulate arachidonic acid release associated with cytosolic phospholipase A activity
in differentiated HL60 cells. The identified peptides, that contain the consensus sequence (K/R/M)KYY(P/V/Y)M, also induce
intracellular calcium release in a pertussis toxin-sensitive manner showing specific action on phagocytic leukocytes, but not on other
cells. Functionally, the peptides stimulate superoxide generation and chemotactic migration in human neutrophils and monocytes. Four of
the tested active peptides were ligands for formyl peptide receptor like 1. Among these, two peptides with the consensus sequence (R/
M)KYYYM can induce intracellular calcium release in undifferentiated HL60 cells that do not express formyl peptide receptor like 1,
indicating usage of other receptor(s). A study of intracellular signaling in differentiated HL60 cells induced by the peptides has revealed
that four of the novel peptides can induce extracellular signal-regulated protein kinase activation via shared and distinct signaling
pathways, based on their dependence of phospatidylinositol-3-kinase, protein kinase C, and MEK. These peptides provide previously
unavailable tools for study of differential signaling in leukocytes.

© 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Neutrophils play a key role in innate immune responses.
Diverse extracellular agonists modulate neutrophil func-
tions by stimulating the activities of intracellular enzymes
[1,2]. Several recent reports have demonstrated the critical
involvement of phospholipases in neutrophil immune
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response [3-5]. Among these phospholipases, phospholi-
pase A, (PLA,) is an important enzyme that mediates
important immune and inflammatory responses. PLA,
hydrolyzes the fatty acyl group from the sn-2 position
of phospholipid and concomitantly generates lysophospho-
lipid [3,6]. Arachidonic acid (AA), the product of PLA,
activity, has been implicated in the regulation of various
cellular responses, including calcium influx and super-
oxide generation in phagocytic cells [7,8].

Mammalian cells contain several isozymes of PLA,,
namely, cytosolic PLA, (cPLA;), calcium-independent
PLA, (iPLA,), and secretory PLA, [3,9]. Among the
PLA, isozymes, cPLA, is believed to play an important
role in agonist-induced AA release and in the regulation of
lysophospholipid levels in cells [3]. Recently Dana et al.
developed cPLA,-deficient mice and confirmed the role of
cPLA, in eicosanoid production [10]. Set against these
backgrounds cPLA, is considered to be an important
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pharmacological target for several physiological
responses. With this role of PLA, in mind, particularly
with respect to neutrophil functions, we sought to identify
new ligands that modulate PLA, activity and to character-
ize their action mechanisms.

Several recent studies have reported the use of combi-
natorial peptide libraries to identify sequences involved in
various biological responses [11-13]. A powerful yet
simple method for identifying peptide sequences in certain
biological reactions was developed by Dooley and
Houghten [14]. This method, which uses a positional
scanning synthetic peptide combinatorial library (PS-
SPCL), has been used for various purposes, including
the identification of human immunodeficiency virus pro-
tease inhibitors, interleukin-8-specific antagonists, the
inhibitor for the nuclear factor of activated T cells, the
ligands of opioid receptors, and novel peptides responsible
for modulating leukocyte functions [15-19].

In the present study, we adopted the PS-SPCL method to
identify the peptides that are responsible for AA release in
neutrophil-like, differentiated HL60 (dHL60) cells. We
found 24 different peptides that could stimulate AA release
in dHL60 cells, and found that these peptides act as
chemoattractants for human phagocytes. In addition, we
found that several peptides bound to formyl peptide recep-
tor like 1 (FPRL1). Some of the peptides may also bind to
other receptor(s) expressed in HL60 cells. In addition,
these peptides were found to be capable of stimulating
shared and distinct intracellular signaling pathways.

2. Materials and methods
2.1. Reagents

Fmoc amino acids were obtained from Millipore, Rapi-
damide resin from Dupont, peripheral blood mononuclear
cell (PBMC) separation medium (Histopaque-1077), cyto-
chrome ¢, and N-formyl-methionyl-leucyl-phenylalanine
(fMLF) from Sigma, fura-2 pentaacetoxymethylester
(fura-2/AM) from Molecular Probes, RPMI 1640 from
Invitrogen, dialyzed fetal bovine serum and supple-
mented bovine serum from Hyclone Laboratories Inc.,
pertussis toxin (PTX), GF109203X (2-[1-(3-dimethylamino
propyl)-1H-indol-3-yl1]-3-(1H-inol-3-yl)-maleimide), and
PD98059 (2'-amino-3’-methoxyflavone) from Calbiochem.
LY294002 (2-(4-morpholinyl)-8-phenyl-4H-1-benzopyran-
4-one), MAFP (methyl arachidonylfluorophosphonate),
AACOCEF; (arachidonyltrifluoromethyl ketone), and BEL
(bromoenol lactone) were purchased from BIOMOL
Research Laboratories, Inc.

2.2. Cell culture and HL60 cell differentiation

U937 (human histiocytic lymphoma cells), HL60
(human promyelocytic leukemia cells), Raw 264.7 (mouse

macrophage), Jurkat (human acute T cell leukemia), PC12
(rat adrenal pheochromocytoma cells), 3Y1 (rat embryonic
fibroblasts), 3T3L1 (preadipocytes), and NCI-H292
(human mucoepidermoid pulmonary carcinoma cells)
were obtained from the American Type Culture Collection
and maintained as recommended. FPR- or FPRL 1-expres-
sing RBL-2H3 cells were cultured as described previously
[20]. Cells were maintained at about 1 x 10° cells/mL
under standard incubator conditions (humidified atmo-
sphere, 95% air, 5% CO,, at 37°). HL60 cells were induced
to differentiate into the granulocyte phenotype by adding
DMSO (final concentration 1.25%, v/v) for 4 days to the
culture medium, as described previously [21].

2.3. Isolation of leukocytes

Peripheral blood leukocyte concentrates were donated
by the Ulsan Red Cross Blood Center (Ulsan, Korea).
PBMCs were separated on a Histopaque-1077 gradient.
After two washings with HBSS without Ca>" and Mg>™,
the PBMCs were suspended in 10% FBS containing RPMI
and incubated for 60 min at 37° to let the monocytes attach
to the culture dish. Cells were washed five times with
warmed RPMI medium to remove lymphocytes, and then
the attached monocytes were collected, as described pre-
viously [22]. Human neutrophils were isolated according
to standard procedures, using dextran sedimentation, hypo-
tonic lysis of erythrocytes and using a medium lymphocyte
separation gradient, as described previously [23]. Isolated
human leukocytes were then used promptly.

2.4. Preparation of peptide libraries, and the synthesis
and analysis of peptides

The hexapeptide libraries were prepared in the Peptide
Library Support Facility of Pohang University of Science
and Technology, as described previously [19]. Finally, 114
peptide pools (Cys was excluded from the library con-
structions) were individually dissolved in water to a final
concentration of 27 nM per peptide. The peptides were
synthesized by the solid-phase method described pre-
viously [19]. Briefly, peptides were synthesized on a
Rapidamide support resin and assembled following the
standard Fmoc/¢-butyl strategy on an acid-labile linker. The
composition of peptides was confirmed by amino acid
analysis, as described previously [19].

2.5. Initial screening of the PS-SPCLs and the
measurement of AA release

For the initial screening of the PS-SPCLs, we measured
the AA release stimulating activity of each peptide pool.
Cultured dHL60 cells (107 cells/mL) were pre-labeled with
0.5 uCi/mL of [*’H]AA in RPMI 1640 medium containing
10% FBS for 90 min at 37° in a humidified incubator
supplied with 95% air and 5% CO,, as described
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previously [24]. The labeled cells were then washed twice
with serum-free RPMI 1640 and incubated in RPMI 1640
medium containing 0.1% fatty acid-free BSA for 15 min at
37°. After discarding the medium, the cells were stimulated
with various concentrations of peptide for the indicated
times. Radioactivity in the medium and of collected cells
was determined with a liquid scintillation counter. When
investigating the effects of inhibitors, cells were preincu-
bated with the indicated concentrations of each inhibitor or
vehicle for 15 min prior to stimulation.

2.6. Measurement of [Ca2+],»

The level of [Ca®*']; was determined using Grynkie-
wicz’s method using fura-2/AM [25]. Briefly, prepared
cells were incubated with 3 uM of fura-2/AM at 37° for
50 min in serum-free RPMI 1640 medium under contin-
uous stirring. For DNP-HSA stimulation, FPR- or FPRL1-
expressing RBL-2H3 cells were sensitized with 1 pg/mL
mouse DNP-specific IgE overnight prior to fura-2 loading
[26]. 2 x 10° cells were aliquoted for each assay in Ca*"
free Locke’s solution (154 mM NaCl, 5.6 mM KCI,
1.2 mM MgCl,, 5 mM HEPES, pH 7.3, 10 mM glucose,
and 0.2 mM EGTA). Fluorescence changes were measured
at the dual excitation wavelength of 340 and 380 nm, and
the calculated fluorescence ratio was translated into
[Ca®"],

2.7. Measurement of superoxide generation

We determined superoxide anion generation by mea-
suring cytochrome c reduction using a microtiter 96-well
plate ELISA reader (Bio-Tek Instruments, EL312e) as
described previously [26]. Human neutrophils (1 x 10°
cells/100 pL of RPMI 1640 medium per well of a 96-well
plate) were preincubated with 50 uM of cytochrome c at
37° for 1 min and then incubated with the indicated
peptide concentrations. Superoxide generation was deter-
mined from change in light absorption at 550 nm over
5 min at 1 min intervals.

2.8. Chemotaxis assay

Chemotaxis assays were performed using multiwell
chambers (Neuroprobe Inc.) [27]. Briefly, prepared human
monocytes were suspended in RPMI at a concentration of
1 x 10° cells/mL, and 25 pL of the suspension was then
placed onto the upper well of a chamber separated by a 5-
pm polyhydrocarbon filter (3 pm pores size not polyvi-
nylpyrrolidone coated, as is needed for neutrophils) from
peptides or fMLF in the lower well. After incubation for
2 hr (90 min for neutrophils) at 37°, non-migrated cells
were removed by scraping, and cells that migrated across
the filter were dehydrated, fixed, and stained with hema-
toxylin (Sigma). Stained cells were counted in five ran-
domly chosen high power fields (HPF) (400x) [27].

3. Results

3.1. Identification of peptides that stimulate
AA release in dHL60 cells

We screened 114 peptide pools (around 47 million
different peptides) from hexapeptide PS-SPCLs to identify
those peptides that stimulate AA release in dHL60 cells.
Figure 1 shows the results of the initial screening. Hexapep-
tides with a given amino acid in different positions induced
different levels of AA release-stimulating activity. The most
active peptide position combinations are: Lys (K), Met (M),
or Arg (R) in the first position, Lys (K) in the second, His (H),
Lys (K), or Tyr (Y) in the third, His (H), Lys (K), or Tyr (Y) in
the fourth, Lys (K), Pro (P), Arg (R), Val (V), or Tyr (Y) in the
fifth, and Met (M) in the sixth position.

Based on the results of the first round screening of the
peptide libraries, we generated, by reiterative synthesis,
peptide pools containing, 15 individual hexapeptides (H,
K, or Y for the 4th position mixture; K, P, R, V, or Y for the
5th position mixture) or 9 individual hexapeptides (K, M,
or R, for the 1st position mixture; H, K, or Y for the 3rd
position mixture). We then tested the effectiveness of these
peptide pools for AA release-stimulating activity in dHL60
cells using the same methods as used in the initial screen-
ing (Fig. 2A and B). After this second round screening,
we found that KKHXXX, KKYXXX, RKYXXX,
MKYXXX, XXXHKM, XXXHVM, XXXYKM,
XXXYPM, XXXYVM, or XXXYYM were most active
(Fig. 2A and B). Finally, we synthesized the 24 different
peptides listed in Table 1 and measured their effects on AA
release in dHL60 cells. All of these 24 novel peptides
stimulated AA release at a concentration of 10 uM
(Table 1), and (K/R/M)KYY(P/V/Y)M (P10, P11, P12,
P16, P17, P18, P22, P23, and P24), (R/'M)KYHVM (P14,
P20) and MKYYKM (P21) were the most effective at this
concentration (Table 1).

3.2. Effect of isozyme-specific inhibitors of PLA,
on the novel peptides-stimulated AA release

We chose four representative peptides (P14, RKYHVM,
P18, RKYYYM, P21, MKYYKM, and P24, MKYYYM)
for further analysis, based on the differential sequence of
amino acids having distinct characteristics among peptides
which showed higher AA release-stimulating activity. To
address the question as to which isoform of PLA, is
responsible for the peptide-induced AA release, we intro-
duced several isoform-specific inhibitors of PLA,. The
four representative peptides were found to stimulate AA
release at 1 uM in dHL60 cells (Fig. 3). Pretreatment of
these cells with the cPLA,-specific inhibitors, AACOCF;
and MAFP blocked the induction of AA by the four of the
novel peptides, P14, P18, P21, and P24 (Fig. 3). MAFP or
AACOCF; at 10 uM almost completely prevented AA
release induced by the four peptides, whereas another
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Fig. 1. Initial screening of the PS-SPCLs for peptides stimulating AA release in dHL60 cells. Each panel shows the results obtained with peptide pools
containing known amino acids at each of the six positions of the hexapeptide. The six positions were individually defined (O1, O2, etc.) by one of the 19 L-
amino acids. The remaining five positions consist of mixtures (X) of the 19 L-amino acids (except cysteine). [’H]AA-labeled differentiated HL60 cells
(1 x 10 cells/100 uL) were used for each assay. AA release was measured as described in Section 2. The results are of representative experiments, which

were conducted in quadruplicate.

PLA, inhibitor, BEL, known to be specific for iPLA,, did
not interfere with peptide-induced AA release (Fig. 3). AA
release stimulated by these peptides was also inhibited by
chelating of intracellular Ca®* with BAPTA/AM, which

also supports the involvement of cPLA, activation (data
not shown). These results, therefore, indicate that the four
peptides evoke AA release by stimulating cPLA, but not
iPLA, in dHL60 cells.
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Fig. 2. Effect of several candidate peptides synthesized on the basis of the screening results of the PS-SPCLs with respect to AA release in dHL60 cells.
[*H]AA-labeled differentiated HL60 cells were stimulated with 1 M concentrations of several peptides and AA release was measured. The results are

presented as means + SE of three independent experiments.
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Table 1
Effect of novel peptides on AA release in differentiated HL60 cells®

1845

Peptide Sequence Folds of increase Peptide Sequence Folds of increase
(% of total) (% of total)
P1 KKHHKM-NH, 1.25 £ 0.168 P13 RKYHKM-NH, 1.47 £ 0.220
P2 KKHHVM-NH, 1.23 £0.153 P14 RKYHVM-NH, 2.23 £0.403
P3 KKHYKM-NH, 1.45 + 0.306 P15 RKYYKM-NH, 1.71 £ 0.214
P4 KKHYPM-NH, 1.41 + 0.247 P16 RKYYPM-NH, 2.57 + 0.450
P5 KKHYVM-NH, 1.68 + 0.390 P17 RKYYVM-NH, 2.82 £0.210
P6 KKHYYM-NH, 1.52 £ 0.296 P18 RKYYYM-NH, 2.61 £ 0.295
P7 KKYHKM-NH, 1.42 £ 0.226 P19 MKYHKM-NH, 1.68 £ 0.221
P8 KKYHVM-NH, 1.30 £ 0.170 P20 MKYHVM-NH, 2.55 £0.271
P9 KKYYKM-NH, 1.49 + 0.268 P21 MKYYKM-NH, 2.86 £+ 0.426
P10 KKYYPM-NH, 2.27 £ 0.199 P22 MKYYPM-NH, 2.95 £+ 0.668
P11 KKYYVM-NH, 2.49 £ 0.023 P23 MKYYVM-NH, 3.05 £ 0.401
P12 KKYYYM-NH, 2.58 £ 0.168 P24 MKYYYM-NH, 293 £0.323

* AA release was measured in [PH]AA-labeled cells stimulated with 10 uM of peptide.

3.3. Effect of the novel peptides on [Ca’"]; rise in
dHL60 cells

It is well known that intracellular calcium ([Ca®*];)
elevation is required for the activation of cPLA, [3].
The finding that the peptide-stimulated AA release is
inhibited by the cPLA, inhibitor, MAFP, led us to inves-
tigate whether the novel peptides affect [Ca®"]; increase.
When dHL60 cells were stimulated with 1 uM of the
individual peptide, all were found to increase [Ca’ ')
activity, except P1 and P7 (data not shown). Most of these
peptides caused an increase in [Ca?"]; in dHL60 cells in a
concentration-dependent manner. We calculated the Ecs
values of the novel peptides based on calcium increase in
differentiated HL60 cells (Table 2). P16, P17, P18, P22,
P23, and P24 showed higher potency than others (Tables 2
and 3). A number of reports have demonstrated that many
extracellular ligands modulate cellular activities via PTX-
sensitive G-protein(s) in human leukocytic cells [28,29].
To investigate the possible involvement of PTX-sensitive

5. Il Vehicle
/7] AACOCF3

AA release (% of total)

P14 P18 P21

Fig. 3. Peptide-induced AA release was derived from cPLA, activation. The
dHL60 cells were suspended in HBSS containing 0.1% fatty acid-free BSA,
incubated for 15 min in the presence or absence of 10 uM of MAFP (cPLA,
inhibitor), AACOCF; (cPLA, inhibitor), and BEL (iPLA, inhibitor) at 37°,
and stimulated for 30 min with 1 pM of each peptide or vehicle as control.
Release of [PHJAA into the extracellular medium was determined with a
liquid scintillation counter. Results are expressed as percentages of total
cellular radioactivity, mean values =SE (N = 6) are shown.

G-proteins in the increase in [Ca?*]; by the novel peptides,

dHL60 cells were treated with PTX (150 ng/mL) for 20 hr
prior to the addition of each of the 24 novel peptides. As

shown in Fig. 4, induction of [Ca”]i rise by each active
Table 2
Effect of novel peptides on intracellular calcium increase in differentiated
HL60 cells
Peptide ECso (UM) Peptide ECso (LM)
P1 Inactive P13 >10
P2 Inactive P14 3.0 £ 046
P3 >10 P15 1.3 £0.15
P4 >10 P16 0.09 £ 0.012
P5 8.9 £ 0.59 P17 0.07 £ 0.0058
P6 5.6 £048 P18 0.05 £ 0.0095
P7 Inactive P19 >10
P8 >10 P20 0.1 £+ 0.037
P9 3.2 + 0.093 P21 0.08 £ 0.0032
P10 0.7 £0.12 P22 0.06 £ 0.0062
P11 0.1 + 0.035 P23 0.05 £ 0.011
P12 0.07 £ 0.0057 P24 0.04 £ 0.0073
Table 3
Effect of peptides on the leukocyte activities
Peptide
P14 P18 P21 P24

Activated PLA,

cPLA, ++ +++ ++ +++

iPLA, - - - —
Chemoattractant for

Monocytes + +++ + +++

Neutrophils + +++ ++ +++
Ca*" increase in

FPR/RBL-2H3 — - - -

FPRL1/RBL-2H3 ++ +++ ++ +++

HL60 - ++ - +++
ERK activation via

PI3K +++ - +++ +

PKC ++ ++ + -

MEK +++ - +++ +++
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Fig. 4. Effect of PTX on peptide-induced [Ca*']; rise in dHL60 cells.
dHL60 cells were incubated in the presence or absence of PTX (150 ng/
mL) for 20 hr and the cells were loaded with fura-2. The fura-2-loaded
dHL60 cells were stimulated with 1 pM of each peptide or 500 uM of ATP.
The change in 340/380 nm was monitored. Results are representative of
four independent experiments. Data are presented as means + SE of four
independent experiments.

o

peptide was almost completely inhibited by PTX. [Ca*"];
increase induced by ATP, which does not rely on PTX-
sensitive G proteins, was not inhibited by the toxin (Fig. 4).
These results indicate that the novel peptides stimulate
[Ca®"]; release via a receptor coupled to a PTX-sensitive
G-protein in dHL60 cells.

3.4. Cell type specificity of the novel peptides

Since the synthesized novel peptides stimulated neutro-
phil-like dHL60 cells, we examined their effects on neu-
trophils. Stimulation of neutrophils with one of the novel
peptides, P24, resulted in [Ca®"]; rise (Fig. 5). Monocytes
and U937 cells were also activated by P24 (Fig. 5), but Raw
264.7 and Jurkat cells were not activated by this peptide
(Fig. 5). Next, we examined the effects of P24 on [Ca*h);
rise in several non-leukocytic cell lines. None of the cells
surveyed, which include 3Y1, PC12, NCI-H292, and

N
(=]
o

-
a
o

Increase of [Ca?*], (nM)
g 3

o

dHL60
Neutrophil
Monocyte
U937

Raw 264.7
Jurkat
PC12

3Y1

Fig. 5. Effect of P24 on [Ca®*]; rise in cells of various origins. Each cell
was loaded with fura-2 for 50 min. The cells were stimulated with 10 pM
of P24 and [Ca®'); increase was monitored. Data are presented as
means + SE of three independent experiments.

HUVEC, showed response to P24 in terms of [Ca®"]; rise
(Fig. 5 and data not shown). This result suggests that the
peptide effects are neutrophil and monocyte-specific. The
other active peptides showed similar results in terms of
their leukocyte-specificities (data not shown).

3.5. Effect of the novel peptides on superoxide
generation

Superoxide generation is one of the important steps in
the host’s defense mechanism by phagocytes [30]. We
tested the effect of the four representative peptides (P14,
P17, P21, and P24) on superoxide generation in human
neutrophils. These four peptides were found to stimulate
superoxide generation in a concentration-dependent man-
ner in human neutrophils (Fig. 6). The Ecs, for superoxide
generation were >10,000 nM, 4320 4+370nM, 183+
13 nM, and 87 + 4 nM for P14, P18, P21, and P24, respec-
tively. P24 was most potent in terms of stimulating super-
oxide generation in human neutrophils.

3.6. Chemotactic effect of novel peptides on leukocytes

Since the four novel peptides were found to stimulate
superoxide generation and [Ca’"]; increase in human
phagocytic cells, we next checked whether the peptides
exhibited chemotactic activity on human monocytes
or neutrophils. The four active novel peptides induced
migration of human neutrophils (Fig. 7A). The Ecs, for
neutrophil chemotaxis were >10,000 nM, 3045 + 726 nM,
560 £ 72 nM, and 336 £ 23 nM for P14, P18, P21, and
P24, respectively. The maximal cellular migration-indu-
cing activity mediated by the novel peptides was more than
200% of that induced by 1 uM of fMLF (Fig. 7A). The four
peptides (P14, P17, P21, and P24) also induced cellular
chemotaxis in human monocytes (Fig. 7B). Moreover,
the four peptides caused monocyte chemotaxis in a

_ 35,
)
c -
9?,30'
® O 25
50
)
c T 207
()
D)o 151
S E 10

(3]

1041 100 101 102 10% 104 105
Peptide (nM)

Fig. 6. Effect of peptides on superoxide generation in human neutrophils.
Isolated human neutrophils (2 x 10° cells/mL per assay) were preincu-
bated for 1 min at 37° with 50 uM of cytochrome ¢ before being stimulated
with various concentrations of peptides for 5 min. Cytochrome ¢ reduction
was monitored as a change in absorption at 550 nm, as described in
Section 2. Superoxide anion generated is expressed as means =+ SE of three
independent experiments each performed in duplicate.
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Fig. 7. Chemotactic effect of peptides. Assays were performed using a
modified Boyden chamber assay, as described in Section 2. Isolated human
neutrophils (A) or monocytes (B) (1 x 10° cells/mL in serum free RPMI)
were added to the upper wells of a 96-well chemotaxis chamber and
migration across a 3-um pore size (5 pm for monocytes) polycarbonate
membrane was assessed after 90 min (2 hr for monocytes) incubation at
37°. LEMYHP was used as an inactive control peptide (Con). The numbers
of migrated cells were determined by counting them in a high power field
(400x). Results are presented as means = SE of three independent
experiments each performed in duplicate.

concentration range of 0.01-10 uM (Fig. 7B). An inactive
control peptide, LFMYHP, did not induce cellular chemo-
taxis in neutrophils or monocytes at concentrations up to
10 uM (Fig. 7A and B). In four experiments with inde-
pendently prepared leukocytes, the four peptides showed
similar cellular migration-inducing activity.

3.7. Receptor specificity of the novel peptides:
effect on FPRLI

The novel peptide induced phagocyte activation was
found to be very similar to that induced by several known
peptide chemoattractants. Formyl peptide receptor (FPR),
and FPRL1 are well-known chemoattractant receptors in
neutrophils [31,32]. To examine whether the novel pep-
tides bind to FPR or FPRL1 we investigated the effect of
the peptides on [Ca®*"); increase in FPR- or FPRLI -expres-
sing RBL-2H3 cells. No peptide was found to affect
[Ca®*');in FPR-expressing RBL-2H3 cells (Fig. 8A). How-
ever, several peptides including four peptides (P14, P18,
P21, and P24) induced calcium increase in FPRL1-expres-
sing RBL-2H3 cells (Fig. 8B and data not shown). An
inactive control peptide (LFMYHP) was found not to be
able to induce calcium increase in FPRL1 cells (Fig. 8).
Among the active peptides, the potency of calcium increas-
ing activities was found to be different for each peptide.
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Fig. 8. Effect of peptides on [Ca*"]; rise in FPR- or FPRLI1-expressing
RBL-2H3 cells. Fura-2 loaded FPR- (A), or FPRL1- (B) expressing RBL-
2H3 cells were stimulated with 10 uM of each peptide or 10 uM of
LFMYHP, an inactive control peptide (Con). FPR- or FPRL1-expressing
RBL-2H3 cells were sensitized with DNP-specific IgE, loaded with fura-2,
and activated with the antigen DNP-HSA (1 pg/mL). [Ca®*"]; increase was
monitored and the traces shown are from a single experiment
representative of at least three independent experiments.

These results indicate that the four peptides (P14, P18, P21,
and P24) are ligands for FPRLI1 but not for FPR.

3.8. Differentiation status specificity of the four
peptides in HL60 cells

In Fig. 5, we showed that the novel peptides acted on
leukocytic cells but not on non-leukocytic cells. Many
extracellular ligands have been reported to have cellular
differentiation status specificity [33,34]. We investigated
whether the novel peptides showed such differentiation
status specificity in myelocytes by checking the effect of
these peptides on [Ca®"]; increase in undifferentiated and
differentiated HL60 cells. As shown in Table 2, the four
peptides stimulated [Ca®"]; increase in dHL60 cells. When
undifferentiated HL60 cells were stimulated with the four
novel peptides, [Ca®"]; was found to be dramatically
induced by P18 and P24 (Fig. 9). The other two peptides,
P14 and P21, did not affect [Ca®"]; increase in HL60 cells
(Fig. 9). Unlike neutrophils or dHL60 cells, undifferen-
tiated HL60 cells do not express FPR or FPRL1 on the cell
surface [35]. We also confirmed that fMLF (a FPR-specific
ligand) or lipoxin A4 (a FPRL1-specific ligand) did not
affect [Ca®"); increase in HL60 cells, indicating that the
undifferentiated HL60 cells do not express functional FPR
or FPRL1. These results suggest that P18 and P24 may
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Fig. 9. Effect of peptides on [Ca>"]; increase in HL60 cells. Fura-2 loaded
HL60 cells were stimulated with 10 pM of each peptide, 1.4 pM of LXA4,
or 500 uM of ATP. [Ca®*]; increase was monitored and the traces shown
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activate receptors other than FPRL1 in undifferentiated
HL60 cells.

3.9. Comparison of intracellular signaling by the four
peptides

Extracellular signal-regulated protein kinase (ERK) is a
well-known intracellular enzyme that mediates diverse
cellular responses [36]. Many reports have demonstrated
that chemoattractants stimulate ERK activity, and that this
may result in several pivotal stages in the modulation of
leukocytic cells [37,38]. In the present study, we found that
stimulation of dHL60 cells with the four novel peptides
(P14, P18, P21, and P24) caused a dramatic increase in the
phosphorylation level of ERK (Fig. 10). Moreover, this
peptides-induced ERK activation was time-dependent,
with a maximal activity 5 min after stimulation (data
not shown). To compare intracellular signaling involving
these four peptides, dHL60 cells were pretreated either
with LY294002 (50 uM), GF109203X (5 uM), or
PD98059 (50 uM) or left untreated as a control. After
incubation for the indicated periods (15 min for LY294002
and GF109203X, 60 min for PD98059), the cells were
stimulated with 1 pM of each peptide for 5 min. As shown
in Fig. 10, P14-induced ERK phosphorylation was blocked
by LY294002, GF109203X, and PD98059, indicating that
the peptide-induced ERK activation is phosphatidylinosi-
tol-3-kinase (PI3K), protein kinase C (PKC), or MEK-
dependent. P18-induced ERK phosphorylation was com-
pletely blocked by GF109203X, partially blocked by
PD98059, but not affected by LY294002 (Fig. 10). P21
also caused ERK phosphorylation in a PI3K- and MEK-
dependent manner (Fig. 10), and P24-induced ERK phos-
phorylation was partially blocked by LY294002 but not by
GF109203X (Fig. 10). These results suggest that the four
peptides stimulate overlapping and non-overlapping intra-
cellular signaling pathways possibly via different receptors
activation, which result in the activation of ERK in dHL60
cells.
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Fig. 10. Regulation of each peptide-stimulated ERK phosphorylation in
dHL60 cells. dHL60 cells were preincubated with vehicle or 50 uM of
LY294002, 5 uM of GFX, or 50 uM of PD98059 for 15 min (60 min for
PD98059) prior to treatment with 1 uM of each peptide or vehicle alone
for 5 min. Each sample (30 pg of protein) was subjected to 8% SDS—
PAGE, and phosphorylated ERK was quantified by immunoblot analysis
with anti-phospho-ERK antibody. Western blot analysis was also
performed with anti-ERK2 antibody to confirm that the amounts of
samples used were similar. The results shown are from a single experiment
representative of at least three independent experiments.

4. Discussion

In this study, we screened hexapeptide combinatorial
peptide libraries containing more than 47 million different
peptide sequences, and identified 24 novel hexapeptides
that could stimulate AA release in dHL60 cells. In terms of
their physiological roles, the novel peptides were found to
enhance superoxide generation and the chemotactic migra-
tion of phagocytic cells. Through experiments on the
receptor specificity or the signaling specificity of the
peptides, we found that the novel peptides may induce
either overlapping or distinct intracellular signals via a
common receptor, FPRL1, or via an unidentified receptor
in leukocytic cells.

On investigating the receptor specificity of the peptides,
we found that four novel peptides could stimulate [Ca®T];
increase in FPRL1-expressing RBL-2H3 cells but not in
FPR-expressing RBL-2H3 cells (Fig. 8). Of the four pep-
tides, only two stimulated undifferentiated HL60 cells in
Ca’" mobilization assay (Fig. 9). Since undifferentiated
HL60 cells do not express FPRL1, the target receptors for
these two peptides (P18 and P24) could not be FPRLI.
From experiments on the effects of PTX on peptide-
induced [Ca®*"); increase, we found that PTX pretreatment
of dHL60 cells completely inhibited the novel peptide-
induced calcium increase, however, PTX partially inhib-
ited the calcium signaling stimulated by P18 or P24 in
undifferentiated HL60 cells (data not shown). These results
suggest that the receptors of novel peptides in dHL60 cells
are coupled to PTX-sensitive G-proteins, and that the
peptide receptors in undifferentiated HL60 cells might
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be coupled to PTX-insensitive G-proteins. These results
support our notion that the receptors of the novel peptides
in undifferentiated HL60 cells are not the same as those in
dHL60 cells.

Previously, various agonists for FPRL1 have been re-
ported from endogenous and exogenous sources [39-44].
They include serum amyloid A (SAA), HIV-envelope
domains (F peptide and V3 peptide), host-derived agonist
(AB42), and Helicobacter pylori-derived peptide, Hp (2-20)
[39-44]. Because the novel peptides in this study were
identified by screening artificially synthesized peptides,
we looked for sequence similarities between the novel
peptides and known proteins, including endogenous FPRL 1
ligands by searching the SWISS-PROT and TrEMBL data-
bases. We were unable to find a protein carrying the same
sequence as any of the synthetic peptides. However, several
viral proteins such as the major capsid protein of the
pseudorabies virus contain the X(F/K)Y(L/M)(V/P)M
sequence. Although there is no clear information on the
relationship between our novel peptides and these viral
proteins, it would be interesting to determine whether such
viral proteins can bind to FPRL1 or its related cell surface
receptors which can be occupied by our novel peptides. In
terms of the novel peptide receptor in undifferentiated HL60
cells, recently, Dahlgren and co-workers suggested the
involvement of an unknown receptor, i.e. not FPRL1 or
FPRL2, on LXA4-induced ERK activation in undifferen-
tiated HL60 cells [45]. They found that LXA4 stimulated
undifferentiated HL.60 cells causing ERK activation but not
Ca”" increase. Since LXA4 has been reported to bind to
FPRL1, the unknown receptor may also be occupied by our
novel peptides, for example, P24. Several recent reports
have demonstrated that GPCRs, including FPRL1, can be
differentially activated by distinct agonists [45-47]. Itis also
notable that stimulation of unknown receptor by our novel
peptides but not by LXA4 will elicit Ca*" increase.

Through study of intracellular signaling pathways with
our novel peptides, we demonstrated that P14 induced ERK
activation via PI3K and PKC, and that P18 induced ERK
activation via PKC (Fig. 10). In terms of the role of MEK, the
three peptides, but not P18, caused ERK activation in a
MEK-dependent manner (Fig. 10). Figure 8 shows that the
four novel peptides stimulated [Ca®*"]; increase in FPRLI-
expressing RBL-2H3 cells. Since dHL60 cells also express
FPRL1, the four peptides may bind to FPRL1 in dHL60
cells. However, the result that P18, but not the other peptides,
induced ERK is PI3K- or MEK-independent suggests the
involvement of another receptor in P18-mediated signaling.
‘We found that P18 and P24, but not P14 or P21 stimulated
[Ca®"]; increase in undifferentiated HL60 cells (Fig. 9).
Taken together it is reasonable to speculate that P14 and P21
bind to one receptor, FPRL1, but that P18 and P24 bind to at
least two receptors, which include FPRLI1 in leukocytic
cells. The differential regulation of P18- and P24-induced
ERK activation may be attributed to the different receptors
involved in their signaling. Previously, we reported several

chemoattractant peptides for human leukocytes and two
other groups demonstrated that two of the synthetic peptides,
WKYMVm and WKYMVM, are ligands for FPRLI
[19,23,48,49]. Since WKYMVM stimulated undifferen-
tiated HL.60 cells, resulting in inositol phosphates formation
[19], it appears that WKYMVM also has another receptor in
addition to FPRLI1. At this point, it is not clear whether
WKYMVM and the novel peptides described in this study
share the same unknown receptor or not. On the cell
signaling pathways involved in the activation of ERK, we
have already demonstrated that WKYMVM stimulates ERK
activation via PI3K- and MEK-dependent but not PKC-
dependent mechanism [50]. We also observed that stimula-
tion of differentiated HL60 cells with 1 uM of WKYMVM
caused ERK activation via PI3K- and MEK-dependent but
not PKC-dependent mechanism (data not shown). In this
study, although signaling pathway for p21- and p24-stimu-
lated ERK activation overlaps with that of WKYMVM-
induced pathway, p14 and p18 stimulated ERK activation
with a unique mechanism (Fig. 10). The result suggests that
different receptors may be involved in the differential
regulation of ERK activation by distinct peptide ligands.

Although chemoattractants are important immune-
modulators and various chemoattractants (including che-
mokines) have been identified, only a few short peptides
acting on human leukocytes have been identified. fMLF
is a well-known short chemotactic peptide that has been
widely used for probing the phagocyte signaling path-
ways [51,52]. Because our novel peptides stimulate
human phagocytic cells, such as neutrophils and mono-
cytes, these peptides can also be used as tools for the
study of phagocytic cell functions. In the area of undif-
ferentiated myeloma cell activation and signaling, no
report has yet been published on small peptides acting
on these cells. Because two of our novel peptides stimu-
late undifferentiated HL.60 cells, they may be useful tools
for the characterization of undifferentiated myeloma cell
activation.

Acknowledgments

This study was supported by the grant (FPRO2AS5-43-
110) of 21C Frontier Functional Proteomics Project from
Korean Ministry of Science & Technology, the POSCO
innovative research project, and from the Medical Science
and Engineering Research Center for Cancer Molecular
Therapy from KOSEF.

References

[1] Robson RL, McLoughlin RM, Witowski J, Loetscher P, Wilkinson TS,
Jones SA, Topley N. Differential regulation of chemokine production
in human peritoneal mesothelial cells: IFN-gamma controls neutrophil
migration across the mesothelium in vitro and in vivo. J Immunol
2001;167:1028-38.



1850

(2]

(3]

(4]

(5]

(6]

(71

[8

=

(91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Y.-S. Bae et al./Biochemical Pharmacology 66 (2003) 1841-1851

M’Rabet L, Coffer PJ, Wolthuis RM, Zwartkruis F, Koenderman L,
Bos JL. Differential fMet-Leu-Phe- and platelet-activating factor-
induced signaling toward Ral activation in primary human neutrophils.
J Biol Chem 1999;274:21847-52.

Gijon MA, Leslie CC. Regulation of arachidonic acid release and
cytosolic phospholipase A2 activation. J Leukoc Biol 1999;65:330-6.
Wu D, Huang CK, Jiang H. Roles of phospholipid signaling in
chemoattractant-induced responses. J Cell Sci 2000;113:2935-40.
Liscovitch M, Czarny M, Fiucci G, Tang X. Phospholipase D:
molecular and cell biology of a novel gene family. Biochem J
2000;345:401-5.

Puri RN. Phospholipase A2: its role in ADP- and thrombin-induced
platelet activation mechanisms. Int J Biochem Cell Biol 1998;30:
1107-22.

Murthy KS, Makhlouf GM. Differential regulation of phospholipase
A2 (PLA2)-dependent Ca®" signaling in smooth muscle by cAMP-
and cGMP-dependent protein kinases. Inhibitory phosphorylation of
PLAZ2 by cyclic nucleotide-dependent protein kinases. J Biol Chem
1998;273:34519-26.

Robinson BS, Hii CS, Ferrante A. Activation of phospholipase A2 in
human neutrophils by polyunsaturated fatty acids and its role in
stimulation of superoxide production. Biochem J 1998;336:611-7.
Farooqui AA, Yang HC, Rosenberger TA, Horrocks LA. Phospholi-
pase A2 and its role in brain tissue. J Neurochem 1997;69:889-901.
Dana R, Leto TL, Malech HL, Levy R. Essential requirement of
cytosolic phospholipase A2 for activation of the phagocyte NADPH
oxidase. J Biol Chem 1998;273:441-5.

Boen E, Crownover AR, Mcllhaney M, Korman AJ, Bill J. Identifica-
tion of T cell ligands in a library of peptides covalently attached to
HLA-DR4. J Immunol 2000;165:2040-7.

Wilson DB, Pinilla C, Wilson DH, Schroder K, Boggiano C, Jud-
kowski V, Kaye J, Hemmer B, Martin R, Houghten RA. Immuno-
genicity. I. Use of peptide libraries to identify epitopes that activate
clonotypic CD4+ T cells and induce T cell responses to native peptide
ligands. J Immunol 1999;163:6424-34.

Hiemstra HS, van Veelen PA, Schloot NC, Geluk A, van Meijgaarden
KE, Willemen SJ, Leunissen JA, Benckhuijsen WE, Amons R, de
Vries RR, Roep BO, Ottenhoff TH, Drijfhout JW. Definition of natural
T cell antigens with mimicry epitopes obtained from dedicated
synthetic peptide libraries. J Immunol 1998;161:4078-82.

Dooley CT, Houghten RA. Synthesis and screening of positional
scanning combinatorial libraries. Methods Mol Biol 1998;87:13-24.
Owens RA, Gesellchen PD, Houchins BJ, DiMarchi RD. The rapid
identification of HIV protease inhibitors through the synthesis and
screening of defined peptide mixtures. Biochem Biophys Res Com-
mun 1991;181:402-8.

Hayashi S, Kurdowska A, Miller EJ, Albright ME, Girten BE, Cohen
AB. Synthetic hexa- and heptapeptides that inhibit IL-8 from binding
to and activating human blood neutrophils. J Immunol 1995;154:
814-24.

Aramburu J, Yaffe MB, Lopez-Rodriguez C, Cantley LC, Hogan PG,
Rao A. Affinity-driven peptide selection of an NFAT inhibitor more
selective than cyclosporin A. Science 1999;285:2129-33.

Dooley CT, Ny P, Bidlack JM, Houghten RA. Selective ligands for the
mu, delta, and kappa opioid receptors identified from a single mixture
based tetrapeptide positional scanning combinatorial library. J Biol
Chem 1998;273:18848-56.

Baek SH, Seo JK, Chae CB, Suh PG, Ryu SH. Identification of the
peptides that stimulate the phosphoinositide hydrolysis in lymphocyte
cell lines from peptide libraries. J Biol Chem 1996;271:8170-5.

He R, Tan L, Browning DD, Wang JM, Ye RD. The synthetic peptide
Trp-Lys-Tyr-Met-Val-p-Met is a potent chemotactic agonist for mouse
formyl peptide receptor. J Immunol 2000;165:4598-605.

Itoh K, Okubo K, Utiyama H, Hirano T, Yoshii J, Matsubara K.
Expression profile of active genes in granulocytes. Blood 1998;
92:1432-41.

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Bae YS, Ju SA, Kim JY, Seo JK, Baek SH, Kwak JY, Kim BS, Suh PG,
Ryu SH. Trp-Lys-Tyr-Met-Val-p-Met stimulates superoxide genera-
tion and killing of Staphylococcus aureus via phospholipase D activa-
tion in human monocytes. J Leukoc Biol 1999;65:241-8.

Seo JK, Choi SY, Kim Y, Baek SH, Kim KT, Chae CB, Lambeth JD,
Suh PG, Ryu SH. A peptide with unique receptor specificity:
stimulation of phosphoinositide hydrolysis and induction of super-
oxide generation in human neutrophils. J Immunol 1997;158:
1895-901.

Bae YS, Kim Y, Kim JH, Lee TG, Kim Y, Suh PG, Ryu SH.
Independent functioning of cytosolic phospholipase A2 and phospho-
lipase D1 in Trp-Lys-Tyr-Met-Val-p-Met-induced superoxide genera-
tion in human monocytes. J Immunol 2000;164:4089-96.
Grynkiewicz G, Poenie M, Tsien RY. A new generation of Ca’"
indicators with greatly improved fluorescence properties. J Biol Chem
1985;260:3440-50.

Narenjkar J, Marsh SJ, Assem ES. The characterization and quanti-
fication of antigen-induced Ca*" oscillations in a rat basophilic
leukaemia cell line (RBL-2H3). Cell Calcium 1999;26:261-9.

Bae YS, Bae H, Kim Y, Lee TG, Suh PG, Ryu SH. Identification of
novel chemoattractant peptides for human leukocytes. Blood 2001;
97:2854-62.

Sano H, Hsu DK, Yu L, Apgar JR, Kuwabara I, Yamanaka T,
Hirashima M, Liu FT. Human galectin-3 is a novel chemoattractant
for monocytes and macrophages. J Immunol 2000;165:2156-64.
Badolato R, Johnston JA, Wang JM, McVicar D, Xu LL, Oppenheim
JJ, Kelvin DJ. Serum amyloid A induces calcium mobilization and
chemotaxis of human monocytes by activating a pertussis toxin-
sensitive signaling pathway. J Immunol 1995;155:4004-10.
Lambeth JD. Activation of the respiratory burst oxidase in neutrophils:
on the role of membrane-derived second messengers Ca>", and protein
kinase C. J Bioenerg Biomembr 1988;20:709-33.

Le Y, Li B, Gong W, Shen W, Hu J, Dunlop NM, Oppenheim JJ, Wang
JM. Novel pathophysiological role of classical chemotactic peptide
receptors and their communications with chemokine receptors. Im-
munol Rev 2000;177:185-94.

Le Y, Oppenheim JJ, Wang JM. Pleiotropic roles of formyl peptide
receptors. Cytokine Growth Factor Rev 2001;12:91-105.

Rabin RL, Park MK, Liao F, Swofford R, Stephany D, Farber JM.
Chemokine receptor responses on T cells are achieved through
regulation of both receptor expression and signaling. J Immunol
1999;162:3840-50.

Berardi AC, Wang A, Abraham J, Scadden DT. Basic fibroblast
growth factor mediates its effects on committed myeloid progenitors
by direct action and has no effect on hematopoietic stem cells. Blood
1995;86:2123-9.

Prossnitz ER, Quehenberger O, Cochrane CG, Ye RD. Signal transdu-
cing properties of the N-formyl peptide receptor expressed in un-
differentiated HL60 cells. J Immunol 1993;151:5704-15.

Sugden PH, Clerk A. Regulation of the ERK subgroup of MAP kinase
cascades through G protein-coupled receptors. Cell Signal 1997;9:
337-51.

Woo CH, You HJ, Cho SH, Eom YW, Chun JS, Yoo YJ, Kim JH.
Leukotriene B(4) stimulates Rac-ERK cascade to generate reactive
oxygen species that mediates chemotaxis. J Biol Chem 2002;277:
8572-8.

Brill A, Hershkoviz R, Vaday GG, Chowers Y, Lider O. Augmentation
of RANTES-induced extracellular signal-regulated kinase mediated
signaling and T cell adhesion by elastase-treated fibronectin. J Im-
munol 2001;166:7121-7.

Su SB, Gong W, Gao JL, Shen W, Murphy PM, Oppenheim JJ, Wang
JM. A seven-transmembrane, G protein-coupled receptor, FPRLI,
mediates the chemotactic activity of serum amyloid A for human
phagocytic cells. J Exp Med 1999;189:395-402.

Deng X, Ueda H, Su SB, Gong W, Dunlop NM, Gao JL, Murphy PM,
Wang JM. A synthetic peptide derived from human immunodeficiency



[41]

[42]

[43]

[44]

[45]

[46]

Y.-S. Bae et al./Biochemical Pharmacology 66 (2003) 1841-1851

virus type 1 gpl20 downregulates the expression and function of
chemokine receptors CCR5 and CXCR4 in monocytes by activating
the 7-transmembrane G-protein-coupled receptor FPRL1/LXA4R.
Blood 1999;94:1165-73.

Shen W, Proost P, Li B, Gong W, Le Y, Sargeant R, Murphy PM, Van
Damme J, Wang JM. Activation of the chemotactic peptide receptor
FPRLI in monocytes phosphorylates the chemokine receptor CCR5
and attenuates cell responses to selected chemokines. Biochem Bio-
phys Res Commun 2000;272:276-83.

Le Y, Gong W, Tiffany HL, Tumanov A, Nedospasov S, Shen W,
Dunlop NM, Gao JL, Murphy PM, Oppenheim JJ, Wang JM. Amyloid
(beta)42 activates a G-protein-coupled chemoattractant receptor, FPR-
like-1. J Neurosci 2001;21:RC123.

Betten A, Bylund J, Cristophe T, Boulay F, Romero A, Hellstrand K,
Dahlgren C. A proinflammatory peptide from Helicobacter pylori
activates monocytes to induce lymphocyte dysfunction and apoptosis.
J Clin Invest 2001;108:1221-8.

Bylund J, Karlsson A, Boulay F, Dahlgren C. Lipopolysaccharide-
induced granule mobilization and priming of the neutrophil response
to Helicobacter pylori peptide Hp(2-20), which activates formyl
peptide receptor-like 1. Infect Immun 2002;70:2908-14.

Christophe T, Karlsson A, Rabiet MJ, Boulay F, Dahlgren C. Phago-
cyte activation by Trp-Lys-Tyr-Met-Val-Met, acting through FPRL1/
LXAA4R, is not affected by lipoxin A4. Scand J Immunol 2002;56:
470-6.

Seifert R, Wenzel-Seifert K, Gether U, Kobilka BK. Functional
differences between full and partial agonists: evidence for ligand-

[47]

[48]

[49]

[50]

[51]

[52]

1851

specific receptor conformations. J Pharmacol Exp Ther 2001;297:
1218-26.

Palanche T, Ilien B, Zoffmann S, Reck MP, Bucher B, Edelstein SJ,
Galzi JL. The neurokinin A receptor activates calcium and cAMP
responses through distinct conformational states. J Biol Chem 2001;
276:34853-61.

Le Y, Gong W, Li B, Dunlop NM, Shen W, Su SB, Ye RD, Wang JM.
Utilization of two seven-transmembrane, G protein-coupled receptors,
formyl peptide receptor-like 1 and formyl peptide receptor, by the
synthetic hexapeptide WKYMVm for human phagocyte activation. J
Immunol 1999;163:6777-84.

Dahlgren C, Christophe T, Boulay F, Madianos PN, Rabiet MJ,
Karlsson A. The synthetic chemoattractant Trp-Lys-Tyr-Met-Val-p-
Met activates neutrophils preferentially through the lipoxin A(4)
receptor. Blood 2000;95:1810-8.

Baek SH, Bae YS, Seo JK, Lee YH, Kim JH, Kwun KB, Suh PG, Ryu
SH. Trp-Lys-Tyr-Met-Val-Met activates mitogen-activated protein
kinase via a PI-3 kinase-mediated pathway independent of PKC. Life
Sci 1999;65:1845-56.

Yang D, Chen Q, Stoll S, Chen X, Howard OM, Oppenheim JJ.
Differential regulation of responsiveness to fMLP and C5a upon
dendritic cell maturation: correlation with receptor expression. J
Immunol 2000;165:2694-702.

Pan ZK, Chen LY, Cochrane CG, Zuraw BL. fMet-Leu-Phe stimulates
proinflammatory cytokine gene expression in human peripheral blood
monocytes: the role of phosphatidylinositol 3-kinase. J Immunol 2000;
164:404-11.



	Novel chemoattractant peptides for human leukocytes
	Introduction
	Materials and methods
	Reagents
	Cell culture and HL60 cell differentiation
	Isolation of leukocytes
	Preparation of peptide libraries, and the synthesis and analysis of peptides
	Initial screening of the PS-SPCLs and the measurement of AA release
	Measurement of [Ca2+]i
	Measurement of superoxide generation
	Chemotaxis assay

	Results
	Identification of peptides that stimulate AA release in dHL60 cells
	Effect of isozyme-specific inhibitors of PLA2 on the novel peptides-stimulated AA release
	Effect of the novel peptides on [Ca2+]i rise in dHL60 cells
	Cell type specificity of the novel peptides
	Effect of the novel peptides on superoxide generation
	Chemotactic effect of novel peptides on leukocytes
	Receptor specificity of the novel peptides: effect on FPRL1
	Differentiation status specificity of the four peptides in HL60 cells
	Comparison of intracellular signaling by the four peptides

	Discussion
	Acknowledgements
	References


