BIOCHEMICAL PHARMACOLOGY 75 (2008) 688-697

journal homepage: www.elsevier.com/locate/biochempharm

available at www.sciencedirect.com

-
*s’ ScienceDirect

(2R,3R)-2-(3',4'-dihydroxybenzyl)-3-(3",4"-dimethoxybenzyl)
butyrolactone suppresses fMLP-induced superoxide
production by inhibiting fMLP-receptor binding

in human neutrophils

Yi-Jia Huang %, Ih-Sheng Chen®, Ching-Ping Tseng ¢, Yuan-Ji Day ¢,
Yin-Chou Lin® Chang-Hui Liao**

& Graduate Institute of Natural Products, College of Medicine, Chang Gung University, Taiwan

® College of Pharmacy, Kaohsiung Medical University, Kaohsiung, Taiwan

€ Graduate Institute of Medical Biotechnology, College of Medicine, Chang Gung University, Tao-Yuan, Taiwan
4 Department of Anesthesiology, Chang-Gung Memory Hospital, Tao-Yuan, Taiwan

€ Rehabilitation Department, Chang-Gung Memory Hospital, Tao-Yuan, Taiwan

ARTICLE INFO

ABSTRACT

Article history:
Received 11 August 2007
Accepted 1 October 2007

Keywords:

Piper philippinum
Lignan

PP-6

Neutrophil

fMLP

Superoxide anion

This study investigated the mechanism underlying the inhibiting effect of (2R,3R)-2-
(3/,4'-dihydroxybenzyl)-3-(3”,4"-dimethoxybenzyl) butyrolactone (PP-6), a lignan from
Piper philippinum, on superoxide anion production induced by the chemotactic peptide
formly-methionyl-leucyl-phenylalanine (fMLP) in human neutrophils. Human neutro-
phils were stimulated with fMLP (1 pM), PMA (100 nM) or leukotriene B4 (LTB4; 1 pM) and
induced superoxide anion release. PP-6 specifically inhibited fMLP-induced superoxide
anion production in a concentration-dependent manner with an ICsy value of
0.3 + 0.1 pM. Intracellular signaling caused by fMLP, PMA or LTB, were evaluated. PP-6
specifically inhibited fMLP-induced intracellular calcium mobilization and ERK (p42/p44),
Akt and p38 phosphorylation. Moreover, PP-6 specifically inhibited fMLP-induced Mac-1
expression without affecting this caused by LTB, or PMA. PP-6 did not increase cAMP
level in human neutrophils. PP-6 did not inhibit superoxide anion production by NaF
(20 mM), a direct activator of G-protein, the target of the inhibitory action of PP-6 appears
to be a component of the signal transduction pathway upstream of G-protein. PP-6
inhibited FITC-fMLP binding to neutrophils in a concentration-dependent manner with
an ICso of 1.5 + 0.2 pM. PP-6 did not bring a parallel shift in the concentration response of
fMLP-induced superoxide anion. Additionally, the inhibiting effect of PP-6 on fMLP-
induced superoxide anion was reversed when PP-6 was washed out. These experimental
results suggest that PP-6 exerts non-competitive and reversible antagonistic effect on
fMLP receptor.
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1. Introduction

Neutrophils constitute 50-60% of total circulating leukocytes
and are the major cellular component of the innate immune
response. Neutrophils provide the host with a first line of
defense against acute bacterial and fungal diseases, and
recurrent severe or unusual infections are often associated
with the inherited defects in neutrophil function [1,2].
However, convincing evidence links inappropriate neutro-
phil-mediated tissue damage to the pathogenesis of condi-
tions such as acute respiratory distress syndrome, ischemia-
reperfusion injury and rheumatoid arthritis [3,4]. In response
to numerous endogenous and exogenous agents neutrophils
undergo chemotaxis toward inflammation sites, both for
defense against infectious agents and in various pathologic
processes [5,6]. Atinflammation sites, they release destructive
bioactive compounds from cytoplasmic granules, perform
phagocytic functions and produce reactive oxygen species [7].
The release of reactive oxygen species, which are formed in
neutrophils by the action of NADPH oxidase, is the so-called
respiratory burst and is a crucial bactericidal mechanism [8].
An inappropriately triggered respiratory burst may also cause
pathological inflammation, lipid peroxidation and tissue
damage.

Chemotactic agents such as N-formylated peptides (ex
fMLP) and chemokines help to orchestrate these neutrophil
functions by initiating various signaling cascades [4]. A clear
understanding of the mechanisms of action of neutrophil
chemoattractants may elucidate new approaches for selective
pharmacological manipulation of neutrophils. Such manip-
ulations may enhance host defense activities and ameliorate
conditions such as inflammatory bowel disease and various
forms of arthritis in which these neutrophil functions are
believed to play pathogenic roles [9]. Studies have demon-
strated that small formyl peptide derivatives, acquired as
bacterial metabolites or derived from disrupted mitochondria
can be potent chemoattractants for phagocytes. Due to its
marked ability to activate all physiological functions of
neutrophils through cell surface receptors coupled to intra-
cellular effectors through G-protein, fMLP is employed in this
study as a model chemoattractant. The interaction of fMLP
with its receptor expressed on neutrophils triggers multiple
second messengers by activating of PLC [10], PLD and PLA,
rapidly stimulates PI3K and activates tyrosine phosphoryla-
tion [11]. Increased intracellular levels of cAMP [12] and
involvement of kinases, such as PKC [13] and MAPKs [14] have
also been demonstrated [15]. Activation of these signal
transduction pathways is known to trigger various biochem-
ical responses contributing to physiological defense against
bacterial infection and cell disruption.

The lignan (2R,3R)-2-(3',4'-dihydroxybenzyl)-3-(3",4"-
dimethoxybenzyl) butyrolactone (PP-6) is isolated from the
stem of Piper philippinum. This lignan was the first isolated
from its’ natural source, although Chen had transferred
arctiin to it using human intestinal bacteria [16]. This study
investigated the mechanisms of PP-6 on superoxide anion
production caused by fMLP and several other chemotactic
agents, such as leukotrine B, (LTB;) and PMA in human
neutrophils. PP-6 inhibited fMLP-induced superoxide anion
release and Mac-1(CD11b/CD18) expression without affecting

these induced by LTB, or PMA in human neutrophils.
Moreover, PP-6 inhibited intracellular signaling, such as
ERK, p38 or Akt phosphorylation, intracellular calcium
mobilization, caused by fMLP. The present study revealed
that PP-6, using intact human neutrophils, inhibits fMLP
binding to its receptor. The inhibiting action of PP-6 was
reversible because washing out PP-6 abolished inhibition of
superoxide anion production. Furthermore, inhibition by PP-
6 of the maximal response to fMLP was not surmountable by
athigher concentrations of fMLP. According to these data, PP-
6 antagonized fMLP binding to its receptor in a non-
competitive and reversible manner.

2. Materials and methods
2.1. Materials

(2R,3R)-2-(3',4’-dihydroxybenzyl)-3-(3”,4”-dimethoxybenzyl)-

butyrolactone (PP-6) (Fig. 1) was isolated from P. philippinum
kindly provided by Dr. Chen Ih-Sheng. P. philippinum is woody
climber distributed throughout the Philippines and Lanyu and
Lutao Islands in Taiwan [16]. The Tau (Yami) aborigines on
Lanyu use the older stems in place of pistillate inflorescences
of betel for betel quid chewing together with lime and catechu.
Briefly, dried stem (4.0kg) of P. philippinum was sliced and
extracted with cold MeOH three times. After removal of
solvent in vacuum, the extract was partitioned into n-hexane
soluble fraction (Fr. A, 22 g), CHCl; soluble fraction (Fr. B, 60 g),
n-BuOH soluble fraction (Fr. C, 60 g), and H,0 soluble fraction
(Fr. D, 120 g). Fr. B (60 g) was chromatographed over silica gel
(1.8 kg), eluting with CHCl; and gradually enriched with
acetone to give 12 frs (B-1-B-12). Fr. B-9 (21.5 g, CHCl;-acetone,
80:20) was chromatographed on silica gel (645 g) eluting with
CHCl,, gradually increasing the polarity with MeOH to obtain
(2R,3R)-2-(3',4’-dihydroxybenzyl)-3-(3",4"-dimethoxy-benzyl)-

butyrolactone (10.8 mg) [16]. N-formyl-L-methionyl-i-leucyl-t-
phenylalanine (fMLP), fura-2 acetoxymethylester (Fura-2/AM)

OCHj

Fig. 1 - Chemical structure of (2R,3R)-2-(3',4'-
dihydroxybenzyl)-3-(3",4"-dimethoxybenzyl)butyrolactone
(PP-6).
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and Hank’s buffered saline (HBSS) were purchased from Sigma
(St. Louis, MO, U.S.A). Hydroethidium and N-formyl-nor-
leucyl-leucyl-phenylalanyl-norleucyl-throsyl-lysine-fluores-
cein (FLPEP) were purchased from Molecular Probe (Eugene,
OR, U.S.A). MAC-1 FITC conjugated mouse anti-human
monoclonal antibody was purchased from BD PharmMingen
Technical (San Diego, CA, U.S.A). Phospho-p44/42 MAP kinase
(Thr202/Tyr204) antibody (anti-human) and phospho-p38 MAP
kinase (Thr180/Tyr182) antibodies were purchased from Cell
Signaling Technology (Danvers, MA, U.S.A).

2.2 Preparation of human neutrophil

Venous blood samples were obtained from healthy volunteers
of both gender aged 20-40 years, using syringes containing
heparin (final concentration 20 unit/ml). All protocols com-
plied with Chang-Gung Memorial Hospital Ethics Committee
guidelines. Neutrophils were isolated from blood samples by
Ficoll gradient centrifugation then purified by hypotonic lysis
of contamination erythrocytes [17]. Briefly, a blood sample was
mixed with an equal volume of 3% dextran solution in a 50 ml-
centrifuge tube and incubated in an upright position for
20 min at room temperature to allow for the sedimentation of
erythrocytes. The leukocyte-rich upper layer was then
collected and centrifuged at 250 x g for 15 min at 4 °C. The
pellet was then immediately re-suspended in a volume of
phosphate buffer system (PBS) equal to the initial volume of
blood. The cell suspension thus obtained was then appor-
tioned into 50-ml centrifuge tubes at 25-ml per tube. Using a
pipette, a layer of 10 ml of 1.077 g/ml Ficoll solution was laid
beneath the cell suspension. After a final centrifuge (400 x g
for 40 min at 20 °C), the upper (PBS) and lower (Ficoll) layers
were removed, leaving only the granulocyte/erythrocyte
pellets. To remove the residual erythrocytes, the pellet was
re-suspended in 20ml cold 0.2% NaCl for 30s. Twenty
millilitres of cold 1.6% NaCl was then added to restore tonicity.
Finally, the remaining neutrophils were pelleted, washed
twice with ice-cold PBS and re-suspended in an adequate
volume of ice-cold Hank’s buffered saline (HBSS). The final
preparation thus obtained contained more than 95% neutro-
phils, as estimated by differentially counting 200 Giemsa
stained cells under microscope.

2.3.  Superoxide anion measurement

Intracellular production of superoxide anion was analyzed by
flow cytometer according to the method described by Bassoe
et al. [18]. Briefly, neutrophils were incubated at 37 °C for
15 min with 10 uM of hydroethidium. Hydroethidium can be
directly oxidized by superoxide anion to ethidium bromide,
which fluoresces after intercalating with nucleic acids. After
labeling, cells were treated with varying concentrations of PP-6
5 min before stimulation with fMLP (1 pM), LTB, (1 pM), PMA
(100 nM) or NaF (20 mM). After 15 min stimulation, production
of superoxide anion was monitored by FACScan flow
cytometer (Becton Dickinson, San Jose, CA, U.S.A) by measur-
ing emission at 590nm for ethidium bromide. For each
sample, 10,000 cells were collected to measure of fluorescence
intensity. Data are expressed as mean value of fluorescence
intensity (MFI) for each sample as describe above.

2.4. Measurement of MAC-1 up-regulation by flow
cytometer

Expression of MAC-1 was analyzed as described by Endeman
et al. with some modification [19]. Neutrophils (1 x 10° cells/
ml) were incubated with PP-6 (10 uM) or DMSO (0.05%) 5 min
before adding fMLP (1 uM), LTB, (1 nM) or PMA (100 nM) in the
presence of 20 ng/ml of FITC-conjugated anti-MAC-1 antibody
or a nonspecific mouse immunoglobulin G (IgG) as a negative
control. Cells were fixed with 1% paraformaldehyde 30 min
after incubation and analyzed by flow cytometer.

2.5. Intracellular calcium measurement

The method of Pollock and Rink, with some modification, was
used for intracellular calcium measurement [20]. Briefly, neut-
rophils (1 x 10° cells/ml) were incubated with fura-2/AM (2 pM)
at 37 °C for 30 min then centrifuged at 200 x g. The resultant
pellet was washed with HBSS. After centrifugation, neutrophils
were re-suspended in HBSS containing calcium (1 mM). Neu-
trophils (1 x 10° cells/ml) were treated with PP-6 (10 uM) 5 min
before challenge with fMLP (1 uM) or LTB, (1 pM). Fluorescence
(excitation 340 nm and 380 nm; emission 500 nm) was mea-
sured by Hitachi fluorescence spectrophotometer (model F4500;
Tokyo, Japan) at 37 °C. At the end of the experiment, the cells
were treated with triton X-100 (0.1%) and EGTA (10 mM) to obtain
the maximal and minimal fluorescence, respectively. Intracel-
lular calcium was calculated as described for fura-2 using the
calcium-dye dissociation constant 224 nM [20].

2.6.  Western blotting analysis

To analyze affect of ERK phosphorylation, neutrophils
(2 x 10° cells/ml) were incubated with or without PP-6
(10 pM) for 5min at 37 °C and then stimulated with fMLP
(1 pM), LTB; (1 pM) or PMA (100nM). The reaction was
terminated by placing the cells on ice and subjected them
to immediate centrifugation. The pellet was re-suspending in
1x Laemmli sample buffer. After boiling for 10 min, the
proteins were stored in —70 °C for immunoblotting assay. The
sample was electrophoresed in 8-10% SDS-polyacrylamide
gels and transferred electrophoretically to nitrocellulose. Blots
were stained with Ponceau-S (0.2% Ponceau-S 3% TCA, and 3%
sulfosalicylic acid) to visualize Mr markers then destained
with deionized water followed by TBST (10 mM Tris-HCI (pH
7.5), 100 mM NaCl, and 0.1% Tween-20). Blots were blocked for
1hin 5% nonfat milk in TBST. Antibodies were diluted in PBS
(pH 7.3) containing 3% bovine serum albumin (BSA) and 0.02%
sodium azide. Blots were incubated with the appropriate
antibody (Phospho-p44/42 MAP kinase or Phospho-p38; 1/
1000) for 2 h at 25 °C then thoroughly washed (three times,
10 min each) with TBST. Next, blots were incubated for 1h
with an appropriate horseradish peroxidase-conjugated sec-
ondary antibody (1/5000) in 5% nonfat milk in TBST, washed
thoroughly and examined by enhanced chemiluminescence.

2.7.  Flow cytometer analysis of fMLP receptor

Expression of fMLP receptor on the surface of neutrophils was
monitored with a fluorescent analogue of fMLP, N-formyl-nor-
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leucyl-leucyl-phenylalanyl-norleucyl-throsyl-lysine-fluores-
cein (FLPEP) [21]. Briefly, 3 x 10° neutrophils were treated with
various concentrations of PP-6 or DMSO (0.5%) for 5 min.
Neutrophils were labeled 30 min at 4 °C with FLPEP (2 nM).
Alternatively, nonspecific binding was determined with cells
incubated with over amount of fMLP (10 M) before FLPEP was
added. Finally, cells were washed in PBS and re-suspended in
PBS before flow cytometer analysis with a FACScan flow
cytometer (Becton Dickinson, San Jose, CA). Acquisition was
performed at 10,000 events per sample.

2.8.  Cyclic nucleotides analysis

Intracellular cyclic AMP (cAMP) was measured as described in
a previous study [22]. Briefly, human neutrophils were
incubated with DMSO (0.5%; resting), Forskolin (10 pM), IBMX
(50 uM) or PP-6 (10 pM) for 5min. The reactions were
terminated by adding EDTA (10 mM) and then followed by
boiling for 2min. The cAMP content was determined by
enzyme immunoassay.

3. Results

3.1.  PP-6 specific inhibits fMLP-induced superoxide anion
production in human neutrophils

Stimulation of human neutrophils with fMLP (1 uM), PMA
(100 nM) or LTB, (1 uM) induced production of superoxide
anion. PP-6 attenuated fMLP-induced superoxide anion in a
dose-dependent manner. The ICs, value for the inhibiting
action of PP-6 was 0.3 & 0.1 uM (Fig. 2A). Treatment of the cells
with a high concentration of PP-6 (10 uM) did not affect the
PMA- or LTBy4-induced superoxide anion (Fig. 2B and C).

3.2.  PP-6 inhibits fMLP-induced intracellular calcium
mobilization and ERK phosphorylation

Intracellular calcium mobilization in human neutrophils was
induced by fMLP (1 uM) or LTB, (100 nM) (Fig. 3A; (a and b)). PP-
6 (10 uM) prevented intracellular calcium mobilization
induced by fMLP (Fig. 3A; (a)). However, PP-6 did not affect
intracellular calcium mobilization induced by LTB, (Fig. 3A;
(b)). In another series of experiments, fMLP (1 M), PMA
(100 nM) or LTB, (1 pM) induced ERK and p-38 phosphorylation
(Fig. 3B). The PP-6 (10 uM) inhibited fMLP-induced ERK (Fig. 3B;
(a)) and p38 (Fig. 3B; (b)) phosphorylation. However, PP-6
(10 uM) did not affect ERK and p38 phosphorylation caused by
PMA and LTB,. The ERK phosphorylation caused by fMLP as a
positive control and inhibited by PD98059 (Fig. 3B; (b)).

3.3.  PP-6 does not inhibit NaF-stimulated superoxide
anion production in human neutrophils

A G-protein activator, NaF (20 mM), induced moderate super-
oxide anion production by human neutrophils. Treatment
with wortmannin (1 pM), a PI3 kinase inhibitor, significantly
inhibited NaF-induced production of superoxide anion,
whereas PP-6 (10 pM) did not suppress the NaF-induced
production of superoxide anion on human neutrophils
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Fig. 2 - Specific effect of PP-6 on fMLP-induced superoxide
anion production in human neutrophils. (A) Concentration
response of PP-6 on fMLP (1 nM) induced superoxide anion
production. The ICs, value for PP-6 inhibition of fMLP-
induced free radical is 0.3 + 0.1 pM. (B) PMA (100 nM)
induced significant superoxide anion production. PP-6
(10 M) did not affect superoxide anion production by
PMA. (C) Leukotriene B, (LTB,; 1 pM) induced superoxide
anion production by a Gi-protein couple receptor. PP-6 did
not affect the superoxide anion production caused by
LTB,. fMLP (1 pM) as a positive control. ***P < 0.001 as
compared with resting state.
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Fig. 3 - PP-6 specific affects fMLP-induced-intracellular signaling. (A) fura-2/AM loaded neutrophils were incubated with
DMSO or PP-6 (10 pM) as illustrated for 5 min then fMLP (1 uM; (a)) or LTB, (100 nM; (b)) was then added to trigger
intracellular calcium mobilization. (B) Human neutrophils were incubated with DMSO or PP-6 (10 pM) for 5 min before
adding fMLP (1 nM), PMA (100 nM) or LTB, (1 pM) was added, respectively. Reactions were stopped with sample buffer then
applied to 10% gel. P42/44 (a) and p38 (b) were detected with Ab.

(Fig. 4). This experimental result indicated that the inhibition
of fMLP-induced superoxide anion production by PP-6 is due to
its inhibition of a component of the signal transduction
pathway upstream of G-protein.

3.4.  PP-6 does not increase cCAMP in human neutrophils

Human neutrophils were treated with PP-6 (10 uM) for varying
time periods in the presence or absence of IBMX (50 pM).
Treatment with PP-6 did not increase cAMP level in the
presence or absence of IBMX (Table 1). Forskolin or IBMX alone
was positive control for cAMP levels (Table 1).

3.5.  PP-6 inhibits FITC-fMLP-receptor binding in
human neutrophils

Whole cell of human neutrophils were studied to elucidate the
effect of PP-6 on the interaction between fMLP and its receptor.

Binding of FLPEP to neutrophils was inhibited by fMLP in a
concentration-dependent manner (Fig. 5A). Moreover, FLPEP
binding to neutrophils was inhibited by PP-6 in a concentra-
tion-dependent manner (Fig. 5B and C). The ICs, value for the
inhibiting action of PP-6 was 1.5 + 0.2 pM (Fig. 5C).

3.6.  PP-6 does not shift the dose-response curve for
fMLP-induced superoxide anion production to the right

To confirm the mode of PP-6 action, the effect of PP-6 on the
concentration-response curve for fMLP-induced superoxide
anion production was examined. The fMLP was found to
induce superoxide anion production in a concentration-
dependent manner (Fig. 6). PP-6 (0.1, 1 or 10 uM) did not cause
parallel shift in the fMLP concentration-response curve to the
right. Additionally, the inhibition by PP-6 of the maximal
response to fMLP was not surmountable at higher concentra-
tion of fMLP (Fig. 6). This experimental resultindicated that the
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Fig. 4 - Effect of PP-6 on NaF-induced superoxide anion
production in human neutrophils. Neutrophils were
pretreated with wortmannin (1 nM) or PP-6 (10 pM) at 37 °C
for 5 min and stimulated with NaF (20 mM). Superoxide
anion production was measured by peak value of mean
fluorescence intensity (MFI). Data are means * S.E.M.,,
n=>5. **P<0.001 as compared with NaF alone.

inhibiting effect of PP-6 is a non-competitive antagonistic
action [23,24].

3.7.  Washing out of PP-6 abolishes the inhibition of
fMLP-induced superoxide anion production

To examine the reversibility of the inhibiting effect of PP-6,
neutrophils were treated with PP-6 (10 nM) for 5 min, and PP-6
was washed out before stimulation with fMLP. Fig. 7 shows
that the fMLP-induced superoxide anion production recovered
after PP-6 had been washed out. This result indicates that the
inhibiting properties of PP-6 are reversible.

Table 1 - PP-6 did not increase cAMP level in human

neutrophil

cAMP (pg/ml)

Resting 2.5+0.5

Forskolin (10 wM) 183+02"
IBMX (50 M) 12.5+0.37
Forskolin + IBMX 357406
PP-6 10 pM 2.84+0.2

PP-6 + IBMX 11.5+05"
PP-6 + Forskolin 20.3+0.8"

Human neutrophils were incubated with DMSO (0.5%), Forskolin
(10 pM), IBMX (50 uM), Forskolin + IBMX or PP-6 (10 M) for 5 min.
The reactions were terminated by adding of EDTA (10 mM) and
then followed by boiling 2 min. The cAMP content was determined
by enzyme immunoassay. Values are presented as means + S.E.M.
(n=6).

™ P <0.001 as compared with resting.

3.8. Specific effect of PP-6 on fMLP-induced MAC-1
expression

To confirm the specific inhibiting effect of PP-6 on fMLP-
activated human neutrophils, MAC-1 expression on human
neutrophils was evaluated. MAC-1 is the main adhesion
receptor and plays an important role in migration of
neutrophils during the process of inflammation. MAC-1 is
expressed by various inflammatory receptors which initiates a
signal transduction cascade [25]. Stimulation of human
neutrophils with fMLP (1pupM), PMA (100nM) or LTB,
(100 nM) for 15 min significantly induced MAC-1 expression
(Fig. 8A-C). Pretreatment neutrophils with PP-6 (10 pM)
attenuated fMLP increased MAC-1 expression; moreover, PP-
6 did not affect the MAC-1 expression induced by LTB,.
However, PP-6 had an insignificantly effect on MAC-1
expression induced by PMA (100 nM) (Fig. 8B and C).

4, Discussion

This study investigated the inhibiting mechanisms of PP-6, a
natural product from P. philippinum, on superoxide anion
production in human neutrophils. Several chemoattractants,
such as fMLP, LTB, and PMA were using for triggering
superoxide anion production. According to our data, PP-6
specific inhibited fMLP-induced superoxide anion release,
therefore, we evaluated the mechanism of PP-6 on fMLP. The
cell viability was not affected by high concentration of PP-6 in
present study.

Following fMLP binding, fMLP receptor undergoes a con-
formational change enabling interaction pertussis toxin (PTX)-
sensitive G proteins of Gi-family in human neutrophils.
Downstream of the heterotrimeric G protein, a number of
signaling systems are activated in human neutrophils [26];
activation of PLC, results in hydrolysis of phosphatidylinositol
4,5-bisphosphate, generating diacylglycerol (DAG) which
activates PKC isoforms and inositol-1,4,5-trisphosphate (IP)
which release Ca®* from intracellular stores. Activation of the
enzyme PI3K, isoform converts [Ptlns(4,5)P2] into inositol-
3,4,5-trisphosphate; this regulates localization and possible
cross-linking/stabilization of actin filaments. Other intracel-
lular effectors coupled to fMLP receptor signaling cascade
include PLA,, PLD, MAPKs and phosphorylation mediated by
tyrosine kinase [26]. Activation of these signal transduction
pathways is known to provoke various biochemical responses
contributing to physiological defense against bacterial infec-
tion and cell disruption.

Superoxide anion production in human neutrophils is
elicited by fMLP, LTB, or PMA by activating NADPH oxidase. PP-
6 does not affect the enzyme activity of NADPH oxidase nor the
assemble activity of NADPH oxidase in a cell free system (data
not shown). Moreover, PP-6 does not scavenge superoxide
anion in a xanthine/xanthine oxidase system (data not
shown). This finding suggests that PP-6 may affect intracel-
lular signaling for activating NADPH oxidase. PP-6 specific
inhibited superoxide anion production when human neutro-
phils were stimulated by fMLP; however, PP-6 did not inhibit
PMA-induced superoxide anion production. In addition, PP-6
did not affect the ERK, p38 or Akt phosphorylation caused by
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PMA. These data indicate that PP-6 does not affect the PKC
activity. Furthermore, inflammatory mediator-LTB, induced
superoxide anion production in human neutrophils through
LTB, receptor. Two membranes receptors for LTB, have been
identified in human neutrophils; BLT1 and BLT2 [27]. Both
receptors are members of the heptohelical, G protein-coupled
receptor family. In this study, PP-6 did not affect superoxide
anion production by LTB,, suggesting an inhibiting effect of
PP-6 specifically on fMLP.

To clarify the specific effect of PP-6 on fMLP-induced
neutrophil activation, intracellular signals induced by fMLP,
LTB, or PMA were evaluated. Intracellular calcium mobiliza-
tion, ERK- and p38-phosphorylation were all induced by fMLP
or LTB, through fMLP receptor or LTB, receptor, respectively.
The role of calcium as a primary or secondary messenger in
neutrophil activation induced by fMLP or LTB, has been
extensively studied [28,29]. PP-6 inhibited the intracellular
calcium mobilization induced by fMLP; however, PP-6 does not
affect the intracellular calcium mobilization induced by LTB,.
Moreover, PP-6 inhibits ERK and p38 phosphorylation induced

by fMLP without affecting these proteins (ERK and p38)
phosphorylation caused by PMA or LTB,. In another series
of studies, fMLP, PMA and LTB, increased MAC-1 expression in
human neutrophil. PP-6 specific inhibited fMLP-induced MAC-
1 expression. Moreover, PP-6 did not suppress NaF-induced
superoxide anion production. This result indicated that the
inhibition of fMLP-induced superoxide anion production by
PP-6 is due to its inhibition of a component of the signal
transduction pathway upstream of G-protein. The specific
effects of PP-6 on fMLP-induced free radical production,
intracellular calcium mobilization, ERK and P38 phosphoryla-
tion and MAC-1 expression, suggest PP-6 may be a fMLP
receptor antagonist.

To evaluate the hypothesis that PP-6 is a fMLP receptor
antagonist on human neutrophil, FITC-conjugated fMLP
(FLPEP) was used in this study. The fMLP inhibiting the
binding of FLPEP to the human neutrophil served a positive
control. These data confirm the specific binding effect of FLPEP
on fMLP receptor on human neutrophil. PP-6 inhibited FLPEP
binding to human neutrophil in a concentration-dependent
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suspended with HBSS. The peak value of MFI was
regarded as indicative of the level of superoxide anion shift in the fMLP concentration-response curve to the right.
production and is expressed as percentage of control. Data Additionally, inhibition by PP-6 of the maximal response to
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compared with control (fMLP). of fMLP. According to previous study, a non-competitive
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antagonist prevents the agonist, at any concentration, from
producing a maximum effect on a given receptor [23,24,30].
Therefore, the result of this experiment shows that the
inhibiting effect of PP-6 is a non-competitive antagonistic
action. Furthermore, the inhibiting action of PP-6 was
reversible because washing out PP-6 abolished inhibition of
superoxide anion production. According to these data, PP-6 is
a non-competitive antagonist of fMLP-receptor, and this
antagonistic action is a reversible effect.

In the case of H. pylori infection, lots of neutrophils are
known to infiltrate into the gastric mucosa and injure the host
tissue. Mooney et al. [31] reported a substance that reacted
with fMLP antibody was produced by H. pylori and it activated
neutrophils. PP-6 has been shown to inhibit the binding of
fMLP to fMLP-receptor in this study. Considering the results
obtained in the present study, it seems that PP-6 may inhibit
the binding of H. pylori-derived fMLP to fMLP-receptor and
suppress the activation of neutrophil activation probably.
However, it needs more studies to prove it.
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