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The impact of platelet-activating factor (PAF)-like mediators on the functional 
activity of neutrophils: anti-inflammatory effects of human PAF-acetylhydrolase 
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S U M M A R Y 

Plaielei-activaiing factor (PAF) is a proinflammatory agent in infectious and inflammatory diseases, 

partly due to the activation of infiltrating phagocytes. PAF exerts its actions after binding to a 

monospecific PAF receptor (PAFR). The potent b.oactivity is reflected by its ability to activate 

neutrophils at picomolar concentrations, as defined by changes in levels of intracellular Ca2* ([Ca2* ],), 

and induction of chemotaxis and actin polymerization at nanomolar concentration. The role of PAF In 

neutrophil survival is, however, less well appreciated. 

In this study, the inhibitory effects of synthetic PAFR-antagonists on various neutrophil functions 
were compared with the effect of recombinant human plasma-derived PAF-acetylhydrolase (rPAF-AH), 
as an important enzyme for PAF degradation in blood and extracellular fluids. We found that 
endogenously produced PAF (-like) substances were involved in the spontaneous apoptosis of • 
neutrophils. At concentrations of 8 fig/ml or higher than normal plasma levels, rPAF-AH prevented 
spontaneous neutrophil apoptosis (21 ± 4 % of surviving cells (mean ± SD; control) versus 62 ± 12% 
of surviving cells (mean ± SD; rPAF-AH 20 fig/ml); P < 001) , during overnight cultures of 15 h. This 
effect depended on intact enzymatic activity of rPAF-AH and was not due to the resulting product lyso-
PAF. The anti-inflammatory activity of rPAF-AH toward neutrophils was substantiated by its inhibition 
of PAF-induced chemotaxis and changes in [Ca2*],. 

In conclusion, the efficient and stable enzymatic activity of rPAF-AH over so many hours of coculturc 
with neutrophils demonstrates the potential for its use in the many inflammatory processes in which PAF 
(-like) substances are believed to be involved. 

Keywords neutrophils platelet-activating factor acetyl hydrolase chemotaxis apoptosis 
inflammation. 

I N T R O D U C T I O N most abundant in leucocytes, and transcript 2 is mainly located in 

Platelet-activating factor (PAF) (l-0-alkyl-2-acetyl-jn-glycero-3- h e a r t ' l u n g ' s p l e e n a n d k i d n e > ' b u l n o 1 i n b r a i n a n d leucocytes [7,8]. 
phosphocholine) is a potent phospholipid mediator with plcio- An acute inflammatory response consists of a directed influx of 
tropic effects on a variety of cells and tissues [1,2]. PAF has neutrophilic granulocytes as the first line of defense. Many 
various pathophysiological effects on the cardiovascular, respira- granulocytic functions, such as those required for extravasation 

tory, gastrointestinal and central nervous system. In addition to ' 9 ' 1 0 ^ ' a n d r e s P ° n s i v e signalling cascades can be induced by PAF. 
these effects, PAF is a key agent in the pathogenesis of b u I n o ! a l 1 I " ] • Neutrophils can be stimulated to a brisk response of 
inflammatory processes through its ability to activate neutrophilic chemotaxis, actin polymerization, some adhesion and degranula-

granulocytes [1-3] . PAF mediates its bioactivity by the activation ü o n ' b u I P A F c a n n o 1 a c , i v a , e t h e NADPH oxidase system by itself, 
of a specific G-protcin-coupled, seven-transmembrane receptor, the 0 n * * o t n c r n a n d ' P A F ' P " " 1 6 5 ' *= neutrophils to respond to a 
PAFR [4-6] . Two forms of human PAFR transcripts exist with s c c o n d s t i m u l u s - s u c h a s ^ e bacterial peptide analogue FMLP, with 
identical open reading frames driven by individual promotors and a s t r o n 8 | y increased generation of toxic oxidative products [12]. 
regulation: transcript 1 is expressed in a ubiquitous fashion and is A f t e r t h e i n f l u x o f S r a n u l o c y t e s 'nto cxtravascular tissues, these 

cells exert antimicrobial protection until they go into apoptosis and 
are subsequently taken up by tissue macrophages. These mechan-

Correspondence: Dr Taco W. Kuijpers, Emma Children's Hospital ' s m s n a v e ' 5 e e n proposed for the removal of neutrophils from daily 
AMC. G8-205, Meibergdreef 9, 1105 AZ Amsterdam. turnover in the tissues as well as at sites of inflammation. The 

E-mail: T.W.Kuijpers@amc.uva.nl mechanisms involved in regulating neutrophil survival are poorly 
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Effects ofPAF-AH on Neutrophils 

understood, but there is evidence that growth factors (e.g. G(M)-
CSF) and cytokines (e.g. TNF-a and IL-1) can alter the rate of the 
neutophil apoptosis in vitro [13-15]. Although the involvement of 
PAF in these apoptotic reactions has been suggested [16], its precise 
contribution remained controversial. 

PAF may be derived from the tissue cells involved in the 
inflammatory process, such as macrophages and endothelial cells. 
as well as from the infiltrating neutrophils. The potency and nature 
of its effect suggest that both its synthesis and breakdown must be 
strictly controled [1,2]. Degradation plays a major role in the 
potential for PAF to circulate or function as a local autocoid. PAF 
is degraded by hydrolysis of the acetyl group at the sn-2 position 
of the glycerol backbone to produce the biologically inactive lyso-
PAF and acetate. This process is catalysed by specific enzymes 
with so-called PAF-acetyl hydrolase (PAF-AH) activity [17J. 
Several PAF-AHs have been identified in the eytosol of tissue 
cells as well as in plasma, and were subsequently purified and 
cloned [18-20] . Plasma PAF-AH activity is a 45-kD protein 
unrelated to any known lipase or phospholipase, which is present 
in plasma or serum at levels of 0-5-1 /ig/ml as a fully functional 
enzyme, usually associated with plasma lipoproteins [17.18). At 
an inflammatory site. PAF-AH is made available by vascular 
leakage, as indicated by the anti-inflammatory potential of PAF-
AH in animal models [18]. In contrast to the rapid distribution and 
clearance of PAFR-antagonists. PAF-AH can thus be assumed to 
be active for long periods of time and. in addition, it can be more 
specifically distributed to inflammatory sites. Moreover, the 
catalytic activity of PAF-AH toward its substrate is not limited 
to its soluble or micellar form but is also present when PAF is 
exposed on the plasma membrane of activated cells [17]. 

Except for PAF-induced neutrophil polarization, little is 
known about the'effects of rPAF-AH on neutrophil functions 
[18]. We therefore undertook a study to investigate the effect of 
rPAF-AH on early and late neutrophil reponses in comparison 
with well-characterized PAFR-antagonists. The rPAF-AH proved 
to be a more potent antagonist than the PAFR-antagonists used in 
our study. It blocked PAF-induced neutrophil chemotaxis and 
changes in [Ca ]j, as well as spontaneous neutrophil apoptosis. 
In this way, we established a possible role for endogenous PAF-
like material in the normal turn-over of human neutrophils. 

M A T E R I A L S AND METHODS 

Reagents 
PAF. lyso-PAF, FMLP, cytochalasin B (Cyto B). and phorbol 
myristate acetate (PMA) were purchased from Sigma (St. Louis. 
MO, USA); indo-1/AM was obtained from Molecular Probes 
(Junction City. OR, USA). WEB-2086 was a kind gift of Dr H. 
Heuer (Boehringer, Ingelheim. Germany). These reagents were 
dissolved in dimethyl sulphoxide (DMSO) at 1000 times the 
final concentration, aliquoted under sterile conditions and stored 
at - 20°C. TCV-309 was obtained from Dr H. Fukase (Takeda 
Chemical Industries, Osaka. Japan), dissolved in sterile PBS at 
a stock concentration of 100 mM, and held at 4°C protected 
from light. Human recombinant platelet-activating factor-acetyl 
hydrolase (rPAF-AH; 4 mg/ml; produced by E. coli, LPS-and 
pyrogen-free) and identically treated 'vehicle' as solvent controls 
to exclude contaminating bacterial products were a generous gift of 
Dr G. Dietsch (ICOS Corporation. Bothell, WA. USA) and kept at 
4°C under sterile conditions. No contamination by LPS was 
measured by the Limulus-amocbocyte lysate assay (LAL assay; 

Kabi Pharmaceutical, Mölndal. Sweden). Serum-treated zymosan 
(STZ) was prepared according to Goldstein et al. [21]. FITC-
labclled Annexin-V was purchased from Bender MedSystems 
(Vienna. Austria). Monoclonal antibodies (MoAbs) were directed 
against FcyRDI (CD 16. CLB/FcR-granl; CLB. Amsterdam. The 
Netherlands). L-selectin (CD62L. Leu8; Becton Dickinson, Moun
tain View, CA, USA), Macl (CDlIb , 44a; Amererican Tissue 
Culture Collection. Rockville. MD, USA), or Fas antigen (CD95). In 
case of Fas antigen, CD95 MoAbs were used with pro-apoptotic 
(MoAb APO-1-3 from Alexis Biochemicals, San Diego. CA, USA) 
or antiapoptotic effect (Fas-2; CLB). Basal incubation medium for 
cell suspensions contained 20 mM Hepes, 132 mM NaCl. 1 mM 
MgS04 . 1 mM CaCI2, 6 mM KCI, 1-2 mM KH 2P0 4 . 5-5 mM glucose 
and 0-5% (w/v), human serum albumin (HSA), pH 7-4. 

Leucocyte isolation 

Blood was obtained from healthy volunteers by venepuncture, and 
was anticoagulated with 0-4% (w/v) trisodium citrate (pH 7-4). 
Granulocytes were purified as described before [22). and were 
resuspended in incubation medium at a final concentration of I06 

cells/ml. Purity of the granulocytes was more than 98%. with 
> 9 5 % neutrophils. Patient cells were isolated in a similar way. 

Neutrophil chemotaxis 

Chemotaxis was measured in a 48-well microchemotaxis chamber 
(NeuroProbe. Cabin John. MD. USA) [23]. Two cellulose filters 
were placed between the upper and lower compartments: a lower 
stop filter (0-45-^m pore size; Millipore Corp. Bedford. MA, 
USA) and a migration filter on top (150-^m thick. 8-,um pore 
size; Sartorius GmbH, Göttingen, Germany). Before use, the 
filters were soaked in incubation medium. Chemoattractant or 
incubation medium was placed in the lower compartments. 
Purified neutrophils were prcwarmed in incubation medium 
(2 x l06/ml) for 15 min at 37°C, and 25 /x\ of the cell suspension 
(5 x 104 neutrophils) was then added to the upper compartment. 
The chambers were incubated for 90 min at 37°C. 

PAF and FMLP were diluted in incubation medium and used 
as chemoattractant at concentrations previously defined to be 
optimal in the assay: I0~ 7 M PAF and 10" 8 M FMLP. 
respectively. In some experiments, rPAF-AH (or vehicle) was 
added for 15 min to chemoattractant-containing incubation 
medium; in others, the neutrophils were preincubated with 
saturating amounts of the PAFR-antagonists WEB-2086 or 
TCV-309 for 15 min at 37°C before addition of the cells to the 
upper compartment. After 90 min. the migration filter was 
removed, was fixed with butanol-ethanol (20/80%. v/v) for 
10 min, and was stained with Weigert's solution ( 1 : 1 mixture 
of haematoxylin 1% in ethanol (v/v) and a 70-mM acidic FeClj 
solution). The filters were dehydrated with ethanol, and made 
transparent with xylene. The number of cells that had completely 
passed the 150-/xm thick filter was determined with light 
microscopy in 10 high-power fields (at a magnification of 400) 
per filter. Spontaneous migration without chemoattractants 
consisted of 5 -7 cells in 10 high-power fields per filter. 

Measurement of oxygen consumption 

Oxygen consumption of neutrophils was measured at 37°C with an 
oxygen electrode, as described before [24]. In case of 'priming' 
the respiratory burst of neutrophils, the priming agent (i.e. PAF at 
1 fiM for 3 - 5 min; or LPS from E. coli (Sigma) at 20 ng/ml for 
30 min) was added to the neutrophil suspension (2 x 106/ml in 
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No stimulus 

Control 

WEB-2086 10//M 

TCV-309 10//M 

PAF-AH 40//g/ml 

PAF-AH 20//g/ml 

PAF-AH 10//g/ml 

PAF-AH 5//g/ml 

PAF-AH 1//g/ml 

40 60 

Migration (% of control) 

Fig. 1. Chemotaxis of neutrophils toward PAF and FMLP. Neutrophils (2 x 106/ml in incubation medium) were preincubaied for 15 mins 
ai 37°C before addition to the upper chamber. In some experiments, neutrophils were coincubated with the PAFR-antagonist WEB-2086, 
TVC-309. or DMSO as solvent control. Optimal concentration of chemoattractant was added to the lower chamber: PAF (IO"7 M; • ) or 
FMLP (10 M; D), and defined as 100%. Spontaneous chemokinesis is the condition with incubation medium without chemoattractant (0). 
In some experiments. rPAF-AH was added in the indicated doses to the chemoartractants; the background chemokinesis without stimulus but 
with rPAF-AH remained unchanged. Mean £ SD of 3-5 experiments performed on different occasions. Significance (P < 005) is marked 
by an asterisk (*). 

incubation medium containing 0-5% human serum instead of 
albumin) while being continuously stirred at 37°C. After the 
period of priming, the agonist was added (i.e. FMLP at 1 /zM, or 
STZ at 10 mg/ml). The results are expressed as the rate of O; 
consumption obtained after activation of neutrophils. 

Measurement of cylosolic free Ca2* 

[Ca 2*] , was measured as described before [25). In short, 
prewarmed neutrophils (5 min at 37°C, 107 cells/ml in incubation 
medium) were incubated with 0-5 fiM indo-1/AM for 30 min at 
37°C. After two washes, the cells were resuspended at 2 x 106 cells/ 
ml in incubation medium and kept at room temperature. Fluorescence 
measurements were performed at 37°C under continuous stirring in a 
spectrofluorometer (model RF-540; Shimadzu Corporation. Kyoto, 
Japan). Excitation and emission wavelengths were 340 nm and 
390 nm, respectively. Calibration of indo-1 fluorescence was 
determined by saturation of trapped indc-l with Ca2* after 
permeabilization of the cells with digitonin (5 /iM), followed by 
quenching with Mn2* (0-5 triM) [26]. A Kd of 250 nM was used for 
the indo-l/Ca2+ complex for the calculation of [Ca 2 ' ] , [27]. 

Measurement of PAF 

PAF was measured with a commercially available 
radioimmunoassay (New England Nuclear. Boston. MA, USA) 
[28], according to the instructions of the manufacturer. The 
amount of PAF was determined in samples of 800 fx\ from 
neutrophils (2 x 10 /ml) in incubation medium at 30 min, 1, 2, 
3, 6, and at 18 h after overnight culture with or without 

centrifugation of the cells or separation of medium from the 
cells. Cells were mixed with 3 ml of methanol/chloroform 
(2 : 1) with 2% (v/v) acetic acid added to the methanol. After 
separation of the phases with 1 ml of chloroform and 1 ml of 
H20, the lower phase was stored at - 7 0 ° C under nitrogen. The 
amounts of PAF in the samples were determined from a 
standard curve constructed with known amounts of PAF. 
Recovery of PAF during the whole procedure was more than 
909c. writh the detection limit at 50 pg. Samples to determine 
neutrophil apoptosis in these incubations were simultaneously 
prepared and measured by FACscan' (see below). 

Determination of apoptosis and surface antigen expression 
Apoptosis was measured according lo Homburg et al. [15], with 
slight modifications. In short, neutrophil (2 x 106/ml) were 
usually cultured overnight in ISCOVE"s medium, supplemented 
with 10% (v/v) heat-inactivated fetal calf scrum (FCS). penicillin 
(100 U/ml; Gibco), streptomycin (100 / ig/ml; Gibco), fungizone 
(2-5 / ig /mh Gibco), and glutaminc (2 mM). Unless indicated 
otherwise, the usual culture time was 15 h in 24- or 96-welI plates 
(NUNC Brand Products, Denmark), incubated at 37°C in a 5% 
C 0 2 incubator. After culture, neutrophils were collected and 
checked for recovery ( > 85%. alter 15 li) and nuclear morphol
ogy. After washing the (non)apoplo(ic cells in ice-cold incubation 
medium, cells were labelled with Aiinexin V/l-1TC at a 1 : 500 
dilution in Hepes/plus medium (i <• incubation medium containing 
2-5 mM Ca2*) for 30-45 nun ;it •!"<' Altci two additional washes 
with ice-cold Hepes/plus medium, ,<IK wen- kepi at 4°C and PI 
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la) rPAF-AH PAF FMLP 

(b) rPAF-AH LPS FMLP 

rPAF-AH STZ 

Fig. 2. Activation of the respiratory burst in neutrophils, (a) In some experiments, cells were incubated with rPAF-AH (40 ,ug/ml) for 2-5 
mins before FMLP was added (at I fiM: black arrow). In other experiments, cells were preincubated by rPAF-AH before the primig agent 
PAF (at 1 /JM for 3 min) was added, followed by FMLP (black arrow). In the second trace. rPAF-AH was added (open arrow) to show a lack 
of direct neutrophil activation in the absence of further additions. The order of additions is given in the Table corresponding to the traces, (b) 
In the experiments on LPS-priming effects. rPAF-AH (40 ,ug/ml) was added for 30 min or shortly before LPS (20 ng/ml, 30 min), until 
FMLP was added (at I /IM; black arrow). STZ (at 10 mg/ml; black arrow) was used in the absence or presence of rPAF-AH (40 Atg/ml. 2-
5 min of preincubation). The order of additions is given in the Table corresponding to the traces. Experiments were performed on 3-5 
different occasions. 

(I : 100) was added prior lo flowcytometry. Viable cells 
(Annexin-V/FITCncg. PI"'8) were distinguished from early 
apoptotic (Anne^an-V/FITC0*, PIneg) and late apoptotic cells 
(Annexin-V/Fn"Cpo,,PIpos). The percentage of necrotic neutro
phils (Annexin-V/FTTCne8,PIp°I) was always < 3% in each 
sample. The number of cells were analysed with a FACScan 
(Becton Dickinson, San Jose, CA, USA). Data were collected 
from 10 000 cells per sample. 

Statistical analysis 

Student's /-test for paired observations (two-tailed) was used for 
statitistical analysis. 

RESULTS 

PAF-dependent neutrophil chemotaxis 

In a 48-well microassay, neutrophils were allowed to migrate for 
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90 nun. As previously shown, the inhibitory effect of PAFR-
antagonists such as WEB-2086 and TCV-309 was selective for the 
PAF-directed neutrophil mobility. In analogy with (hese PAFR-
antagonists, coincubation of PAF with PAF-AH at 10-40 /ig/ml 
in the lower chamber prevented the chemotactic response of 
neutrophils toward PAF but not toward FMLP At lower 
concentrations, rPAF-AH became less effective (Fig. 1). 

No involvement of endogenous PAF in the NADPH-oxidase 
activity 

PAF is a well-characterized priming agent of FMLP-induced 
NADPH-oxidase activity of neutrophils [II] . This phenomenon of 
PAF priming was prevented by preincubation of the neutrophils with 
rPAF-AH at 40 /ig/ml for 2-5 min prior to the addition of PAF up 
to I /zM (Fig. 2a). The addition of rP.AF-AH did neither result in 
neutrophil activation by iLself (Fig. 2a; second trace, open arrow), 
nor in priming of the respiratory burst activity of the neutrophils 
upon activation with the agonist FMLP (Fig. 2a; fourth trace). 

In contrast to the effect on PAF priming, rPAF-AH did not 
prevent LPS-induced priming of the NADPH-oxidase activity 
upon FMLP addition (Fig. 2b). The lack of neutrophil priming 
when rPAF-AH was incubated over a longer period (up to 60 min) 
prior to the addition of FMLP, further excluded the presence of 
any contaminating LPS or other priming substances in the 
preparations of active rPAF-AH or the vehicle used (Fig. 2b; 
third trace for 30 min preincubation, and data not shown). 

Neutrophils themselves are able to produce considerable 
amounts of PAF, in particular upon activation by serum-treated 
zymosan particles (STZ) particles. In comparison with STZ. 
activation with FMLP only results in nanomolar amounts of PAF 
generation, and only after pretreatment of the neutrophils with 
priming agents such as cytochalasin B. lipopolysaccharide (LPS), 
or the growth factor GM-CSF [29,30]. As shown in Fig. 2b. rPAF-
AH was not able to change the kinetics of NADPH oxidase activity 
when STZ was used instead of FMLP. even when used at a lower 
concentration of particles (1 mg/ml; data not shown). The late start 
of endogenous PAF generation by neutrophils activated with FMLP 
or STZ may explain the apparent lack of effect of rPAF-AH on the 
NADPH-oxidase activity (Fig. 2a.b). as also found in case of the 
PAFR-antagonists WEB-2086 and TCV-309 [not shown]. 

The effect of PAF on neutrophil survival 
Although the amount of endogenously produced PAF seemed to 
be too little and too late to be relevant for most early neutrophil 
responses, the role of PAF or PAF-like substances in long-term 
neutrophil responses might be defined by the determination of cell 
survival during overnight cultures for 15 h. Upon addition of 
exogenous PAF, a small but significant increase in apoptosis was 
seen at high concentrations of PAF. PAFR-antagonists were able 
to rescue neutrophils from programmed cell death or apoptosis as 
shown here for WEB-2086 (Fig. 3a). At higher doses ( > 5 0 / * M ) , 
this PAFR antagonist induced apoptosis instead of protection in 
neutrophils [not shown], most likely because WEB2086 can act as 
an agonist at higher concentrations. Instantaneous toxic effects of 
the PAFR antagonist were not detected (no LDH release or PI-
staining witjiin the first 5 A-tested) and seemed culture-dependent 
(significant increase in Annexin-V/HTC staining after > 12 h or 
more; data not shown). In contrast to the small effects observed 
with PAFR antagonists, rPAF-AH strongly prevented neutrophils 
from apoptosis (Fig. 3b). Direct interference of rPAF-AH with 
annexin-V/FITC binding to phosphatidyl serine lipids was 

excluded. First, the increment in neutrophil survival coincided 
with increased numbers of neutrophils with a nonapoptotic 
phenotype, i.e. high levels of FcyRIII and L-selectin surface 
expression and intact morphology [15.31]. Second, addition of the 
enzyme at 40/ ig /ml to an overnight culture of neutrophils just one 
hour prior to the normal staining procedure did not affect the 
number of apoptotic neutrophils determined afterwards. 

The solvent solution for rPAF-AH (vehicle) did not have any 
effect on neutrophil functions, including apoptosis. Moreover, 
inactivation of the enzymatic activity (5 min, 100°C; or 10 min, 
70°C) prevented the antiapoptotic effect of rPAF-AH completely 
(Fig. 3b). The possibility that the protective effect of rPAF-AH 
was due to formation of lyso-PAF. the natural product of PAF 
breakdown, was excluded by exogenous addition of lyso-PAF. 
There was no protective effect of lyso-PAF from 1 0 ' ' to 10" 4 M; 
in contrast, an increase in neutrophil apoptosis at higher doses 
(Table 1). We subsequently tried to define the amount of PAF 
generated during the in-vitro cultures. At several time points 
(30 min, I, 2, 6. and 15-16 h). PAF was undetectable in 
neutrophil cultures by a sensitive and PAF-specific competition 
assay. 

Next, we studied the effect of rPAF-AH on Fas-mediated 
apoptosis in neutrophils using the pro-apoptosis-inducing MoAb 
APO 1-3. No inhibitory effect was seen, neither on early apoptosis 
(10 h) nor in overnight cultures (15-16 h). As a positive control 
the CD95 MoAb Fas-2 was added 'o show viability by blocking 
Fas-mediated death (Fig. 3c). 

The efficiency to PAF-AH to prevent PAF-induced changes in 
cytosolic Ca'' 

The lack of detectable PAF formation does not necessarily 
exclude a role of PAF in neutrophil apoptosis. Because of the 
stronger inhibitory potency of rPAF-AH over PAFR-antagonists 
in apoptosis. we determined the bioenzymatic efficacy with which 
rPAF-AH inactivates active PAF in a bioassay. One of the most 
sensitive and rapid responses of neutrophils to PAF (-like) 
substances consists of the changes in intracellular free calcium 
ions l[Ca"+]i). We compared the potency of PAFR-antagonists to 
inhibit PAF-induced [Ca'*] , responses with the ability of rPAF-
AH to prevent these [Ca :*], changes by breakdown of PAF. First 
of all, we tried to define the bioenzymatic activity of the rPAF-AH 
by simple co-incubation of rPAF-AH to PAF, prior to the addition 
of (remaining) PAF to the indo-1/AM -loaded neutrophils. At 
4 mg/ml (10" M), rPAF-AH completely prevented the normal 
PAF-induced changes induced by 1 mM PAF within 15 s of 
coincubation, which is in accordance with the V m „ of PAF-AH of 
about 167 /xmol PAF/mg/h [17, 32). From these and additional 
tests, it follows that 1 molecule of rPAF-AH hydrolyses about 
100-120 bioactive PAF molecules per minute. In general, 
catalysis by the neutral lipases and secretory phospholipases A2 

(sPLA2) is enhanced at substrate concentrations above the critical 
micellar concentration (CMC). This means that plasma-derived 
PAF-AH with a CMC P A F of 1-1 / JM is more active at PAF 
concentrations in the range of 0 0 1 - 1 mM [17, 32]. Indeed, when 
the same amounts of rPAF-AH and PAF were coincubatcd in a 
10.000-fold dilution (rPAF-AH 0-4 fig/m\; PAF 0 1 /J.M). i.e. 
below the CMC for PAF of 11 /J.M, a less effective catalysis was 
noticed. Only when coincubation was extended for 4 min or more, 
or when a 10-fold higher concentration of rPAF-AH was added, 
bioactive PAF was as efficiently degraded as described above [not 
shown]. 
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la ] Con t ro l 

W E B 5 0 M M 

W E B 10 ,uM 

WEB 1 ^ M 

i b ) Con t ro l 

PAF-AH 400 /zg/ml 

PAF-AH 80 p g / m l 

PAF-AH 20 ^ g / m l 

PAF-AH 8 ,ug/ml 

PAF-AH 2 /xg/ml 

PAF-AH 0-5 ^ g / m l 

PAF-AH 100°C 

PAF-AH p lacebo 

c) Con t ro l . 10 h 

A P 0 1 - 3 , 1 / i g / m l 

+PAF-AH 80 / i g / m l 

+Fas-2, 1 / icj/ml 

Con t ro l , 16 h 

AP01-3 , 1 / ig/ml 

+PAF-AH 80 /xg/ml 

+Fas-2, 1 nqlm\ 

= 
O H 

F 
20 40 60 

N u m b e r of Apop to t i c Cells (% 

Fig. 3. Neutrophil apoptosis in an overnight culture. The percentage of Annexin-V/FITC-positive cells is shown. The role of PAF (- l ike) 
material was studied by (a) the addition of exogenous P A F ( 1 0 " 4 M ) , or in the presence of PAFR-antagonists WEB-2086orTCV-309 (data 
not shown); (b) enzymatically active rPAF-AH. in the indicated doses; (c) the apoptosis-inducing CD95 MoAb APO I - 3 or the antiapoptosis 
CD95 MoAb Fas-2. Mean ± SDof 5 -8 experiments performed on different occasions. Significance (P < 0 05) is marked by an asterisk (*). 
PAF-AH placebo is the vehicle (solvent). 
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Table 1. Effect of lyso-PAF on neutrophil apoptosis in overnight cultures 
Control 

Apoptosis (%) 
(mean ± SD)' 

Significance 
(P-value) 

Control (15 h) 
Lvso-PAF I0" 6 M 
Lyso-PAF 10"' M 
Lyso-PAF 10 ' M 

78 = 3 
80 S 5 
83 -Z 4 
90 i 3 

< 0 05 
< 0 0 1 

Values are expressed as percentage of neutrophils positive for Anncxin-
V/F1TC staining after overnight cultures for 15 h. Mean ±SD of 8 
experiments performed in duplicate on different occasions. 

To define the impact of rPAF-AH under more physiological 
conditions, rPAF-AH or PAFR-antagonists were added to the 
neutrophil suspension prior to the addition of PAF over a range of 
1 0 " " up to 10" 5 M PAF. In this way, the effect of PAFR-
antagonists could be directly compared to that of rPAF-AH. First 
of all. the PAFR-antagonists WEB-2086 and TCV-309(at 10 / I M ) 
were found to compete with PAF for PAFR binding up to a 
concentration of 3 x 10~7 M of PAF [not shown]. Yet, at 
concentrations of PAF that were no longer inhibited by the 
highest, nontoxic levels of these PAFR antagonists (50-100 ,UM), 
rPAF-AH was still able to counter neutrophil activation 
significantly. 

At a very high concentration of rPAF-AH of 400 /xg/ml, 
addition of PAF only at 10" 5 M final concentration induced a clear 
rise in [Ca2-"], whereas 1 0 - 6 M of PAF did no longer induce this 
effect in the indo-1/AM-loaded neutrophils (Fig. 4a). When the 
neutrophils were preincubated with rPAF-AH at 40 /jg/ml or 4 
/ /g/ml, PAF induced a change of [Ca2*], in neutrophils from 10~7 

M arid 1 0 " 9 M onward, respectively (Fig. 4 b,c). In the control 
trace, the normal pattern of PAFR desensitization upon stimula
tion with increasing doses of PAF is seen. 

D I S C U S S I O N 

Several mediators generated at the site of an inflammatory lesion 
have chemotactic activity, i.e. they bind to specific receptors on 
the surface of neutrophils and thus induce these cells to move to 
the inflammatory site, in a coordinated repertoire of adherence to 
vascular endothelium, diapedesis and migration [3). Both under 
pathological and normal conditions of neutrophil tum-ovcr, 
subsequent apoptosis of neutrophils and phagocytosis of the 
apoptotic cells by tissue macrophages is considered the normal 
sequence through which the neutrophils disappear. An important 
role for PAF in these processes of neutrophil extravasation and 
activation in the tissues has been strongly suggested in the past 
[7,8]. Although PAFR-antagonists have been shown to be 
effective in several in vitro and in vivo models, clinical 
applications in humans have not yet been established. An 
explanation may be found in the potency of PAF and in the lack 
of sustained levels of antagonists required for complete inhibition. 

The use of enzymatically active rPAF-AH may be a potential 
alternative. Several PAF-induccd neutrophil functions were found 
to be strongly inhibited by coincubation with rPAF-AH, as shown 
here for chemotaxis and changes in [Ca2 <] ; (Figs 1 and 4). The 
role of endogenously produced PAF or PAF-like substances in 
indirect granulocyte activation has previously been suggested for 
STZ-induced changes in [Ca 2 + ] , [28,33]. Although not proven, the 

1000 -

500 -

1 0 - 9 M I O ^ M 1 0 - 7 M 1 0 - « M 

1000 

500 

10"SM 1 0 " ^ 10"7M l O ^ M 10"5N 

10"9M l O ^ M l O ^ M 10-6», 

Time (min) 

Fig. 4. The effect of rPAF-AH on PAF-induced changes in (Ca2*), in 
indo-l/AM-loaded neutrophils. Neutrophils (2. x 106/ml in incubation 
medium) were preincubated for 15 mins at 37°C in the absence (control) or 
presence of rPAF-AH at a concentration of 400 /ig/ml (a). 40 ^g/ml (b). 
or 4 /ig/ml (c). Subsequently, PAF was added in a graded fashion from 
10~' M to 10~5 M. Desensitization of the PAFR at higher doses of PAF 
stimulation was excluded in this way. as well as in separate control traces 
[not shown], FMLP (10~7 M) was included as positive control in all traces. 
rPAF-AH or vehicle did not induce by themselves any change of (Ca2*], in 
neutrophils. Digitonin and Mn * was used for the calculation of 
cytoplasmic Ca2* concentration (see Matenal and methods). 

possibility of auto-activating PAF-like lipids may be extended to 
the late response of neutrophil apoptosis (Fig. 3a). Addition of 
PAF induced a significant increase in spontaneous apoptosis. 
whereas PAFR-antagonists increased survival. Most impressive 
was the ability of rPAF-AH to prevent neutrophils from under
going apoptosis (Fig. 3b). whereas Fas-induced apoptosis was not 
prevented (Fig. 3c). 

However, we were not able to detect PAF in neutrophil 
supernatant and cell extracts upon culture. This may be explained 
in two ways. First, levels of a continuous low-rate synthesis of 
PAF under the level of detection limit of the assay used may be 
responsible for the neutrophil apoptosis. Or alternatively, other 
PAF-like lipid mediators may be involved that cannot be detected 
by the radioimmunoassay used in this study, such as the PAF 
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analogs with an acyl chain at the sn-1 position [34]. This last 
possibility is supported by the fact that the stringency to act on 
short acyl chains at the sn-2 position varies between the forms of 
PAF-AH [32]. Although PAF is the preferred substrate, plasma 
PAF-AH may act on substrates with an acyl-chain up to C s . or 
oxidatively damaged phospholipids up to an sn-2 C9 aldehyde 
homologue, some of which may activate the neutrophil in a way 
comparable to PAF [32,35]. Yet, all of these homologues exert 
their action through binding to the PAFR [33-36] , leaving the 
mechanism involved in neutrophil apoptosis and the effect of 
plasma PAF-AH herein unchanged. On the other hand, the potent 
effect seen with rPAF-AH may relate to additional mechanisms 
not yet clarified, in which its enzymatic activity is required 
because heating and inhibition by the protease inhibitor Pefabloc 
abolish the effect of rPAF-AH on neutrophil apoptosis (Fig. 3b; 
and data not shown). 

The potential use of rPAF-AH may be set back by the finding 
that PAF-AH was reported to deviate from normal Michaclis-
Menten kinetics at low substrate concentrations. Hydrolysis of 
1 nM of PAF by lipoprotein-associated PAF-AH activity proceeds 
at about 2% of the predicted rate [17]. This means that higher 
concentrations of rPAF-AH than predicted may be needed for a 
complete inactivation of PAF (-like) material. This inefficient 
enzymatic activity at low substrate concentrations can also explain 
the fact that rather high doses of rPAF-AH were required to 
significantly decrease the neutrophil responses as measured in this 
study. Another disadvantage of plasma PAF-AH may consist of its 
reported sensibility to oxidative inactivation [37]. In our 
determination of early [Ca2*], changes (Fig. 4), PAF cannot 
induce NADPH oxidase activity in neutrophils under these 
conditions [11,12]. The role of oxidation by neutrophil-derived 
toxic oxygen metabolites during an overnight culture was 
excluded in two ways. First, addition of catalase did not result 
in enhanced neutrophil survival at lower doses of rPAF-AH in the 
overnight cultures. Second, dose-response curves for rPAF-AH 
were unchanged when neutrophils were used from two patients 
with Chronic Granulomatous Disease (unable to generate toxic 
oxygen radicals because of an inherent defect in the NADPH-
oxidase complex [38]). Spontaneous apoptosis of these neutro
phils was also not different from normal control neutrophils [not 
shown]. 

On the other hand, an enormous advantage in vivo of rPAF-
AH as compared to the use of PAFR-antagonists lays in its 
capacity to afford strong and long-term protective effects against 
PAF and PAF-like substances through its half-life of 30 -38 h in 
humans [39], as was recently substantiated by our observations in 
a rat model of anaphylactic shock mediated by endogenous PAF. 
Once the animals are in shock, the beneficial effects of PAFR-
antagonists rapidly declined after their intravenous bolus admin
istration in these animals, whereas rPAF-AH provided a rapid 
improvement followed by a prolonged protection from the shock 
effects on various cardiovascular parameters [40]. Because plasma 
concentrations of PAF during severe infections occur in the 
picomolar range, even a 10-fold increase in plasma concentration 
of rPAF-AH may suffice to inhibit neutrophil activation by PAF 
within the circulation or the tissues. The beneficial and prolonged 
effects of rPAF-AH is further indicated by our findings on early 
changes in [Ca2*]j, and chemotaxis, as well as in late long-term 
survival. 

Clearly, the anti-inflammatory effects of PAFR-antagonists or 
PAF-AH on early granulocyte activation and extravasation during 

PAF-mediatcd or -promoted inflammation may now be extended 
to a more late-phase protection from too rapid neutrophil decay. 
An increased number of neutrophils present at a site of 
inflammation does not necessarily result in an increase of tissue 
damage [41]. Prolonged survival and activity of the inflammatory 
neutrophils in the tissues can have positive effects, e.g. oh the 
killing of pathogens and (hence) on mortality. This was suggested 
in studies on bacterial pneumonia and ARDS showing a 
correlation between a decreased rate of neutrophil apoptosis and 
effective control of pulmonary inflammation [42,43]. On the other 
hand, neutrophil apoptosis may also represent a mechanism of the 
host to protect itself from harmful effects of a potentially toxic cell 
and overt spillage of its proteolytic enzymes [44]. Yet, we believe 
that a delay in neutrophil apoptosis is more relevant as a harmful 
and pathologic event under conditions of autoimmunity or chronic 
inflammatory responses when protease inhibition is impaired [45], 
Until now. the beneficial effect of rPAF-AH has been shown in 
acute inflammatory models [18,40,46]. Prolonged survival and 
activity of neutrophils may be another aspect of the beneficial 
effects of rPAF-AH in vivo. 
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