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Binding of platelet-activating factor (PAF) to human peripheral blood mononuclear 
leukocytes was time-dependent,  reversible, and saturable. ['~H]PAF binding to the 
cells was inhibi ted dose-dependently by unlabeled PAF and PAF receptor 
antagonists: L-659,989, triazolam, and alprazolam. Scatehard analysis of saturation 
binding data indic~ated one class of receptors for PAF with KD=5.7 nM and 
Bmax=18 fmol/100 cells (11,100 receptors/cell). PAF (10 nM) increased 
intracel lular  free calcium concentration in human lymphocytes and this effect was 
inhibi ted by L-659,989 dose-dependently. Our data suggest that human peripheral 
blood mononuclear leukocytes have specific receptors for PAF. ® zgss Aoademi~ 
Press, Inc. 

Platelet-activating factor (PAF) is a potent .phospholipid released by 

various cell types and it may be involved in pathophysiological conditions such as 

anaphylaxis and inf lammatory reactions (reviewed in ref.1). It appears that 

interactions of PAF with specific receptors on its target cells will induce biological 

responses. Specific binding sites for PAF have been demonstrated in platelets (2,3), 

neutrophils (4,5), and lung membranes (6). Recently some studies have shown that 

phytohemagglut inin- indueed lymphocyte proliferat ion (7,8) and inter leukin 2 

production by lymphocytes (7) were inhibi ted by PAF. Thus it was suggested that 

PAF may have immunoregulatory functions in the immune system. However, the 

existence of PAF specific receptors in human lymphocytes has not been clearly 

defined yet. In this study, we ident if ied specific receptor sites for PAF in human 

Abbreviations: PAF, platelet-activating factor, 1-O-alkyl-2-O-acetyl-sn-glycero-3- 
phosphorylcholine; PBML, peripheral blood mononuclear leukocytes; L-659,989, (+)- 
trans-2-(3-methoxy-5-methy•su•f•ny•-4-pr•p•xypheny•)-5-(3•4•5-trimeth•xypheny•)- 
te t rahydrofuran;  HBSS, Hanks'  balanced salt solution. 
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peripheral blood mononuclear leukocytes and showed that PAF binding to the 

receptors induced intracellular  calcium mobilization. 

MATERIALS AND METHODS 
Materials 
[3H]PAF (specific activity=40.1 Ci/mmol) was purchased from New England 
Nuclear (Boston, MA), unlabeled PAF and Fura-2/AM from Calbiochem (La Jotla, 
CA), N-formyl-methionyl- leucyl-phenylalanine and prostaglandin E 1 from Sigma 
(St. Louis, MO), L-659,989 from Merck Sharp & Dohme Research Laboratories, 
(Rahway, N J), triazolam and alprazolam from Up john Company (Kalamazoo, MI). 
All other chemicals were of reagent grade. 

[3HIPAF Binding Assay 
Peripheral blood mononuclear leukocytes (PBML) were isolated from healthy 
donors by centr i fugat ion on a Ficoll-Hypaque gradient and contained 85-90% 
lymphocytes and 10-15% monocytes. They were washed 3X with Hanks'  balanced 
salt solution (HBSS) and resuspended in HBSS containing 0.25% bovine serum 
albumin (HBSS/BSA). [3H]PAF (1 nM) binding to P~BML (5x106)0 + 1 uM unlabeled 
PAF, in 1 ml of HBSS/BSA was conducted at 4°C for 1 hr i n  a procedure as 
described for human neutrophils (4). All binding assays were performed in 
duplicates. In competition binding assays, the cells were preincubated at 4UC for 
15 min with solvent vehicle (control) or PAF antagonists: L-659,989, triazolam, or 
alprazolam which were all dissolved in DMSO. Final  DMSO concentrat ion in 
incubat ion was less than 0.2% and did not affect cell viabi l i ty  as determined by 
t rypan blue exclusion technique. Scatchard analysis of data from saturation 
binding experiments was conducted using the LIGAND-PC program originally 
developed by Munson and Rodbard (9). 

Intracellular Calcium Measurement 
Intracel lular  free calcium levels were monitored by use of the fluorescent calcium 
chelator, Fura-2 ~10). Isolated PBML were loaded with Fura-2 by incubat ing the 
cells in HBSS (10 /ml) with Fura-2/AM (5 uM) at 370C for 30 min~ The cells were 
then washed once with0HBSS and resuspended in HBSS at 5xl0°/ml .  The cells 
were equil ibrated at 37 C for 10 min before stimulation. Ten ul of PAF (final  
coneentration=10 nM) was added to two ml of cells in a 4 ml polystyrene curvet 
and cell fluorescence was monitored in a Perkin-Elmer model MPF-4 fluorescence 
spectrophotometer, thermostatically controlled at 370C. Excitation and emission 
wavelengths were 340 and 510 nm with 5 nm and 20 nm slits, respectively. 

RESULTS AND DISCUSSIONS 

The time dependency of the specific binding of [3H]PAF to PBML was 

shown in figure 1. Specific binding of [3H]PAF (1 nM) to PBML increased 

progressively over a 30 minute incubation period at 40C. Apparent equi l ibr ium of 

the specific binding was reached after 30 minute. Furthermore,  the specific 

binding was reversible since the addition of excess 

concentrat ion=l uM) to the incubat ion mixture at t=61 

[3H]PAF from the cells (figure 1). The reversibili ty of 

binding sites at low temperature have been noted in other cells such as platelets (3) 

and neutrophils (4). 

unlabeled PAF (final  

min dissociated bound 

PAF binding to specific 
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Figure 1 
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Time course of~[3H]PAF (1 nM) binding to human PBML. Broken 
line indicates [r~H]PAF specific binding measured after the addition 
of unlabeled PAF (final concentration=l uM) to incubation at t=61 
min. The data are representative of 3 separate experiments. 

To es tab l i sh  the s p e c i f i c i t y  of  P A F  b i n d i n g  to PBML, d i f f e r e n t  r eagen t s  

were  tes ted fo r  the i r  ab i l i t ies  to compe te  wi th  [3H]PAF for  b i n d i n g  to the  cells. 

P r o s t a g l a n d i n  E 1 and  the chemotac t i c  agent ,  N - f o r m y l - m e t h i o n y l - l e u c y l -  

p h e n y l a l a n i n e ,  d id  not  a f f e c t  [3H]PAF b i n d i n g  at c o n c e n t r a t i o n s  up to 1 uM. 

However ,  un l abe l ed  PAF d i sp laced  [3H]PAF b i n d i n g  to PBML in a d o s e - d e p e n d e n t  

m a n n e r  ( f igure  2). In add i t i on ,  L-659,989, a new PAF recep to r  a n t a g o n i s t  w h i c h  
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Inhibition of [3H]PAF (i nM) binding to human PBML by PAF (O) ,  
L-659,989 (I1~), triazolam ( • ) ,  and alprazolam ( • ) .  Results are 
means +S.E. from 3 to 4 experiments. 
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was shown to ,competit ively inhibit  PAF binding to its receptors in rabbit and 

human platelet membranes (11), was a potent inhibitor of PAF specific binding to 

PBML in our assays. Figure 2 shows that the inhibi t ion curves of PAF and L- 

659,989 were almost identical. For comparison, two benzodiazepincs, tr iazolam and 

alprazolam, which have been reported to possess PAF receptor antagonist properties 

(12,13), were evaluated in the competit ion binding assays. They were about 1000- 

fold less potent than L-659,989 as the inhibitor  since the calculated equi l ibr ium 

inhibi t ion constants (Ki) of L-659,989, triazolam, and alprazolam for [3H]PAF 

binding to PBML are 10.7 riM, 12.7 uM, and 11 uM, respectively. Our data indicate 

that L-659,989 is indeed a potent antagonist of PAF binding to its specific sites. 

No ef fec t  on cell viabi l i ty  was observed with all the antagonists tested. 

The a f f in i ty  and number of binding sites for PAF in PBML were 

determined by saturation binding assay. Figure 3 (inset) shows that PAF specific 

binding to PBML increased with concentration of the labeled ligand and the 

binding was saturable. Computerized analysis of the binding data f rom saturation 

experiments revealed a linear Scatchard plot (figure 3), indicat ing the presence of 

a single population of binding sites. The equi l ibr ium dissociation constant (KD) 

and the number of binding sites (13m.tx) of this population of PAF binding sites 
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Scatchard plot of [3jrI]PAF binding to human PBML. (Inset) 
Saturation binding of rJ,[ H]PAF (0,2 to 10 nM) to human PBML. The 
data are representative of 3 separate experiments. 
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Figure 4 
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Changes in intracellular free calcium induced by PAF (10 nM) in 
human PBML pretreated with solvent vehicle (control, A), L-659,989: 
1 nM (B), i0 nM (C), and 100 nM (D) 2 min before PAF stimulation. 
Arrows 1 and 2 indicate the addition of L-659,989 (or vehicle) and 
PAF, respectively. Results are representative of 3 separate 
experiments. 

were 5.7+0.7 nM (n=5) and 18.5+_3.1 fmol /106  cells, respec t ive ly .  In add i t ion ,  the 

Hi l l  plot  is l inear  wi th  a Hi l l  coeff icient=0.97+0.02 (n=5), suggest ing that  there  is 

no pos i t ive  or nega t ive  coopera t ive  binding.  Assuming  an equ imo la r  l igand-  

receptor  complex,  a Bma x of 18.5 fmol /106  cells corresponds  to about  11,100 

receptors /ce l l .  This  number  of  receptors  is app rox ima te ly  5- and 8-fold grea te r  

than that  f ound  fo r  P A F  in human  neu t roph i l s  (14) and human  pla te le ts  (2), 

respec t ive ly .  

To de t e rmine  whe the r  P A F  speci f ic  b ind ing  sites on PBML are f u n c t i o n a l l y  

act ive ,  we measure  in t r ace l lu l a r  ca lc ium mobi l i za t ion  in response to PAF using the 

f luorescen t  probe Fu ra -2 /AM.  F igure  4 shows that  P A F  at 10 n M i n d u c e d  a rap id  

rise in i n t r ace l l u l a r  f ree  ca lc ium in PBML. Fur the rmore ,  add i t ion  of  the P A F  

antagonis t ,  L-659,989, (1 to 100 riM) to the cell  suspension 2 min be fo re  the P A F  

s t imula t ion  resul ted  in a dose-re la ted  a t t enua t ion  of  the response,  i nd ica t ing  that  

PAF spec i f ic  receptors  in PBML are f u n c t i o n a l l y  ac t ive  and med ia te  the change  in 

i n t r ace l l u l a r  f ree  ca lc ium concent ra t ion .  Our results  are in accord  wi th  the s tudy 

by Valone  who showed that  PAF increased in t r ace l lu l a r  f ree  ca lc ium in P388D 1 

mur ine  macrophages  (14). 

In summary ,  our r ad io l i gand  b ind ing  studies demons t ra t e  the presence of 

spec i f ic  receptors  fo r  PAF that  are f u n t i o n a l l y  ac t ive  in human  PBML. Our  data  

suppor t  p rev ious  f ind ings  which  suggest that  P A F  may  have  a po ten t ia l  role in the 

regu la t ion  of  immune  responses. However ,  the exact  mechan i sm by which  P A F  

inh ib i t s  l ymphocy t e  p r o l i f e r a t i v e  response is still  unclear ,  i t  is in te res t ing  to note 
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that  mitogen such as phytohemagglut in in  is known to induce phosphat idyl inosi to l  

4,5-bisphosphate hydrolysis,  inositol 1,4,5-trisphosphate format ion  and calcium 

mobil izat ion in lymphocytes (16,17). Present results suggest that  PAF may 

modulate steps distal  to early signalling processes. The nature  and ident i ty  of a 

second messenger for PAF that  may be involved in these r e g u l a t o r y  processes 

remains to be determined.  
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