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Abstract The aim of this research was to evaluate in vitro interactions between platelets and polymorphonuclear 
leukocytes. The effects of supernatant from thrombin-activated platelets and two platelet release products (adenosine 
triphosphate and beta-thromboglobulin) were tested on the following features of polymorphonuclear leukocytes 
activation: opsonized zymosan and phorbol myristate acetate stimulated chemiluminescence, release of membrane 
bound calcium, NADPH-oxidase activity, and membrane fluidity (fluorescent polarization). The results showed that the 
addition of platelet supernatant to polymorphonuclear leukocytes induces a significant activation of cells. On the other 
hand, after three hours of preincubation of polymorphonuclear leukocytes with platelet supernatant, a decreased 
response of polymorphonuclear leukocytes to stimulation with phorbol myristate acetate, a significant decrease in 
NADPH-oxidase activity, and a lowered membrane fluidity were observed. Adenosine triphosphate modulated only 
opsonized zymosan stimulated chemiluminescence, with and without preincubation with polymorphonuclear leuko- 
cytes. Beta-thromboglobulin caused a decrease of the chemiluminescent response of polymorphonuclear leukocytes, 
using both agonists, with and without preincubation with polymorphonuclear leukocytes. Moreover beta- 
thromboglobulin only caused a decrease of the polymorphonuclear leukocytes membrane fluidity without preincuba- 
tion with the cells. These results support the thesis that platelets have a “time-related” modulating activity on 
polymorphonuclear leukocytes. 
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Polymorphonuclear leukocytes (PMNLs) play 
a fundamental role in inflammation mecha- 
nisms since they release lysosomal enzymes, 
leukotrienes, complement components, and sev- 
eral reactive oxygen species 11-31. Reactive oxy- 
gen species production is triggered by the activa- 
tion of the NADPH-oxidase, which generates 
superoxide anion, essential for the production of 
other reactive oxygen species [4,51. The mecha- 
nism of PMNLs activation, in particular the 
process of signal transduction through the 
plasma membrane, has been only partially clari- 
fied. However, it has been established that the 
plasma membrane plays a crucial role during 
PMNLs activation. The binding of appropriate 
stimuli to receptors of the cell surface induces a 
series of metabolic modifications, activation of 
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phospholipases, and production of inositol 
triphosphate and diacylglycerol. Diacylglycerol 
activates protein kinase C, and inositol triphos- 
phate causes membrane bound calcium mobiliza- 
tion with a subsequent increase in intracellular 
calcium concentration. These twin signals ac- 
count for the activation of PMNLs, expressed as 
aggregation, lysosomal enzyme release, and su- 
peroxide anion generation [31. 

Platelets have also been shown to play an 
active role in the inflammation process, and 
potential modulatory interactions between plate- 
lets and PMNLs during the inflammatory re- 
sponse have been observed [6,71. The ability of 
intact platelets andlor their products to alter 
PMNLs response has been observed by several 
authors, but contrasting findings have been re- 
ported 18-13]. To further investigate the ability 
of platelet release products to modulate PMNLs 
activation, we studied the effect of supernatant 
from thrombin-activated platelets on chemilumi- 
nescence (CL) of stimulated and unstimulated 
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PMNLs, NADPH-oxidase activity, mobilization 
of membrane bound calcium, and PMNLs' mem- 
brane fluidity. To obtain further information 
regarding platelet supernatant action on PMNLs, 
the effects of one non-specific component of plate- 
let supernatant, adenosine triphosphate (ATP), 
and one specific platelet release product, beta- 
thromboglobulin (P-TG) were studied. 

MATERIALS A N D  METHODS 
Chemicals 

N-formyl-methionyl-leucyl-phenylalanine 
(FMLP), P-nicotinamide adenine dinucleotide 
phosphate reduced (NADPH), cytochrome c, 
chlorotetracycline (CTC), phorbol myristate ace- 
tate (PMA), ATP, and luminol were obtained 
from Sigma Chemical Co. (St. Louis, MO). 

FMLP (lo-' MI, PMA ( 5  mg/ml), and luminol 
( M) were dissolved in dimethylsulfoxide 
(DMSO). For basal CL determinations (PMNLs 
untreated with opsonized zymosan or PMA), a 
more highly concentrated solution of luminol 
(3 x M) was used in order to enhance lumi- 
nometer response. Before use, the agonists were 
diluted with modified Krebs-Ringer phosphate 
buffer (KRP). NADPH (1.1 x M) and cy- 
tochrome c M) were dissolved according to 
Markert  e t  al. 1141. Opsonized zymosan 
(2.5 x lo-' g/ml) was prepared as described pre- 
viously [15,16]. CTC (lo-' M) was freshly pre- 
pared each time. 1-(4-trimethylaminopheny1)-6- 
phenyl-173,5-hexatriene (TMA-DPH) (Molecular 
Probes, Inc., Junction City, OR) was dissolved 
in ethanol at a concentration of 2 x M. A 
stock solution of P-TG (100 ng/ml) (Boehringer 
Mannheim, Federal Republic of Germany) was 
prepared in KRP. All of the stock solutions were 
stored at -30°C, except luminol, which was 
stored at room temperature and protected from 
light. The amounts of DMSO added did not alter 
PMNLs viability evaluated using trypan blue 
exclusion test (data not shown). 

Chemiluminescent Response of PMNLs 

Preparation of cells. Platelets were ob- 
tained from the venous blood of healthy donors 
using EDTA 5% (300 ~ 1 / 1 0  ml of blood) as an 
anticoagulant. 10 milliliters of each sample were 
centrifuged at 200g for 15 minutes to obtain the 
platelet rich plasma. This was then added to the 
following buffer: EDTA M, NaCl 15 x lo-' 
M, glucose 5 x M, Tris-HC1 lo-'  M 
(pH = 7.4). Platelets were isolated by centrifuga- 

tion (500g for 10 minutes), washed twice at 500g 
for 10 minutes, and finally resuspended in KRP 
at  a final concentration of lo6 cells/pl. Following 
this process, PMNLs were separated from the 
remaining blood as reported in our previous 
studies [15,161. Cells were finally resuspended 
in KRP (lo4 cells/Fl); 3-5 platelets/100 PMNLs 
were usually observed. The trypan blue test 
showed that 97 * 1.8% of the PMNLs were vital 
after each separation. 

Preparation of platelet release prod- 
ucts. Platelets (lo6 cells/Fl) were stimulated 
with thrombin (Behringwerke AG, Marburg, 
Federal Republic of Germany) (final concentra- 
tion 0.50 UI/ml) at 37°C for 5 minutes with 
gentle shaking. In our experimental conditions, 
this amount of thrombin induces aggregation of 
platelets and the release of granule content. The 
mixture was then centrifuged (1,OOOg for 10 
minutes) and the cell-free supernatant obtained, 
containing platelet release products, was used 
for subsequent experiments. Thrombin, at the 
concentration used to activate platelets, did not 
modify PMNLs activity (data not shown). 

Measurements of CL. CL was measured as 
previously described [15,161. Basal CL was mea- 
sured simultaneously on four samples from each 
donor. The first sample, used as reference, con- 
tained: PMNLs in KRP ( 5  x lo5 cellsiml) and 
luminol (6 x MI. Platelet supernatant (50 
~ l ) ,  P-TG (1 ng/ml), or ATP (3 x M) were 
added to the other samples. A final volume of 1 
ml was used for all samples. Basal values have 
not been subtracted from stimulated CL values, 
as the former are very small. In fact, to obtain 
basal CL values the signal was amplified using a 
much more sensitive (100-fold) range of the 
recorder, and a more highly concentrated solu- 
tion of luminol was used. In stimulated CL 
measurements, PMNLs were treated with op- 
sonized zymosan (final concentration 5 x 
g/ml) or PMA (final concentration 2 ng/ml) and 
diluted luminol was used (final concentration 
2 x M). Two samples were prepared for 
each donor. Platelet supernatant (50 ~ 1 )  was 
added to the second. Moreover, opsonized symo- 
san and PMA stimulated CL were measured 
after 1, 2, and 3 hours (at 37°C with gentle 
shaking) of incubation of PMNLs with platelet 
supernatant. Stimulated CL was also measured, 
in the same experimental conditions, after the 
addition of ATP (3 x M) and P-TG (1 ng/ 
ml) to PMNLs. 
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NADPH-Oxidase Assay 

NADPH-oxidase was obtained from opsonized 
zymosan-activated PMNLs by a modified 
Markert's method [14]. PMNLs (18,000 2 2,000 
cells/ ~ l )  were activated with opsonized zymosan 
(25 p J / l O '  cells) and preincubated for 7 minutes 
at 37°C with gentle shaking. Cells were then 
disrupted by homogenization at 0°C for 10 min- 
utes and the mixture centrifuged at 200g for 5 
minutes at 4°C to remove zymosan, nuclei, and 
unbroken cells. The supernatant, containing 
membrane particulate NADPH-oxidase (diluted 
to reach a concentration of protein of 0.5 mg/ 
ml), was employed for measurements of superox- 
ide anion production at  2532, by the reduction of 
cytochrome c (at 550 nm) 1171. An LKB 4050 
spectrophotometer equipped with a constant 
temperature sample holder and connected to a 
personal computer was used for measuring. All 
reagents were suspended in phosphate buffer 
(5 x M; pH = 7.8) C171. Two samples (final 
volume 2 ml for both samples) were prepared 
from each donor. The first, used as reference, 
contained supernatant from the processed 
PMNLs (500 PI), cytochrome c (final concentra- 
tion 3 x M), and Triton X-100 0.2% w/v in 
water (200 ~ 1 ) .  One hundred microliters of the 
supernatant from thrombin-activated platelets 
was added to the second sample. The reaction 
was started by adding NADPH (final concentra- 
tion 2.2 x M). Enzyme activity was also 
measured after the addition of ATP (3 x 
M) and P-TG (1 ng/ml) to the membrane frag- 
ments. 

Moreover a suspension of intact PMNLs 
(18,000 -+ 2,000 cells/pl) was preincubated with 
platelet supernatant for 10 minutes, 1, 2, and 3 
hours a t  37°C with gentle shaking. Two samples 
were prepared for each experiment: the first, 
used as reference, contained only PMNLs; plate- 
let supernatant was added to the second. After 
each preincubation PMNLs were activated with 
opsonized zymosan, then  processed, and 
NADPH-oxidase activity was evaluated. 

Measurements of Membrane Bound Calcium 
Release 

Membrane bound calcium release was mea- 
sured using the fluorescence of CTC, as de- 
scribed by Smolen and Weissmann 1181; how- 
ever, in this case KRP was used. CTC, from the 
stock solution, was added to 1 ml of PMNLs 
(4 x lo6  cells/ml) to reach the final concentra- 

tion of M. After preincubation of 30 min- 
utes at 37°C [MI, PMNLs were washed once and 
then resuspended in 2 ml of KRP to obtain a 
concentration of 2 x 10' cells/ml. A Perkin- 
Elmer MPF-66 fluorescence spectrofluorometer 
equipped with a constant temperature (37°C) 
sample holder was used for measuring. Excita- 
tion and emission wavelengths were 380 nm and 
560 nm. Slitwiths were 10 nm for excitation and 
5 nm for emission. Baseline levels of CTC fluo- 
rescence in PMNLs were monitored for 2 min- 
utes, followed by the addition of 100 pl of plate- 
let supernatant. The same amount of KRP did 
not modify the CTC fluorescence intensity. CTC 
fluorescence was also studied after the addition 
of FMLP MI, PMA (2 nglml), ATP 
(3 x M), and P-TG (1 nglml) to PMNLs. 

Fluorescent Polarization Measurements 

The effect of platelet release products on 
PMNLs plasma membrane fluidity was studied 
using TMA-DPH fluorescence polarization [ 191. 
In these experiments PMNLs were isolated by 
dextran sedimentation and Hypaque-Ficoll den- 
sity gradient centrifugation to eliminate lympho- 
cyte contamination. A suspension of PMNLs 
(2 x lo6 cells/ml; final volume 2 ml) was used 
immediately to assess membrane fluidity of 
PMNLs in the absence of platelet release prod- 
ucts. The other suspensions were preincubated 
in absence or in presence of 100 pl of platelet 
supernatant at 37°C with gentle shaking for 1, 
2, and 3 hours. After preincubation, the samples 
were washed in KRP and cells were labelled with 
TMA-DPH at a final concentration of 10 ' M 
1201. At the cell concentration used the effect of 
light scattering was not significant. A Perkin- 
Elmer spectrofluorometer MPF-66 (xenon lamp 
150 W, filter 390 nm) linked to a Perkin-Elmer 
model 7300 computer, with PECLS-I11 software 
was used to measure TMA-DPH fluorescence 
polarization. The excitation and emission wave- 
lengths were 360 nm and 430 nm respectively. 
The results of steady-state polarization experi- 
ments are expressed as fluorescence polariza- 
tion (P). P = (Ia - Ibxg)/(Ia + Ibxg), where Ia 
and Ib are the fluorescence intensities, parallel 
and perpendicular to the sample, and the g (0.7) 
represents a factor used to correct the unequal 
transmission of differently polarized light. Mem- 
brane fluidity was also measured after the addi- 
tion of ATP (3 x M) and P-TG (1 ng/ml) to 
PMNLs in two different experimental condi- 
tions. In the first case, chemicals were added to 
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PMNLs and measurements were immediately 
taken. In the second case, measurements were 
carried out after 1, 2, or 3 hours of preincuba- 
tion. 

Statistical Analysis 

The signed rank test for paired data was used 
to perform the statistical analysis of the results. 
In order to confirm the significant differences 
obtained by the signed rank test, the student 
t-test for paired data was also employed. To 
calculate the mean of percentage values, data 
were normalized by arcsin transformation, as 
percentage values are not normally distributed 
E l l .  

RESULTS 
Chemiluminescence Measurements 

The addition of platelet supernatant to PMNLs 
induced a statistically significant increase of 83.3 
5 15% of basal CL (Table I). The addition of 
platelet supernatant to activated PMNLs in- 
duced also a statistically significant increase of 
opsonized zymosan stimulated CL (P < 0.05) 
and PMA stimulated CL (P  < 0.05) (Table 11). 
The percentage increase were 17.26 & 6% and 
30 k 6% respectively. PMNLs preincubated with 
platelet supernatant showed a lower PMA stim- 
ulated CL response compared with PMNLs pre- 
incubated in the absence of platelet superna- 
tant. After a preincubation of l, 2, and 3 hours, 
percentage decreases of PMA stimulated CL val- 
ues were respectively: 19.96 2 8.9%, 35 2 7%, 
and 25.8 5 24.8% (P < 0.05) (Fig. 1). On the 
contrary, PMNLs preincubated with platelet su- 
pernatant did not show any significant modifica- 
tion of opsonized zymosan stimulated CL (Table 
11). 

ATP inhibited the CL response only in PMNLs 
stimulated with opsonized zymosan, both with 
and without preincubation of 3 hours, percent- 
age decreases were respectively 30.6 k 3.5% 
(P < 0.05); and 31.7 * 13% (P < 0.05) (Fig. 
2a). However, ATP did not induce significant 
modifications of basal and PMA stimulated CL 
response (Fig. 2b) (Table I). 

The addition of P-TG to PMNLs induced a 
considerable decrease in both opsonized zymo- 
san and PMA stimulated CL (Fig. 3a), the per- 
centage decreases were, respectively, 82.7 k 8.3% 
(P < 0.01) and 47.9 k 9.5% (P < 0.01). After 3 
hours of preincubation, the percentage de- 
creases were 99.8 & 0.0% for opsonized zymosan 

TABLE I. Effect of Platelet 
Supernatant, ATP, and P-TG on Basal CLt 

Basal 
chemiluminescent 

units (bCLU) 

Reference 1.81 t 1.3 
PMNLs + platelet super- 

P M N L ~  + ATP (3 x 1 0 - 5 ~ )  
PMNLs + p-TG (1 ng/ml) 

?Measurements of basal CL were performed for 50 minutes 
at 37°C. Data are expressed as mean values -C SD of 13 
experiments; bCLU = (area of CL curves/number of PMNLs) 

*P <0.05. 

natant 2.9 ? 1.9* 
1.53 t 0.9 
1.76 t 0.5 

x lo5. 

(P < 0.01) and 98.7 5 4.7% for PMA (P < 0.01) 
(Fig. 3b). The analysis of p-TG action on PMNLs 
over a complete time course showed a time- 
dependent increase of its inhibitory effect on 
opsonized zymosan and PMA stimulated CL (Fig. 
4). However, P-TG failed to produce a significant 
decrease of basal CL (Table I). In order to evalu- 
ate if the inhibitory effect shown by P-TG was 
due to cellular damage during preincubation, 
the trypan blue test was performed. It showed 
that 98.1 k 1.5% of cells were vital. Further- 
more, the strong inhibitory action of p-TG was 
not due to its function as oxygen radical scaven- 
ger. In fact, the addition of p-TG to a cell-free 
system, in which superoxide anion was gener- 
ated by the aerobic action of xanthine oxidase on 
xanthine, failed to produce a significant change 
in the rate of cytochrome c reduction (data not 
shown). 

Assay of NADPH-Oxidase 

The ability of membrane vesicles containing 
NADPH-oxidase to produce superoxide anion 
was enhanced by the addition of platelet super- 
natant. Mean values of nmoles of superoxide 
anion produced were: 10.6 * 4.2 without plate- 
let supernatant and 12.6 * 5.2 with platelet 
supernatant, the difference was statistically sig- 
nificant (P  < 0.05; confidence limits = 0-4.1; 
n = 13). ATP and P-TG failed to produce changes 
of production of superoxide anion by membrane 
fragments (data not shown). 

We also studied the activity of NADPH- 
oxidase in membrane vesicles prepared from 
intact PMNLs preincubated with platelet super- 
natant. No change in enzyme activity was shown 
when PMNLs were preincubated for a period of 
10 minutes or 1 hour. On the contrary, a signifi- 
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TABLE 11. Effects of Platelet Supernatant on PMNLs Stimulated CL 

A" 
Chemiluminescent units 

- 

(CLU) Confidence limits Significance 

Without platelet supernatant With platelet supernatant 
PMA 2.27 ( 2  1.65) 3.14(? 1.93) 0-1.74 P < 0.05 
0. Zymosan 10.94 ( 5  7.86) 13.45 ( 2  10.02) 0-5.02 P < 0.05 

Bb 

Chemiluminescent units 
(CLU) Confidence limits Significance 

PMA 2.75 (5  1.62) 2.17 ( 2  1.60) 0-1.16 P < 0.05 
0. Zymosan 3.16 (t 1.70) 6.01 (& 5.29) 0-5.71 n.s. 

"Platelet supernatant was added to PMNLs immediately before the addition of agonists. 
bPMNLs were preincubated with platelet supernatant (3 hours at 37"C), then followed the addition of agonists. Data are 
expressed as mean values L SD of 13 experiments; CLU = (area of CL curvesinumber of PMNLs) x lo3. n.s., not significant. 

140 I T  

0 I 2 3 

time (hours) 

Fig. 1. Effect of platelet supernatant on PMA stimulated CL of 
PMNLs. Measurements were performed both without and with 
different periods of preincubation of PMNLs with platelet super- 
natant (1, 2, and 3 hours at 37°C). Data, mean ? SD of 3 
experiments, are expressed as a percentage of control. 

cant decrease of enzyme activity was observed 
when PMNLs were preincubated for 2 or 3 hours 
with platelet supernatant (Fig. 5). 

Release of Membrane Bound Calcium 

A rapid decrease of CTC fluorescence was 
observed after the addition of platelet superna- 
tant to CTC preloaded PMNLs, which indicates 
a release of membrane bound calcium (Fig. 6 )  
[W. 

ATP and P-TG produced only a small decrease 
of CTC fluorescence (Fig. 6). PMA and FMLP 
were used to test the method; results obtained 
were in accordance with those of other authors 
D81. 

(*) withoutprcincubation with preincubation 
CLU CLU 

lo 1 

6 4 

4 2 

4 

2 

CLU 

4 

2 

Fig. 2. Effect of ATP on PMNLs CL response stimulated by 
opsonized zymosan (A) or PMA (6). Measurements were per- 
formed both without and with a preincubation of cells with ATP 
( 3  hours at 37°C). Data are expressed as chemi1uminesc:ent 
units (CLU); CLU = (area of CL curvesinumber of PMNLs) :.( 
1 03. Results are mean L SD of 13 experiments. * P  < 0.05 with 
respect to the control sample. 

Fluorescent Polarization Measurements 

The mean value of TMA-DPH fluorescence 
polarization (P) in non-preincubated PMNLs 
was 0.358 2 0.017, in conformity with results 
obtained by other authors [221. Platelet superna- 
tant did not modify plasma membrane fluidity 
after 1 or 2 hours of preincubation (data not 
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0 reference 

PMNLs+B-TG 

Fig. 3. Effect of p-TG on  PMNLs CL response. Measurements were performed both without (A) and with (6) a 
preincubation of cells with P-TG (3 hours at 37°C). Data are expressed as  chemiluminescent units (CLU); CLU = 
(area of CL curves/number of PMNLs) x 10’. Results are mean ? SD of 13 experiments. *P  < 0.01 with respect to 
the control sample. 

shown). PMNLs preincubated for 3 hours in the 
absence of platelet supernatant did not show 
significant changes of P value. However, in the 
same experimental conditions, but in the pres- 
ence of platelet supernatant, PMNLs showed a 
significant increase of P value (P < 0.05), which 
indicates a decrease in plasma membrane flu- 
idity (Table 111). 

ATP did not modify the P values both with or 
without preincubation (Fig. 7). 

The addition of p-TG to PMNLs induced an 

instantaneous significant increase of P values 
(P < 0.05) (Fig. 7). No relevant changes of P 
values were observed for longer incubations (Fig. 
7). 

DISCUSSION 

Using CL, the addition of platelet superna- 
tant to PMNLs induced an immediate increase 
both of basal and stimulated CL, in line with the 
findings of other authors [S,lOl. 
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Fig. 4. Effect of p-TC on PMA or opsonized zymosan stimu- 
lated CL of PMNLs. Measurements were performed both with- 
out and with different periods of preincubation of PMNLs with 
p-TG (1, 2, and 3 hours at 37°C). Data, mean ? SD of 3 
experiments, are expressed as a percentage of control. 

time 

Fig. 5. Effect of platelet supernatant on superoxide anion 
production by NADPH-oxidase. Measurements were per- 
formed after different periods of preincubation of PMNLs with 
platelet supernatant (10 minutes, and 1, 2, and 3 hours at 
37°C). Data, mean 2 SD of 3 experiments, are expressed as a 
percentage of control. 

The stimulating effect on CL could be related 
to the increase of NMPH-oxidase activity in- 
duced by platelet release products. In fact, the 
stimulation of NADPH-oxidase produces super- 
oxide anion and other reactive oxygen species 
formed indirectly [51. The stimulatory effect of 
platelet release products on reactive oxygen spe- 
cies production is also confirmed by the increase 
of membrane bound calcium mobilization after 
the addition of platelet supernatant. I t  is known 
that intracellular calcium is important for the 
mechanism of PMNLs activation. In fact, super- 
oxide anion generation and lysosomal enzyme 

- 
20 SEC 

Fig. 6. Effect of platelet supernatant, FMLP, ATP, and PMA on 
membrane bound calcium release expressed by the fluores- 
cence of CTC-loaded PMNLs. Platelet supernatant, FMLP, ATP, 
and PMA were added to PMNLs after 2 minutes from the 
beginning of measurements. The stimuli were added at the time 
indicated by the arrow. 

TABLE 111. Fluorescent 
Polarization Values (P) of TMA-DPH in 

PMNLs With and Without Platelet 
Supernatant? 

Time of 
Samples preincubation P 

Reference 0.358 (& 0.017) 
Reference 3 hours 0.357 (t 0.032) 
+ platelet 

supernatant 3 hours 0.370* (t 0.0171 

TPreincubation was carried out at 37°C. Results are ex- 
pressed as mean values (i SD) of P of 13 experiments. 
*P < 0.05. 

release can be eliminated by an inhibition of 
membrane bound calcium mobilization 123,241. 
In order to investigate the time-dependent effect 
of platelet release products on PMNLs activity, 
we tested PMNLs response after different peri- 
ods of preincubation with platelet supernatant. 
With reference to the CL experiments, we ob- 
served that after 3 hours of preincubation with 
platelet supernatant, the PMA stimulated CL 
was significantly decreased, while opsonized zy- 
mosan stimulated CL was unchanged. NADPH- 
oxidase superoxide anion production was de- 
creased after 2 or 3 hours of preincubation of 
PMNLs with platelet supernatant. 

A hypothesis can be advanced to explain these 
inhibitory effects. During preincubation with 
platelet supernatant, PMNLs are continuously 
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without preincubation with preincubation 

P 

0.390 

0.380 

0.370 

0.360 

T 

T 

6 .... 
.... 
.... 

P 

0.390 

0.380 

0.3701 T T T 

0.360 

n basal 

PMNLs + ATP 
1 , , , , , 1 p m +  

Fig. 7. Effect of ATP and p-TG on membrane fluidity of PMNLs. Measurements were performed both without and 
with preincubation of cells with ATP or P-TG (3 hours at 37°C). Results are expressed as fluorescent polarization 
values (P) of TMA-DPH. Results are expressed as mean 2 SD of 13 experiments. 

stimulated, as demonstrated by the increase of 
basal CL. Various experimental evidence sug- 
gests that the release of reactive oxygen species 
could induce the peroxidation of membrane lip- 
ids 125-291. In model and natural membranes, 
an increase of lipid peroxidation is associated 
with a decrease of membrane fluidity that causes 
a loss of balance in the expression of the recep- 
tor surfaces 130-321. During PMNLs activation, 
the preformed receptors for the components of 
complement (C3b and C3bi) are translocated 
from the cytoplasm to the cell surface through 
the membrane [33-351. In our opinion a de- 
crease of membrane fluidity, probably mediated 
by lipid peroxidation, could modify the recep- 
tors’ exposition and/or prevent signal transduc- 
tion following the binding of agonist molecules 
with their membrane receptors. 

It is nevertheless possible that the platelet 
release products act directly on PMNLs mem- 
brane and not by the mediation of reactive oxy- 
gen species. 

The reduced response of PMNLs after a long 
period of preincubation with platelet superna- 
tant could also be related to receptor saturation 
[361. However, this possibility could be excluded 
due to the fact that the same decreases of cell 
activity were observed in PMNLs, washed and 
unwashed, after preincubation (data not shown). 

Our results indicate that molecules present in 
the platelet supernatant modify the PMNLs re- 

sponse. It has to be stressed that some of these 
products exert stimulatory effects and their ac- 
tion can be evaluated immediately; others exert 
an inhibitory effect only after a period of contact 
with PMNLs. In  order to investigate if the 
changes of PMNLs activity observed are due to 
specific molecules released by platelets, we stud- 
ied the effects of ATP and p-TG on PMNLs. 
McGarrity et al. have earlier suggested that 
adenine nucleotides could play an inhibitory ef- 
fect on PMNLs activity [12]. We found that ATP 
exerts an inhibitory effect on PMNLs, both im- 
mediately and after a long incubation, but only 
when cells were stimulated with opsonized zymo- 
san. On the other hand, using PMA as an ago- 
nist, ATP caused no modification of the PMNLs 
CL response. Opsonized zymosan activates the 
phosphoinositide turnover, with subsequent cal- 
cium mobilization and protein kinase C phospho- 
rilation, while PMA directly activates protein 
kinase C and bypasses these cellular mecha- 
nisms. Therefore, our results suggest that ATP 
acts before protein kinase C activation. In this 
manner, the PMNLs activation pathway due to 
opsonized zymosan is prevented; this results in 
diminished CL response. On the other hand, 
PMNLs stimulation by PMA is not influenced 
by ATP, because the agonist acts directly on 
protein kinase C. These results, and the fact 
that ATP does not influence NADPH-oxidase 
activity, membrane-bound calcium release and 
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membrane fluidity, could be explained by the 
direct action of the nucleotide on specific recep- 
tors (opsonized zymosan receptors). 

Our findings showed that without preincuba- 
tion, P-TG induces a considerable decrease of 
the PMNLs CL response using either opsonized 
zymosan or PMA as an agonist. This inhibition 
could be related to the decrease of PMNLs mem- 
brane fluidity observed after the addition of 
P-TG. The inhibitory effect of P-TG on PMNLs 
CL response was time-related, the highest value 
of inhibition was reached after 2 hours (Fig. 5) .  
Membrane fluidity, on the contrary, was not 
modified after preincubation. An explanation of 
these conflicting findings can be found in a possi- 
ble cleavage action by PMNLs on P-TG during 
preincubation. It has been demonstrated that 
during preincubation of P-TG with human blood 
mononuclear cells, these cells generate a neutro- 
Phil-activating peptide corresponding to a car- 
boxy-terminal fragment of p-TG 1371. In our 
opinion PMNLs, during a long period of preincu- 
bation, could produce one or more peptideb) 
from P-TG cleavage. The derivated peptideb) 
could modify the PMNLs CL response by mech- 
anisms as yet unknown and not related to 
changes in membrane fluidity. This possibility is 
currently under investigation. 

Although further work is needed to elucidate 
the nature of platelet factors involved, as well as 
their target site(s) on the PMNLs, these findings 
are consistent with the participation of platelets 
in the modulation of PMNLs activity in vitro 
and, possibly, in vivo at the site of inflammation. 
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