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Abstract
Aims-To investigate in vitro the effect of
amphotericin B on platelets in order to
understand poor platelet recovery in pa-
tients receiving platelet transfusions and
amphotericin B simultaneously.
Methods-Washed platelets were isolated
from platelet concentrates and exposed to
amphotericin B (4 igIml) for one hour.
Platelet function was assessed by aggrega-
tion response to thrombin (0-0.6 U/ml),
serotonin release, response to hypotonic
stress, and mean platelet volume. The
expression of surface membrane glyco-
protein (GP) Ib-IX complex, GPITb-IIIa
complex and CD62P (P-selectin) was

examined by flow cytometry using fluo-
rescence labelied monoclonal antibodies.
Heterotypic cell adhesion was measured
in amphotericin B treated platelets co-

incubated with isolated, autologous poly-
morphonuclear leucocytes (PMN) by flow
cytometric analysis.
Results-Amphotericin B induced plate-
let dysfunction. The rate ofaggregation by
thrombin, serotonin uptake and thrombin
induced release of serotonin, and the
response of platelets to hypotonic stress
were inhibited. There was up to a two-fold
increase in the mean platelet volume. The
expression of platelet surface GPIb-IX
and GPIIb-IIIa was not affected. P-sel-
ectin, normally expressed only on the sur-

face of activated platelets, was also ex-

pressed on unactivated platelets.
Amphotericin B increased platelet adher-
ence to PMN and the number of platelets
bound per PMN.
Conclusions-In vitro, amphotericin B
induces P-selectin expression on the sur-

face ofunactivated platelets and increases
platelet adhesion to PMN, which is exac-

erbated by storage. Platelet dysfunction
resulting from exposure to amphotericin
B may contribute to poor platelet recovery
in vivo when amphotericin B is adminis-
tered concomitantly with platelet trans-
fusion.
(7 Clin Pathol: Mol Pathol 1996;49:M30 1-M307)

Keywords: amphotericin B, platelets, surface membrane
glycoprotein, flow cytometry.

Systemic administration of amphotericin B is a

standard treatment for mycotic infections.
Immunocompromised, critically ill, or patients
with cancer often require the simultaneous

administration of amphotericin B and blood
components. Amphotericin B given concomi-
tantly with platelet transfusion is associated
with poor platelet recovery.l" The recovery of
stored platelets 12-18 hours post-transfusion,
relative to fresh platelets, decreased from 89%
in clinically stable patients to 65% in patients
receiving intravenous amphotericin B.5 In vivo,
platelets play a central role in haemostasis by
the processes of adhesion and aggregation.
Interactions between platelets (haemostatic
cells) and inflammatory cells such as polymor-
phonuclear leucocytes (PMN) are of im-
portance for both haemostasis and inflamma-
tion.
Amphotericin B is a lipophilic antibiotic

which binds to membrane sterols of mamma-
lian cells, including those in the blood.6 7 This
leads to destruction of membrane integrity,
increased cell permeability, leakage of cellular
contents, and subsequent cell lysis. In vitro,
amphotericin B exacerbates a platelet surface
membrane lesion, characterised as "pits",8 and
decreases the expression of surface membrane
glycoprotein (GP) Ib in stored platelets.9

In the present study we have characterised
the in vitro effects of amphotericin B on plate-
lets. Platelet function was assessed by thrombin
induced aggregation, serotonin release, hypo-
tonic stress response, and mean platelet
volume. The platelet surface is the primary site
of exposure to amphotericin B. We have exam-
ined the effect of the antibiotic on the surface
expression of platelet membrane GPIb-IX
complex, GPIIb-IIIa complex and P-selectin
and on platelet-PMN adhesion using flow
cytometry.

Methods
PLATELET PREPARATION
Platelets were obtained as platelet concentrates
by automated plateletpheresis or as platelet
rich plasma, from normal human blood
collected in 1/11 volume anticoagulant citrate
dextrose solution (75 mM trisodium citrate,
38 mM citric acid, 124 mM dextrose) as
described previously.'0 11 Platelet concentrates
were stored in polylolefin bags (Fenwal PL732;
Baxter Healthcare Corp., Deerfield, Illinois,
USA) on a rotator at room temperature
(20-24°C). Incubations in the experiments
were carried out at room temperature unless
otherwise specified. Washed, unactivated plate-
lets were isolated from platelet concentrates or
from platelet rich plasma by centrifugation at
1000 x g for 10 minutes in the presence of
1 ,uM prostaglandin El (PGE1) and resuspen-
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sion at a density of 5 x 108/ml in Tyrode's-
HEPES buffer (TH; 137 mM NaCl, 2.7 mM
KCl, 0.42 mM NaH2PO4, 12.5 mM
NaHCO3, 2.0 mM MgCl2, 5.5 mM
D-glucose, 5.0 mM HEPES, and 3.5 mg/ml
bovine serum albumin, pH 7.4).

AMPHOTERICIN B TREATMENT
Amphotericin B (Life Technologies, Gaithers-
burg, Maryland, USA), 250 ,ug/ml stock
solution in saline, was added at a final concen-
tration of 4 gsg/ml to the platelet suspension in
TH buffer. Platelets were incubated with the
antibiotic at 37 °C for one hour. An equal vol-
ume of saline was added to control samples.
The concentration of 4 ig/ml amphotericin B
was chosen for study as representative of thera-
peutic peak serum concentrations reported
with intravenous amphotericin B.7 8 In prelimi-
nary experiments, thrombin induced platelet
aggregation was studied after treatment with 1,
2 and 4 gg/ml amphotericin B and the mean
platelet volume was determined after treat-
ment with 1-32 ,g/ml amphotericin B.

PLATELET COUNTING AND SIZE ANALYSIS
Platelet counts and size analysis were per-
formed on a System 9000 Hematology Series
cell counter (Serono Baker Diagnostics, Allen-
town, Pennsylvania, USA). The mean platelet
volume was used to assess shifts in platelet size.

PLATELET AGGREGATION
Amphotericin B treated platelets and untreated
controls (150 gl) were incubated in a microtitre
plate with human a-thrombin (lot H2; FDA,
Bethesda, Maryland, USA) added at concen-
trations of 0.18-0.6 U/ml. Aggregation was
monitored as a change in the absorbance at
650 nm (A650) using a Vmax Kinetic Micro-
plate Reader (Molecular Devices Corporation,
Menlo Park, California, USA).`2

HYPOTONIC STRESS RESPONSE
Platelets (50 gl of 1 xlO9/ml) treated with 4
ig/ml amphotericin B or untreated, control

platelets were added to 100 gl TH (buffer con-
trols, -stress) or 100 gl distilled water
(+stress). Hypotonic stress response was meas-
ured as a change in A650 with time using a
Vmax Kinetic Microplate Reader.

SEROTONIN UPTAKE AND RELEASE ASSAY
Serotonin release was assayed as described
previously.'3 Amphotericin B treated platelets
and controls (5 x 1 08/ml) were incubated with
0.05 #Ci/ml ['4C]serotonin (New England
Nuclear, Boston, Massachusetts, USA) for 30
minutes at 37°C. Samples were washed once in
TH buffer with 1 ,uM PGE1 and resuspended
in TH buffer at 5 x 1 08/ml. An aliquot was used
to measure the extent of serotonin uptake by
scintillation counting. Imipramine (6.8 gM)
was added to the final platelet suspension to
prevent re-uptake of serotonin following
thrombin stimulation. Aliquots (1 ml) were
activated by 0.02-4.0 U/ml thrombin for two
minutes. Platelets were then fixed by adding

2.5 ml cold 1.5 M formaldehyde and incuba-
tion at 4 "C for 10 minutes. The platelet
suspension was centrifuged at 3200 x g and the
serotonin released from platelets was measured
in the supernatant. The serotonin release at
various thrombin concentrations was ex-
pressed as a percent of the total extent of sero-
tonin uptake in the platelets.

PMN ISOLATION
PMN were isolated from autologous human
blood as described previously.'4 Briefly, PMN
were isolated by dextran sedimentation, den-
sity gradient centrifugation using Lymphocyte
Separation Medium (Organon Teknika, Dur-
ham, North Carolina, USA) and hypotonic
lysis of erythrocytes. PMN were washed three
times with and resuspended in calcium- and
magnesium-free Hank's balanced salt solution
(HBSS; Life Technologies) to 1 07/ml.

ANTIBODIES
The fluorescein isothiocyanate (FITC) conju-
gated CD41 monoclonal antibody (clone P2;
Immunotech Inc., Westbrook, Maine, USA)
recognises an epitope on GPIIb only present
on the platelet membrane GPIIb-IIIa complex.
The phycoerythrin (PE) conjugated CD62P
monoclonal antibody (clone AC 1.2; Becton
Dickinson Immunocytometry Systems, San
Jose, California, USA) recognises the CD62P
(P-selectin) antigen, an a-granule membrane
protein that is externalised and expressed on
the plasma membrane of activated platelets.
The GPIb-IX monoclonal antibody (Immu-
notech Inc.) recognises an epitope only present
on the platelet membrane GPIb-IX complex.
This monoclonal antibody was labelled with
secondary goat anti-mouse IgG-FITC antise-
rum (Sigma, St Louis, Missouri, USA). All of
the monoclonal antibodies are of the IgG class.
The isotype control reagents conjugated to
either FITC or PE were purchased from
Becton Dickinson Immunocytometry Systems.

PREPARATION OF PLATELETS FOR FLOW
CYTOMETRY

Labelling of platelets with monoclonal anti-
bodies was carried out as described previously.9
Amphotericin B treated platelets were diluted
to 5 x 107/ml in TH buffer containing either 5
mM EDTA for assessing monoclonal antibody
binding to GPIb-IX or 2 mM CaCl2 (TH-Ca)
for binding to GPIIb-IIIa and P-selectin. Ali-
quots (100 jil) were incubated with saturating
concentrations of monoclonal antibody.
Thrombin (0.032-4.0 U/ml) was added and
samples were incubated for 30 minutes. After
15 minutes, a saturating concentration of goat
antimouse IgG-FITC secondary antibody was
added to samples in which unlabelled GPIb-IX
monoclonal antibody was used. The samples
were then fixed with an equal volume of 2%
formaldehyde in TH buffer for 30 minutes.
The samples were diluted to 0.5 ml in TH
buffer and analysed using flow cytometry.
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Figure 1 Thrombin induced platelet aggregation after exposu
amphotericin B. Platelets (5 x. 108/ml) in TH were incubated 2
amphotericin B at 37°C and stimulated with thrombin (0.18
measured as changes in light absorption (A650) following addi
minutes.
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events below the threshold) for positive platelet
-o--- 0 pg/ml fluorescence. The platelet fluorescence ratio,

an estimate of the number of platelets bound to
1 ,ug/rn each neutrophil, was determined as described

_-o-- 2 pg/ml by Rinder et al.'5 The experiments were

-.---- 4 pgiml
performed at least three times with single

*___4___________ representative experiments shown in figs 5, 6
and 7.

STATISTICAL ANALYSIS
The data were analysed using a paired t test.
Values are expressed as mean (SD). Differ-
ences were considered significant if p < 0.05.

8 10 12 Results
PLATELET AGGREGATION
Exposure of platelets in TH buffer to increas-

with 0, 1, 2, or 4 jsglml ing amphotericin B concentrations from 1 to 4
U/ml). Aggregation was jg/ml for one hour at 37°C resulted in a
tion of thrombin at time 0 decrease in their A650 (fig 1). Increasing

amphotericin B concentrations inhibited the
thrombin induced rate of aggregation by
20-70%. The inhibitory effect of amphotericin

-~32 pg/mI B was observed at 0.18 U/ml thrombin (fig 1)
and similarly at higher thrombin concentra-

__ 16 pg/ml tions up to 0.6 U/ml (data not shown). The
extent of aggregation was not affected.
Examination by light microscopy of untreated
platelets and platelets treated with 1-4 gg/ml

_U 8 pg/mI amphotericin B did not reveal any notable dif-
ference in morphology.

Time (hours)

Figure 2 Effect of amphotericin B on mean platelet volume. Platelets (5 x 108l/ml) in TH
were incubated with 0, 1, 2, 4, 8, 16, and 32 ,uglml amphotericin Bfor one hour at 37°C
and the mean platelet volume was measured in a cell counter.

PLATELET-PMN CO-INCUBATION ASSAY

Fixed, CD41-FITC labelled platelets (150 p1,

3 x 108/ml) in TH-Ca buffer were added to
viable PMN (150 1, 3 x 1 06/ml) to approxi-
mate the relative densities in normal blood,
mixed by gentle inversion, incubated for 30
minutes, and analysed using flow cytometry.

FLOW CYTOMETRY

A FACScan flow cytometer (Becton Dickinson
Immunocytometry Systems) was used to ac-

quire logarithmically amplified light scatter
and fluorescence signals from 10 000 platelets
in each sample. Platelets and PMN were iden-
tified by their characteristic forward and
orthogonal light scatter and by CD41-FITC
fluorescence as a platelet specific marker.
Results are expressed as histograms of cell
count versus log fluorescence intensity (FL1 or

FL2) or bar graphs. Background binding,
obtained from parallel assays with FITC or PE
labelled isotype control monoclonal antibod-
ies, was used to set a threshold (99% of control

MEAN PLATELET VOLUME
The effect on mean platelet volume of exposing
platelets in TH buffer to varying concentra-
tions of amphotericin B is shown in fig 2. In the
presence of 4-32 ,ug/ml amphotericin B the
mean platelet volume increased 1.4-2.6 fold.
Platelet count was not affected. Platelets, after
five days of storage, showed similar increases in
the mean platelet volume on treatment with
amphotericin B under the same conditions
(data not shown).

HYPOTONIC STRESS RESPONSE
Hypotonic stress response was inhibited in
platelets exposed to 4 ,ug/ml amphotericin B, as
shown in fig 3. The A650 of amphotericin B
treated platelets was lower than the untreated
platelets. Under hypotonic stress, the A650 of
the untreated platelets decreased initially and
then increased, indicating partial recovery. The
platelets exposed to antibiotic and subjected to
hypotonic stress showed a decrease in A650,
which remained unchanged with time.

SEROTONIN UPTAKE AND RELEASE
Amphotericin B strongly inhibited (85 (5)%)
total ['4C] serotonin uptake, as determined by
scintillation counting. Serotonin release in
amphotericin B treated platelets is also inhib-
ited upon activation by thrombin (fig 4). The
maximum serotonin released, at the highest
thrombin concentration (4.0 U/ml), indicated
that in control platelets 79 (3)% of total sero-
tonin uptake was releasable, whereas in am-
photericin B treated platelets 55 (9)% of total
uptake was releasable.
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Figure 3 Hypotonic shock responise ofplatelets exposed to amphotericin B. Platelets (50 Id
of I x 1 09/mln) in TH buffer untreated (-AMB) or7 treated with 4 ligl/ml ainphotericinl B
(+AMB) were added to 100 1d TH buffer (control) or 100 Id distilled water (+stress).
Hypotonic stress response was measured as chaniges in light absorption (A6SO) with timle.
AMB amphotericin B.

100
as

a75 _-_-7 -<Control

*:250+i* -* AMB

250 4-

0t
0 1 2 3 4 5

Thrombin (U/ml)

Figure 4 Serotonin1 release in amiiphotericiin B treated
platelets. Thromiibinl induced serotonin release is illuistrated as
the per ceent of /'`Cserotonin loaded into platelets. Conltrol
without amiphoteriein B (AMB) treatment (- ); platelets
treated wvith 4 ,ngnl amphotericin B (0).

SURFACE EXPRESSION OF ME.MIBRANE

GLYCOPROTEINS
Thrombin induced a decrease in surface
GPIb-IX expression and an increase in GPIJb-
Illa expression in control and amphotericin B
treated platelets (figs 5A and 5B). In fresh,
unactivated platelets exposed to amphotericin
B surface P-selectin was elevated compared
with fresh, control platelets which do not
express P-selectin (fig 5C). P-selectin expres-
sion was increased by thrombin concentrations
of 0.16-4.0 U/ml in both control and ampho-
tericin B treated platelets. Its expression was
higher in treated platelets than in untreated
ones at low thrombin (0.032 and 0.16 U/ml)
concentrations.
The effect of amphotericin B on surface

P-selectin expression in stored platelets is
shown in fig 6. Surface P-selectin expression
was undetectable in fresh platelets but in-
creased with amphotericin B treatment (fig
6A). In five-day stored platelets, surface
P-selectin expression was observed in un-
treated platelets and was significantly increased
in amphotericin B treated platelets (fig 6B).

ADHESION OF PLATELETS TO PMN

Isolated platelets and PMN were co-incubated
as described. Figure 7 shows the histograms of
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Figure.5 F/feeotof amphoterici1n B (AAI11I) on throumbin
dependent expressiOn (ofplatelet m bre g/vcoproreinsas
dleterm7llined bv./lowz cvtometrv. Platelets in 7HbYt/b
zwithoutt amiiphotericin B ('open bars) or w-it/ 4 msniln
amphotericin B (shaded bars) wecre incubated ait 37 C/1r
on1e hour; Monloclonlal anlti'bodies wvere addedc and thle
platelets stimulated with 0.32-4. 0 U ml th/^omiibin J/or 30
minutes beforefixing. Bargraphs illutstrate (A) GPIb-IX,
(B) GPIIb-IIIa anid (C) CD62P expressi'on1 as miean1
channel.fluorescence. This experiment i.s repr'ese7ntaItive(/
thlree sepatrate experiments.

a representative assay of the effect of ampho-
tericin B on platelet adhesion to PMN. The
platelets were labelled with anti-GPIIb-IIIa-
FITC monoclonal antibody. PMN events posi-
tive for the platelet marker fluorescence repre-
sent PMN with bound platelets. A threshold
marker for platelet fluorescence was set using
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Figure 6 Effect offive-day storage on surface P-selectin expression in amphotericin B
treated platelets. Platelets isolatedfrom fresh (A) orfive-day stored platelet concentrates (B)
were suspended at 5 x 107/ml in TH-Ca buffer, with or without 4 ,glml amphotericin B.
The samples were labelled with PE conjugated P-selectin monoclonal antibody or an isotype
control monoclonal antibody,fixed with 2% formaldehyde and analysed usingflow
cytometry. In both panels, the thin line histogram plots correspond to the isotype control
(mouse IgG-PE) used to set the threshold markerfor positive platelet fluorescence. The
threshold excluded 99% of the isotype controlfluorescence. The dashed lines correspond to
fresh platelets (A) or stored platelets (B) without amphotericin B treatment labelled with
P-selectin monoclonal antibody. The bold lines correspond to fresh platelets (A) or stored
platelets (B) treated with amphotericin B and labelled with P-selectin monoclonal antibody.
This experiment is representative of three separate experiments.

an isotype control (figs 7A and B; thin lines);
events with fluorescence levels above this
threshold represent PMN with bound plate-
lets.
Amphotericin B increased platelet adher-

ence to PMN as shown by the increase in the
percentage ofPMN which had platelets bound
and the number of platelets bound per PMN.
In the representative experiment (fig 7), unac-

tivated platelets co-incubated with PMN re-

sulted in 41% of PMN having adhered
platelets (fig 7A; dashed line), whereas 73% of
PMN bound amphotericin B treated, unacti-

Table 1 Heterotypic adhesion ofplatelets to PMN. Results are expressed as mean (SD)

vated platelets (fig 7A; bold line). Thrombin
activated platelets, untreated or treated with
amphotericin B, were bound by 98% and 80%
of PMN, respectively (fig 7B; dashed and bold
lines). Exposure of platelets to amphotericin B
increased the number of unactivated platelets
bound per PMN-that is, the mean platelet
fluorescence ratio, from 2 to 9. The mean
platelet fluorescence ratios of PMN binding
activated platelets without and with amphoter-
icin B were 10 and 9, respectively. The results
of three experiments are summarised in table
1. The percentage of PMN binding unacti-
vated platelets was significantly increased by
treatment with amphotericin B (p < 0.003).
Thrombin activation of untreated and treated
platelets also increased the percentage ofPMN
binding platelets (p < 0.009). The platelet
fluorescence ratio increased upon amphoter-
icin B treatment of unactivated platelets (p <
0.004). Thrombin activation of untreated
platelets increased the platelet fluorescence
ratio (p < 0.02).

Discussion
Simultaneous administration of amphotericin
B with transfusion of stored platelets induces
an impressive decrease in in vivo platelet
recovery and survival in myelosuppressed
patients.5 In our in vitro studies we examined
the effect of amphotericin B on platelet
function and the expression of surface mem-

brane glycoprotein in fresh and stored plate-
lets. Exposure of washed platelets to therapeu-
tic concentrations of amphotericin B (4 jg/ml)
for one hour resulted in impaired function in
both fresh and stored platelets. The rate of
aggregation by thrombin, serotonin uptake and
release, and response to hypotonic stress were

inhibited, and the mean platelet volume was

increased. Amphotericin B binds to sterols of
mammalian cell membranes and functions as

an ionophore, inducing extensive permeability
to ions.6 Such an effect on the platelet
membranes could result in the observed
increase in the mean platelet volume on

treatment with amphotericin B. The inhibition
of serotonin uptake observed by us, could be
the result of disruption of the transmembrane
proton, Na+, and K+ gradients which are

required for active transport of serotonin
across the platelet plasma membrane.'6 Inhibi-
tion of serotonin release may be because of its
lower uptake on exposure to amphotericin B.
Exposure of red blood cells to amphotericin B
in vitro causes cell lysis subsequent to disrup-
tion of membrane permeability.'7 However, in
vivo increased cation pumping by healthy red
cells compensates for the damage. Administra-
tion of amphotericin B with granulocyte trans-
fusion has been reported to cause lethal
pulmonary reactions, possibly from PMN lysis
and release of proteases that damage the
tissue." A more recent study,'9 however,
showed no detrimental interaction between
granulocyte transfusion and amphotericin B.
Studies of platelets using scanning electron
microscopy show a significant increase in "pit"
formation in stored platelets exposed to

PMN binding platelets (%) Plateletfluorescence ratio

Unactivated Activated Unactivated Activated

Control 52 (11) 99 (1) 2 (1) 10 (3)
Amphotericin B 83 (10) 89 (10) 9 (1) 9 (1)
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Figure 7 Flow cytometric analysis of the effect of amphotericin B on platelet-PMN
adhesion. Platelets in TH buffer were treated with amphotericin B, labelled with platelet
specific, FITC conjugated CD41 (GPIIb-IIIa) monoclonal antibody or an isotype contrc
antibody (mouse IgG-FITC), activated with thrombin (0.2 Ulml) andfixed. Platelets a
PMN were then co-incubated for 30 minutes. Events in the PMN gate which were platel
marker positive were analysed. In (A) and (B) the thin line histogram plots correspond X
PMN events labelled with the isotype control (mouse IgG-FITC) used to set the threshol
for positive platelet fluorescence. Histogram plots in (A) correspond to untreated (dashed
line) and amphotericin B treated (bold line) unactivated platelets adhered to PMN.
Histogram plots in (B) correspond to untreated (dashed line) and amphotericin B treate
(bold line) activated platelets adhered to PMN. This experiment is representative offour
separate experiments.

amphotericin B.' In platelet concentra
exposed to 4 gg/ml amphotericin B for
hours a partial loss of total GPIb in fresh a

stored platelets and a decrease in the surft
expression of GPIb in stored platelets w

observed.9 Amphotericin B also inhibii
ADP/epinephrine and ADP/collagen induc
platelet aggregation in stored platelets.9
We used flow cytometry in conjunction w

glycoprotein specific monoclonal antibodies
define further the abnormality in platelet fut
tion. In concurrence with previous studie
we observed thrombin modulation of i
platelet surface GPIb-IX and GPIIb-I]
These changes were not affected by treatm
with amphotericin B. However, P-seleci
which is externalised from the inter
a-granules and expressed on activated pla
lets,2' was expressed on the surface of una(

vated platelets exposed to amphotericin B.
five-day stored platelets surface P-selec

expression was increased notably upon ampho-
tericin B treatment compared with amphoter-
icin B treated fresh platelets. P-selectin expres-
sion on the platelet surface membrane is a
marker of platelet activation and its expression
on platelet surface membranes has been shown
to correlate with storage22 and reduced recov-
ery one hour post-transfusion.23 24 The reduced
recovery and survival observed with simultane-
ous administration of stored platelets and
amphotericin B in certain clinical conditions
may result from increased P-selectin expres-
sion on the platelet surface that occurs during
storage, being exacerbated by exposure to the
antibiotic. Novel approaches have been devel-

J oped recently to improve the delivery of
104 amphotericin B. The administration of lipo-

somal amphotericin B preparations has an
improved toxicity profile compared with the
standard preparation.7 Other antifungals in-
creasingly used as alternatives to amphotericin
B for treatment of systemic fungal infection
include ketoconazole and fluconazole.7
Adhesion of unactivated platelets to PMN

was increased in amphotericin B treated plate-
lets probably because of the surface expression
of P-selectin which mediates platelet-PMN
adhesion via the P-selectin glycoprotein
ligand-I receptor on the PMN surface.25.27
Surface expression of P-selectin is increased in
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