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Adhesion of platelets to chemotactically
responsive and non-responsive neutrophils

K B Pastakia, N E Brownson, D A Terle, L Harvath

Abstract
Ains-To investigate the heterotypic ad-
hesion of unactivated platelets to chemo-
tactically responsive (migrated) and
non-responsive (non-migrated) poly-
morphonuclear neutrophils (PMN).
Methods-Platelets and PMN were isol-
ated from autologous, normal blood. Mi-
grated and non-migrated PMN were sep-

arated after N-formylmethionyl-leucyl-
phenylalanine (FMLP) stimulation. Plate-
lets were labelled with a fluorescent mono-
clonal antibody directed against CD41
(GPITb-IIIa). Platelets (3 x 10n/ml) and
PMN (3 x 106/ml) were incubated together.
Heterotypic cell adhesion was measured
in isolated PMN and PMN co-incubated
with platelets by flow cytometric analysis
of platelet marker fluorescence in PMN
gated events. Platelet-PMN adhesion was

also visualised by fluorescence micro-
scopy.

Results-In studies of isolated PMN, con-

taminating platelets were bound to 16-34%
ofunstimulated PMN, 7-22% ofstimulated
PMN, 2-4% ofmigrated PMN, and 17-24%
of non-migrated PMN. When platelets
were co-incubated with migrated or non-

migrated PMN, 15-78% ofPMNbound one

or two platelets.
Conclusions-Unactivated platelets ad-
here to isolated PMN in vitro. Fewer
unactivated platelets were adhered to
migratedPMNthan to non-migratedPMN
in isolated PMN preparations. These res-

ults indicate that platelets adhering to
PMN are removed duringPMN migration.
(J7 Clin Pathol: Mol Pathol 1996;49:M 17-M22)
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Platelet-polymorphonuclear neutrophil (PMN)
adhesion is a dynamic process which con-

tributes to haemostasis and inflammation. In
vitro studies show that platelet-PMN inter-
actions have stimulatory and inhibitory effects
on the function of both cell types. Cell-cell
contact as well as soluble inhibitors seem to be
involved in platelet-PMN interactions,'2 but
the mechanisms of these heterotypic inter-
actions have yet to be elucidated. Activated
platelet adhesion to PMN is calcium dependent
and is mediated by P-selectin (CD62P)3-s ex-

pressed on the activated platelet surface binding
to the leucocyte P-selectin glycoprotein ligand-
1L. Unactivated platelets also bind to PMN
when platelets and PMN are incubated to-

gether.7 However, the binding is independent
of divalent cations and may be mediated by a
platelet receptor other than P-selectin.7
PMN exhibit heterogeneous chemotactic re-

sponsiveness in vitro. One subpopulation mi-
grates rapidly in response to a chemoattractant
gradient, whereas the other subpopulation fails
to migrate.89 Cell surface adhesion molecule ex-
pression is downregulated differentially on mi-
grated PMN.'° In the present study we have
characterised the adhesion ofunactivated plate-
lets to migrated and non-migratedPMN by flow
cytometry and obtained supportive microscopic
evidence ofplatelet-PMN interaction.

Methods
PLATELET PREPARATION
Platelets were isolated from normal blood col-
lected in anticoagulant citrate dextrose solution
(75 mM trisodium citrate, 38mM citric acid,
124mM dextrose). To obtain platelet rich
plasma, blood was centrifuged at 160 x g for
20 minutes at room temperature (20-24°C).
Washed, unactivated platelets were obtained
from platelet rich plasma by being centrifuged
at 1000 x g for 10 minutes and suspended at a
density of 3 x 1 08/ml in Tyrode's/HEPES buffer
(TH; 137-0mM NaCl, 2-7 mM KCI, 042mM
NaH2PO4, 12-5 mM NaHCO,, 2-0mM
MgCl2, 5-5 mM D-glucose, 5-0 mM HEPES,
and 3-5 mg/ml bovine serum albumin, pH 7A4)
containing 2mM CaCl2 (TH-Ca). Incubations
in all of the experiments were carried out at
room temperature unless specified otherwise.
Cells were counted electronically with a System
9000 Hematology Series cell counter (Serono
Baker Diagnostics, Allentown, Pennsylvania,
USA).

ISOLATION OF PMN
PMN were isolated from autologous blood as
described previously." Briefly, PMN were isol-
ated by dextran sedimentation, density gradient
centrifugation using Lymphocyte Separation
Medium (Organon Teknika, Durham, North
Carolina, USA) and hypotonic lysis of eryth-
rocytes. PMN were washed three times with
and resuspended in calcium- and magnesium-
free Hanks' balanced salt solution (HBSS; Life
Technologies, Grand Island, New York, USA)
to 107/ml.

CHEMOTACTIC SEPARATION OF PMN
PMN were diluted to 2 x 106/ml in Gey's bal-
anced salt solution (GBSS) (Life Technologies)
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containing 0-2% bovine serum albumin. Mi-
grated and non-migrated PMN subpopulations
were separated in chemotaxis separation cham-
bers (Neuro Probe, Cabin John, Maryland,
USA) containing 10-'M N-formylmethionyl-
leucyl-phenylalanine (FMLP) (Sigma, St
Louis, Missouri, USA) in the lower wells
and a polyvinylpyrrolidone-free polycarbonate
membrane filter (5 1tm pores; Poretics,
Livermore, California, USA) as described
previously.89 Control cells were held in sus-
pension at 4°C (unstimulated) or at 370C with
10-7M FMLP (stimulated) for 35 minutes.

ANTIBODIES
The fluorescein isothiocyanate (FITC) con-
jugated CD41 monoclonal antibody (clone P2;
Immunotech, Westbrook, Maine, USA) re-
cognises an epitope on glycoprotein GPIIb only
present on the platelet membrane GPIIb-IIIa
complex. The phycoerythrin (PE) conjugated
CD62P monoclonal antibody (clone AC1.2;
Becton Dickinson Immunocytometry Systems,
San Jose, California, USA) recognises the
CD62P (P-selectin) antigen, an ac-granule
membrane protein that is exported and ex-
pressed on the plasma membrane of activated
platelets. The PE conjugated CD45 mono-
clonal antibody (clone KC56(T-200); Coulter,
Hialeah, Florida, USA) recognises the leu-
cocyte common antigen. The isotype control
reagents conjugated to either FITC or PE were
purchased from Becton Dickinson Immuno-
cytometry Systems.

FLUORESCENT LABELLING OF PLATELETS AND
PMN
Platelets in plasma were labelled with mono-
clonal antibody as described previously. 12 Plate-
lets in TH-Ca were incubated for 30 minutes
with saturating concentrations of FITC con-
jugated CD41 (GPIIb-IIIa) or PE conjugated
CD62P (P-selectin) monoclonal antibody. The
samples were fixed with an equal volume of
2% formaldehyde for 30 minutes, washed once
and resuspended in TH-Ca. Platelets were sus-
pended at a density of 3 x 108/ml for co-in-
cubation assays and at 1 07/ml for platelet assays.
For activation of platelets, ac-thrombin (10
unit/ml; lot H2; FDA, Bethesda, Maryland,
USA) was added for 10 minutes before the
addition of fixative. PMN preparations were
labelled using PE conjugated CD45 mono-
clonal antibody as a PMN marker and FITC
conjugated CD41 monoclonal antibody as a
marker for contaminating platelets. The
samples were incubated at 40C for 30 minutes,
washed and resuspended at a density of 3 x 106/
ml in GBSS.

CO-INCUBATION ASSAY
Fixed, labelled platelets (150 ,ul of 3 x 1 08/ml)
were added to viable, labelled PMN (150 1l of
3 x 1 06/ml) to approximate the relative densities
in normal blood. The samples were mixed by
gentle inversion, incubated for 30 minutes at
4°C, and analysed by flow cytometry. For the

divalent cation depletion study, 2mM EDTA
(Sigma) was added to each cell fraction for 20
minutes before co-incubation.

FLOW CYTOMETRY
A FACScan flow cytometer (Becton Dickin-
son) was used to acquire light scatter and
fluorescence signals for at least 10 000 events
from each sample. Gating on platelet events
and PMN events was performed using forward
and side scatter, with FITC conjugated CD41
monoclonal antibody as a platelet specific
marker, and PE conjugated CD45 monoclonal
antibody as a PMN specific marker. Results
are expressed as histograms of cell count versus
log fluorescence intensity (FL1-H). Non-spe-
cific binding, obtained from parallel assays with
FITC or PE labelled isotype control mono-
clonal antibody, was used to set a threshold
marker for positive platelet fluorescence. The
marker excluded 99% of the isotype control
fluorescence. The percentage ofactivated plate-
lets in the platelet preparations was determined
by the proportion of FITC conjugated CD4 1
positive particles also expressing greater than
background levels of CD62P (P-selectin, ac-
tivation dependent surface antigen released
from cx-granules) estimated using the PE con-
jugated CD62P monoclonal antibody. The
platelet fluorescence ratio, an estimate of the
number of platelets bound to each PMN, was
determined as described previously,7 from the
ratio of the mean platelet marker fluorescence
in the PMN gate to the mean platelet marker
fluorescence in the platelet gate. The ex-
periments were performed at least four times
with a single representative experiment shown
in figs 1 and 3, and a summary graph shown
in fig 2.

FLUORESCENCE MICROSCOPY
All samples were stained with FITC conjugated
CD41 and PE conjugated CD45 monoclonal
antibodies, fixed in suspension with 1% form-
aldehyde, washed and cytocentrifuged onto
microscope slides. Unbound platelets were
washed out of the co-incubation samples prior
to fixation. Slides were mounted in Gel-mount
medium (Biomeda, Foster City, California,
USA). Cells were visualised using a Nikon
Microphot-FX microscope. Images were
acquired using a x 40 DIC Nikon objective
lens (numerical aperture 0 70).

STATISTICAL ANALYSIS
Percentages of PMN subpopulations with ad-
hered platelets were analysed using a paired t
test. Differences were considered significant if
p<0-005.

Results
ADHESION OF CONTAMINATING PLATELETS TO
MIGRATED AND NON-MIGRATED PMN
Isolated PMN were stimulated with the chemo-
attractant FMLP and migrated and non-
migrated PMN subpopulations were separated.
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Figure 1 Flow cytometric analysis ofplatelet-PMN adhesion in migrated and non-migrated subpopulations ofPMN.
Isolated PMN stimulated with 10' M FMLP were separated in a chemotaxis separation chamber. The migrated and
non-migrated PMN subpopulations, adjusted to a cell density of 3 x 106/ml in GBSS, were labelled with platelet specific
FITC conjugated CD41 monoclonal antibody or an isotype control monoclonal antibody. (A) Dot plot of side scatter
(SSC) versus forward scatter (FSC), showing PMN events and excluding single platelets. (B) Histogram plot of an
isotype matched control monoclonal antibody (mouse IgGl-FITC) labelled PMN preparation. FL1-H (FITC) was used
to set the threshold marker for positive platelet fluorescence. (C) and (D) correspond to fluorescence of platelets attached
to unstimulated and stimulated PMN controls in suspension. (E) and (F) correspond to fluorescence of platelets attached
to migrated and non-migrated PMN. The number over each marker represents the percentage ofPMN binding platelets.

Flow cytometric analysis of contaminating
platelets, labelled with FITC conjugated
CD41, adhering to isolated PMN is shown in
fig 1. PMN events (fig 1A), positive for FITC
conjugated CD4 1, represent PMN with bound
platelets. The marker shown in figs lB-IF is

set such that it excludes 99% of the isotype
control (fig 1 B). Events included in this marker
represent PMN bound platelets.

In the suspended PMN controls (figs 1C
and ID) 34% of unstimulated PMN bound
platelets and 22% of FMLP stimulated PMN
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some PMN, with one platelet bound per PMN
(figs 4A and 4B). When PMN were co-in-
cubated with platelets, an increase in the num-
ber of PMN with bound platelets was observed
(figs 4C and 4D). One or two platelets were
bound to each PMN. A control consisting of
PMN co-incubated with thrombin activated
platelets (figs 4E and 4F) showed an increased
number of PMN with bound platelets and an
increased number of platelets bound to each
PMN.

;00.Discussion
MigrateNon-migPlatelet-PMN interactions occur as part of

Migrated Non-migrated normal cell functions during inflammatory and
tion haemostatic processes. We have used flow cy-

to unactivated platelets. The data tometry to study the adhesion of unactivated
experiments performed with diffierent platelets to migrated and non-migrated PMN.
hed platelets was determined from In isolated PMN preparations a significant per-
in the PMN gate. Shaded bars centage of PMN (23%) bound contaminating,
en bars represent heterotypic unactivated platelets. This was confirmed by

fluorescence microscopy. EDTA did not alter
platelet adherence, indicating that the binding

Migrated PMN show a de- was independent of divalent cations. Previous
?MN with adhered platelets studies have reported the absence or very low
s were attached to 18% of (less than 3%) platelet contamination in isol-
IN (fig IF). Platelet adhesion ated PMN.7 1314 Sporadic observations of a sec-
It affected by EDTA (data ond phase calcium response in stimulated
platelet fluorescence ratio PMN have been attributed to contaminating
platelet was bound to each platelets.'5-'7 Chabannes et al 18 reported con-

)les. The results of all four tamination of PMN by platelets, measured by
ummarised in fig 2 (shaded phase contrast microscopy, to be 0-5-1 platelet
f PMN to FMLP, whether in per PMN. Our study has demonstrated that a
r migration, results in a lower subset of isolated PMN binds platelets. When
with bound platelets com- the PMN were separated into migrated and

iulated or non-migrated con- non-migrated subpopulations, the bound plate-
2, shaded bars). lets became detached from the migrated PMN

during chemotaxis (fig 1). We have shown
ELETS CO-INCUBATED WITH previously that adhesion molecules, including
IN-MIGRATED PMN CD11a, CD11b, CD11c, CD31, CD43, and
telet preparations used in the CD44, are downregulated differentially after
iys, about 7% of the platelets stimulation of PMN by FMLP.'0 These ad-
els of activation as measured hesion molecules may be involved in regulating
e events. A representative co- receptor-ligand interaction between the plate-
nent is shown in fig 3. Gating lets and migrated PMN.
e experiment are shown in When PMN were co-incubated with un-
3A) of side scatter (SSC) activated platelets in a ratio approximating the

catter (FSC), with platelet relative concentrations in normal blood, there
1 and PMN events gated in was a twofold increase in the percentage of
a histogram of CD41 (FL1- PMN with bound platelets compared with isol-
platelets in the platelet gate ated PMN alone. About 50% of the PMN co-
am). The threshold marker incubated with platelets bound platelets. This
et fluorescence was set with adherence could not be attributed to the small
1 (fig 3B, filled histogram). number of platelets (7%) expressing low levels
3C-3F, the percentages of of CD62P in the unactivated platelet pre-

nulated, migrated, and non- paration. The percentages of migrated and non-
ith attached platelets are sim- migrated PMN with bound platelets after co-
as true when all four ex- incubation were similar. This adherence oc-
compared (no statistical curred in the absence of divalent cations.
open bars). EDTA had no The adherence of platelets to unactivated
ing ofPMN to platelets (data and activated PMN differs, the latter being
to two platelets were bound mediated by platelet CD62P (P-selectin) and
s measured by the platelet PMN P-selectin glycoprotein ligand- 1. The

percentage of PMN with attached, unactivated
platelets in the present study is higher than that

CROSCOPY reported previously.7 1920 Contact dependent in-
eractions examined by micro- teraction between PMN and platelets amplifies
in fig 4. In the isolated PMN chemotactic peptide induced changes in PMN
minating platelets adhered to filamentous actin content, intracellular calcium
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Figure 3 Effect of co-incubating unactivated platelets with migrated and non-migrated PMN on platelet-PMN
adherence. Unactivated platelets in TH were labelled with FITC conjugated CD41 monoclonal antibody, fixed with 2%
formaldehyde, washed, and resuspended in TH. Migrated and non-migrated subpopulations ofPMN were separated
after stimulation with 10' M FMLP, using a chemotaxis separation chamber. Platelets were co-incubated with PMN
(final density of 1 5 x 108 plateletslml and 1 5 x 1010 PMN/ml) for 30 minutes at 4'C. (A) Dot plot of side scatter
(SSC) versus forward scatter (FSC) with platelet events gated in Rl and PMN events gated in R2. (B) Histogram of
FITC conjugated CD41 (FL1-H) expression on platelets in the platelet gate Rl (open histogram). An isotype control
(mouse IgGl-FITC; filled histogram) was used to set the threshold marker for positive platelet fluorescence. The marker
excluded 99% of the isotype controlfluorescence. (C) to (F) represent FITC conjugated CD41 fluorescence in the PMN
gate (R2). (C) Platelets co-incubated with control, unstimulated PMN in suspension. (D) Platelets co-incubated with
control, stimulated PMN in suspension. (E) Co-incubation of platelets with migrated PMN. (F) Co-incubation of
platelets with non-migrated PMN. The number over each marker represents the percentage ofPMN binding platelets.

concentration, and possibly G-protein me-
diated signal transduction.'7 Further studies
on the cytoskeletal changes and regulation of
adhesion molecules in platelet-PMN in-

teractions are required. The present study has
characterised the adherence of unactivated
platelets to migrated and non-migrated PMN.
The specific receptor-ligand interactions in this
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Figure 4 PMN-platelet adhesion. Platelet fluorescence
was visualised with FITC conjugated CD41 monoclonial
antibody and PMN fluorescence with PE conjugated
CD45 nmonoclonal antibody. (A), (C) and (E) Phase
Nomarski images. (B), (D) and (F) FITC conjugated
CD41IPE conjugated CD45 fluorescence images, excited
at 488 nm and visualised with a 550 nm barrier filter. The
bar represents 1J0linz. (A) and (B) Isolated PMN with
contaminating platelets. (C) and (D) Co-incubated PMN
and unactivated platelets. (E) and (F) Co-incubated
PMN and activated platelets.

heterotypic cell adhesion and their relevance
in inflammation and haemostasis remain to be
elucidated.
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