
Cross-linking of neutrophil CD11b results in rapid cell surface

expression of molecules required for antigen presentation and
T-cell activation

Introduction

Although phagocytic neutrophils are known to play a

major role in innate immunity it is now apparent that

these cells also regulate specific immune responses and

may even function as antigen-presenting cells (APCs).1,2

This seems an unlikely function for these cells since they

do not constitutively express the cell surface molecules

considered necessary for antigen presentation and subse-

quent T-cell activation, i.e. major histocompatibility com-

plex (MHC) class II (DR) antigen, CD80 (B7-1) and

CD86 (B7-2). Several studies have however, shown that

following in vivo and/or in vitro activation by cytokines,

neutrophils do appear to express these molecules on the

cell surface.3–5 Furthermore, functional studies have now

shown that appropriately activated neutrophils can pre-

sent antigens to helper T cells and can initiate a full-

blown T-cell response.6,7

In support of this hypothesis we have previously dem-

onstrated, at the protein and mRNA level, that normal

resting peripheral blood neutrophils appear to have signi-

ficant cytoplasmic stores of these molecules.8 This obser-

vation suggests that activated neutrophils have the

capacity to actively synthesize the molecules required for

antigen presentation. However this mechanism is slow

requiring up to 48 hr for full expression of the molecules

on the neutrophil surface.3 Because neutrophils are

required for rapid responses it seems likely that an

additional mechanism(s) may be required for the trans-

location of these molecules from pre-existing cytoplasmic
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Summary

Recent studies suggest that neutrophils may play a role in antigen presen-

tation. In support of this hypothesis it has been shown that these cells

appear to contain cytoplasmic stores of molecules required for this func-

tion, i.e. major histocompatibility complex class II (DR) antigen, CD80

and CD86. In this study we have considered a mechanism for the trans-

location of these preformed molecules onto the cell surface which does

not require active synthesis. Cross-linking of the Mac-1 molecule

(CD18 ++ CD11b) was shown to result in rapid cell surface expression of

CD80, CD86 and DR antigen on the surface of normal human peripheral

blood neutrophils. A distinct subpopulation (approximately 20%) of neu-

trophils appeared to be enlarged and were found to express significantly

elevated levels of these molecules on the cell surface following cross-link-

ing of CD11b when compared with control cells. The level of expression

of CD80, CD86 and DR antigen on these large cells was comparable to,

and in some cases greater than, the levels found expressed on the surface

of monocytes obtained from the same donors. In addition, these cytoplas-

mic molecules were shown by confocal laser microscopy and by immuno-

electron microscopy to be located within secretory vesicles. Following

rapid translocation onto the cell surface, CD80 and CD86 appeared to be

colocalized within large clusters reminiscent of the supramolecular antigen

clusters previously found on conventional antigen-presenting cells. These

findings therefore lend further support for the hypothesis that neutrophils

may have a role to play in antigen presentation and/or T-cell activation.
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stores onto the cell surface. In this study we have consid-

ered a translocation mechanism initially proposed by

Takano et al.9 Using highly purified human peripheral

blood neutrophils these workers showed that CD64

(FccRI), a molecule known to be expressed on the cell

surface following activation by interferon-c, could be

translocated from pre-existing cytoplasmic stores onto the

cell surface following in vitro cross-linking (X-L) of the

Mac-1 heterodimer (CD11b + CD18). Monoclonal anti-

bodies specific for either component mediated this effect

but antibodies specific for CD11a or CD11c did not. In

this study we have used a modified version of this trans-

location method using whole blood in place of isolated

neutrophils. Using this method we have shown that

in vitro cross-linking of CD11b results in rapid (within

2�5 min) neutrophil surface expression of CD18, CD66,

CD64, CD80, CD86 and to a lesser extent MHC class II

(DR) antigen. The level of expression of CD80, CD86 and

MHC class II antigen molecules found on the surface of

neutrophils was found to be comparable to, and in some

cases higher than, the levels found on the surface of

monocytes, i.e. cells known to act as APCs.

Neutrophils are known to contain many preformed

molecules required for rapid responses to infection, which

are released from different types of granule in a definite

hierarchy.10,11 Using confocal microscopy and immuno-

electron microscopy we provide evidence in this study

that CD80, CD86 and MHC class II antigen are colocal-

ized within neutrophil secretory vesicles.

Materials and methods

Translocation of cytoplasmic antigens onto the surface
of normal human peripheral blood leucocytes

Whole blood assay. Ten microlitres (1 lg) of mouse mono-

clonal antibody CD11b (clone 2LPM19c, Dako Cyto-

mation A/S, Denmark) was added to 100 ll of whole

EDTA anticoagulated blood and incubated at 4� for

30 min. Cells were then washed immediately at room

temperature using 2 ml precooled (4�) membrane filtered

(0�2 lm Millipore filter) Iscoves culture medium (Gibco

BRL, Invitrogen, Paisley, UK) supplemented with 20%

heat-inactivated (56� for 30 min) fetal calf serum (I + S).

Cells were centrifuged at 200 g for 5 min and following

removal of the supernatant, cross-linking antibody, i.e.

5 ll goat F(ab0)2 anti-mouse immunoglobulin G (IgG;

Caltag Medsystems Ltd, Oxford, UK) was added to the

cell pellet. The optimum concentration of the primary

and secondary cross-linking reagents was established by

pretitration. Cells were maintained in cross-linking anti-

body at 37� in a water bath for various time intervals ran-

ging from 2�5 min to 2 hr. Cells were then washed in

2 ml I + S at 200 g for 5 min and incubated for a further

30 min at 4� in 10 ll unconjugated mouse IgG1 myeloma

protein (MOPC 21, Sigma-Aldrich Co. Ltd, Poole, UK) at

200 lg/ml in phosphate-buffered saline (PBS) in order to

block any free binding sites for mouse IgG and to prevent

any non-specific binding to neutrophil Fc gamma recep-

tors. Following centrifugation at 200 g for 5 min the

supernatant was removed and cells suspended in 10 ll
various fluorochrome (R-phycoerythrin (PE) or fluoro-

scein isothiocyanate (FITC))-conjugated mouse monoclo-

nal antibodies (see below) and incubated at 4� for 30min.

Fluorescence-activated cell sorting (FACS) Lysing (2 ml)

solution (Becton Dickinson Biosciences, Pharmingen,

Oxford, UK) was then added to each tube to remove con-

taminating erythrocytes and following a further wash at

200 g for 5 min the resulting leucocyte pellet was finally

suspended in 200 ll membrane-filtered PBS for acquisi-

tion using a Becton Dickinson flow cytometer. Cell viabil-

ity was confirmed, by exclusion of propidium iodide, to

ensure that cell surface CD antigens were being detected

by this method. In all experiments, background binding

was assessed using a FITC-conjugated mouse IgG isotype

negative control (clone MOPC 21, Becton Dickinson). In

addition, several unrelated mouse monoclonal antibodies

specific for T-cell antigens were also used to control for

non-specific background binding including FITC-conju-

gated anti-CD4 (clone MT310, Becton Dickinson) and

R-PE-conjugated anti-CD8 (clone DK25, Becton Dickin-

son). All monoclonal antibodies (clone indicated in

brackets) used in this study were of the IgG1 isotype with

the exception of the one indicated as IgG2b*; from Cal-

tag-Medsystems Ltd (Towcester, UK): CD64–FITC (10�1),
CD80–FITC (MEM233), CD86–FITC (BU63), MHC class

II-DR antigen–FITC* (To36); from Serotec (Kidlington,

Oxford, UK): CD32 (AT10) and CD35 (E11); from Dako-

Cytomation Ltd (Ely, UK): CD3–FITC (UCHT-1), CD16–

FITC (DJ130c), CD18–FITC (MHM23), CD66abce–FITC

(Kat4C) and CD19–FITC (HO37).

Translocation assay using purified neutrophils. Neutrophils

were isolated from whole blood using a combination of

Ficoll-Hypaque density centrifugation, dextran sedimenta-

tion and hypotonic lysis as described previously.8 Cells

were then adjusted to a final concentration of 1 · 106

cells per 100 ll Iscove’s medium supplemented with 20%

fetal calf serum. The assay was then conducted as des-

cribed above for the whole blood method using 100 ll
aliquots of cells in place of whole blood.

Image analysis. Cells prepared as described above for flow

cytometry were fixed in 200 ll paraformadehyde (1% in

PBS) and 120 ll aliquots cytocentrifuged onto microscope

slides coated with 3-aminopropyltriethoxysilane (APES)

at 150 g for 5 min. Cells were allowed to air dry for

5 min, stained with haematoxylin and eosin, taken through

alcohols, cleared with xylene and mounted in histomount.

Cells were then viewed on an Olympus BX51 microscope,
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photographed at a magnification of ·400 and cell areas

measured using Olympus image analysis software.

Detection of cell surface and cytoplasmic CD antigens
by flow cytometry, confocal microscopy and
immunoelectron microscopy

Cell surface CD antigens. Ethylenediaminetetraacetic acid

(EDTA) anticoagulated whole blood (50 ll) was incubated
with fluorochrome-conjugated primary monoclonal anti-

body (5 ll) at 4� for 30 min. Cells were then washed, by

centrifugation at 200 g for 5 min, in 2 ml FACS Lysing

solution (Becton Dickinson) to remove excess antibody

and to lyse any contaminating erythrocytes. Following

aspiration of the supernatant, cells were suspended in

200 ll membrane (Millex-GS 0�22 lm, Millipore S.A.,

Molsheim, France) filtered PBS for acquisition using a

Becton Dickinson flow cytometer. Background staining was

established using isotype-matched FITC-conjugated mouse

IgG (Becton Dickinson). Results were analysed using

Becton Dickinson ‘Cell Quest’ software on an Apple Mac

G3 computer. The optimum concentration for cell surface

staining was determined for each antibody by pretitration.

Cytoplasmic CD antigens. This method has previously been

described in detail.8 Briefly, EDTA anticoagulated whole

blood (50 ll) was incubated for 10min in 2 ml FACS Lys-

ing solution (Becton Dickinson) which contains a mixture

formaldehyde and diethylene glycol, thus simultaneously

fixing and permeabilizing leucocytes with minimum dis-

ruption of cell morphology.8 Following one wash at 200 g

for 5 min in PBS, cells were suspended in 50 ll PBS and

incubated with 5 ll fluorochrome conjugated primary

monoclonal antibody at 4� for 30 min. Cells were then

washed at 200 g and suspended in 200 ll PBS for acquisi-

tion on the flow cytometer. Cell permeability was con-

firmed by the uptake of propidium iodide or by binding of

monoclonal antibodies specific for intermediate filaments

or myeloperoxidase. Background levels were established

using an appropriate FITC- or R-PE-conjugated mouse IgG

isotype control (Becton Dickinson). In all experiments, cell

surface and cytoplasmic staining was measured in parallel

for comparison. Antibodies specific for the various types of

human neutrophil granules were as follows: for primary

azurophilic granules – R-PE conjugated anti-myeloperoxi-

dase (clone H-43–5, Caltag); for secondary neutrophil

specific granules – R-PE conjugated anti-lactoferrin (clone

3C5, Caltag); for tertiary gelatinize granules – unconju-

gated anti-matrix metalloproteinase 9 (MMP-9, clone

GE213, Serotec); and for secretory vesicles – FITC-conju-

gated polyclonal rabbit anti-human serum albumin

(Dako). For dual staining studies the following additional

antibodies were used: R-PE-conjugated anti-CD80 (clone

MEM 233, Caltag) and R-PE-conjugated anti-CD86

(clone BU63, Caltag). In all dual-staining experiments,

optimum concentrations of antibody were determined by

pretitration and equal volumes of FITC and R-PE conju-

gated antibodies were added simultaneously. In the case

of MMP-9 (gelatinase B) where unconjugated mouse IgG

antibody was used, permeabilized cells were preincubated

with primary antibody alone at 4� for 30 min, washed

and incubated for a further 30 min with R-PE-conjugated

rabbit F(ab0)2 anti-mouse IgG (Dako). Any residual bind-

ing sites for mouse IgG were blocked by the addition of

10 ll mouse IgG1 myeloma protein (clone MOPC 21,

Sigma) at a concentration of 200 lg/ml. Following a fur-

ther wash in PBS cells were then incubated with FITC

conjugated anti-CD80 or CD86, incubated at 4� for

30min, washed in PBS and resuspended in a final volume

of 200 ll paraformaldehyde (diluted 1% in PBS) prior to

acquisition in the flow-cytometer as described above.

Confocal microscopy. 120 ll of cells prepared for flow

cytometry as described above, were cytocentrifuged onto

APES-coated microscope slides at 150 g for 5 min, air

dried, mounted in Vectashield mounting medium (Vector

Laboratories, Peterborough, UK) supplemented with

0�2 mg/ml 40,6-diamidino-2-phenylindole (DAPI) and the

coverslips sealed with nail varnish. Cells were viewed at a

magnification of ·630 using a Leica SP2 confocal laser

microscope. Lasers were optimized (excitation wave-

length) for the three fluorochromes used. Each cell selec-

ted was viewed at different Z-levels in order to optimize

the image obtained. Using LCS Lite confocal software,

individual and merged images were obtained. Background

noise was reduced and brightness and contrast optimized

using Adobe Photoshop version 7.

Immunoelectron microscopy (pre-embedding method).

Forty ml of EDTA anticoagulated blood was diluted in

an equal volume of PBS, layered onto lymphoprep

(Nycomed, Pharma AS, Oslo, Norway) gradients and cen-

trifuged at 400 g for 30 min. Neutrophils were recovered

from the bottom of these gradients and resuspended

in autologous plasma. Contaminating erythrocytes were

removed by allowing cells to sediment by 50% of the ori-

ginal volume at 4� by addition of 2 ml 6% w/v dextran in

PBS. Cells were then washed in PBS/bovine serum albu-

min (BSA), divided into two equal aliquots and centri-

fuged into a tight pellet at 200 g for 5 min in 20 ml

sterilin bottles and the supernatant discarded. Following

addition of 25 ml FACS Lysing solution for 10 min at

room temperature, cells were suspended in blocking buf-

fer (10 mg/ml BSA in PBS) for 30 min at 4�, centrifuged
at 200 g for 5 min and the supernatant discarded. To one

pellet was added 150 ll of mouse monoclonal anti-CD80

and to the other (negative control) was added 150 ll of
PBS. Following incubation at 4� for 2 hr, cells were

washed twice in blocking buffer (BSA/PBS) and 150 ll of
10 nm gold particles (British Biocell International Ltd,
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Cardiff, UK) conjugated with F(ab0)2 goat anti-mouse IgG

(diluted 1 : 15 in blocking buffer) was added to each pel-

let and incubated at 4� overnight. Both pellets were then

washed 10 times using 20 ml BSA/PBS blocking buffer in

order to minimize non-specific binding of gold particles.

Cell pellets were finally placed in 2 ml microcap tubes

and allowed to fix overnight in 1 ml 2% glutaraldehyde.

Cells were then embedded in gelatine and processed for

transmission electron microscopy using a standard proto-

col. Sections were viewed using a Philips CM10 trans-

mission electron microscope and cells identified as

neutrophils by their characteristic morphology were photo-

graphed at various magnifications. Negatives were scan-

ned and converted to TIFF images which were viewed

using Adobe photoshop and the number of gold particles

found to be associated with the cell cytoplasm counted.

Statistical analysis

Image analysis. Differences in cell area were analysed using

a paired t-test.

Kinetic studies. Differences between background values and

the various CD antigens were analysed at each time interval

using the Wilcoxon Two Sample Test. 95% confidence

intervals were established and significance indicated by a

P-value. P-values <0�05 were considered significant.

Results

Translocation of neutrophil cytoplasmic antigens
following cross-linking of CD11b

Figure 1 shows a typical example of the effect of cross-

linking CD11b on the light scatter properties of normal

human peripheral blood leucocytes. Density-plot analysis

of forward scatter (FSC ¼ cell size) versus side scatter

(SSC ¼ granularity) showed no major change in light

scatter properties of lymphocytes or monocytes -gated

as regions 1 and 2, respectively. A significant (P < 0�05:
Wilcoxon Two Sample Test) reduction in the total num-

ber of monocytes was however, evident over time in all

experiments (see Table 1). The reason for this reduction

is not known but may reflect cell loss because of adher-

ence of these cells to the plastic tubes. The vast majority

of neutrophils (gated as region 3) did not show a signifi-

cant change in light scatter but it was evident that a

distinct subpopulation (approximately 20%) of large

granular cells appeared following cross-linking of CD11b.

All cells appearing in the P2 region were shown to express

the granulocyte specific marker CD66 and were also

shown to express other markers known to be expressed

by but not exclusive for neutrophils, i.e. CD32, CD35,

CD16 and CD18. Furthermore, cells in the P2 region did

not bind monoclonal antibodies specific for T cells (CD3,

CD4, CD8), B cells (CD19) or monocytes (CD14). A

small number of CD16 negative eosinophils (generally less

than 400 out of 10 000 cells acquired) were also observed

in whole blood but these cells were not present in the P2

region – all CD16 positive.

Large P2 neutrophils appeared within 2�5 min of addi-

tion of cross-linking reagents at 37� with the relative

percentage of these cells remaining fairly constant

throughout the time course of these kinetic experiments

(see Table 2). For the purposes of analysis, ‘normal’ sized

neutrophils were gated as population 1(P1) and the larger

cells gated as population 2 (P2), see Fig. 1. These large

cells were gated according to the upper limit of control

neutrophils, i.e. cells were not found in this region in

control preparations where no cross-linking reagents had
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Figure 1. Effect of cross-linking CD11b on light scatter properties of normal human peripheral blood leucocytes. Dot-plots of forward scatter

(cell size) versus side scatter (granularity) showing three main populations of leucocytes before (Control) and following in vitro cross-linking

of CD11b (X-L CD11b). Lymphocytes were gated as region 1 (R1), monocytes gated as Region 2 (R2) and neutrophils as region 3 (R3). For the

purposes of analysis, neutrophils were further subdivided into two main populations, i.e. P1, corresponding to size and granularity of control

neutrophils and larger P2 cells which appear only following cross-linking of CD11b. The P2 gate was set according to the upper limit for forward

scatter of control cells to ensure that all cells appearing in the P2 region were a direct result of cross-linking. In this example, cells were incubated

at 37� for 30 min in cross-linking reagent: Goat F(ab0)2 anti-mouse IgG.
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been added. The size of normal control neutrophils as

estimated by forward light scatter (FSC) was found to be

463 ± 5 (N ¼ 6). Following cross-linking of CD11b at

37� for 2�5 min the FSC value for cells gated in the P2

region was 795 ± 3�3. This increase was statistically signi-

ficant (P ¼ 0�002; Wilcoxon Two Sample Test) with the

mean percentage increase in size being 71�7 ± 1�5.

Cytospin preparations of control and cross-linked

leucocytes were stained with haematoxylin and eosin

(Fig. 2). Neutrophils were identified by their characteristic

nuclear shape. It was evident that many individual neu-

trophils appeared to be much larger than normal with a

more voluminous cytoplasm (see arrows). Some small

homotypic neutrophil aggregates were also observed in

Table 1. Effect of cross-linking CD11b on peripheral blood mononuclear cell surface expression of CD antigens

Cell type

Incubation period (min) at 37� with cross-linking antibody

0 2�5 5 30 60 90 120

All

lymphocytes

Number of cells in region 2907 ± 216 3429 ± 437 3677 ± 300 3476 ± 299 3256 ± 231 3609 ± 332 3683 ± 438

mIgG1 – MFI 1�6 ± 0�2 1�8 ± 0�2 2�1 ± 02 1�9 ± 0�1 2�0 ± 0�2 1�9 ± 0�1 1�9 ± 0�1
CD64 – MFI 2�2 ± 0�2 2�8 ± 0�4 2�9 ± 0�3 3�2 ± 0�3 3�3 ± 0�6 3�2 ± 0�3 3�2 ± 0�5
CD80 – MFI 3�0 ± 0�4 3�9 ± 0�5 3�6 ± 0�5 4�2 ± 0�5 3�8 ± 0�3 4�0 ± 0�4 3�8 ± 0�5
CD86 – MFI 2�2 ± 0�2 2�2 ± 0�2 2�3 ± 0�2 2�3 ± 0�2 2�2 ± 0�2 2�2 ± 0�2 2�0 ± 0�3

B cells

only

MHC Class II – % 11�7 ± 1�2 10�3 ± 0�9 11�5 ± 1�2 11�5 ± 1�0 12�4 ± 1�2 11�9 ± 1�4 11�2 ± 1�1
MHC Class II – MFI 76 ± 10�3 68�8 ± 8�7 65�5 ± 9�4 71�5 ± 11�5 77�0 ± 16�3 71�3 ± 12�2 81�3 ± 14�4

Monocytes Number of cells in region 989 ± 144 488 ± 162* 393 ± 102* 337 ± 48* 317 ± 22* 294 ± 36* 278 ± 40*

mIgG1 – MFI 2�3 ± 0�4 5�8 ± 0�5 6�7 ± 1�0 8�1 ± 1�1 8�3 ± 1�2 8�3 ± 1�4 9�8 ± 2�0
CD64 – MFI 27�7 ± 3�6 42�3 ± 11�2 34�2 ± 4�0 33�5 ± 5�8 35�3 ± 6�2 29�8 ± 3�4 30�8 ± 5�3
CD80 – MFI 5�5 ± 0�8 18�8 ± 3�4* 17�3 ± 3�7* 24�2 ± 5�4* 37�2 ± 8�6* 24�3 ± 4�9* 24�2 ± 4�6*
CD86 – MFI 13�8 ± 2�0 23�3 ± 2�7* 24�2 ± 3�9* 22�8 ± 2�5* 23�6 ± 2�7* 27�2 ± 1�4* 28�5 ± 1�8*
MHC Class II – MFI 40�5 ± 8�4 46�7 ± 9�4 59�3 ± 13�3 63�2 ± 14�8 73�7 ± 16�9 77�0 ± 19�5 92�2 ± 22�0

Mean ± SEM of 6 experiments. MFI, mean fluorescence intensity for all cells in region gated. mIgG1, mouse isotype control. *Significantly

(P < 0�05) different from constitutive level expressed at time zero and relative to mouse IgG background values as assessed by the Wilcoxon-Two

Sample Test.

Table 2. Effect of cross-linking CD11b on peripheral blood neutrophil surface expression of CD antigens

Cell type

Incubation period (minutes) at 37� with cross-linking antibody

0 2�5 5 30 60 90 120

All

neutrophils

Number of cells in region 5310 ± 281 4812 ± 401 4805 ± 407 4907 ± 512 4848 ± 581 4764 ± 641 4656 ± 741

mIgG1 – MFI 2�8 ± 0�4 4�5 ± 0�2 5�0 ± 0�7 7�7 ± 1�1 9�1 ± 1�3 9�5 ± 1�7 9�8 ± 2�5
CD64 – MFI 7�1 ± 0�7 12�2 ± 0�7* 13�5 ± 1�1* 19�7 ± 4�3* 21�0 ± 4* 22�8 ± 4�1* 23�8 ± 6�7*
CD80 – MFI 7�8 ± 1�3 16�2 ± 3�3* 17�5 ± 3�6* 25�5 ± 5�5* 23�0 ± 4�7 27�3 ± 5�1* 28�5 ± 5�4*
CD86 – MFI 8�7 ± 1�5 15�8 ± 6�0* 14�7 ± 5�5* 18�2 ± 4�7* 16�3 ± 4�0 12�8 ± 3�1 11�7 ± 3�5
MHC Class II – MFI 4�2 ± 0�4 9�8 ± 1�8* 9�8 ± 1�5* 16�8 ± 2�6* 19�0 ± 4�2* 21�2 ± 4�4* 24�2 ± 7�0

Neutrophils

P1 sub-

population

Number of cells in region 5110 ± 262 3677 ± 316 3932 ± 420 3811 ± 615 3805 ± 646 3768 ± 763 3742 ± 777

mIgG1 – MFI 2�6 ± 0�3 3�4 ± 0�3 4�3 ± 0�8 6�0 ± 0�8 6�8 ± 0�7 7�2 ± 1�0 7�2 ± 1�1
CD64 – MFI 6�5 ± 0�6 8�8 ± 0�9* 9�3 ± 0�7* 14�2 ± 3�8 14�8 ± 2�6* 15�9 ± 3�5* 17�2 ± 4�9
CD80 – MFI 7�0 ± 1�0 11�8 ± 2�0 13�9 ± 2�9 20�3 ± 4�4 18�2 ± 3�7 23�2 ± 4�5 23�8 ± 4�4
CD86 – MFI 8�7 ± 1�5 13�0 ± 2�9 13�0 ± 5�5 14�3 ± 4�3 13�8 ± 3�9 10�2 ± 2�4 8�2 ± 2�2
MHC Class II – MFI 6�5 ± 0�6 8�8 ± 0�9* 9�3 ± 0�7 14�2 ± 3�8 14�8 ± 2�6 15�9 ± 3�5 17�2 ± 4�9

Neutrophils

P2 sub-

population

Number of cells in region 0 1092 ± 220 739 ± 138 811 ± 110 801 ± 112 770 ± 192 763 ± 137

mIgG1 – MFI 0 13�4 ± 1�8 17�0 ± 3�9 23�5 ± 4�5 23�0 ± 2�9 22�5 ± 3�9 27�2 ± 7�9
CD64 – MFI 0 38�5 ± 8�6* 43�3 ± 9�1* 58�5 ± 15�4* 63�3 ± 13�9* 65�8 ± 13�5* 74�0 ± 13�5*
CD80 – MFI 0 50�8 ± 9�9* 56�0 ± 14�6* 80�7 ± 17�1* 85�0 ± 18�0* 107�3 ± 30�5* 105�2 ± 28�2*
CD86 – MFI 0 41�0 ± 11�2* 38�5 ± 10�9* 46�3 ± 8�9* 43�2 ± 6�5* 37�8 ± 4�2* 37�7 ± 5�1
MHC Class II – MFI 0 39�8 ± 6�6* 48�0 ± 8�7* 57�8 ± 8�6* 59�7 ± 10�4* 57�8 ± 9�8* 61�3 ± 11�6*

Mean ± SEM of six experiments. MFI, mean fluorescence intensity for all cells in region gated. mIgG1, background mouse isotype control.

*Significantly (P < 0�05) different from mouse. IgG background as assessed by the Wilcoxon-Two Sample Test.
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these preparations. Photomicrographs were taken at a

magnification of ·630 and the area of individual cell

images was measured on the computer screen using image

analysis software (Olympus). The mean area of control

cells was then compared with cells pretreated with cross-

linking reagents at 37� for 2�5 min. Using this measure-

ment of cell area (mm2) a significant (P < 0�0001, paired
t-test) increase was observed when control (mean ± SEM

for 100 cells ¼ 45 532 ± 572) and cross-linked cells

(mean ± SEM for 100 cells ¼ 57 946 ± 917) were com-

pared but the average increase in cell area was only 27%.

However, it was noted that 22% of neutrophils exceeded

the upper limit for normal control cell area; a value

which corresponds well with the proportion of P2 neu-

trophils (see Fig. 1). When this population was analy-

sed separately it was found that the average increase

in area resulting from cross-linking of CD11b was 57%

(45 532 ± 572 increased to 71 410 ± 1758). Most of the

cells appearing in the P2 region can therefore be accoun-

ted for by large individual ‘activated’ neutrophils. We

cannot however, rule out the possibility that a few small

homotypic neutrophil aggregates contribute to the P2

population. Aggregates may form as a direct result of the

cross-linking antibodies or may reflect increased cell sur-

face expression of adhesion molecules translocated onto

the cell surface from pre-existing cytoplasmic stores. In

support of this hypothesis we have shown that cross-link-

ing of CD11b produced a fivefold increase in surface

expression of the adhesion molecule CD18 on the surface

of P1 neutrophils and a 10-fold increase on P2 cells. It

was also evident that formation of P2 cells and up-regula-

tion of CD18 was almost completely inhibited in the

presence of 2 mm EDTA (see Fig. 3). These findings are

therefore in good agreement with the findings of Takano

et al.9 who showed that translocation of CD antigens onto

the surface of neutrophils is mediated by a calcium-

dependent protein tyrosine kinase pathway. Similarly, a

threefold increase in CD66, a molecule thought to be

involved in homotypic adhesion,12 was also observed on

all neutrophils following cross-linking of CD11b (see

Figs 4 and 5).

A typical density plot of forward scatter versus log

fluorescence for all neutrophils (Region 3) before (Con-

trol) and after cross-linking of CD11b at 37� for 30 min

(XL-CD11b) is shown in Fig. 4. In all experiments, back-

ground binding was assessed using an isotype control

(FITC-conjugated mouse IgG1, Becton Dickinson). It was

evident that normal human peripheral blood neutrophils

do not constitutively express CD64, MHC class II antigen,

CD80 or CD86 on the cell surface. Following cross-link-

ing of CD11b, cell surface expression of these antigens

was observed on all neutrophils with higher levels of

expression evident on the larger P2 cells which appear in

the upper right hand quadrants of these plots. Mean

values for CD antigen expression obtained from all six

experiments are shown for lymphocytes, monocytes and

neutrophils (P1and P2) in Tables 1 and 2.

Lymphocytes (region 1) showed no surface expression

of CD64, CD80 or CD86 either before or after cross-link-

ing of CD11b. MHC class II antigen was constitutively

expressed on approximately 12% of cells (B cells). No

significant change in MHC class II antigen expression was

observed over the time course of these kinetic experi-

ments. This applied equally to measurement of the per-

centage of lymphocytes expressing cell surface MHC

class II antigen and to values obtained for mean fluores-

cence intensity (see Table 1).

Monocytes constitutively express cell surface CD64,

MHC class II antigen and to a lesser extent CD86. No

surface expression of CD80 was noted. No significant

change in CD64 or MHC Class II antigen expression was

observed following cross-linking of CD11b. A significant

increase in cell surface expression of CD80 and CD86 was

however, evident at all time points over the course of

these kinetic experiments relative to baseline values at

time zero and relative to background binding of mouse

IgG1 (see Table 1). No significant differences between

CD80 and CD86 levels were observed on monocytes at

any time point.

For the purposes of analysis, all neutrophils were gated

as region 3 (see Fig. 1) and subdivided into P1 and

P2 cells according to their light scatter properties as

described above. It was evident that the larger P2 neutro-

phils expressed significantly higher levels of all three

antigens when compared with P1 cells (see Table 2).

This increased expression of CD80 and CD86 on P2

cells appears to be specific because these values were

significantly elevated in comparison with background

mouse IgG1 binding – the only exception being CD86 at

120 min. This increase was not so pronounced with the

smaller P1 neutrophils with no significant increase in

staining for CD80 or CD86 evident at any time point and

Control

10 µm

X-L CD11b

Figure 2. Morphological appearance of leucocytes following in vitro

cross-linking of CD11b. Cytospin preparations stained with haema-

toxylin and eosin of leucocytes before (control) and after cross-link-

ing of CD11b (X-L CD11b) at 37� for 30 min. Some individual

neutrophils appear larger than normal with a voluminous cytoplasm

as indicated by arrows.
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MHC class II antigen being significantly increased only at

2�5 min (see Table 2). Significantly elevated levels of CD64

were, however, evident even on P1 neutrophils.

In a separate analysis, the levels of CD80 and CD86

were compared. It was noted that in the early stages

(up to and including 1 hr) of the kinetics experiment no

significant difference in the level of these molecules was

apparent. However, a significantly (P ¼ 0�02; Wilcoxon

Two Sample Test) lower value for CD86 was observed at

120 min on P1 cells and between 90 and 120 min on P2

cells. This difference resulted from a fall in the level of

CD86 relative to CD80 which remained elevated over the

entire 2-hr period of the experiment.

It is also worth noting that the levels of surface

expression of MHC class II antigen on P2 neutrophils

were comparable (no significant difference observed)

to the levels of this antigen expressed on the surface

of monocytes. Moreover, the level of CD80 expression

on P2 cells was significantly higher, at all time

points, than the level observed in parallel on

monocytes from the same donors. Similarly, CD86 on

P2 neutrophils was also significantly higher than the

level found on monocytes but this was apparent only

between 30 and 90 min when CD86 expression was

highest.

The formation of the larger P2 cells and increased cell

surface expression of MHC class II antigen and costimu-

latory molecules was also found to be inhibited in the

presence of 2 mm EDTA similar to the results shown for

CD18 in Fig. 3.
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Figure 3. Effect of cross-linking CD11b on surface expression of CD18. Dot-plots of forward scatter (cell size) versus side scatter (granularity)

showing the two main populations of neutrophils before (Control) and following in vitro cross-linking of CD11b (X-L CD11b) conducted in the

absence or presence of 2 mm EDTA. Large P2 neutrophils appear only following cross linking of CD11b. The total number of cells appearing in

the P2 region is diminished in the presence of EDTA. Dot-plots of forward scatter versus log fluorescence (CD18) show that virtually all

neutrophils constitutively express CD18 on the cell surface. The mean fluorescence intensity of binding of FITC-conjugated anti-CD18 increased

approximately fivefold on the surface of P1 neutrophils and by 10-fold on P2 cells following cross linking of CD11b at 37� for 30 min. When

cross-linking was conducted in the presence of 2 mm EDTA then the MFI value for CD18 expression was essentially normal.
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Comparison of the whole blood assay with
purified neutrophils

As shown in Fig. 5, increased expression of CD64, CD66,

CD80, CD86 and to a lesser extent MHC class II antigen

was observed on the surface of neutrophils (and in partic-

ular on P2 neutrophils) following cross-linking of CD11b

when purified neutrophils were used in place of whole

blood. This increase was relative to the negative mouse

IgG isotype control and to the level of these antigens

expressed on the surface of control neutrophils. It was

noted however, that control neutrophils purified by

Ficoll-Hypaque, dextran sedimentation and hypotonic

shock appeared to be spontaneously activated as assessed

by the appearance of large P2 cells and by weak expres-

sion of surface antigens relative to the negative mouse

isotype control. This spontaneous activation was not

observed with the whole blood method as shown in

Fig. 4. Similarly, detection of MHC class II antigen on P2

neutrophils was also more pronounced with the whole

blood method.

Intracellular localization of neutrophil cytoplasmic
CD antigens

Confocal microscopy. Cytoplasmic CD antigens and neutro-

phil granule antigens were demonstrated by flow-

cytometry within fixed and permeabilized neutrophils

(gated as region 3). Dual-staining studies, using various

combinations of FITC- and R-PE conjugated antibodies

were used to optimize antibody concentrations and to

confirm that all neutrophils express cytoplasmic CD80/86

together with neutrophil granule markers, i.e. myelo-

peroxidase (primary granules), lactoferrin (specific gran-

ules), matrix metalloproteinase 9 (gelatinase granules)

and human serum albumin (secretory vesicles). These

antibodies did not bind to the surface of viable neutro-

phils (Fig. 6) nor did they show significant binding
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Figure 4. Effect of cross-linking CD11b on neutrophil surface expression of CD66, CD64, CD80, CD86 and MHC class II (DR) antigen: Whole

blood method. Dot-plots of forward scatter versus log fluorescence for all neutrophils gated as R3 (see Fig. 1) are shown for control samples (no

cross-linking) and following in vitro cross-linking of CD11b (X-L CD11b) at 37� for 30 min. This figure shows the results of a typical experiment

performed using whole blood obtained from one individual donor. Surface expression of CD antigens was measured relative to an appropriate

isotype matched mouse IgG isotype control (mIgG1). Quadrant gates were set according to mouse IgG negative control values in each experi-

ment. The horizontal line indicates the upper limit for binding of mouse IgG1 and the vertical line indicates the forward scatter gate placed at

the upper limit for normal control neutrophils. The percentage of cells appearing in the upper quadrants (positive cells) is shown for comparison

and the mean fluorescence intensity is also indicated in brackets. Cells appearing in the upper left quadrant are therefore P1 neutrophils and the

upper right quadrant are P2 cells.
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to control or permeabilized lymphocytes or mono-

cytes. Cytospin preparations of these dual stained

preparations were made and the cell nucleus

counterstained with DAPI prior to viewing by confocal

microscopy.

As shown in Fig. 7(a), neutrophil cytoplasmic CD80

and CD86 was confined to the cell cytoplasm with a

staining pattern clearly consistent with a granular loca-

tion. Dual-staining showed that cytoplasmic CD80 (and

CD86) was not colocalized within primary, secondary or

tertiary (gelatinase) granules (see Fig. 7b–d) but colocali-

zation was observed within secretory vesicles (see Fig. 7e).

Similarly, MHC class II antigen was also found to colocal-

ize with CD80/86 (see Fig. 7f) and CD80 and CD86 were

shown to colocalize (Fig. 7g).

Following translocation of CD80 and CD86 onto the

neutrophil surface, by cross-linking of CD11b, these

molecules were observed by confocal microscopy to be

colocalized in large polarized clusters (see Fig. 7h). Typic-

ally, each cell had a single cluster containing both mole-

cules but cells with multiple clusters were also observed.

Cluster formation was evident within a few minutes of

addition of cross-linking reagents. Some cells, particularly

in the later stages of the kinetic experiment, showed focal

areas of segregation where CD86 was apparently lost leav-

ing clusters containing CD80 alone (see Fig. 7i).
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Figure 5. Effect of cross-linking CD11b on neutrophil surface expression of CD66, CD64, CD80, CD86 and MHC class II (DR) antigen: Purified

neutrophils. In order to provide a valid comparison, this assay was performed using the same donor, on the same day, in parallel with the whole

blood method as shown above in Fig. 4. Neutrophils were purified using Ficoll-hypaque, dextran sedimentation and hypotonic shock. (a) For

analysis, purified neutrophils were gated as indicated by the region shown using dot-plots of forward versus side scatter. (b) Dot-plots of forward

scatter versus log fluorescence for all neutrophils are shown for control samples (no cross-linking) and following in vitro cross-linking of CD11b

(X-L CD11b) at 37� for 30 min. Surface expression of CD antigens was measured relative to an appropriate isotype-matched mouse IgG isotype

control (mIgG1). Quadrant gates were set according to the mouse IgG negative control for the cross-linked preparations. The horizontal line

indicates the upper limit for binding of mouse IgG1 and the vertical line indicates the point at which large P2 cells appear. The percentage of

cells appearing in the upper quadrants (positive cells) is shown for comparison and the mean fluorescence intensity is also indicated in brackets.

Cells appearing in the upper left quadrant are therefore P1 neutrophils and the upper right quadrant are P2 cells.
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Immunoelectron microscopy. In control neutrophil prepara-

tions, where the primary antibody was omitted, a few isola-

ted gold particles were found (mean ± SEM ¼15 ± 4;

N ¼ 8) in the cytoplasm which were not associated with

any particular type of granule (see Fig. 8a, b). In neutrophil

preparations where anti-CD80 primary antibody was inclu-

ded an increased number of gold particles was observed

(126 ± 21; N ¼ 8) within the cell cytoplasm, i.e. no nuclear

(N) staining was observed (see Figs 8c, d) with many of

these being found in small clusters of three or more. These

clusters were not associated with large granules but rather

appeared to be free in the cytoplasm or associated with

small vesicular structures (see arrows in Fig. 8d).

Discussion

Following fixation and permeabilization, normal human

peripheral blood neutrophils were previously shown,

at the protein and mRNA level, to express a variety of

antigens normally associated with B-lymphocytes and

antigen presenting cells.8 These observations suggest that

neutrophils have the capacity to actively synthesize these

molecules, thus supporting the hypothesis that activated

neutrophils have the potential to function as APCs.2

Because neutrophils contain many preformed molecules,

required for rapid immune responses, within cytoplasmic

stores13–15 it seems likely that the release and/or surface

expression of these molecules may be biphasic with cyto-

plasmic stores being required for an immediate response

and active synthesis for sustained responses.16 The precise

mechanism involved in immediate release is not known.

Neutrophils utilize cell surface molecules like the

Mac-1 complex (CD11b + CD18) in order to adhere to

vascular endothelial cells expressing intracellular adhe-

sion molecule-1; an interaction which in turn leads to

up-regulation and increased surface expression of the

Mac-1 complex itself.17 Cross-linking of the Mac-1

complex therefore provides a good model for the study

of early neutrophil activation. As stated in the Introduc-

tion, Takano et al.9 have recently shown that in vitro

cross-linking of Mac-1 results in rapid translocation of

CD64 (FccRI), from preformed cytoplasmic stores, onto

the neutrophil surface. The original aim of this study was

therefore to determine whether this early neutrophil

Control Permeabilized

CD80 (FITC) vs 
Myeloperoxidase (R-PE)

CD80 (FITC) vs 
Lactoferrin (R-PE)

CD80 (FITC) vs 
Gelatinase (R-PE)

CD80 (R-PE) vs 
Albumin (FITC)

10
3

10
2

F
L2

-H
F

L2
-H

10
1

10
0

10
3

10
2

10
1

10
0

F
L2

-H
10

3
10

2
10

1
10

0
F

L2
-H

10
3

10
2

10
1

10
0

F
L2

-H
10

3
10

2
10

1
10

0
F

L2
-H

10
3

10
2

10
1

10
0

F
L2

-H
10

3
10

2
10

1
10

0
F

L2
-H

10
3

10
2

10
1

10
0

100 101 102

IL-1
103

100 101 102

IL-1
103

100 101 102

FL1-H
103

100 101 102

FL1-H
Log FL-1 (FITC)

103 100 101 102

FL1-H
103

100 101 102

FL1-H
103

100 101 102

FL1-H
103

100 101 102

FL1-H
103

Log FL-2 
(R-PE)

Figure 6. Detection of cytoplasmic CD80 by

flow-cytometry following fixation and permea-

bilization of normal human peripheral blood

neutrophils: Dual-staining using granule mark-

ers. Dot-plots of log fluorescence for FITC

(X-axis) versus R-PE (Y-axis) before (Control)

and following fixation and permeabilization

(Permeabilized) of neutrophils, i.e. cells gated

as region 3 – see Fig. 1. Dot-plots of control

cells show that monoclonal antibodies specific

for CD80 and those specific for the four differ-

ent types of neutrophil granule, i.e. myelo-

peroxidase (azurophilic granules), lactoferrin

(specific granules), gelatinase (tertiary granules)

and human serum albumin (secretory vesicles)

do not bind to the surface of neutrophils. In

contrast, following fixation and permeabiliza-

tion, all neutrophils show dual staining.
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activation signal could also result in translocation of

cytoplasmic CD80, CD86 and MHC class II antigen onto

the cell surface.

Using a modified (whole blood) version of the original

method described by Takano et al.9 we confirmed that

rapid translocation of CD64 does indeed occur within a

matter of minutes with optimum expression evident by

30 min (see Table 2). We also showed, using six normal

donors, that cross-linking of CD11b resulting in rapid,

calcium dependent, surface expression of CD80, CD86

and to a lesser and more variable extent MHC class II

(DR) antigen.

One unexpected feature of the whole blood version of

this assay was the appearance of a distinct subpopulation

(approximately 20%) of large cells (forward scatter gener-

ally >600 – gated as population 2 – P2) which appeared

in a matter of minutes following addition of cross-linking

reagents. These cells were identified as neutrophils by

their cell surface phenotype and in particular by their

expression of the granulocyte-specific marker CD6612

(see Fig. 4). Although flow cytometry is known to count

individual cells in single file we did consider the possibil-

ity that the P2 cells observed in dot-plots of forward

versus side scatter, were simply homotypic aggregates of

neutrophils. Some aggregation of neutrophils was noted

in cytospin preparations of cross-linked cells (see Fig. 2).

This is perhaps not surprising because cross-linking of

CD11b was found to increase cell surface expression of

adhesion molecules like CD18 and CD66 on the cell
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Figure 7. (a–g): Detection of cytoplasmic CD80 by confocal micro-

scopy following fixation and permeabilization of normal human

peripheral blood neutrophils: Dual-staining using various granule

markers. (a) Confocal image of two permeabilized neutrophils show-

ing that binding of FITC-conjugated (green) anti-CD80(1) and

CD86(2) appears to be confined to granules within the cell cyto-

plasm. Cell nucleus counterstained with 0�2 mg/ml 40,6-diamidino-

2-phenylindole (DAPI). Each individual cell shown in this figure was

approximately 10 lm in diameter. (b) Confocal image of a single

permeabilized neutrophil showing green (FITC) alone (CD80), red

(R-PE) alone (myeloperoxidase) and the merged image + DAPI. Red

and green areas are distinct indicating that CD80 is not located

within primary (azurophilic) granules. (c) Confocal image of a single

permeabilized neutrophil showing green (FITC) alone (CD80), red

(R-PE) alone (lactoferrin) and the merged image + DAPI. Red and

green areas are distinct indicating that CD80 is not located within

secondary (specific) granules. (d) Confocal image of a single permea-

bilized neutrophil showing green (FITC) alone (CD80), red (R-PE)

alone (MMP-9) and the merged image + DAPI. Red and green areas

are distinct indicating that CD80 is not located within tertiary (gela-

tinase) granules. (e) Confocal image of a single permeabilized neu-

trophil showing green (FITC) alone (human serum albumin), red

(R-PE) alone (CD80) and the merged image + DAPI. Red and green

areas are identical indicating that CD80 is located within secretory

vesicles. (f) Confocal image of a single permeabilized neutrophil

showing green (FITC) alone (CD80), red (R-PE) alone (MHC class

II [DR] antigen) and the merged image + DAPI. Red and green

areas are identical indicating that these molecules are colocalized

within secretory vesicles. (g) Confocal image of a single permeabi-

lized neutrophil showing green (FITC) alone (CD80), red (R-PE)

alone (CD86) and the merged image + DAPI. Red and green areas

are identical indicating that these molecules are colocalized within

secretory vesicles. (h–i) Detection of cell surface CD80 and CD86

following cross-linking of CD11bh. Confocal image of a single neu-

trophil following cross-linking of CD11b at 37� for 2�5 min showing

green (FITC) alone (CD80), red (R-PE) alone (CD86) and the

merged image + DAPI. Red and green areas are identical indicating

that these molecules are colocalized on the cell surface within a sin-

gle large cluster. Different z-levels taken through this particular cell

confirmed that this was the only area on the surface where these

molecules were found to be colocalized. (i) Confocal image of a sin-

gle neutrophil following cross-linking of CD11b at 37� for 90 min

showing green (FITC) alone (CD80), red (R-PE) alone (CD86) and

the merged image + DAPI. Two distinct clusters were observed on

the surface of this cell. In one cluster only CD80 (FITC) was

observed while the other cluster clearly contains both molecules as

indicated by the yellow colour in the merged image. Note: In this

study many hundreds of confocal images were obtained. For practi-

cal reasons the images shown in this figure were therefore selected to

illustrate the authors conclusions based on detailed inspection of

multiple images.
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surface. As far as we are aware this has not previously

been reported, but up-regulation of CD18 and CD66 has

been shown to be mediated by neutrophil activators such

as N-formylmethionylleucylphenylalanine (FMLP) and

phorbol myristate acetate.18,19 Measurement of cell area by

image analysis, under direct visual control, before and

after cross-linking of CD11b, were compared directly with

similar measurements of cell size as assessed by light scat-

ter. From these studies it was concluded that the vast

majority of cells in the P2 region could be accounted for

by individual enlarged neutrophils, with a distinctive

appearance, as shown in Fig. 2, and not by aggregates,

which although present, are probably excluded during

acquisition by the flow cytometer. This increase in indi-

vidual cell size was surprisingly rapid (occurring within

2�5 min), but is in good agreement with the findings

of others who have demonstrated an increase in neutro-

phil cell volume of between 35 and 60% following in vitro

activation with FMLP.20 Similarly, HL-60 myeloid cells

were shown to increase in volume by approximately 125%

within 2–3 min when placed in 50% tonicity medium.21

It therefore seems likely that most of the cells appear-

ing in the P2 region are large ‘activated’ neutrophils.

The high level of expression of the neutrophil activation

marker, CD64 (FccRI),9 on the surface of P2 neutrophils

is consistent with this hypothesis. Similarly, Iking-Konert
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(b)
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Figure 8. Detection of cytoplasmic CD80 by immunoelectron microscopy using 10 nm gold particles conjugated with F(ab0)2 goat anti-mouse

IgG. Pre-embedding method. (a, b) Low and high power transmission electron micrographs showing part of a control neutrophil, were primary

antibody (mouse anti CD80) was omitted showing a few individual gold particles within the cytoplasm. Clusters of particles were never observed

in these preparations. (c, d) Low and high power transmission electron micrographs showing part of a neutrophil, were primary antibody (mouse

anti-CD80) was included showing definite clustering (see arrows) of particles within the cell cytoplasm possibly associated with small vesicle like

structures within the cell cytoplasm. Immunogold particles did not bind to the cell nucleus nor were they ever found to be associated with large

(primary and/or secondary) granules.
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et al.5 have also demonstrated a distinct subpopulation

(17%) of large granular in vivo ‘activated’ neutrophils,

expressing high levels of CD80, CD86 and DR antigen, in

the circulation of patients with active Wegener’s granulo-

matosis.

The generation of large activated neutrophils and

up-regulation of CD80, CD86 and MHC class II antigen

reported here were all observed following cross-linking

of CD11b using whole blood as described in Methods.

P2 cell formation and antigen translocation was also

observed with purified neutrophils as shown in Fig. 5. It

was, however, evident that some spontaneous activation

had occurred during the isolation procedure. Others have

also noted that neutrophils can be non-specifically activa-

ted by Ficoll and/or dextran as assessed by increased

myeloperoxidase release, increased expression of FMLP-

binding sites and generation of reactive O2 species.22,23 It

was concluded by these workers that the use of purified

neutrophils ‘may lead to misinterpretation of results’23

and/or ‘may lead to important differences of in vivo poly-

morphonuclear function being obscured’.24 The whole

blood method described in this paper proved to be sim-

ple, rapid, reliable, inexpensive and requires only a small

volume of blood per test. Activation of cells, prior to

cross-linking, was not observed in whole blood control

preparations and the differences between control and

cross-linked cells was much clearer. The whole blood

method also appears to be more sensitive, as evidenced

by the detection of weakly expressed antigens like DR

which was not detected using purified neutrophils

obtained from this particular donor. It also allows for

simultaneous analysis of lymphocytes and monocytes

from the same donor. The whole blood method, there-

fore, provides a more efficient in vitro assay for the study

of neutrophil activators by flow cytometry.

In this study we were particularly interested in the

kinetics of expression of molecules known to play a

role in antigen presentation. Kinetic studies showed that

these antigens were expressed rapidly over the first

30 min with high levels of surface expression being

maintained even after 2 hr of incubation at 37� in the

presence of cross-linking reagents. The exception to this

appeared to be CD86 where levels fell to background

in the later stages of the kinetic experiments. Co-stimu-

latory molecules (CD80 and CD86) are normally found

on the surface of APCs but subtle differences in their

kinetics of expression and function have been noted.

For example, CD86 is thought to initiate early T-cell

activation signals whereas CD80 plays an important role

in sustaining the T-cell response.25,26 If neutrophils do

indeed function as APCs then differences in the neutro-

phil CD80 and CD86 kinetics observed here would be

consistent with this function.

The whole blood assay also allowed us to study the

effects of CD11b cross-linking on lymphocytes and

monocytes from these six donors in parallel. No change

in cell surface expression of any of the CD antigens stud-

ied was observed with lymphocytes (see Table 1). Simi-

larly, no significant change in cell surface expression of

MHC class II antigen or CD64 was observed with mono-

cytes but a significant increase in CD80 and CD86 was

evident. The overall level of CD80 and CD86 expression

found on monocytes was comparable to the level found

on P1-neutrophils following cross-linking of CD11b. It is

however, of considerable interest to note that the levels of

CD80 and CD86 expression induced by cross-linking

CD11b on P2-neutrophils was equivalent to or signifi-

cantly greater than the corresponding monocyte level.

P2-neutrophils therefore appear to express MHC class II

antigen, CD80 and CD86 at comparable or greater levels

than monocytes and for this reason are potential candi-

dates for antigen presenting and/or costimulatory cells

within sites of inflammation.

The rapidity with which these molecules appear on the

cell surface following cross-linking of CD11b suggests that

these molecules are preformed within neutrophil granules.

Using various fluorochrome-conjugated monoclonal anti-

bodies known to identify the four main types of human

neutrophil granule10,11,27 we showed by confocal laser

microscopy that CD80, CD86 and MHC class II antigen

were colocalized within secretory vesicles. Preliminary

studies using immunoelectron microscopy28 also appeared

to confirm this observation with small clusters of immuno-

gold particles associated with small structures within the

cell cytoplasm resembling secretory vesicles. This is per-

haps not surprising since, several other well characterized

receptor molecules have also been found to be contained

within secretory vesicles, e.g. complement receptor 1

(CD35) and FMLP-R among others.10 It is also worth

noting that cross-linking of CD11b also results in the

rapid translocation of CD66 onto the cell surface (see

Figs 4 and 5). This molecule has been shown to be pre-

sent mainly within neutrophil-specific (secondary) gran-

ules and tertiary (gelatinized) granules, but has also been

found to a lesser extent also within neutrophil secretory

vesicles.19 Specific translocation of CD66 from secretory

vesicles was observed to occur after short-term activation

with fMLP using freshly isolated neutrophils. Such mild

treatment does not result in mobilization of CD66 from

secondary or tertiary granules but secretory vesicles are

readily mobilized under these conditions.19 These obser-

vations are therefore consistent with rapid translocation

of CD66 from secretory vesicles following cross-linking of

CD11b.

Neutrophil granule contents are known to be released

in a strict hierarchy with molecules translocating most

rapidly from secretory vesicles.10,11 This observation is,

therefore, consistent with the kinetic studies reported

here, which show that the molecules required for anti-

gen presentation and costimulation are detected on the
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surface of neutrophils within 2�5 min with optimal

expression occurring by 30 min. Exocytosis of molecules

from secretory vesicles has been shown to occur within

milliseconds29 and transport of molecules from the

trans-Golgi network to the plasma membrane via secre-

tory vesicles, visualized in real time using GFP-tagged

proteins, was found to be optimal at 20–30 min30 Simi-

larly, translocation of Mac-1 from ‘internal latent pools’

onto the surface fMLP-activated monocytes was shown

to occur with 2 min31 and up-regulation of very late

antigen-6 on neutrophils in response to fMLP has also

been shown to peak at 6 min32 Bezzerides et al.33 have

also demonstrated rapid (within 2 min) growth factor

mediated translocation of transient receptor potential

ion-channel proteins from vesicles held in reserve just

under the plasma membrane of HEK-293 cells. These

vesicles are docked or tethered by formation of com-

plexes between vesicular soluble N-ethylmaleimide-

sensitive fusion protein attachment proteins (SNAP)

receptors (v-SNARES) and plasma membrane target

molecules (t-SNARES). Vesicles may then fuse com-

pletely with the plasma membrane or release their con-

tents into the extracellular space. An unexpected finding

in this study was that, following cross-linking of

CD11b, both costimulatory molecules appear on the cell

surface colocalized within large clusters. Most cells were

found to have these molecules concentrated into a sin-

gle cluster but some cells exhibited more than one. In

the early stages, following cross-linking of CD11b, the

costimulatory molecules were contained within the same

cluster (see Fig. 7h), but as time progressed, segregation

occurred with CD86 being lost (see Fig. 7i). The precise

mechanism involved in clustering of costimulatory mol-

ecules on the surface of cross-linked neutrophils is not

known. Brumell et al.34 have, however, shown that neu-

trophil secretory vesicles have high concentrations of

the v-SNARE molecule vesicle-associated membrane

protein (VAMP)-2, relative to other granules and that

this molecule may bind to the t-SNARE protein syntax-

in-4 on the plasma membrane. Syntaxin 4 has also

been shown to polarize and accumulate within the

lamellipodium as neutrophils respond to chemotactic

stimuli.34 It would therefore be of interest to determine

whether the clustering of costimulatory molecules

observed in this study is linked to ‘hot-spots’ of syntax-

in 4 on the plasma membrane of ‘activated’ neutro-

phils. Co-localization of costimulatory molecules

together with various other molecules required to form

an immunological synapse with helper T cells35–37 has

been previously shown to occur on conventional APCs.

Clustering occurs in order to compensate for the relat-

ively low number of synapse-forming molecules found

on the surface of APCs. The clusters found on the sur-

face of cross-linked ‘activated’ neutrophils reported here

are, therefore, consistent with these supramolecular

antigen clusters and further support the hypothesis that

activated neutrophils can indeed function as APCs. In

this study we have focused exclusively on the effect of

cross-linking CD11b as a possible translocation mechan-

ism. It would however, seem likely that other neutrophil

activation signals, e.g. fMLP or phorbol esters may also

result in rapid translocation of these molecules

from cytoplasmic stores onto the plasma membrane.

This possibility is currently being investigated in our

laboratory.
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