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SUMMARY

Four different monoclonal antibodies (mAbs) reactive with rat CD11b (ED7, ED8, OX-42 and
1B6c) have been characterized for their ability to induce homotypic aggregation of granulocytes
or to modify granulocyte adhesiveness triggered by phorbol myristate acetate (PMA) or N-
formyl-methionyl-leucyl-phenylalanine (fMLP). Cross-blocking experiments showed that these
mAbs recognize at least three different epitopes on CD11b. OX-42 mAb recognizes an inhibitory
epitope since the mAb inhibited homotypic aggregation of granulocytes and their adherence to
plastic in the presence of PMA or fMLP. ED7 and ED8 induced homotypic aggregation of
granulocytes which was blocked by OX-42 and anti-CD18 mAb (WT3) suggesting that CR3 itself
is involved in the adhesion process. The aggregation was dependent on active cell metabolism,
intact cytoskeleton, divalent cations and activation of tyrosine kinases sensitive to genistein.
Staurosporine, okadaic acid and orthovanadate potentiated the aggregation. ED7 and ED8
potentiated homotypic aggregation and adhesion of granulocytes to plastic caused by fMLP, but
inhibited granulocyte adhesion to plastic induced by PMA. 1B6c recognizes an epitope that
transmits a proaggregatory signal upon binding of the mAb but only if the granulocytes are in
contact with plastic or are activated by fMLP. In contrast, 1B6c inhibited granulocyte adhesion
to plastic triggered by PMA or fMLP. These data suggest the existence of functionally different
epitopes on rat CD11b and indicate that some anti-CD11b mAbs are able to functionally
activate CR3.

INTRODUCTION taxis and a third lectin site.7–10 Depending on the epitope
specificity, anti-human CD11b monoclonal antibodies (mAbs)

Numerous cell functions dependent on adhesion are mediated
can either block (partially or completely) PMN homotypic

by b2 integrins.1 This family of four structurally related
aggregation promoted by chemoattractants or have no effect

glycoproteins consists of distinct a subunits (CD11a,b, c and
on aggregation suggesting the existence of discrete adhesi-

d) and a common b subunit (CD18).1–3 CD11b/CD18 (CR-3,
otopes and activation of the molecule.11 Some mAbs recogniz-

Mac-1) is predominantly expressed on polymorphonuclear
ing certain epitopes of CD18 in humans12 and rats13 stimulate

cells (PMN), monocytes and natural killer (NK) cells. It
adhesiveness of granulocytes and induce homotypic aggre-

binds several ligands such as intracellular adhesion molecules
gation of these cells, most probably by increasing the affinity

(ICAMs), iC3b, clotting factor X, fibrinogen, different
of CR3 for their ligands. Several anti-CD11a mAbs also induce

microbial structures, elastase, etc.1,2,4–6 CR3 promotes a series
homotypic aggregation of lymphocytes.14,15 Recently, Stockl

of neutrophil functions including adherence to endothelial
et al.16 reported that an anti-CD11b mAb (VIM12) enhanced

cells, migration through high endothelial venules, homotypic
adhesiveness and homotypic aggregation of human PMN.

aggregation and chemotaxis (reviewed in1).
In this work, using cross-blocking experiments and functional

Antibody-blocking studies showed the existence of multiple
tests with four different anti-CD11b mAbs, we identified different

functional domains of CR3 that are critical for ligand speci-
epitopes on rat CD11b. Three of them induced homotypic

ficity. At least three different functional domains are identified
aggregation of granulocytes. Signalling mechanisms involved in

on the molecule: one responsible for iC3b binding, a second
the ED7-induced granulocyte adhesiveness are also explored.

involved in neutrophil spreading on plastic and PMN chemo-

MATERIALS AND METHODSReceived 26 May 1998; revised 10 September 1998; accepted
10 September 1998. Animals

Adult WAG/Rij rats (200–300 g), obtained from AVL,Correspondence: Dr M. Čolić, Institute of Medical Research,
MMA, Crnotravska 17, 11002 Belgrade, Yugoslavia. Amsterdam, The Netherlands, were used for cross-blocking
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experiments. All other experiments were performed with female daic acid (1 m); orthovanadate (100 m); H7 (80 m);
HA1004 (10 m) and bisindolylmaleimide (1 m).AO rats, 10–12 weeks old, bred at the Farm for Experimental

Animals, MMA (Belgrade, Yugoslavia). Semiquantitative scoring of aggregation was carried out after
various time periods as described.22 Scores ranged from 0 to
5: 0. no aggregation; 1. less then 10% of cells in aggregates; 2.Monoclonal antibodies and reagents

Purified mouse mAbs ED7 and ED8 (both immunoglobulin 10–50% of cells formed small clusters; 3. 50–80% of cells in
small loose and/or compact clusters; 4. >80% of cells formedG1; IgG1) directed against rat CD11b17 and ED7-Fab were

generated at the Department of Cell Biology and Immunology, large loose and/or compact clusters; 5. nearly 100% of cells in
large very compact aggregates. All plates were scored by twoFree University, Amsterdam, The Netherlands. OX-42 (anti-

rat CD11b/CD11c; IgG2a)18 and OX-18 (anti-major histocom- independent observers. For the quantitative aggregation assay
cells were resuspended in RPMI-1640 with 5% FCS atpatibility complex (MHC) class I, IgG1) were purchased from

Serotec, Kidlington, UK, whereas 1B6c (anti-rat CD11b)19 2,5×106/ml, placed in a Terasaki microwell plate (in 20 ml )
and cultured in a hanging drop at 37° for 2 hr. Where indicated,was provided by Dr R. F. Todd. WT1 (anti-rat CD11a,

IgG2a), WT3 (anti-rat CD18, IgG1) and 1 A29 (anti-rat granulocytes were preincubated with mAbs or metabolic
inhibitors as described above. Thereafter, the number of freeCD54, IgG1)20 were donated by Dr M. Miyasaka. Irrelevant

control mAb was BH1, a mAb reactive with Blastocystis cells were counted in a haemocytometer and percentage of
cells in aggregates was determined by the following equation:hominis (IgG1). A fluorescein-conjugated secondary antibody

(goat anti-mouse-IgG) was purchased from Coulter (Krefeld,
Percent of cells in aggregates=100×[1−(number of free cells

Germany). The following reagents were purchased from Sigma
after cultivation)/(number of free cells in medium control

(St Louis, MO): phorbol myristate acetate (PMA), N-formyl-
before cultivation)].

methionyl-leucyl-phenylalanine (fMLP), staurosporine, oka-
daic acid, 1-(5-isoquinolinylsulphonyl )-3-methyl-piperazine

Colorimetric assay for granulocyte adherence to plastic
(H7), sodium orthovanadate, HA1004, bisindolylmaleimide

We used a modified assay, initially described by Oez et al.23
and genistein.

Briefly, cells were resuspended in RPMI-1640 with 5% FCS,
preincubated with mAbs at 4° for 30 min and seeded at

Cell preparation
5×105/per well in 96-well flat-bottom microtitre plates in the

Inflammatory granulocytes were obtained by using a sponge
presence or absence of PMA or fMLP. The plates were

matrix model. Polyvinyl sponges inserted under the animals’
incubated at 37° for 1 hr. After this, non-adherent cells were

skin (as previously described by Middleton and Campbell )21
removed by washing three times with saline and remaining

were removed after 24 hr, squeezed gently into siliconized
adherent cells were stained with 0·1% methylen blue in PBS

tubes. Cells, extracted from the sponges, were washed twice
for 15 min. The plates were washed three times in running

and resuspended in RPMI-1640 with 5% fetal calf serum
water and left to air dry. Thereafter, 200 ml 0·1  HCL was

(FCS). Purity of cells was >95% granulocytes. For cross-
added to each well and absorbance of dissolved dye was

blocking experiments granulocytes were elicited from the per-
measured by an enzyme-linked immunosorbent assay (ELISA)

itoneal cavity 4 hr after thioglycollate i.p. injection. Cells were
reader (Behring ELISA Processor, Behring, FRG) at 650 nm.

washed twice with phosphate-buffered saline (PBS; pH 7·4)
containing 0·1% bovine serum albumin (BSA).

RESULTS
Cross-blocking experiments

Different epitopes on the rat CD11b molecule recognized by
Cross-blocking of anti-CD11b mAbs was determined by prein-

mAbs
cubating granulocytes (1×106 cells/ml ) with either ED7, ED8,
OX-42, 1B6c or control mAb (20 mg/ml ) 20 min at 4° after The first aim of this study was to define epitope specificity of

four mAbs which recognize the a-subunit of rat CR3 (CD11b).which biotinylated ED7, ED8 or OX-42 mAbs (2·5 mg/ml )
were added and incubated for another 30 min at 4°. Cells were The results of cross-blocking experiments presented in Table 1

show that preincubation of granulocytes with both ED7 andwashed once with PBS and binding of the biotinylated mAbs
was detected with avidin–phycoerythrin (PE) (Vector, ED8 resulted in almost complete cross-blocking of each other,

suggesting that these mAbs recognize identical or closelyBurlingame, CA) using a fluorescence-activated cell sorter
(FACScan; cytometer (Becton Dickinson, Oxford, UK). related epitopes. OX-42 also partially blocked binding of

ED7-and ED8-biotin but not vice versa. Preincubation of
granulocytes with 1B6c had little or no effect on the bindingAggregation assays

In order to measure homotypic aggregation of granulocytes of ED7, ED8 or OX-42, indicating that this mAb recognizes
a non-related epitope on CD11b. Antibodies WT1 (CD11a)semiquantitative and quantitative aggregation assays were

used. For the semiquantitative aggregation assay cells were or WT3 (CD18) did not block binding of any of the CD11b
mAbs (data not shown).resuspended in RPMI-1640 with 5% FCS at 5×106/ml

(5×105/per well ) and placed in 96-well flat-bottom microtitre
plates, incubated at 37° in the absence or presence of mAbs

Effect of anti-CD11b mAbs on homotypic aggregation of rat
and/or PMA and fMLP. Where indicated, the cells were

granulocytes
preincubated with mAbs (at 4°) or metabolic inhibitors (37°)
for 30 min. The following concentrations of inhibitors were We next tested the effect of anti-CD11b mAbs on homotypic

aggregation of granulocytes. The results presented in Table 2used: sodium azide (0·2%); EDTA (0·04%); cytochalasin B
(5 mg/ml ); genistein (50 mg/ml ); staurosporine (0·5 m); oka- and Fig. 1 show that ED7, ED8 and 1B6c induced strong

© 1999 Blackwell Science Ltd, Immunology, 96, 83–89
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Involvement of CD11b epitopes in granulocyte aggregation 85

Table 2. Homotypic aggregation of rat granulocytes induced by anti-Table 1. Different epitopes on the CD11b molecule recognized by
mAbs CD11b mAbs or pharmacological agents

AggregationPreincubation

30 min 2 hrmAbs – IgG1 ED7 ED8 OX42 1B6c

mAbs A B A BED7-biotin (MFI) 993 982 113 49 494 949
(% inhibition) (0·0) (1·1) (88·6) (95·1) (50·3) (4·4) (PA) (score) (%) (score) (%)
ED8-biotin (MFI) 837 852 46 30 405 716
(% inhibition) (0·0) (−1·7) (94·5) (96·4) (51·6) (14·4) Medium control 0 2 + 8·3±2·2

IrmAb 0 2 + 10·4±3·3OX42-biotin (MFI) 845 833 873 816 53 837
(% inhibition) (0·0) (1·4) (−3·3) (3·4) (93·7) (0·9) OX-18 0 3 + 13·1±3·2

ED7 + 15 ++++ 40·6±5·3*
ED7-Fab 0 5 ++ 21·5±3·6*Granulocytes isolated from peritoneal cavity of WAG/Rij rats,
ED8 0 14 ++++ 34·2±4·9*4 hr after thioglycollate i.p. injection were preincubated with mAbs
1B6c 0 1 ++++ 2·9±1·3ED7, ED8, OX-42, 1B6c or control IgG1 (all 20 mg/ml ) for 20 min
OX-42 0 1 0 1·0±0·6before biotinylated ED7, ED8 or OX-42 antibodies (2·5 mg/ml ) were
WT3 0 0 0 4·3±2·4added. After 30 min of incubation, cells were washed with PBS and
WT1 0 2 0 4·8±1·9the binding of the biotinylated mAbs was detected using avidin-PE
Sec Ab 0 NT + NTand measured by FACScan. Shown is the mean fluorescence intensity
Sec Ab+OX-42 0 NT + NT(MFI) and between brackets the percentages of cross-blocking from
Sec Ab+ED7-Fab + NT +++ NTone representative (out of three similar) experiment.
WT1+ED7 + NT ++++ 43·3±4·1
WT3+ED7 0 NT 0 7·0±2·1†
OX42+ED7 0 NT + 16·3±2·9†homotypic aggregation of granulocytes, whereas OX-42 and
1A29+ED7 + NT ++++ 39·2±4·9WT3 had no proaggregatory effect. The aggregation was
PMA20 ng/ml 0 36 + 40·4±9·9

visible as early as after 30 min and reached maximum after PMA100 ng/ml 0 43 + 82·7±4·7
2–4 hr. A substantial deaggregation occured after 24 hr (data fMLP 1 mm 0 32 + 56·3±7·4
not shown). The Fab fragment of ED7 induced considerable
cell aggregation after 2 hr. The aggregation was significantly Granulocytes (2·5×106/ml ) were preincubated with mAbs (all at
potentiated after cross-linking of Fab-ED7 with a secondary concentrations of 2 mg/ml, exept for ED7-Fab: 20 mg/ml ) for 30 min

at 4° and than incubated in 96-well plates (A) or in Terasaki platesantibody, whereas cross-linking of OX-42 had no effect
(hanging drop) (B). In experiments in which mechanisms of the(Table 2). The quantitative hanging drop assay, in which the
ED7-induced granulocyte aggregation were studied, granulocytes werecontact of granulocytes with plastic was excluded, showed that
preincubated with mAbs for 30 min at 4° before addition of ED7.both ED7 (whole molecule and the Fab fragment) and ED8
Aggregation was scored after 30 min or 2 hr using semiquantitativepromoted granulocyte aggregation. As expected, OX-42 and
(A) or quantitative aggregation assay (B) as described in MaterialsWT3 were not proaggregatory in the assay. However, unexpec-
and Methods. Values are mean of triplicate of one (out of two separate

tedly, with this assay, 1B6c did not induce cell aggregation. In experiments) (30 min) and mean±SD of 3–5 separate experiments
contrast to these results, granulocyte activators (PMA or (2 hr).
fMLP) induced strong cell clustering in the hanging drop *P<0·001 compared to medium control; †P<0·001 compared to
assay, but hardly detectable aggregation was observed using ED7 alone; PA=pharmacological agents; NT=not tested; IrmAb=

irrelevant monoclonal antibody.96-well plates (Table 2).
In the next experiments mAb inhibition studies were per-

formed to indentify potential receptor(s) involved in the
ED7-induced granulocytes aggregation, since ED7 had the cytochalasin B or ethylenediamine tetra-acetic acid (EDTA),

confirming dependence of the processes upon active cell metab-strongest proaggregatory effect. The results presented in
Table 2 show that OX-42 and WT3 significantly inhibited the olism, intact cytoskeleton and divalent cations. To determine

the intracellular signalling pathways, PMN were preincubatedED7-induced cell clustering, suggesting that CR3 is involved
in this process. WT1 (anti-leucocyte function-associated with staurosporine (a non-specific PK inhibitor), H7 (an

inhibitor of protein kinase A (PKA), PKC and PKG), HA1004antigen-1; LFA-1) and 1 A29 (anti-ICAM-1) mAbs were not
effective. This is probably a conseqence of low (LFA-1) or (a PKA and PKG inhibitor), bisindolylmaleimide (a selective

PKC inhibitor), genistein (an inhibitor of protein tyrosinehardly detectable (ICAM-1) expression on granulocytes (data
not shown). kinases, PTK), okadaic acid (an inhibitor of protein phospha-

tases PP1 and 2A) and sodium orthovanadate (an inhibitor
of phosphotyrosine phosphatases). Of these inhibitors, only

Signalling pathways involved in granulocyte homotypic
genistein partialy inhibited cell aggregation triggered by ED7.

aggregation
Staurosporine, okadaic acid and orthovanadate stimulated
both spontaneous and ED7-induced aggregation of granulo-A set of experiments was designed to study physiological

requirements for homotypic aggregation induced by cytes. H7 and HA1004 did not significantly modify the aggre-
gation. Bisindolylmaleimide increased spontaneous, but didED7 mAb, PMA or fMLP. Results presented in Fig. 2 show

that cell clustering induced by all stimuli was fully prevented not influence the ED7-induced cell aggregation. In contrast to
these results, PMA-induced homotypic aggregation ofby incubating cells at 4°, in the presence of sodium azide,

© 1999 Blackwell Science Ltd, Immunology, 96, 83–89
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B. Drašković-Pavlović et al.86

granulocytes was inhibited by staurosporine, okadaic acid, H7
and bisindolylmaleimide and was not significantly modified by
genistein and orthovanadate. Of these inhibitors, staurosporine
potentiated, whereas genistein inhibited cell clustering induced
by fMLP. The same effects of these inhibitors on PMA- or
fMLP-triggered homotypic aggregation of granulocytes were
observed after 30 min of cell incubation (data not shown).

Effect of anti-CD11b mAbs on homotypic aggregation of
granulocytes induced by PMA or fMLP

Based on the previous results showing different signalling
mechanisms involved in PMN clustering it was of interest to
study the effect of different anti-CD11b mAbs on homotypic
aggregation of granulocytes induced by PMA or fMLP. When
cells were preincubated with anti-CD11b mAbs before additionFigure 1. Effect of different anti-rat CD11b mAbs on homotypic
of these pharmacological agents the following results (Fig. 3)aggregation of granulocytes. (a) ED7; (b) ED8; (c) 1B6c; (d) ED7-Fab;

(e) OX-42; (f ) medium control. Granulocytes were prepared as were obtained: ED7 slightly potentiated granulocyte clustering
described in Materials and Methods. Then, 2·5×106 cells/ml were induced by PMA. The effect is more pronounced when a lower
placed in 96-well plates (5×105 cells/well ) and incubated with mAbs dose of PMA (20 ng/ml ) was used. ED7, ED8 and 1B6c
(2 mg/ml ) except for ED7-Fab (20 mg/ml ) for 2 hr at 37°. Aggregation moderately potentiated the aggregation induced by fMLP,
was scored as described using an inverting microscope. whereas WT3 almost completely abolished the aggregation
Magnification: ×80.

caused by fMLP or PMA. In contrast, OX-42 strongly
inhibited cell aggregation induced by fMLP, but only partially
blocked the aggregation induced by PMA.
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Figure 2. Signalling mechanisms involved in granulocyte aggregation. Granulocytes were preincubated with different metabolic
inhibitors at concentrations given in Materials and Methods for 30 min at 37° before addition of ED7, PMA (100 ng/ml ) or fMLP
(1 m). Aggregation was scored quantitatively as previously described. In preliminary experiments these inhibitors were non-toxic
for cells. Concentrations of stimulatory or inhibitory agents were optimal in the assay. Values are mean±SD from three independent
experiments. 1, Control; 2, 4°; 3, sodium azide; 4, cytohalasine B; 5, EDTA; 6, staurosporine; 7, okadaic acid; 8, orthovanadate;
9, genistein; 10, H7; 11, HA 1004; 12, bisindolymaleimide. *P<0·05; **P<0·001 compared with corresponding controls.

© 1999 Blackwell Science Ltd, Immunology, 96, 83–89
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Figure 3. Effect of antirat CR3 mAbs on homotypic aggregation of granulocytes triggered by PMA or fMLP. Granulocytes were
preincubated with different antirat CR3 mAbs for 30 min at 4° before addition of PMA (100 and 20 ng/ml ) or fMLP (1 m).
IrmAb was BH1 (IgG1 isotype). Then, the cells were incubated in Terasaki well-plates, as described, for 2 hr at 37°. Scoring was
performed quantitatively as described. Values are mean±SD from four to five different experiments. *P<0·05; **P<0·001
compared with corresponding controls.

Effect of anti-CD11b mAb on granulocyte adherence to plastic stimulated granulocyte binding triggered by fMLP. The stimu-
latory effect on fMLP-triggered cell adhesion was much higher

Activated granulocytes readily adhere to plastic surface in
when ED7 and ED8 were added 30 min after addition of

96-well plates. We tested the effect of anti-CR3 mAbs on this
fMLP. Under these conditions OX-42, 1B6c and WT3 were

process. As presented in Table 3 OX-42, 1B6c and WT3
inhibitory (data not shown).

inhibited binding of PMN to plastic, whereas ED7 and ED8
had no significant effects. OX-42, 1B6c and WT3 also signifi-
cantly inhibited adhesion of granulocytes triggered by PMA DISCUSSION
and fMLP. It is interesting that ED7 and ED8 partially

In this work we studied the effect of four different anti-rat
inhibited cell binding to plastic in the presence of PMA, but

CD11b mAbs on granulocyte adhesiveness. Results are sum-
marized in Table 4. Based on cross-blocking experiments and

Table 3. Differential effects of anti-CD11b mAbs on granulocyte
adherence to plastic induced by PMA or fMLP

Table 4. Summary results of the effects of anti-CD11b mAbs on
granulocyte adhesivnessStimuli added (absorbance)

mAbs None PMA fMLP Agonist tested

None 0·112±0·033 0·437±0·050 0·179±0·041 None PMA FMLP
mAbED7 0·127±0·032 0·350±0·038** 0·281±0·043**

ED8 0·140±0·036 0·372±0·041* 0·253±0·032* treatment Aggr. Adh. Aggr. Adh. Aggr. Adh.
OX-42 0·021±0·007** 0·264±0·030** 0·041±0·007**
1B6c 0·014±0·005** 0·141±0·029** 0·014±0·004** ED7 ( – – 3 ( (

ED8 ( Slight – 3 ( (WT3 0·013±0·004** 0·117±0·032** 0·019±0·004**
increase

OX-42 3 33 3 33 33 33The test was performed as described in Materials and Methods.
1b6c Slight 33 – 33 ( 33Granulocytes were preincubated with mAbs (10 mg/ml ) for 30 min at

decrease4° before the addition of PMA (100 ng/ml ) or fMLP (1 m) and than
WT3 3 33 33 33 33 33incubated for 1 hr at 37°. Non-adherent cells were washed out and

adherence of cells to plastic was determined by absorbance measuring.
The results shown represent the mean±SD absorbance from three to Aggr., aggregation; Adh., adherence to plastic; −, no significant

effect. ((3), moderate increase (decrease). (((33), strong increasefive independent experiments.
*P<0·05; **P<0·001 compared to corresponding controls. (decrease).

© 1999 Blackwell Science Ltd, Immunology, 96, 83–89
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B. Drašković-Pavlović et al.88

functional tests at least three different epitopes on CD11b from that induced by VIM12 mAb. The VIM12-induced aggre-
gation of peripheral blood (PB) granulocytes was blocked bywere identified. Up to now, mAbs to the human CD11b have

been extensively characterized. Buyon et al.24 identified four okadaic acid and dibutyryl cAMP, potentiated by staurospor-
ine and not modified by herbimycin A (a PTK inhibitor).16different epitopes on the molecule using anti-CR3 mAbs. The

mAbs either inhibited or not modified PMN aggregation. The disparities are probably a consequence of different epitope
specificity of the mAbs or different activation states ofBased on the binding of inhibitory anti-CD11b mAbs it can

be concluded that at least two different epitopes are involved granulocytes.
PTK play a prominent role in various intracellular signalin aggregation. Our results, including the previous ones18,

suggest that OX-42 mAb belongs to a group of inhibitory transduction pathways in PMN. Walzog et al.27 recently
demonstrated that cross-linking of CD18 or CD11b on humananti-CR3 mAbs.

The non-inhibitory mAbs from the CD11b workshop panel PMN by mAbs induced tyrosine phosphorylation of several
proteins. Herbimycin A partially inhibited the CD18-mediatedwere shown to be also heterogeneous.11,24 Among them, one

mAb, named VIM12, has recently been identified as a PMN tyrosine phosphorylation of the 120 000 MW and 65 000 MW
proteins and completely inhibited phosphorylation of thestimulatory, aggregation-promoting antibody.16 By these

characteristics VIM12 is similar to ED7 and ED8. 78 000 MW and 56 000 MW proteins. Liles et al.28 showed
that cross-linking of CD18 induced tyrosine phosphorylationThe fourth mAb from this panel, 1B6c, binds to a different

epitope, as demonstrated in cross-blocking experiments. The of 40 000, 70 000 and 110 000 MW proteins. Genistein, another
PTK inhibitor, reduced the tumour necrosis factor-a (TNF-a)-mAb differed from ED7 and ED8 because of its inability to

induce homotypic aggregation in the hanging drop assay. stimulated respiratory burst of PMN whether or not CD18
was cross-linked. It is not known whether cross-linking ofHowever, it was able to induce aggregation when cells were in

contact with plastic or were stimulated with fMLP. Up to CR3 induces phosphorylation of CD18, as demonstrated by
the use of PMA.29 We are now studying the effect of genisteinnow, except VIM12, three other CR3 stimulatory mAbs

recognizing CD18 have been published: KIM 127 and KIM on PTK phosphorylation in rat PMN after treatmen with
anti-CR3 mAbs.185 (anti-human)12 and NG2B12 (anti-rat)13 mAbs.

Homotypic aggregation of granulocytes induced by ED7 was It is interesting that orthovanadate, a tyrosine phosphatase
inhibitor, induced tyrosine phosphorylation of several proteinsnot a simple cross-linking of the cells by mAb because a non-

binding irrelevant BH1 mAb (IgG1) or OX-18, mAb of the which are also phosphorylated by cross-linking of CR3·27 Its
effect on homotypic aggregation in our experiments could besame isotype, which recognizes class I MHC molecules abun-

dantly expressed on granulocytes, did not induce aggregation. explained by this mechanism. Another phosphatase inhibitor,
okadaic acid also potentiated the ED7-induced homotypicHowever, weaker aggregation observed in the presence of

ED7-Fab in comparison to the whole immunoglobulin suggests aggregation. It has been shown that treatment of human PMN
with this inhibitor increased phosphorylation of CD18 beingthat cross-linking of CR3 molecules by the whole mAb is

probably necessary for complete effect. The possible involve- further augmented by PMA but not by fMLP. Okadaic acid
inhibited PMN aggregation triggered both by PMA andment of Fc receptors in the aggregation could not be excluded

since both physical and functional interactions between CR3 fMLP30 which was also confirmed in our experiments.
In our experiments staurosporine (a non-selective PKand Fcc receptors type II and III in human PMN were

described.25,26 In addition, the ligation of FccRIIIB induces inhibitor) stimulated granulocyte aggregation triggered by
ED7 or fMLP but inhibited cell aggregation induced by PMA.up-regulation of the CR3 expression and PMN homotypic

aggregation.16 The opposite effect of this inhibitor on PMA- and fMLP-
induced PMN aggregation has already been published byA significant part of this work was designed to study

signalling mechanisms involved in the ED7-induced homotypic Merrill et al.29 These results and those using okadaic acid
suggest signalling mechanisms generated by ED7 cross-linkingaggregation. In view of its dependence on the active cell

metabolism, intact cytoskeleton and divalent cations, the and fMLP treatment are partly similar, but different from
those triggered by PMA.aggregation has characteristics of the integrin-mediated aggre-

gation.1 Cell aggregation was inhibited by OX-42 and We found that all four anti-CD11b mAbs, including WT3
(which recognizes the b chain of CR3), inhibited granulocyteWT3 mAbs indicating that CR3 itself is involved in the process.

Many proaggregatory anti-CD11a and anti-CD18 mAbs pro- adherence to plastic when the cells were treated with PMA.
However, although ED7 and ED8 stimulated cell adhesion tomote homotypic aggregation of lymphocytes by triggering the

‘outside-in’ signalling pathway. This results in activation of plastic triggered by fMLP, OX-42, 1B6c and WT3 strongly
inhibited both spontaneous and fMLP-induced granulocyteLFA-1 as a consequence of induction of a high-avidity state

of b2 integrin but not modifying its expression.12–15 We believe adhesion to plastic. These results introduce new puzzles in
functional diversity of CR3 epitopes and are in line with thethat such a signalling mechanism in PMN might be also

triggered by mAbs to CR3, as ED7 did not change the data that CR3 epitopes involved in PMN adherence and
spreading to plastic are different from the epitopes involvedexpression of CD11b (data not shown). In contrast, engage-

ment of the epitope recognized by VIM12, which is localized in ligand binding.7,8
Of all our results concerning the relationship betweennear the C-terminal region, up-regulated the CR3 expression.16

Concerning the effect of various kinase inhibitors we found homotypic aggregation and adherence to plastic, the effect of
1B6c is the most intriguing. Experiments using PMA andthat the ED7-induced cell aggregation is partly inhibited by

genistein, potentiated by staurosporine, okadaic acid and fMLP clearly indicate that enhanced cell adhesion to plastic
inhibited cell aggregation in culture plates. The effect of 1B6corthovanadate and not significantly modified by PKC and

PKA inhibitors. By these mechanisms, the aggregation differs is opposite. However, cross-linking of CD11b by 1B6c is not

© 1999 Blackwell Science Ltd, Immunology, 96, 83–89
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Involvement of CD11b epitopes in granulocyte aggregation 89

intracellular signaling pathways in resting versus activated thymo-sufficient for cell clustering since the mAb was not able to
cytes. Eur J Immunol 24, 1640.aggregate cells in the hanging drop assay. Therefore, 1B6c-

14. K G.D., V W., V M. et al. (1988) A monoclonalinduced cell aggregation in culture plates is probably dependent
antibody (NKI-L16) directed against a unique epitope on theon the early contact of granulocytes to plastic. In these
a-chain of human leukocyte function-associated antigen-1 inducesprocesses the engagement of CR3 or other cell surface mol-
homotypic cell–cell interactions. J Immunol 140, 1393.

ecules is sufficient to modify the expression or activation of 15. K G., D G M., H A.C.L.M. et al. (1992)
the epitope recognized by 1B6c mAb. Induction of homotypic T cell adhesion by triggering of leukocyte

In conclusion, our results demonstrate the existence of function-associated antigen-1 alpha (CD11a): differential effects
different functional epitopes on rat CD11b and mAbs specific on resting and activated T cells. Eur J Immunol 22, 1851.

16. S J., M O., P W.F. et al. (1995) Granulocyteto the epitopes are excellent tools for our understanding of
activation via a binding site near the C-terminal region of comple-CR3 function and modulation of cell adhesion processes.
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