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EFFECTT OF TNF-a ON NEUTROPHIL ACTIVATION BY ANCA 

Effectt  of Primin g by Tumor Necrosis Factor  on Activation of Human Neutrophil s by 
Anti-Proteinase-33 or  Anti-Myeloperoxidase Antibodies 

ABSTRACT T 

Wee previously described the requirement of tumor necrosis factor-alpha (TNF-a), and the role 

off  p2 integrins in the Fc-gamma receptor Il a (FeyRlla)-mediated mechanism of neutrophil 

activationn by anti-proteinase-3 (anti-PR3) or anti-myeloperoxidase (anti-MPO) antibodies. 

However,, the effect of TNF-a on the upregulation of PR3 or MPO on the neutrophil surface 

iss only marginal. The aim of the present study was to better define the role of TNF-a in 

facilitatingg NADPH-oxidase activation by these antibodies. Experiments performed with 

neutrophilss from severe leukocyte adhesion deficiency (LAD) patients confirmed that p? 

integrinss play a pivotal role in this activation. We next studied whether adhesion per se, p2-

integrin-mediatedd adhesion, or fb-integrin ligation without adhesion is necessary or sufficient 

forr the priming action of TNF-a. We found that anti-PR3 or anti-MPO antibodies induced an 

FcyRIIa-dependentt burst in TNF-primed neutrophils incubated in wells coated with poly-L-

lysine,, known to induce p2-integrin-independent adhesion, but this reaction was still inhibited 

byy blocking CD18 antibodies. We therefore conclude that ligation of p2 integrins rather than 

adherencee per se seems to be the crucial step in priming the cells for this activation, and that 

TNF-aa is needed for priming but not for adherence. We also noticed that activation of p2 

integrinss by mAb KIM185 per se is insufficient for neutrophil activation by anti-PR3 or anti-

MPO.. Moreover, we observed that TNF-a induces clustering of FcyRJIa and colocalization 

withh p2 integrins on the neutrophil surface and induces the association of FcyRIIa with the 

cytoskeleton.. Thus, our results indicate a direct effect of TNF-a in facilitating NADPH-

oxidasee activation by ANCA and support the notion that cytoskeletal rearrangements are 

importantt for this activation. 
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CHAPITREE IV 

INTRODUCTIO N N 

Anti-neutrophill  cytoplasm autoantibodies (ANCA) have been described in sera from patients 
withh several forms of systemic vasculitides, such as Wegener's granulomatosis (WG) [1]. 
Proteinase-33 (PR3) and myeloperoxidase (MPO) are the two main target antigens of ANCA [2-
6].. Myeloperoxidase is located exclusively in the azurophil granules, but PR3 is located mainly 
inn the azurophil granules and also in the plasma membrane as well in the secretory vesicles and 
inn some specific granules [7], 

Itt has been suggested that ANCA are direcdy involved in the pathogenesis of WG, because of 
thee relationship of ANCA titers with disease activity [8]. Indeed, it has been well established 
thatt in vitro, ANCA are capable of activating neutrophils pretreated with tumor necrosis factor-
alphaa (TNF-a), which is known to bring neutrophils in a preactivated state through a process 
calledd "priming". Falk et al. [9] have originally described this neutrophil activation in vitro, and 
Tomerr et al. [10] have characterized biologically active ANCA induced in mice, suggesting that 
thee initiating event of vasculitis in WG could be neutrophil activation. 

Inn a previous study [11], we focused on the mechanisms involved in this neutrophil activation. 
Wee demonstrated that neutrophil activation by anti-PR3 or anti-MPO antibodies proceeds 
throughh an Fc-gamma receptor Ha (FcyRIIa)-dependent mechanism, in accordance with data 
fromm other groups [12,13]. Nevertheless, the partial independence of this neutrophil activation 
fromm FcyRIIa ligation is still a matter of discussion [9,14-17]. We also demonstrated that (32 

integrinss are instrumental in provoking neutrophil activation by anti-PR3 or anti-MPO 
antibodiess [11], because this reaction was strongly impaired when neutrophil adhesion was 
preventedd by continuous stirring of the cells or by addition of CD18 antibodies. The family of 
leukocytee adhesion receptors called CD11/CD18 integrins or p2 integrins, used by cells to 
interactt with the endothelium, enables them to transmit a signal to the inside of the cell [18,19]. 
Thee requirement of TNF priming for neutrophil activation by anti-PR3 or anti-MPO 
antibodiess has been attributed by several authors to an effect of TNF-a on the expression of 
PR33 or MPO on the neutrophil surface [9,12,13]. However, in our previous study [11], we 
noticedd that TNF-a hardly changes the surface expression of the antigens involved. 

Thee aim of the present study is to further explore the hypothesis we previously raised [11] that 
TNF-inducedd integrin activation has a direct effect on the FcyRIIa-mediated signal 
transductionn generated by anti-PR3 or anti-MPO antibodies. 

MATERIAL SS AN D METHOD S 

Reagentss and antibodies 
Diisopropyll  fluoro-phosphate (DFP) was from Fluka Holding, Buchs, Switzerland. Human 
fibronectinfibronectin (FN), hydrobromide poly-L-lysine, sodium azide, N-formyl-methionyl-leucyl-
phenylalaninee (fMLP), phorbol-myristate acetate (PMA), phenyl-methyl-sulfonyl-fluoride 
(PMSF),, sodium barbital, Triton X-100 (TX-100), Tween-20, L-cysteine, N-ethyl maleimide, 
ethylene-diamine-tetra-aceticc acid (EDTA), ethylene-glycol-bis (|}-amino-ethyl ether)-
N,N,N',N'-tetra-aceticc acid (EGTA), papain, protein A, paraformaldehyde, dibutyryl cyclic 
adenosinee 3',5'-monophosphate (db-cAMP), H89, cytochalasin B and D609 (tricyclodecan-9-yl 
xanthogenate-K)) were obtained from Sigma Chemical, St Louis, MO, USA. Dihydro-
rhodamine-1,2,33 (DHR), dihydroethidium, sulfofluorescein diacetate, and Alexa-568 goat-anti-
mouse-immunoglobulin-GG (GAM-IgG) (heavy and light chains) conjugate were purchased 
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fromm Molecular Probes, Eugene, OR, USA. Human recombinant TNF-a and />-nitrophenyl 
phosphatee were from Roche Diagnostics, Mannheim, Germany. Human recombinant 
granulocyte-macrophagee colony-stimulating factor (GM-CSF) was from PeproTech, Rocky 
Hill ,, NJ, USA. Vectashield mounting medium was from Vector Laboratories, Burlingame, CA, 
USA.. All other reagents were of analytical grade purity7. 

Monoclonall  antibodies (mAbs) 12.8 against PR3 (mlgGi), mAb 4.15 against MPO (mlgGi), 
andd CD2 (mlgGi) (CLB-T11/1) were from the Central Laboratory of the Netherlands Blood 
Transfusionn Service (CLB), Amsterdam, The Netherlands. MAb G3 against PR3 was kindly 
providedd by Dr C.G.M. Kallenberg, Academic Hospital, Groningen, The Netherlands. MAb 
MHM233 (LFA-1, p-chain, mlgGi) was from Dako, Glostrup, Denmark. MAb IB4 (mIgG2a), 
whichh binds to the p2-integrin subunit (CD18) [20], was from Ancell Immunology Research 
Products,, Bayport, MN, USA. The p2-activating mAb KIM185 was kindly provided by Dr N. 
Hogg,, Leukocyte Adhesion Laboratory, Imperial Cancer Research Fund, London, United 
Kingdomm [21]. MAb 15.2 (CD54, ICAM-1, mlgG,) was from Neomarkers, Union City, CA, 
USA,, and BL-LEUK 50 (CD50, ICAM-3, mlgGi) from Monosan, Uden, The Netherlands. 
MA bb 3G8 (CD16, mlgGi) against FcyRIIIb and mAb IV.3 (CD32, mIgG2b) against FcyRIIa 
weree from the CLB, Amsterdam, The Netherlands; these antibodies were purified from 
hybridomaa culture supernatant by precipitation with 50% saturated ammonium sulfate and 
subsequentt protein-A affinity chromatography. Antibodies were biotinylated with biotin-N-
hydroxy-succinimidee ester (2 mg per mg IgG) for 4 hours at room temperature (RT). Free 
biotinn was removed by dialysis against phosphate-buffered saline (PBS). Immunopure 
fluorescein-conjugatedd streptavidin (Pierce, Rockford, IL, USA) was used to cross-link 
biotinylatedd antibodies bound to neutrophils. 

Fabb fragments were made by digestion with 4% (w/w) papain in PBS containing 10 mM 
cysteinee and 5 mM EDTA for 1.5 hour at 37°C. The reaction was terminated by addition of 20 
mMM N-ethyl maleimide. Protein-A affinity chromatography was used to remove Fc fragments 
andd intact antibodies. When Fab fragments were checked on sodium dodecylsulfate-
polyacrylamidee gel electrophoresis, intact antibodies or Fc fragments were not detectable. 
Cross-linkingg of antibodies was performed with polyclonal GAM affinipure F(ab')? fragments 
againstt intact IgG antibodies (H + L) or against Fc domains of IgG antibodies (minimal cross-
reactionn to human, bovine and horse serum proteins) (Jackson ImmunoResearch, West Grove, 
PA,, USA). 

AA polyclonal rabbit antiserum directed against the cytoplasmic tail of FcyRIIa, designated 
CT10,, was generated against a synthetic peptide (CYLTLPPNDHVNSNN) coupled to key-
holee limpet hemocyanin and was subsequendy purified, as described by Ibarrola et al. [22]. 
Goatt polyclonal IgG against human actin (1-19) was purchased from Santa Cruz 
Biotechnology,, Santa Cruz, CA, USA. 

Immunoglobulinn G from sera with either PR3-ANCA or MPO-ANCA were purified by 
passagee over HiTrap protein-G sepharose (Amersham Biosciences, Pistacaway, NJ, USA). 
Purity77 of the IgG preparations as determined by sodium dodecylsulfate-polyacrylamide gel 
electrophoresiss was always greater than 95%. 

Isolationn of neutrophil s 
Bloodd was obtained from healthy donors, from two severe leukocyte adhesion deficiency type 
II  (LAD-1) patients, and from one completely FcyRIIIb-deficient donor [23]. Granulocytes 
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weree purified from blood anticoagulated with 0.4% (w/v) trisodium citrate (pH 7.4), as 
describedd [24]. In short, blood cells were separated by density gradient centrifugation over 
isotonicc Percoll (Amersham Biosciences) with a specific gravity of 1.076 g/ml. The interphase, 
containingg the mononuclear cells, was removed. The pellet fraction, containing erythrocytes 
andd granulocytes, was treated for 10 min with ice-cold isotonic NH4CI solution (155 mM 
NH4CI,, 10 mM KHCO3, 0.1 mM EDTA, pH 7.4) to lyse the erythrocytes. The remaining 
granulocytess were washed twice in PBS, were resuspended in incubation medium containing 132 
mMM NaCl, 6 mM KC1, 1 mM CaCl2, 1 mM MgS04, 1.2 mM KH2PO4, 20 mM Hepes, 5.5 mM 
glucose,, and 0.5% (w/v) human serum albumin (pH 7.4) and were kept at RT at a final 
concentrationn of 2 x 106 cells/ml, unless indicated otherwise. Purity of neutrophils was more 
thann 95% (the contaminating cells were mainly eosinophils), and viability' was more than 98%. 

Measurementt  of respiratory burst in dihydro-rhodamine-l,2,3-loaded neutrophils 
Thee assay to measure NADPH-oxidase activity in DHR-loaded neutrophils was carried out 
essentiallyy as described [11,25,26]. Neutrophils (2 x 10r>/ml) were incubated in polystyrene 
tubess in a shaking water-bath under gende agitation for 5 min at 37°C. DHR (0.5 uM) and 
sodiumm azide (2 mM) were then added, and after another 10 min, TNF-a (2 ng/ml) or GM-
CSFF (20 ng/ml) was distributed to part of the cells. After 10 min of priming at 37°C, the cell 
suspensionss were divided in equal portions (100 ul) and added to tubes containing fML P (1 
uM),, PMA (100 ng/ml), 3G8 mAb (5 ug/ml), anti-PR3 mAb (5 ug/ml) or anti-MPO mAb (5 
ug/ml).. Control cells received PBS only. Unless indicated otherwise, the reactions were 
stoppedd after 30 min by addition of a 30-fold excess of ice-cold PBS containing 1% (w/v) 
bovinee serum albumin (BSA). Thereafter, the cubes were centrifuged (400 x g) for 5 min at 
4°C,, and the cells were resuspended in about 100 ul of ice-cold PBS/BSA 1%, and kept on ice 
inn the dark until analysis in a flow cytometer (Epics profile, Coulter Corporation, Miami, FL, 
USA). . 

Alternatively,, wells (15.5 mm diameter) of a flat-bottomed 24-well polystyrene plate (Nunclon 
delta,, Nunc, Roskilde, Denmark) were pretreated for one hour at 37°C with FN (10 ug/ml) or 
poly-L-lysinee (10 ug/ml) dissolved in PBS, and were then washed once with PBS and once 
withh incubation medium at RT. Neutrophils (2 x 106/ml), were incubated in polypropylene tubes 
inn a shaking water-bath for 5 min at 37°C, before DHR (0.5 uM) and sodium azide (2 mM) 
weree added. Subsequently, these neutrophils were rapidly distributed at 106 cells per well over 
thee polystyrene plate previously incubated at 37°C. After another 10 min, TNF-a (2 ng/ml) or 
GM-CSFF (20 ng/ml) was added to some of the wells. After 10 min of priming at 37°C, fML P 
(11 uM), 3G8 mAb (5 ug/ml), anti-PR3 mAb (5 ug/ml) or anti-MPO mAb (5 ug/ml) was 
addedd to the wells. Control cells received PBS only. Thirty min after addition of the stimulus, 
unlesss indicated otherwise, the supernatant of the wells, including the non-adherent cells, was 
removed,, and the wells were gently washed with ice-cold incubation medium. Thereafter, 500 ul 
off  ice-cold PBS/BSA 1% with 10 mM EDTA was added to the wells and left for 30 min at 
4°C.. After this period, neutrophils were resuspended in tubes with 3 ml of ice-cold PBS/BSA 
1%.. Thereafter, the tubes were centrifuged (400 x g) for 5 min at 4°C, and the cells were 
resuspendedd in about 100 ul of ice-cold PBS/BSA 1%, and kept on ice in the dark until 
analysiss in the flow cytometer. Neutrophils were distinguished by forward-sideward scatter 
pattern,, and data were collected from 5000 cells. The results are expressed as mean 
fluorescencee intensity (MFI). 
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Neutrophi ll  adherence assay 
Neutrophill  adherence to FN or poly-L-lysine was measured under conditions identical to those 
usedd for the activation of the neutrophil respiratory burst in flat-bottomed 24-well plates. The 
non-adherentt cells of coated wells were removed by washing the plate twice with ice-cold 
incubationincubation medium. Neutrophil adherence to FN or poly-L-lysine was measured by alkaline 
phosphatasee activity of adherent cells [27]. Briefly, 500 ul of buffer containing 50 mM sodium 
barbitall  (pH 10.5), 1 mM MgCb, 0.1% TX-100 and 1 mg/ml of/>-nitrophenyl phosphate were 
addedd to the wells. After an incubation period of 30 min at 37°C, the supernatant was 
transferredd to a microplate for determination of the optical density at 410 nm (Labsystems 
iEMSS reader MF, Helsinki, Finland). The percentage of adherent cells was calculated from 
appropriatee standard curves, obtained by incubating known numbers of neutrophils with 
alkalinee phosphatase substrate in the same microplate. 

Homotypi cc neutrophil aggregation 
Thee double-color flow cytometer analysis for measurement of homotypic neutrophil 
aggregationn has been described extensively elsewhere [28], In short, neutrophils (2 x 106/ml) 
weree divided into two portions and stained red fluorescent with dihydroethidium (130 uM) or 
greenn fluorescent with sulfofluorescein diacetate (100 uM), for 60 min at 37°C. After extensive 
washes,, these neutrophils (2 x 106/ml) were mixed in a ratio of 1:1 in siliconized cuvettes, and 
stirredd (500 revolutions per minute) at 37°C. After 5 min of preincubation, TNF-a (2 ng/ml) 
wass distributed to part of the cells. After 10 min of priming at 37°C, stimulus such as anti-PR3 
mAbb (5 ug/ml) or anti-MPO mAb (5 ug/ml) was added to the stirred neutrophils. Control 
cellss received PBS only. Thereafter, samples were taken from the cuvettes at various times, and 
thee cells were immediately fixed with 1% (w/v) paraformaldehyde in incubation medium for 10 
minn at 4°C. The number of double-colored cell clusters was determined by flow cytometry 
analysis,, as the percentage of the total number of colored cells counted. 

Distributio nn of FcyRII a and P2 integrins on the neutrophil surface by confocal laser 
scanningg microscopy 
Wellss (15.5 mm diameter) of a flat-bottomed 24-well plate were pretreated for one hour at 
37°CC with FN (10 ug/ml) dissolved in PBS, and were then washed cautiously once with PBS 
andd once with incubation medium at RT. Neutrophils (2 x 106/ml) were rapidly distributed at 106 

cells/well,, and after 10 min at 37"C, TNF-a (2 ng/ml) was added to some of the wells. Control 
cellss received PBS only. Forty min after addition of TNF-a, the supernatants of the wells, 
includingg the non-adherent and the loosely attached cells, were transferred to tubes and 
immediatelyy fixed with 1% (w/v) paraformaldehyde in incubation medium for 10 min at 4°C. 
Afterr two extensive washes with PBS containing 0.5% (w/v) BSA and 1 mM CaCb, the tubes 
weree centrifuged (400 x g) for 5 min at 4°C, and the cells were resuspended in 200 ul of ice-
coldd incubation medium with biotinylated IV.3 Fab fragments (10 ug/ml) for 45 min at 4°C, to 
studyy the distribution of FcyRIIa on the neutrophil surface. After another washing step, the 
cellss were resuspended in 200 ul of ice-cold incubation medium with fluorescein-conjugated 
streptavidinn (1:100) and incubated for 45 min at 4°C. After another washing step, the cells were 
resuspendedd in 200 ul of ice-cold incubation medium, centrifuged onto glass slides and mounted 
withh vectashield medium as antifading agent. 

Too investigate a possible colocalization of FcyRIIa and (3? integrins induced by TNF-a (2 
ng/ml),, neutrophils were fixed and washed as described above, resuspended in incubation 
mediumm with the blocking CD 18 mAb MHM23 (mlgGi, 10 ug/ml), washed again, and then 
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incubatedd with AJexa 568-labeled GAM-IgG (20 ug/ml). Thereafter, the cells were 
resuspendedd with biotinylated IV.3 Fab fragments (10 ug/ml), washed and incubated with 
fluorescein-conjugatedd streptavidin (1:100). 
Thee cells were analyzed with a Zeiss LSM 510 confocal laser scanning microscope (Carl Zeiss 
Jenaa GmbH, Jena, Germany) using the appropriate filters settings. 

Associationn of FcyRII a with the cytoskeleton by immunoblot analysis 
Neutrophilss (1 x 107/ml), resuspended in incubation medium without human serum albumin, 
weree pretreated with protease inhibitor (5 mM DFP) on ice for 15 min, and then washed once. 
Treatmentt with DFP proved to be necessary to recover intact FcyRIIa from lysed neutrophils 
(dataa not shown). Afterwards, neutrophils (500 ul of 1 x 107/ml) were resuspended in incubation 
mediummedium without human serum albumin and were incubated by shaking in polystyrene tubes in a 
water-bathh at 37°C. After 15 min, human recombinant TNF-ot was added to part of the 
sampless to a final concentration of 2 ng/ml. After 10 min of priming, samples were spun down 
(12,0000 x g) for a few seconds at RT and the supernatant was removed before adding the lysis 
bufferr (1% TX-100, 0.15 M NaCl, 20 mM Hepes, 100 uM PMSF, 1 mM EGTA, pH 7.4). The 
cellss (20 x 106/ml) were suspended by vortexing and kept for 30 min at 4°C. Thereafter, TX-
100-solublee and -insoluble fractions were prepared by centrifugation (3,400 x g) for 10 min at 
4°C.. The TX-100-insoluble fractions were washed once with the lysis buffer and centrifuged 
againn (3,400 x g) for 10 min at 4°C to remove the supernatant. Then, both TX-100-soluble and 
-insolublee fractions were mixed 1:1 with 4% reduced LaemmH sample buffer, and placed in a 
boilingg water-bath for 5 min. Protein concentrations of the TX-100 soluble fractions were 
determinedd by a bicinchoninic acid (BCA) protein assay kit (Pierce). 

Thesee samples were subjected to electrophoresis onto a 10% (w/v) polyacrylamide gel under 
reducingg conditions. Thereafter, separated proteins were electrotransferred to nitrocellulose 
membraness (Bio-Rad, Hercules, CA, USA) in transfer buffer (25 mM Tris base, 0.2 M glycine, 
20%% methanol, pH 8.5) by means of a semi-dry blotting apparatus at a constant current of 1.0 
mA/cm22 for one hour. Unoccupied sites on the membrane were blocked with 5% (w/v) 
skimmedd dry milk in Tris-buffered saline Tween (TBST) (20 mM Tris base, 150 mM NaCl, 
0.1%% Tween-20, pH 7.6) for one hour at RT, and the blots were probed with CT10 antibody 
dilutedd at 1:1000 with 5% (w/v) BSA in TBST overnight at 4°C. Afterwards, the blots were 
washedd extensively in TBST and incubated with an horse-radish peroxidase (HRP)-linked 
donkeyy anti-rabbit IgG (Santa Cruz) diluted at 1:1000. One hour later, the blots were 
thoroughlyy washed again several times, and bound antibodies were detected by ECL-plus 
chemiluminescencee kit (Amersham Biosciences). Molecular weights were calculated by 
comparisonn with recombinant protein molecular weight markers, RPN 800 (Amersham 
Biosciences). . 
Whenn necessary, the blots were stripped by incubation in 62.5 mM Tris-HCl (pH 6.8) 
containingg 2% SDS and 100 mM P-mercaptoethanol at 50°C for 30 min prior to washing in 
TBSTT and reprobing with a goat polyclonal anti-actin IgG, diluted at 1:250 for two hours at 
RT.. The same procedure as above was then followed but with incubation with an HRP-linked 
donkeyy anti-goat IgG (Santa Cruz) diluted at 1:1000. 

Intracellula rr  cyclic AM P measurement 
Wellss of a flat-bottomed 24-well plates were coated with FN under conditions identical to 
thosee used in the measurement of respiratory burst. At designated times, each well containing 
2000 ul with 5 x 106 neutrophils received 400 ul of absolute ethanol for 10 min at RT. The 
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mixturee was transferred to eppendorf tubes. Thereafter, an amount of 100 ul of absolute 
ethanol/HzOO (2:1) was added to the wells, and after another 10 min, this was pooled into the 
eppendorff  tubes. The microtubes were then centrifuged in an eppendorf centrifuge (8,000 x g 
forr one min at RT). Supernatants were collected and evaporated under vacuum (Speed vacuum 
concentrator,, Savant Instruments, Inc, Holbrook, NY, USA), and stored at -20°C until cAMP 
measurement.. Recovery of cAMP during extraction was always more than 80%. Cyclic AMP 
measurementss were performed with a commercially available radioimmunoassay (Immunotech, 
Marseille,, France), exacdy as recommended by the manufacturer. Cyclic AMP levels are 
expressedd as pmoles/106 neutrophils. 

Statisticall  analysis 
Statisticall  significance was evaluated by means of Analysis of Variance (ANOVA) to assess 
whetherr there was a significant overall effect of treatment. When significant effects were 
found,, individual analyses were performed with the two-sided t-test. A value of p < 0.05 was 
consideredd significant. 

RESULT S S 

Involvementt  of Fey receptors and P2 integrins in neutrophil activation by ANCA 
Inn our previous study [11], we observed that neutrophil activation by anti-PR3 or anti-MPO 
occurss only when TNF-a is present, and that activation of TNF-primed neutrophils by these 
antibodiess is strongly impaired when neutrophil adhesion is prevented by continuous stirring 
off  the cells or by addition of CD18 antibodies. To confirm that P2 integrins are involved in the 
signall  transduction from the FcyRIIa to the NADPH oxidase induced by ANCA, experiments 
weree conducted with neutrophils from two severe LAD- I patients. As a highly sensitive 
methodd to detect neutrophil activation, we used the conversion of added DHR to the 
fluorescentt rhodamine, which is dependent on NADPH-oxidase activity [11,25,26]. The cells 
weree gently shaken in polystyrene tubes to allow cell adhesion to the plastic, similar to the 
conditionss used in ref. 11. In the TNF-primed neutrophils that lack the P2 (CD 18) integrins, 
anti-PR33 or anti-MPO mAbs were not able to induce any NADPH-oxidase activation, in 
contrastt to the strong reaction induced in control neutrophils (Figure 1). However, oxidase 
activationn by 3G8 mAb (anti-FcyRIII), known to also activate neutrophils through binding 
withh their Fc region to FcyRIIa [29], was only partly diminished as compared to control cells. 
Thee LAD-1 neutrophils expressed normal amounts of PR3 and MPO on their surface (not 
shown),, and were normally activated by fMLP and by PMA. Respiratory burst experiments 
weree also conducted with TNF-primed neutrophils from one completely FcyRIIIb-deficient 
donorr exposed to anti-PR3 or anti-MPO mAbs. Activation of NADPH oxidase occurred 
normallyy in these FcyRIIIb-deficient neutrophils (mean  SEM, expressed as MFI, of three 
independentt experiments: without stimulus 17  7, with fML P 1045  449, with anti-PR3 mAb 
3811 , with anti-MPO mAb 664  364), which excludes a crucial role for FcyRIIIb in our 
model. . 
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__ 90(h Contro ll  cell s 
LAD-11 cell s 

(-)) fMLP PMA 3G8 aPR3 aMPO 
mAbb mAb 

Figur ee 1. Respiratory burst in TNF-treated neutrophils from two leukocyte adhesion deficiency type 1 
(LAD-1)) patients vs controls exposed to fMLP, PMA, 3G8, and anti-PR3 or anti-MPO mAbs. 
Neutrophilss (2 x 106/ml) from two LAD-1 patients and control donors were incubated at 37°C with 
dihydro-rhodamine-1,2,33 in polystyrene tubes in a shaking water-bath under gentle agitation, as described 
inn Materials and Methods, in the presence of TNF-a (2 ng/ml). After 10 min of priming, the cells were 
stimulatedd for 15 min with fML P (1 uM), PMA (100 ng/ml), and for 30 min with 3G8, and anti-PR3 or 
anti-MPOO mAbs, at a final concentration of 5 ng/ml. Control cells (-) received PBS only. Samples were 
processedd for flow cytometry to measure rhodamine-1,2,3 fluorescence. Results (MFI) are the mean of 
resultss with two LAD-1 patients and the mean + SEM of results with three control donors. The 
differencee between the results obtained with control cells and LAD- 1 cells was not significant for PBS, 
fMLP,, PMA and 3G8, but it was significant for anti-PR3 (p < 0.001) and anti-MPO (p < 0.001) 
antibodies. . 

Too investigate in more detail the nature of the cell adhesion required for the activation by anti-

PR33 and ant i -MPO, we performed experiments with neutrophils adhering to FN-coated wells. 

Similarr to the situation in polystyrene tubes, the activation in FN-coated wells depended on the 

presencee of both T N F -a (2 ng/ml) and anti-PR3 or ant i -MPO mAbs, and was abolished by 

C D ! 88 Fab fragments (Figur e 2A). In this system, 3G8 mAb generated a signal that was partly 

inhibitedd by CD 18 Fab fragments. Similar to the situation with mAbs against PR3 and M P O, 

diee respiratory burst was also activated in neutrophils incubated in FN-coated wells with 

purifiedd IgG preparations of either PR3-ANCA or M P O - A N CA (75 ug/ml ), and this was also 

abolishedd by the blocking CD 18 antibodies (Figur e 2B). Similar results were obtained when 

thee entire populat ion of cells was tested (adherent, non-adherent and loosely attached cells) 

(nott shown). As in our previous study [11], activation was not detected in TNF-t reated 

neutrophilss incubated with an irrelevant antibody (CD2, mlgGi) (not shown). The presence of 

thee blocking CD 18 antibodies also inhibited the TNF- induced adherence of the cells to FN 

(Tabl ee l ) .The activation of the cells in this system was FcyRIIa-dependent, because mAb IV. 3 
againstt FcyRIIa inhibited the NADPH-ox idase activation (Table 2), but this had no effect on 

thee TNF- induced adherence to FN (Table 1). Only the additional adhesion induced by anti-

PR33 or ant i -MPO mAbs was inhibited by IV. 3 mAb (Table 1). 
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Figur ee 2. Effect of CD18 mAb MHM23 on the respiratory burst in TNF-untreated and -treated 
neutrophilss incubated in fibronectin (FN)-coated wells and exposed to (A) 3G8, anti-PR3 or anti-MPO 
mAbs,, or to (B) PR3-ANCA IgG or MPO-ANCA IgG. 
Neutrophilss (2 x l(K'/ml) were incubated at 37°C with dihydro-rhodamine-1,2,3 in polystyrene wells 
coatedd with FN (10 ug/ml), as described in Materials and Methods, in the absence or presence of CD18 
mAbb MHM23 [(A) CD18 Fab fragments, 20 ug/ml or (B) CD18 mlgG,, 10 ug/ml], for 5 min prior to 
thee addition of TNF-a (2 ng/ml). Part of the cells was left untreated, as indicated. After 10 min of 
priming,, the cells were stimulated for 30 min with (A) 3G8, anti-PR3 or anti-MPO mAbs, at a final 
concentrationn of 5 ug/ml, or with (B) purified PR3-ANCA IgG or purified MPO-ANCA IgG, at a final 
concentrationn of 75 ug/ml. Control cells (-) received PBS only. Samples of adherent cells to FN were 
processedd for flow cytometry to measure rhodamine -1,2,3 fluorescence. Results (MFI) are the mean + 
SEMM of three to five experiments. With all stimuli, TNF-a had a significant enhancing effect in the 
absencee of CD18 mAb (p < 0.05), and CD18 mAb MHM23 had a significant inhibiting effect in the 
presencee of TNF-a (p < 0.05). 
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Tablee 1. Effect of CD 18 mAb MHM23 and mAb IV.3 (anti-FeyRlla) on adherence of TNF-treated 
neutrophilss exposed to anti-PR3 or anti-MPO mAbs to fibronectin (FN)-coated wells. 

Neutrophi ll  adherence to FN (%) 
unstimulatedd anti-PR3 mAb anti-MPO mAb 

TNF-untreated d 

TNF-treated d 

++ CD18MHM23 

++ anti-FcyRIIa 

1 1 
322 2 

a a 

> > 

77 + 1 
400 + 2 
99 * 

300 < 

1 1 
488 4 
133 » 

C C 

Statisticall  differences between TNF-untreated and TNF-treated cells (in the absence of CD18 mAb or anti-FcyRIIa): 
pp < 0.001. 
Statisticall  differences between TNF-treated unstimulated and stimulated cells (in the absence of CD 18 mAb or anti -
FcyRIIa):̂ >> < 0.05. Statistical differences between TNF-treated cells in the absence or presence of CD 18 mAb or of 
anti-FcyRIIa:: "p < 0.001, bp > 0 .05 // < 0.05. 

Neutrophilss (1 x 106/well) were incubated at 37°C in polystyrene wells coated with FN (10 ug/ml) in the 
absencee or presence of CD18 mAb MHM23 (mlgGi, 10 ug/ml) or of mAb IV.3 (anti-FcyRIIa) (10 
ug/ml),, for 5 min prior to addition of TNF-a (2 ng/ml). After 10 min of priming, the cells were 
stimulatedd with anti-PR3 or anti-MPO mAbs, used at a final concentration of 5 ug/ml. Part of the cells 
wass left untreated, as indicated. Control cells received PBS only. After 30 min of stimulation, neutrophil 
adherencee to FN (%) was measured, as described in Materials and Methods. Results are the mean  SEM 
off  three to four experiments. 

Tablee 2. Effect of mAb IV.3 (anti-FcyRIIa) on the respiratory burst in TNF- or GM-CSF-treated 
neutrophilss incubated in fibronectin (FN)-coated wells or in TNF-treated neutrophils incubated in poly-
L-lysine-coatedd wells, and exposed to 3G8, anti-PR3 or anti-MPO mAbs. 

Rhodaminee -1,2,3 fluorescence (MFI ) 

FN-coatedd wells 
TNF-treated d 

++ anti-FcyRIIa 
GM-CSF-treated d 

++ anti-FcyRIIa 

Poly-L-lysine-coatedd wells 
TNF-treated d 

++ anti-FcyRIIa 

unstimulated d 

166 + 6 
a a 

333 9 
688 » 

111 0 
14  la 

3G8 8 

4455 + 20 
677 + 18b 

4622 4 
433  12= 

1344 + 23 
144 * 

anti-PR33 mAb 

3188 4 
c c 

2099  14 
c c 

3777  138 
433  24= 

anti-MPOO mAb 

6488  31 
1855 c 

4277 9 
C C 

5611 +103 
311 = 

Statisticall  differences between TNF- or GM-CSF-treated cells in the absence or presence of anti-FcyRIIa: 
*p*p > 0.05, bp < 0.001, <p < 0.05 

Neutrophilss (1 x 106/well) were incubated at 37°C with dihydro-rhodamine-1,2,3 in polystyrene wells 
coatedd with FN (10 ug/ml) or with poly-L-lysine (10 ug/ml), as described in Materials and Mediods, in 
thee absence or presence of mAb IV.3 (anti-FcyRIIa) (10 ug/ml), for 5 min prior to addition of TNF-a (2 
ng/ml)) or GM-CSF (20 ng/ml). After 10 min of priming, the cells were stimulated for 30 min with 3G8, 
anti-PR33 or anti-MPO mAbs, at a final concentration of 5 ug/ml. Control cells received PBS only. 
Sampless of adherent cells to FN or to poly-L-lysine were processed for flow cytometry to measure 
rhodamine-1,2,33 fluorescence. Results, expressed as mean fluorescence intensity (MFI), are the mean
SEMM of three to five experiments. 
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P2-integrinn l igat ion rather  than adherence per se is essent ial for  activation of the 
respirator yy burst by A N C A 

W ee then investigated whether the adhesion step as such or the bVintegrin ligation was essential 

forr the oxidase activation by ANCA . In a system with GM-CSF (20 ng/ml) instead of T N F -a 

too pr ime the cells, we observed efficient activation of the respirator)- burst in neutrophils 

incubatedd in FN-coated wells, by 3G8, ant i-PR3 or ant i -MPO mAbs (Figur e 3), and by 

purifiedd IgG preparat ions of either PR3-ANCA or M P O - A N CA (not shown), and inhibition 

off  this process by CD18 antibodies (Figur e 3) and by mAb IV.3 against FcyRJIa (Table 2). 
However,, no increase in neutrophil adhesion to FN by GM-CSF was detected (Table 3). 

0) 0) u u c c 
0 0 
u u 
in n 
a> a> 
i --
o o 
3 3 

T— — 

i i 
c c 
'Ë Ë 
TO TO 

T3 3 
O O 
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700 0 
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500--

400 0 

300 0 

200--

100--

0 0 

HH GM-CSF (-) ü CD18 MHM23, GM-CSF (-) 
..  GM-CSF (+) X  CD18MHM23, GM-CSF (+) 

(-)) 3G8 a PR3 mAb a MPO mAb 

Figur ee 3. Effect of CD 18 mAb MHM23 on the respiratory burst in GM-CSF-untreated and -treated 
neutrophilss incubated in fibronectin (FN)-coated wells and exposed to 3G8, anti-PR3 or anti-MPO 
mAbs. . 
Neutrophilss (2 x 10''/ml) were incubated at 37°C with dihydro-rhodamine-1,2,3 in polystyrene wells 
coatedd with FN (10 ng/ml), as described in Materials and Methods, in the absence or presence of CD18 
mAbb MHM23 (mlgGi, 10 ng/ml) for 5 min prior to the addition of GM-CSF (20 ng/ml). Part of the 
cellss was left untreated, as indicated. After 10 min of priming, the cells were stimulated for 30 min with 
3G8,, anti-PR3 or anti-MPO mAbs, at a final concentration of 5 ng/ml. Control cells (-) received PBS 
only.. Samples of adherent cells to FN were processed for flow cytometry to measure rhodamine-1,2,3 
fluorescence.fluorescence. Results (MFI) are the mean + SEM of three to six experiments. With all stimuli, GDI 8 mAb 
MHM233 significantly inhibited the reaction in the absence of GM-CSF (p < 0.05) as well as in the 
presencee of GM-CSF (p < 0.05). 
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Tablee 3. Effect of CD18 mAb MHM23 on adherence to fibronectin (FN)-coated wells of GM-CSF-
treatedd neutrophils. 

Neutrophi ll  adherence to FN (%) 
unstimulated d 

GM-CSF-untreatedd 4  1 

GM-CSF-treatedd 7  2* 

++ CD18MHM23 2 + l>> 

Statisticall  significance: a ƒ> > 0.05 compared to GM-CSF-untreated; bp > 0.05 compared to GM-CSF-treated 

Neutrophilss (1 x 106/well) were incubated at 37°C in polystyrene wells coated with FN (10 ug/ml) in the 
absencee or presence of CD 18 mAb MHM23 (mlgGi, 10 ug/ml), for 5 min prior to addition of GM-CSF 
(200 ng/ml). Part of the cells was left untreated, as indicated. Control cells received PBS only. After 40 
min,, neutrophil adherence to FN (%) was detected as described in Materials and Methods. Results are the 
meann  SEM of three experiments. 

Tablee 4. Effect of CD18 mAb MHM23 on adherence of TNF-untreated and -treated neutrophils to 
poly-L-lysine-coatedd wells. 

Neutrophi ll  adherence to poly -L-lysine (%) 
unstimulated d 

TNF-untreatedd 48  2 

++ CD18MHM23 39  6* 

TNF-treatedd 39 + 3 

++ CD18MHM23 28  6" 

Statisticall  significance: ip > 0.05 compared to the situation without CD 18 mAb 

Neutrophilss (1 x 106/well) were incubated at 37°C in polystyrene wells coated with poly-L-lysine (10 
ug/ml)) in the absence or presence of CD18 mAb MHM23 (mlgGi, 10 ug/ml), for 5 min prior to 
additionn of TNF-a (2 ng/ml). Part of the cells was left untreated, as indicated. Control cells received PBS 
only.. After 40 min, neutrophil adherence to poly-L-lysine (%) was detected as described in Materials and 
Methods.. Results are the mean  SEM of seven experiments. 

I nn another experimental set-up, we tested whether adherence of neutrophi ls to poly-L-lysine, 

knownn not to be pVintegrin mediated, also provided sufficient condit ions for oxidase 

activationn by ANCA . Under these condit ions, mAb anti-PR3 or m Ab ant i -MPO (Figur e 4A) 

ass well as purified IgG preparations of either PR3-ANCA or M P O - A N CA (not shown), 

indeedd induced an FcyRIIa-dependent respiratory' burst in TNF-pr imed neutrophils, but this 

reactionn was still inhibited by CD18 m Ab M H M 2 3 (Figur e 4A) and by mAb IV.3 against 

FcyRIIaa (Table 2). In this svstem, 3G8 mAb again generated a signal that was partly inhibited 

bvv CD18 m Ab M H M 2 3 Fab fragments. Nevertheless, the CD18 mAb M H M 2 3 had no effect 

onn the adhesion of the cells to the poly-L-lysine (Table 4). T N F -a pr iming was still necessary 

forfor the induction of a respirator)' burst, although it had no effect on the adherence in this 

system.. Similar neutrophil activation results were obtained with GM-CSF-treated neutrophils 

inn polv-L-lvsine-coated wells (not shown). Thus, both experimental set-ups indicate that pY 
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integrinn ligation rather than adherence per se is essential for activation of the respirator}- burst 
byy anti-PR3 or anti-MPO antibodies. 
Thee question remains which ligand binds to the P2 integrins on the neutrophil surface if it is 
nott poly-L-lysine (or FN in case of GM-CSF-primed cells). We noticed that activation by 
ANCAA mAbs of TNF-treated neutrophils incubated in poly-L-lysine-coated wells, but not in 
FN-coatedd wells, was clearly dependent on cell concentration (Figure 4B). A similar cell 
concentration-dependentt effect was seen with GM-CSF-primed cells in FN-coated wells (not 
shown).. This suggests that cell-cell interactions might play a role, e.g. mediated by binding of p2 
integrinss to intercellular adhesion molecules-1 or -3 (ICAM-1 or ICAM-3) on the neutrophil 
surface.. However, the respirator}' burst induced by anti-PR3 or anti-MPO mAbs in TNF-
treatedd neutrophils was inhibited by CD54 for only 30% and 10%, respectively, and inhibited 
byy CD50 for 30% and 35%, respectively. The aggregation of the neutrophils under these 
conditionss was also partly inhibited by these antibodies, and antibodies against Pi integrins had 
noo additional effect. 

p2-integrinn activation per se is insufficient for  neutrophil activation by ANCA 
Thee previous experiments indicate that priming of neutrophils by TNF-a or GM-CSF for 
NADPH-oxidasee activation by anti-PR3 or anti-MPO antibodies proceeds via activation of p2 
integrins.. Indeed, it is well known that TNF-a induces P2-integrin activation [30]. We 
investigated,, therefore, whether p2-integrin activation by other means also primed the cells for 
oxidasee activation. Although Fab fragments of the p2-activating mAb KIM185 (20 ug/ml) did 
inducee increased neutrophil adherence to FN (not shown) and did indeed prime the cells for 
oxidasee activation by 3G8 mAb, this was not observed for activation by anti-PR3 mAb, anti-
MPOO mAb (Figure 5) or purified IgG preparations of either PR3-ANCA or MPO-ANCA 
(nott shown), for which TNF-a was still needed for a good respiratory burst. Apparently, P2-
integrinn activation per se is insufficient for neutrophil activation by ANCA, and TNF-a must 
havee additional effects relevant for this process. 

Effectt  of TNF- a on the distributio n of FcyRII a and P2 integrins on the neutrophil 
surface e 
Wee studied the effect of TNF-a on FcyRIIa and P2-integrin distribution on the neutrophil 
surfacee analyzed by confocal laser scanning microscopy. We observed that TNF-a (2 ng/ml) 
inducess clustering of FcyRIIa (Figure 6A). Similar results were obtained with GM-CSF (20 
ng/ml),, but not with Fab fragments of the p2-activating KIM185 (not shown). Further, we 
observedd that TNF-a enhances the colocalization of FcyRIIa with P2 integrins (Figure 6A). 
Finally,, we demonstrated that blocking CD 18 mAb MHM23 inhibits the FcyRIIa clustering on 
TNF-treatedd neutrophils (Figure 6B). This TNF-induced FcyRIIa clustering was also inhibited 
byy pretreatment of the cells with 5 Ug/ml of the cortical actin-disrupting agent cytochalasin B 
(nott shown). 
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Figur ee 4A. Effect of CD18 mAb MHM23 on the respiratory burst in TNF-untreated and -treated 
neutrophilss incubated in poly-L-lysine-coated wells and exposed to 3G8, anti-PR3 or anti-MPO mAbs. 
Neutrophilss (2 x 10('/ml) were incubated at 37°C with dihydro-rhodamine-1,2,3 in polystyrene wells 
coatedd with poly-L-lysine (10 u.g/ml), as described in Materials and Methods, in the absence or presence 
off  CD18 mAb MHM23 (Fab fragments, 20 ug/ml) for 5 min prior to the addition of TNF-a (2 ng/ml). 
Partt of the cells was left untreated, as indicated. After 10 min of priming, the cells were stimulated for 30 
minn with 3G8, anti-PR3 or anti-MPO mAbs, at a final concentration of 5 ng/ml. Control cells (-) 
receivedd PBS only. Samples of adherent cells to poly-L-lysine were processed for flow cytometry to 
measuree rhodamine-1,2,3 fluorescence. Results (MFI) are the mean + SEM of three to four experiments. 
Withh all stimuli, TNF-a had a significant enhancing effect in the absence of CD 18 mAb MHM23 (p < 
0.05),, and CD18 mAb MHM23 had a significant inhibiting effect in the presence of T N F -a (p < 0.05). 

Figur ee 4B. Effect of cell concentration on the respiratory burst in TNF-treated neutrophils incubated in 
poly-L-lysine-coatedd wells and exposed to fML P or anti-MPO mAb. 
Neutrophilss (0.25 x 106, 0.5 x 106, and 1 x 106/well) were incubated at 37°C with dihydro-rhodamine-
1,2,33 in polystyrene wells coated with poly-L-lysine (10 ng/ml), as described in Materials and Methods, in 
thee presence of TNF-a (2 ng/ml). After 10 min of priming, the cells were stimulated for 15 min with 
fML PP (1 uM), and for 30 min with anti-MPO mAb, at a final concentration of 2.5 ug/ml or 5 ug/ml. 
Controll  cells (-) received PBS only. Samples of adherent cells to poly-L-lysine were processed for flow 
cytometryy to measure rhodamine-1,2,3 fluorescence. Results (MFI) are the mean + SEM of three 
experiments.. With fMLP, increasing the cell concentration did not significantly change the results (p > 
0.05).. With anti-MPO mAb used at both concentrations, increasing the cell concentration from 0.25 x 106 

perr ml to 1 x 106 per ml had a significant enhancing effect (ƒ> < 0.05). 
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Figur ee 5. Effect of p2-activating mAb KIM185 on the respirator)- burst in TNF-untreated and treated 
neutrophilss incubated in fibronectin (FN)-coated wells and exposed to 3G8, anti-PR3 or anti-MPO 
mAbs. . 
Neutrophilss (2 x 106/ml) were incubated at 37°C with dihydro-rhodamine-1,2,3 in polystyrene wells 
coatedd with FN (10 ug/ml), as described in Materials and Methods, in the absence or presence of 
KIM1855 mAb (Fab fragments, 20 ug/ml) for 5 min prior to the addition of TNF-a (2 ng/ml). Part of the 
cellss was left untreated, as indicated. After 10 min of priming, the cells were stimulated for 30 min with 
3G8,, anti-PR3 or anti-MPO mAbs, at a final concentration of 5 ug/ml. Control cells (-) received PBS 
only.. Samples of adherent cells to FN were processed for flow cytometry to measure rhodamine-1,2,3 
fluorescence.fluorescence. Results (MFI) are the mean  SF.M of four to five experiments. In the absence or presence 
off  TNF-a, KIM185 mAb had only a significant enhancing effect on the reaction induced by 3G8 (J> < 
0.05). . 
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Figur ee 6. TNF-a induces CD18-mediated clustering of FcyRIIa on neutrophils. 

(A)) Neutrophils (2 x 106/ml) were incubated at 37°C in polystyrene wells coated with fibronectin (10 
ug/ml),, as described in Materials and Methods. After 5 min at 37°C, TNF-a (2 ng/ml) was added to 
somee of the wells. After 40 min, the non-adherent and the loosely attached cells were transferred to 
tubes,, and immediately fixed with 1% (w/v) paraformaldehyde in incubation medium, and washed. 
Thee cells were then resuspended with CD 18 mAb MHM23 (10 ug/ml) and, after an another washing 
step,, were incubated with Alexa-568-labeled GAM-IgG. Thereafter, the cells were resuspended with 
biotinylatedd IV.3 Fab fragments (10 ug/ml), washed again, and incubated with fluorescein-conjugated 
streptavidin.. After centrifugation onto glass slides, the cells were analyzed with a Zeiss LSM 510 
confocall  laser scanning microscope using the appropriate filter settings. 

(B)) Neutrophils were incubated in the presence of TNF-a (2 ng/ml), with or without CD18 mAb 
MHM233 (10 ug/ml) in fibronectin-coated wells and were fixed with paraformaldehyde, as described 
above.. The cells were then resuspended with biotinylated IV.3 Fab fragments (10 ug/ml) and, after 
anotherr washing step, were incubated with fluorescein-conjugated streptavidin. After centrifugation 
ontoo glass slides, the cells were analyzed by confocal laser scanning microscope. The results are 
representativee of three independent experiments. 
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Figur ee 7A. Redistribution of FcyRIIa from Triton X-100-soluble to Triton X-100-insoluble fractions in 
TNF-untreatedd and -treated neutrophils. 
Neutrophilss (1 x 107/ml) were pretreated with diisopropyl fluorophosphate (DFP, 5 mM) and 
resuspendedd in incubation medium without human serum albumin at 37° C, as described in Materials and 
Methods.. Then, neutrophils were incubated under resting conditions (lanes 1 and 4), were treated with 
TNF-aa at a final concentration of 2 ng/ml (lanes 2 and 5), or at a final concentration of 20 ng/ml (lanes 
33 and 6) for 10 min and 40 min, respectively. Thereafter, samples were spun down and the TX-100-
solublee and -insoluble fractions were prepared, as indicated in Materials and Methods. Protein (12.5 
ug/ml)) of soluble fractions and the whole pellets of insoluble fractions in reduced Laemmli sample buffer 
weree loaded onto a 10% polyacrylamide gel and electrophoresed. Immunoblot analysis was performed as 
describedd in Materials and Methods. Blots were probed with a polyclonal rabbit anti-serum (CT10) 
directedd against the cytoplasmic tail of FcyRIIa. Similar results were obtained in three other experiments. 

Figur ee 7B. Effect of CD18 mAb MHM23 and of p2-activating mAb KIM185 on the association of 
FcyRIIaa with the Triton X-100-insoluble fractions in TNF-treated and TNF-untreated neutrophils, 
respectively. . 
Neutrophilss (1 x 107/ml) were pretreated with DFP (5 mM) and resuspended in incubation medium without 
humann serum albumin at 37°C, as described in Materials and Methods. Then, neutrophils were incubated 
inn the absence or presence of CD 18 mAb MHM23 (mlgG,, 10 ug/ml) for 15 min prior to the addition of 
TNF-aa (2 ng/ml) (lanes 1 and 2), or were incubated in the presence of (^-activating mAb KIM185 
(K185)) (Fab fragments, 20 ug/mï) (lane 3) without subsequent addition of TNF-a. After an additional 
incubationn period of 10 min, samples were spun down and the TX-100-insoluble fractions were prepared, 
ass indicated in Materials and Methods. The whole pellets of insoluble fractions in reduced Laemmli sample 
bufferr were loaded onto a 10% polyacrylamide gel and electrophoresed. Immunoblot analysis was 
performedd as described in Materials and Methods. Blots were probed with a polyclonal rabbit anti-serum 
(CT10)) directed against the cytoplasmic tail of FcyRIIa. The arrow indicates intact FcyRIIa. Similar results 
weree obtained in two other experiments. 

Figur ee 7C. Effect of P2-integrin- and FcyRIIa-cross-linking on the association of FcyRIIa with the Triton 
X-100-insolublee fractions in TNF-untreated and -treated neutrophils. 
Neutrophilss (1 x 107/ml) were pretreated with DFP (5 mM) and resuspended in incubation medium without 
humann serum albumin at 37°C, as described in Materials and Methods. Then, neutrophils were left 
untreatedd (lanes 1 and 4), were pretreated with mAb IB4 (Fab fragments, 20 ug/ml) (lanes 2 and 5) or 
withh mAb IV.3 (anti-FcyRIIa) (Fab fragments, 20 ug/ml) (lanes 3 and 6) for 15 min, and were 
subsequendyy washed. Thereafter, neutrophils were left TNF-untreated (lanes 1, 2, and 3) or were treated 
withh TNF-a (lanes 4, 5, and 6) at a final concentration of 2 ng/ml prior to addition of GAM (Fab7^ (50 
ug/ml)) in all samples for 40 min at 37°C. Therafter, samples were spun down and the TX-100-insoluble 
fractionss were prepared, as indicated in Materials and Methods. The whole pellets of insoluble fractions 
inn reduced Laemmli sample buffer were loaded onto a 10% polyacrylamide gel and electrophoresed. 
Immunoblott analysis was performed as described in Materials and Methods. Blots were probed with a 
polyclonall  rabbit anti-serum (CT10) directed against the cytoplasmic tail of FcyRIIa. Similar results were 
obtainedd in two other experiments. 

Figur ee 7D. Effect of cytochalasin B and of D609 (an inhibitor of phosphatidylcholine phospholipase C) 
onn the association of FcyRIIa with Triton X-100-insoluble fractions in TNF-treated neutrophils. 
Neutrophilss (1 x 107/ml) were pretreated with DFP (5 mM) and resuspended in incubation medium without 
humann serum albumin at 37°C, as described in Materials and Methods. Then, neutrophils were left 
untreatedd (lane 1), were pretreated with cytochalasin B (CB) (5 ug/ml) (lane 2), or with D609 (1 mM) 
(lanee 3) for 15 min prior to the addition of TNF-a at a final concentration of 2 ng/ml. After 10 min of 
priming,, samples were spun down and the TX-100-insoluble fractions were prepared as indicated in 
Materialss and Methods The whole pellets of insoluble fractions in reduced Laemmli sample buffer were 
loadedd onto a 10% polyacrylamide gel and electrophoresed. Immunoblot analysis was performed as 
describedd in Materials and Methods. Blots were probed with a polyclonal rabbit anti-serum (CT10) 
directedd against the cytoplasmic tail of FcyRIIa. Similar results were obtained in two other experiments. 
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Effectt  of TNF- aa on the association of FcyRII a with the cytoskeleton 
Wee first analyzed the presence of FcyRIIa in TX-100-soluble and TX-100-insoluble fractions 
inn the absence or presence of TNF-a (2 and 20 ng/ml). Treatment of neutrophils with TNF-a 
inducedd redistribution of FcyRIIa from TX-100-soluble to TX-100-insoluble fractions in a 
dose-- and time-dependent fashion (Figure 7A). TNF-a caused increased actin polymerization 
inn the TX-100-insoluble fractions, as measured by reprobing the blot with an anti-actin 
antibodyy (not shown). Next, the blocking CD18 mAb MHM23 (5 ug/ml) efficiently interfered 
withh the FcyRIIa-cytoskeleton association induced by TNF-a, whereas activation of (3: 
integrinss by mAb KIM185 Fab fragments (20 ug/ml) was sufficient per se to cause FcyRIIa 
associationn with the cytoskeleton (Figure 7B). Moreover, the cross-linking of p2 integrins with 
IB44 Fab fragments (20 ug/ml), but also of FcyRIIa with IV.3 Fab (20 ug/ml) induced the 
associationn of FcyRIIa with the insoluble cellular network, which was enhanced in TNF-treated 
cellss (Figure 7C). 
Thee onset of the TNF-a-induced respiratory burst in adherent neutrophils has been related to 
bee dependent on the ability of actin to polymerize, because cytochalasins abort this response 
[31].. During neutrophil adhesion, cytoskeletal rearrangements are likely to occur which might 
affectt the signal transduction process. Indeed, cytochalasin B (5 ug/ml) inhibited the 
associationn of FcyRIIa with the cytoskeleton in TNF-treated neutrophils (Figure 7D). 
Finally,, one central TNF-signaling route is the second messager-like molecule ceramide [32], 
whichh is generated by sphingomyelin breakdown catalyzed by a sphingomyelinase. 
Sphingomyelinasee activation is secondary to the generation of 1,2-diacvlglycerol (DAG) 
producedd by a TNF-responsive phosphatidylcholine phospholipase C (PC-PLC). Hence, we 
studiedd the effect of D609, described as a selective inhibitor of PC-PLC [33], on the 
associationn of FcyRIIa with the cytoskeleton in TNF-treated neutrophils. D609 (1 mM) 
completelyy inhibited this FcyRIIa association (Figure 7D). This compound also inhibited the 
respiratoryy burst in TNF-treated neutrophils exposed to anti-PR3 or anti-MPO antibodies (not 
shown). . 

DISCUSSION N 

Untill  now, the requirement of TNF-a for neutrophil activation by anti-PR3 and anti-MPO 
antibodiess has been attributed by several investigators to an effect of TNF-a on the expression 
off  PR3 and MPO on the cell surface [9,12,13]. Proteinase-3 is located not only in the azurophil 
granules,, but also in other intracellular stores such as in the highly mobilizable secretory 
vesicless [7], Indeed, in our previous work [11], TNF-a significantly but weakly increased the 
bindingg of an anti-PR3 mAb, whereas binding of an anti-MPO mAb could hardly be shown, 
nott even after TNF-a treatment. 

Too evaluate the effect of TNF-a on antigen surface expression, we studied its effect on a 
numberr ot antigens already present on the plasma membrane of resting neutrophils (CD 16, 
CD244 and CD66) [11]. Binding of these I g d antibodies was either unaltered (CD16 and 
CD24)) or somewhat higher (CD66) after TNF-a treatment. However, the respiratory burst 
inducedd by intact CD 16, CD24 or CD66 antibodies was greatly enhanced in all cases by TNF 
priming,, as was the response to fMLP. From these results [11], we concluded that the TNF-
inducedd enhancement of neutrophil activation by antibodies directed against neutrophil 
antigenss can take place independently of changes in cell surface expression of these antigens. 
Thus,, the requirement of TNF-a for neutrophil activation by ANCA is probably not only due 
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too an effect of TNF-a on the surface expression of antigens, and another or additional role for 
TNF-aa should be considered. Nevertheless, the presence of these antigens is a conditio sine qua 
nonnon for the activating effect of these mAbs, because we detected no activation of neutrophils 
fromm a completely MPO-deficient donor with anti-MPO antibodies (Chapter VI) . 
Previouss work from our laborator}- [11] and from others [12,13] has shown that anti-PR3 and 
anti-MPOO antibodies activate neutrophils via binding of the Fc region of these antibodies to 
thee FcyRIIa. Thus, if TNF-a primes the cells by facilitating the transduction of the intracellular 
signall  induced by the antibodies, this must be sought between the FcyRIIa and the NADPH 
oxidase,, which serves as a read-out of cell activation. 

First,, we confirmed the involvement of p2 integrins in this cell activation by showing that 
TNF-primedd neutrophils from two severe LAD-1 patients, which lack p2-integrin expression, 
weree not activated by anti-PR3 or anti-MPO mAbs. As a control, we activated the cells with 
3G88 mAb (anti-FcyRIII). Although this mAb is known to also activate neutrophils ma binding 
withh its Fc region to FcyRIIa [29], we observed that LAD-1 cells show a substantial oxidase 
activityy in the presence of 3G8 mAb. Since FcyRIIIb (CD 16) is highly expressed on 
neutrophils,, in contrast to PR3 or MPO [11], 3G8 binding probably induces a ven' strong 
FcyRIIa-mediatedd signal in the cells, which is not completely dependent on p2-integrin ligation 
forr activating the NADPH oxidase. As PR3 or MPO expression on the surface of LAD-1 cells 
withh TNF-a was not different from control cells, the failure of these LAD-1 cells to generate 
hydrogenn peroxide in the presence of anti-PR3 or anti-MPO mAbs cannot be explained by a 
decreasedd expression of the antigens involved. 

Wee then studied the question whether adhesion per se, fh^integrin-mediated adhesion, or p2-
integrinn ligation without adhesion is necessary or sufficient for the priming action of TNF-a 
andd the oxidase activation by ANCA. We observed that binding of the cells to poly-L-lysine, 
whichh in itself is P2-integrin independent, suffices for this TNF-ANCA activation. However, 
althoughh the adhesion in this system was not blocked by CD18 mAb MHM23, the cell 
activationn was. Thus, adhesion per se is insufficient for TNF-ANCA activation, but CD18 
ligandd binding is essential. In an alternative system with neutrophils primed by GM-CSF, 
describedd by Lopez et al. not to enhance the adherence of cells to endothelium or plastic 
surfacess [34], we found that adhesion is not even necessary for efficient ANCA activation, but 
heree too, the reaction was still inhibited by CD18 mAb MHM23. Thus, p2-integrin ligation, but 
nott adhesion, seems to be the crucial step in priming the cells for activation by ANCA. It is 
nott entirely clear what the ligand is for the 02 integrins under these conditions, because we 
foundd only partial inhibition of cell priming and homotypic aggregation by blocking antibodies 
againstt ICAM-1 or ICAM-3, and no additional effect of antibodies against Pi integrins. 

Activationn of 02 integrins by mAb KIM185 did not generate a signal that could replace TNF-a 
orr GM-CSF in the cell priming. Perhaps this mAb stabilizes an active configuration of the p2 
integrinss on the cell surface, sufficient for enhanced binding to FN and for priming the 3G8-
inducedd cell activation, but the weaker signal induced by binding of ANCA mAbs to FcyRIIa 
apparentlyy needs additional TNF-a or GM-CSF-mediated signals for efficient oxidase 
activation. . 

Thee work of Nathan et al [35] may be relevant for our hypothesis on the role for TNF-a, as 
thesee investigators have studied the respiratory burst induced by TNF-a itself. In their study, 
TNF-aa and p2 integrins act synergistically in lowering the intracellular concentration of cAMP 
inn human neutrophils, which may have a priming effect on these cells because an increase in 

115 5 



EFFECTT OF TNF-a ON NEUTROPHIL ACTIVATION BY ANCA 

cAMPP is known to inhibit the respiratory burst induced e.g. by fML P [36,37]. Their results 
indicatee that p2-integrin-mediated adhesion of the cells is essential for this activation, that this 
iss mediated by decreasing the cAMP content of the cell. The FcyRIIa-mediated neutrophil 
activationn by ANCA does indeed resemble this model in that it is also dependent on p2-
integrin-mediatedd adhesion [11]. So, we have investigated whether the TNF-priming in the 
ANCAA model is also mediated by a decrease in cAMP. We treated the cells with the lipid-
permeablee cAMP analog db-cAMP (1 mM), known to be a cAMP-elevating agent [35]. 
Althoughh an increase in intracellular cAMP was found to block the ANCA-TNF-induced (not 
shown),, but not the PMA-induced oxidase activation at all, obviously this does not prove that 
TNF-aa acts by decreasing cAMP. In the study of Nathan et al. [35], TNF-a was found to 
decreasee the intracellular cAMP content by about 35% over a period of 45 min, whereas, in 
ourr experimental set-up, the decrease was about 25% (not shown). It should be noted that 
Nathann et al. used 100 ng of TNF-a per ml, because they studied neutrophil activation by TNF-
aa itself, whereas we used only 2 ng of TNF-a per ml because we used TNF-a as a priming 
agent.. In addition, inhibition of protein kinase A (PKA) by H89 (10 uJVT) had no effect on the 
oxidativee burst induced by ANCA mAbs in TNF-untreated cells (not shown), indicating that 
thee effect of TNF-a is not mediated via dimished PKA activation. 

Inn our previous work [11], we found that addition of antibodies against FcyRIIIb did not block 
thee burst induced by ANCA. However, recently, Kocher et al. [38] have described that ANCA 
preferentiallyy engage FcyRIIIb on neutrophils. In this work, anti-PR3 or anti-MPO antibodies 
weree shown to significantly decrease the binding of several anti-FcyRIIIb antibodies to 
neutrophils,, under conditions that limit activation-induced FcyRIIIb shedding. We also 
assessedd the involvement of FcyRIIIb by studying the respiratory burst activation of 
completelyy FcyRIIIb-deficient neutrophils (due to a FcyRUIB gene deletion) [23] primed by 
TNF-aa and exposed to anti-PR3 or anti-MPO mAbs. Activation of the NADPH oxidase 
occurredd normally in these neutrophils, which indicates that engagement of FcyRIIIb, in our 
model,, is not essential for neutrophil activation by anti-PR3 or anti-MPO antibodies. 

Hence,, knowing the involvement of FcyRIIa and p2 integrins in neutrophil activation induced 
byy ANCA, and aware of the fact that the association of these receptors with the cytoskeleton is 
importantt for signal transduction, we analyzed the effect of TNF-a on the distribution of these 
moleculess on the neutrophil surface and on the association of FcyRIIa with the cytoskeleton 
Thee results of these experiments exactly match our activation results. TNF-a was shown to be 
essentiall  for the induction of the respiratory burst, and in this reaction FcyRIIa and p2 integrins 
weree found to be involved. The confocal experiments showed that TNF-a induced clustering 
(butt not increased surface expression [11]) of FcyRIIa, indicating that FcyRIIa signaling might 
bee enhanced, and induced colocalization of FcyRIIa with p2 integrins (Figure 6A). Moreover, 
blockingg CD18 mAb MHM23 prevented the ANCA-induced respiratory burst as well as the 
FcyRIIaa clustering (Figure 6B). Thus, the FcyRIIa clustering seems to be essential for the 
inductionn of the respiratory burst, and the colocalization of FcyRIIa with p2 integrins is 
probablyy involved in this process. In this regard, Hackam et al. who used the murine 
macrophagee cell line J 7 74 and COS-1 cells trans fected with FcyRIIa, have reported the 
clusteringg of Fey receptors as an essential step in Fcy-induced signaling [39]. Young et al. have 
describedd that the aggregation of Fey receptors is essential for stabilization of the interaction 
withh multivalent ligands [40]. These authors have also suggested that [Ca2+] t increases with 
functionall  binding of the Fey receptors by different ligands and that the magnitude of the 
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responsee is dependent on the extent of multivalent aggregation of the Fey receptors. Moreover, 
thee association of FcyRIIa with the P2-integrin Mac-1 has been shown by Annenkov et al [41], 
whoo used Mac-1- and pl50,95-transfected K562 cells, which express endogenous FcyRIIa but 
nott other types of Fc receptors. In addition, a cooperative interaction between FcyRIIa and P2 
integrinss seems to be required for the leukotriene B4 release from neutrophils adherent to 
immune-complex-coatedd surfaces [42]. Our results emphasize the pivotal role of FcyRIIa and 
P22 integrins in neutrophil activation induced by ANC A, which suggests as in the 
aforementionedd literature data that P2 integrins may participate in triggering effector activities 
inducedd by FcyRIIa-ligand binding. 

Yann et al. have reported that TNF-a (20 ng/ml) triggers redistribution of distinct proteins to a 
Tritonn X-100-insoluble cytoskeletal structures, such as P2 integrins and the four NADPH-
oxidasee components gp91-phox, p22-phox, p47-phox, and p67-phox [43]. In parallel with 
thesee data, we now report that TNF-a triggers redistribution of FcyRIIa from the Triton X-
100-solublee to the -insoluble fractions in a dose- and time-dependent fashion (Figure 7A). 
Thiss redistribution was enhanced by the exposure to anti-PR3 or anti-MPO mAbs (not 
shown),, and was inhibited by CD18 mAb MHM23 (Figure 7B). These data corroborate the 
effectt of TNF-a on FcyRIIa clustering inhibited by the blocking CD 18 mAb MHM23 (Figure 

Zhouu et al. have hypothesized that ligation of CR3 signals an association of FcyRIIa with the 
actinn cytoskeleton, and that this association is necessary but not sufficient for an FcyRII-
dependentt respiratory burst [44]. Likewise, the p2-activating mAb KIM185 Fab fragments were 
sufficientt per se to induce this FcyRIIa association in TNF-untreated neutrophils (Figure 7B). 
Wee report that p2-integrin activation per se is insufficient for neutrophil activation by ANCA 
(Figuree 5). Thus, the association of FcyRIIa with the cytoskeleton under the effect of TNF-a 
mightt be unsufficient per se to induce an FcyRIIa-dependent respiratory burst. Clustering of 
eitherr p2 integrins and FcyRIIa mimicked by clustering these receptors with cross-linked Fab 
fragmentss of mAb IB4 and mAb IV.3, respectively, induced this FeyRlla-cytoskeleton 
associationn that is strengthened under the effect of TNF priming (Figure 7C). This last result 
iss in agreement with the finding that TNF-a primes neutrophils for enhanced NADPH-
oxidasee activity in response to FcyRIIa cross-linking (unpublished). 

Berkoww et al. have reported that TNF-a increases the F-actin content of neutrophils and have 
suggestedd that a cytoskeletal effect could be involved in the priming effect of TNF-a [45]. 
Engagementt of P2 integrins in neutrophils has also been shown to trigger actin polymerisation 
[46].. In the present study, actin content of the Triton X-100-insoluble fractions was ensured by 
reprobingg our immunoblots with an anti-actin antibody (not shown). 
Cytochalasinn B (5 ug/ml) not only hampered the ability of TNF-a to cause redistribution of 
actinn to the Triton X-100-insoluble fractions (not shown), but also markedly diminished the 
redistributionn of FcyRIIa (Figure 7D). In our set of experiments, cytochalasin B (5 ug/ml) 
completelyy abolished neutrophil-oxidase activation induced by anti-PR3 or anti-MPO mAbs 
(nott shown). Cytochalasin B also slightly enhances the expression of PR3 and MPO on the 
neutrophill  surface. Thus, the inhibition of the neutrophil-oxidase activation by anti-PR3 or 
anti-MPOO mAbs in the presence of cytochalasin B cannot be explained by an inhibition of the 
expressionn of the relevant antigens, but may be related to inhibition of P2-integrin and FcyRIIa 
linkagee to the cytoskeleton. In neutrophils, the adhesion-induced [Ca2+]i increase [46] and the 
FcyR-inducedd [Ca2+]i increase [47] have been described to be inhibited by cytochalasin B. 
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Manyy of the stimuli that activate neutrophils mediate their effects through the hydrolysis of 
phosphoinositidess by PLC [48]. The inhibitory effect of D609 on the FcyRIIa-cytoskeleton 
associationn (Figure 7D) suggests a role for PC-dependent PLC activation in the process of 
TNFF priming. DAG generated as a result of the hydrolysis induced by PC-PLC, is known to 
activatee protein kinase C (PKC). Indeed, Thelen et al. have reported that TNF-a primes 
neutrophilss for enhanced PKC-dependent signal transduction [49]. 

Thee present study demonstrates that TNF-a exerts a direct effect on neutrophil signal 
transductionn induced by anti-PR3 or anti-MPO antibodies by inducing FcyRIIa clustering and 
possiblyy by colocalizing the relevant receptors for this process. TNF-a might promote the 
associationn of P2 integrins and FcyRIIa through linkage to the cytoskeleton, thus establishing a 
mechanismm of this priming effect. Better understanding of the mechanisms underlying the 
effectt of TNF-a on neutrophil activation by ANCA will be of particular importance, as 
controlledd clinical trials have recentiy been started to assess the effectiveness of TNF-blockade 
treatmentt in WG [50]. Beneficial effects of such alternative therapeutic agents would support 
thee statement that TNF-a has a central role in the pathological inflammatory response 
associatedd with WG. 
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