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NEUTROPHILL ACTIVATION BY ANCA 

Effectt  of Tumor Necrosis Factor-Induced Integri n Activation on FC7 Receptor  II -
Mediatedd Signal Transduction: Relevance for  Activation of Neutrophil s by Anti -
Proteinasee 3 or  Anti-Myeloperoxidase Antibodies 

ABSTRACT T 

Anti-neutrophill  cytoplasm autoantibodies (ANCA) have been described in sera from patients with 

severall  forms of systemic vasculitides, including Wegener's granulomatosis and microscopic 

polyangiitis.. The two main targets of ANCA in vasculitides are proteinase-3 (PR3) and 

myeloperoxidasee (MPO). ANCA are capable of activating neutrophils primed by tumor necrosis 

factor-aa (TNF-a) in vitro, which may be relevant for the induction of the vascular inflammation 

observedd in vivo. Recendy, it has been suggested that engagement of Fc-gamma receptors Ila 

(FcyRIIa)) on the neutrophils is involved in the activation by ANCA. In the present study, we show 

thatt activation of the neutrophil respirator)- burst by anti-PR3 and anti-MPO is strongly enhanced 

afterr TNF priming and lost upon removal of the Fc parts of the antibodies. Similar results were 

obtainedd when the neutrophils were activated with antibodies against known membrane antigens 

withoutt major changes in the expression of the target antigens. The TNF-induced enhancement of 

thee neutrophil activation was not observed when adherence of the cells was prevented by 

continuouss stirring of the suspension or by addition of blocking CD 18 mAb MHM23 prior to 

TNFF exposure. Hence, our results indicate that engagement of both FcyRIIa and p2 integrins is 

instrumentall  in neutrophil activation induced by ANCA. 
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CHAPITREE III 

INTRODUCTIO N N 

Anti-neutrophill  cytoplasm autoantibodies (ANCA) have been described in sera from patients with 
severall  forms of systemic vasculitis, including Wegener's granulomatosis (WG) [1], microscopic 
polyangiitis,, Churg-Strauss syndrome, and necrotizing and crescentic glomerulonephritis [2-8]. 
Twoo major patterns of staining by ANCA can be observed by the standard indirect 
immunofluorescencee technique [9,10]: the classical cytoplasmic staining pattern (C-ANCA) and the 
perinuclearr staining pattern (P-ANCA) [11]. The main target antigen of C-ANCA is proteinase-3 
(PR3)) [12-15], whereas the primary target antigen of P-ANCA is myeloperoxidase (MPO) [16], 
bothh located in the azurophil granules of neutrophils. The perinuclear staining pattern observed in 
thee latter case is an artefactual staining pattern due to the conditions used for neutrophil fixation. 
Thee presence of antibodies against PR3 is strongly associated with the occurrence of WG, and 
antibodiess against MPO are found predominantly in patients with idiopathic necrotising and 
crescenticc glomerulonephritis, as well as in limited and extra-renal forms of vasculitis. ANCA have 
alsoo been described in a variety of chronic inflammatory disorders such as rheumatic diseases 
[17,18],, inflammatory bowel diseases [19,20], and autoimmune liver diseases [21]. 

Itt has been suggested that ANCA are directly involved in the pathogenesis of WG, because C-
ANCAA titers have been shown to correlate with disease activity [22]. Recently, however, this 
conceptt has been challenged by Kerr et al. who reported that C-ANCA titers in patients with WG 
hadd only limited prognostic value [23]. Previous work by Falk et al. has shown that ANCA are 
capablee of activating neutrophils treated with tumor necrosis factor-oc (TNF-ot) in vitro [24]. These 
investigatorss suggested that ANCA-induced release of toxic oxygen radicals and noxious granule-
derivedd proteins could mediate vascular inflammation. TNF-a (and other agents such as 
lipopolysaccharidess and low concentrations of chemotaxins) are known to bring neutrophils in a 
preactivatedd state through a process called "priming" [25,26]. Interestingly, enhanced transcription 
off  the TNF-a gene in peripheral blood mononuclear cells from patients with systemic vasculitis 
includingg WG has been demonstrated [27]. 

Thee mechanisms by means of which ANCA activate the neutrophils are not completely clear. 
Recently,, Porges et al. [28] have investigated the relevance of the fact that immunoglobulin G (IgG) 
antibodyy molecules are able to bind to a surface-bound antigen and at the same time to Fc 
receptorss by their Fc regions, as previously demonstrated by Kurlander [29]. Receptors for IgG 
(FcyR)) mediate the binding and phagocytosis of antibody-coated particles or immune complexes, 
andd trigger the release of lysosomal enzymes and the generation of reactive oxygen species. 
Humann neutrophils express two classes of FcyR: FcyRIIa (CD32) and FcyRIIIb (CD16) [30]. Both 
receptorss are involved, either separately or in combination, in neutrophil activation [31,32]. Our 
resultss show that neutrophil activation by anti-PR3 and anti-MPO antibodies is, indeed, an FcyRII-
dependentt mechanism and that signal transduction after such an engagement of FcyRIIa is 
stronglyy affected by TNF-induced activation of $2 integrins. 

MATERIAL SS AN D METHOD S 

Isolationn of neutrophils 
Bloodd was obtained from healthy volunteers. Granulocytes were purified from the buffy coat of 
5000 ml of blood anticoagulated with 0.4% (w/v) trisodium citrate (pH 7.4) as described [33]. In 
short,, blood cells were separated by density gradient centrifugation over isotonic Percoll with a 
specificc gravity of 1.076 g/ml. The interphase, containing the mononuclear cells, was removed. 

81 1 



NEUTROPHILL ACTIVATIO N BY ANCA 

Thee pellet fraction, containing erythrocytes and granuloqtes, was treated for 10 min with ice-cold 
isotonicc NH4CI solution (155 mM NH4C1, 10 mM KHCO3, 0.1 mM EDTA, pH 7.4) to lyse the 
erythrocytes.. The remaining granulocytes were washed twice in phosphate-bufered saline (PBS), 
andd were resuspended in incubation medium containing 132 mM NaCl, 6 mM KC1, 1 mM CaCl2, 1 
mMM MgS04, 1.2 mM KH2PO4, 20 mM Hepes, 5.5 mM glucose and 0.5% (w/v) human serum 
albuminn (pH 7.4, room temperature) at a final concentration of 2 x 106 cells/ml. The granulocytes 
hadd a purity of more than 98%, and consisted mainly of neutrophils (> 95%). 

Antibodies s 
Monoclonall  antibody (mAb) 3G8 (CD 16, mlgGi) [34] and mAb IV.3 (CD32, mIgG2b) [35] were 
usedd as anti-FcyRin and anti-FcvRII antibodies, respectively; these antibodies were purified from 
hybridomaa culture supernatant by precipitation with 50% saturated ammonium sulfate and 
subsequentt protein-A affinity- chromatography (Pharmacia Fine Chemicals, Uppsala, Sweden). 
CD22 (mlgGi) (CLB-T11/1); CD24 (mlgGi) (CLB-gran-B-Ly/1); CD66 (mlgGi) (CLB-gran/10); 
mAbb 12.8 (mlgGi) against PR3 (CLB-M905O); MAb 4.15 (mlgGt) and mAb 7.17 (mlgG )̂ against 
MPOO (CLB-MPO-4 and CLB-MPO-1, respectively) were obtained from our institute (CLB, 
Amsterdam,, The Netherlands). CD18 (mAb MHM23, mlgGi) was purchased from Dako, 
Glostrup,, Denmark. 

IgGG of ANCA-positive sera (obtained from three different patients with either PR3-ANCA or 
MPO-ANCC A) was purified by passing 1-2 ml of the sera through a protein-G Sepharose 4B 
columnn (Pharmacia Fine Chemicals, Uppsala, Sweden). Purity of the IgG preparations as 
determinedd by SDS-PAGE was always higher than 95%. 
F(ab*)22 fragments of tine various IgG preparations were made by digestion with 2% (w/w) pepsin 
att pH 3.7 for 16 hours at 37°C, followed by protein-G affinity chromatography. Protein 
concentrationn of the F(ab*)2 preparations was determined by measuring the absorbance at 280 nm. 
Purityy of the F(abr)2 fragment preparations was checked by SDS-PAGE electrophoresis and was 
alwayss higher than 95%. Each preparation was stored in aliquots at -20°C until use. 

Measurementt  of respiratory burst activation 
Activationn of the neutrophil respiratory burst was measured in dihydro-rhodamine-1,2,3 (DHR)-
loadedd cells, essentially as described [36]. In short, neutrophils (2 x 106/ml) were shaken for 5 min 
att 37°C in a water-bath prior to addition of DHR (0.25 uM) (Molecular Probes, Eugene, Oregon, 
USA)) and of sodium azide (2 mM). After another 10 min, human recombinant TNF-oc 
(Boehringerr Mannheim Biochemica, Mannheim, Germany) was added to part of the cells at a final 
concentrationn of 2 ng/ml. After 10 min of priming with TNF-oc, cells were divided in equal 
portionss (100 [il ) and added to tubes containing one of the following stimuli or antibodies: 1 [xM 
N-formyl-methionyl-leucyl-phenylalaninee (fMLP) (Sigma Chemical), 3G8 (mlgGi, 5 fig/ml), CD2 
(mlgG,,, 10 [ig/ml), CD24 (mlgG,, 10 ng/ml), CD66 (mlgGi, 10 ug/ml), mAb anti-PR3 (mlgG,, 
100 [ig/ml) or anti-MPO mAb (mlgGi or mlgG?;,, 10 [ig/ml) or the corresponding F(ab")2 
fragmentss (10 [ig/ml) of anti-PR3 (mlgGi) or anti-MPO (mlgGi). Unless indicated otherwise, 
reactionss were stopped 25 min after addition of antibodies by addition of a 30-fold excess of ice-
coldd PBS containing 1% (w/v) bovine serum albumin (BSA). Samples were kept on ice until 
analysiss in a flow cytometer (FACScan, Becton Dickinson, San Jose, CA, USA). Neutrophils were 
distinguishedd by forward-sideward scatter pattern, and data were collected from 5000 cells. The 
resultss are represented as the mode (or peak channel) of fluorescence intensity (MFI). 
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Measurementt  of superoxide anion production 
Thee production of superoxide anion (O2) by neutrophils was measured witi i the ferricytochrome-r 
reductionn assay [37]. Neutrophils (2 x lCK'/ml) were incubated under the same conditions as 
describedd above for measurement of hydrogen peroxide production except that 60 fiM of 
ferricytochrome-<TT (from horse heart, Sigma Chemical) was added instead of DHR. At various time 
points,, samples were microfuged rapidly to remove cells before reading the supernatant at 550 nm 
inn a double-beam spectrophotometer (Beekman, model 24, Beekman Coulter, Fullerton, CA, 
USA).. Control experiments indicated that die increases in absorbance observed were completely 
abolishedd in the presence of superoxide dismutase (SOD, 75 U/ml). 

Determinationn of surface antigen expression 
Thee expression of surface antigens on neutrophils was measured by indirect immunofluorescence 
withh flow cytometry. Isolated neutrophils (2 x 106/ml) were shaken for 5 min at 37°C in a water-
bam.. The cells were then incubated in the absence or presence of TNF-a (2 ng/ml) for 10 min. 
Subsequently,, the cells were divided in equal portions (100 fj.1) and incubated for another 10 min. 
Thenn the cells were washed by addition of a 30-fold excess of ice-cold PBS containing 1% (w/v) 
BSAA and centrifuged at 4°C (420 x g, 5 min). The pellets were resuspended and incubated for 45 
minn at 4°C with a specific mAb, as indicated in the text. After another wash, binding of mAb was 
detectedd by incubation with goat-anti-mouse-Ig conjugated to fluorescein isothiocyanate (FITC) 
(CLB)) for 45 min at 4°C. The cells were then washed, resuspended in PBS containing 1% (w/v) 
BSAA and the mean fluorescence intensity (MFI) of the cells was measured in the flow cytometer. 
Whenn indicated, binding of specific antibody was corrected for a-specific binding of an irrelevant 
IgGii  control antibody. 

RESULTS S 

Too investigate the mechanism underlying neutrophil activation by ANCA, mAbs directed against 
PR33 or MPO were added to unprimed neutrophils and to neutrophils treated with a low dose of 
TNF-aa (2 ng/ml).We used the conversion of added dihydro-rhodamine-1,2,3, to the fluorescent 
rhodamine-1,2,33 which is dependent on activation of the NADPH oxidase [36], as a sensitive 
meanss to detect neutrophil activation. Figure 1 shows that the mAbs only activated the respiratory 
burstt when TNF-a was present. Activation was not detected in neutrophils exposed to TNF only 
(seee Figure 2) or in TNF-treated cells incubated with an irrelevant antibody (CD2, m l g d, see 
below).. Activation by the anti-PR3 or anti MPO antibodies in TNF-treated cells was detected after 
aa significant lag-time had passed (Figure 1). 

Otherr groups [24,38,39] have previously reported similar neutrophil activation by F(ab')2 fragments 
ass compared to the original ANCA IgG preparations. In contrast, Porges et at have recently put 
forwardd strong evidence for the involvement of FcyRIIa in the activation of neutrophils by ANCA 
[28].. Figure 2A shows that under our experimental conditions, neutrophil activation was not 
observedd with F(ab)i fragments of the anti-PR3 MAb or anti-MPO MAb used in the experiments 
describedd above. Both of these monoclonal antibodies were of the IgGi subclass, enabling them to 
interactt with human Fey receptors. Another monoclonal antibody directed against MPO that was 
off  the IgGiza subclass and used at the same concentration, also did not activate the neutrophil 
respiratoryy burst (Figure 2A). Similarly, activation of the respiratory burst by purified IgG 
preparationss of either PR3-ANCA- or MPO-ANCA-positive sera was lost on pepsin treatment to 
removee Fc-parts (Figure 2B). Taken together, these results strongly indicate the involvement of 
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FcyRR ligation, most probably FcyRIIa, in the neutrophil activation bv antibodies directed against 
PR33 or MPO. 

Inn the earlier studies by Falk et al. [24] neutrophil activation was measured by luminol-enhanced 
chemiluminescencee and the SOD-sensitive reduction of ferricytochrome-<r, whereas Porges et al. 
[28]]  used the DHR method to detect respirator}' burst activation. To rule out the possibility that 
thee disparity in results noted above was caused by this difference in methodology, we measured in 
thee next set of experiments the production of superoxide anion (as detected by the reduction of 
ferricytochrome-r).. With this method a small activation was observed due to addition of TNF-a 
alonee (Figure 3). This activation was greatly enhanced in the presence of anti-PR3 or anti-MPO 
mAbss (Figure 3). Clearly, under these assay conditions the activation by anti-PR3 or anti-MPO 
mAbss was also Fc-dependent, because pretreatment of neutrophils with mAb rV.3 (to inhibit the 
bindingg of IgG to FcyRIIa) or removal of Fc-parts proved to be inhibitory (Table 1). The addition 
off  F(ab")2 fragments of mAb 3G8, which blocks the binding of IgG to FcyRIIIb, did not have a 
significantt effect (results not shown). The results depicted above indicate that binding of anti-PR3 
mAbb or anti-MPO mAb via their Fc region to the FcyRIIa of the neutrophil is instrumental in 
provokingg the respiratory burst activation. 

6000 0 

£.. 5000 

4000 0 

u-- 3000 

2000 0 

1000 0 

Timee (minutes) 

Figuree 1. Respiratory burst in human neutrophils induced by anti-PR3 and anti-MPO mAbs: dependence on 
TNFF priming. 
Neutrophilss (2 x 106/ml) were incubated with DHR, as described in Materials and Methods, in the absence 
(squares)) or presence (circles) of TNF-a (2 ng/ml) for 10 min at 37°C. At time zero, anti-PR3 (mlgGi) mAb 
(closedd symbols) or anti-MPO (mlgGi) mAb (open symbols) were added at a final concentration of 10 fig/ml. 
Sampless were taken at the time points indicated and processed for flow cytometric analysis, as described in 
Materialss and Methods. Results (MFI) given are the mean  SEM of three experiments. 
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Figuree 2. Respiratory burst activation in TNF-primed neutrophils exposed to (A) murine mAbs or (B) 
humann ANCA IgG is dependent on the presence of the Fc regions. 
Neutrophilss (2 x 106/ml) were incubated with DHR in the presence of TNF-a (2 ng/ml) for 10 min at 37°C. 
Subsequently,, the cells were incubated for 25 min with the different preparations of antibodies at a final 
concentrationn of (A) 10 ug/ml or (B) 75 Ltg/ml. Control cells (-) received PBS only. Rhodamine fluorescence 
wass measured by flow cytometry. Results (MFI) given are the mean  SEM of three experiments with the 
samee IgG preparations. 
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Figur ee 3. Effect of TNF-a on superoxide anion production by neutrophils exposed to anti -PR3 or to anti-
MPOO mAbs. 
Neutrophilss (2 x 106/ml) were incubated, as described in Materials and Methods, in the absence (open bars) or 
presencee (closed bars) of TNF-a (2 ng/ml) for 10 min. Subsequently, anti-PR3 (mlgGi) or anti-MPO (mlgGi) 
mAbss were added at a final concentration of 10 u.g/ml. Control cells (-) received PBS only. Samples were 
takenn after another 40 min of incubation and processed after centrifugation for measurement of cytochrome -c 
reductionn in the supernatant, as described in Materials and Methods. Results given are the mean + SEM of 
threee experiments. 

Tablee 1. The involvement of FcyRIIa in superoxide anion production induced by anti-PR3 (mlgGi) or by 
anti-MPOO (mlgGi) mAbs in TNF-treated neutrophils. 

O2""  production (nmoles/106 cells) 

A.. unstimulated 

++ anti-PR3 

++ anti-FcyRlIa/anti-PR3 

++ F(ab)2 anti-PR3 

2.442.44  0.22 

5.155 + 0.72** 

2.477  0.09* 

2.0210.51* * 

B.. unstimulated 

++ anti-MPO 

++ anti-FcyRIIa/ anti-MPO 

++ F(ab')2 anti-MPO 

2.233  0.45 

4.544  0.52*** 

2.466  0.60* 

2.311 * 

**  Not significantly different from unstimula ted cells; **  p < 0.02; ** *  p < 0.001 

Neutrophilss (2 x 106/ml) were incubated, as described in Materials and Methods, in the presence of TNF-a (2 
ng/ml)) in the absence or presence of an mAb against FcyRIIa (mAb rV.3, 10 Hg/ml) for 10 min. 
Subsequently,, part of the cells were incubated during 40 min with (A) anti-PR3 (mlgGi) mAb or (B) anti-
MPOO (mlgGi) mAb at a final concentration of 10 [xg/ml. Alternatively, the cells were incubated after the 
T N FF priming with the F(ab1)2 fragments of anti-PR3 (mlgGi) mAb or anti-MPO (mlgGi) mAb at a final 
concentrationn of 10 ng/ml. Rates of superoxide anion production (mean  SEM of three experiments) were 
calculatedd over the 40-min time interval after addition of the anti-PR3 or anti-MPO mAbs. 
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Untill  now, the requirement for TNF priming to observe neutrophil activation by ANCA has been 
attributedd to an effect of TNF-a on expression of the antigens involved [24,28]. Table 2 shows 
that,, indeed, TNF-a significantly increased the binding of the antibody against PR3 under the 
conditionss of the experiments described above. Binding of anti-MPO mAb could hardly be 
demonstrated,, not even after TNF-a treatment (Table 2). Taken together, under our experimental 
conditions,, TNF-a hardly changed the expression of antigens involved. In support of this 
moderatee effect on antigen expression, we observed that degranulation of azurophil granules (as 
measuredd by the release of [3-hexosaminidase) was also not greatly affected by TNF treatment 
(resultss not shown). We therefore sought for an alternative explanation of the TNF dependence of 
neutrophill  activation by PR3-ANCA or MPO-ANCA. 

Too bypass a possible effect of TNF-a on antigen expression, we studied the effect of adding 
monoclonall  antibodies of the IgGi subclass directed against antigens already present on the plasma 
membranee of resting neutrophils (CD 16, CD24 or CD66). Binding of these antibodies was either 
unalteratedd (CD16, CD24) or somewhat higher (CD66) after TNF-a pretreatment (Table 3). 
However,, respiratory burst activation by intact CD16, CD24 or CD66 antibodies was gready 
enhancedd in all cases by TNF priming (Figures 4A and 4B), as was the response upon stimulation 
withh fMLP (Figure 4A). No significant activation was observed in untreated or TNF-treated 
neutrophilss by F(ab*)2 fragments of these antibodies (results not shown) or by the addition of an 
intactt control antibody (CD2) of the same subclass (mlgGi, see Figure 4B). These results indicate 
thatt TNF-induced enhancement of neutrophil activation by antibodies directed against neutrophil 
antigenss can take place independently of changes in cell surface expression of these antigens. 

Inn the course of our experiments with DHR, we noticed that the responses provoked by anti-PR3 
orr anti-MPO mAbs in TNF-primed neutrophils were much lower when the cells were 
continuouslyy stirred instead of being shaken in a water-bath (see Materials and Methods); 
Activationn by anti-PR3 mAb in stirred cells was only 12.1  5.4 % of the control incubation and by 
anti-MPOO mAb this fraction was 10.9  4.7 % (mean  SEM of three experiments). Similarly, 
whenn on-line measurement of superoxide anion production was carried out in a thermostatted 
(37°C)) sample compartment of a spectrophotometer equipped with a magnetic stirrer, activation 
byy anti-PR3 or anti-MPO antibodies was not observed despite exposure to TNF-a (results not 
shown).. To investigate this phenomenon in more detail, we added CD18 F(ab')2 fragments to 
preventt interaction of the cells with the polystyrene surface of the incubation tubes. Figure 5 
showss that pretreatment with CD 18 Ffab')! almost completely prevented activation of the 
respiratoryy burst induced by anti-PR3 or anti-MPO antibodies. Hence, engagement of both 
FcyRJIaa and p2 integrins seems instrumental in the response provoked by these antibodies. 
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266 + 4 
355  5** 

122 3 
199 * 

Tablee 2. Effect of TNF-a treatment on the binding of anti-PR3 or ano-MPO mAbs to human neutrophils. 

Antibodyy TNF-a Mean Fluorescence Intensity (MFI ) 

anti-PR3 3 

anti-PR33 + 

ana-MPO O 

anti-MPOO + 

**  Not significantly different from untreated cells; **  p < 0.05 

Neutrophilss (2 x 106/ml) were incubated, as described in Materials and Methods, in the absence (-) or 
presencee (+) of TNF-a (2 ng/mJ) for 20 min. Subsequently, binding of mAb 12.8 (anti-PR3, 10 |Ag/mJ) or 
mAbb 4.15 (anti-MPO, 10 fAg/ml) was determined by indirect immunofluorescence in a flow cytometer. In 
eachh preparation, binding of these antibodies was corrected for background binding as determined with an 
irrelevantt mlgGi antibody (amounting to 44  5 and 52  6, (-) and (+) TNF-a treatment, respectively). 
Resultss (MFI) are the mean  SEM of seven different experiments. 

Tablee 3. Effect of TNF-a treatment on the binding of CD 16, CD24, CD32 and CD66 to human neutrophils. 

Antibodyy TNF-a Mean Fluorescence Intensity (MFI ) 

CD166 - 2,258  255 

++ 2,347  87* 

CD244 - 412 1 

++ 450 * 

CD322 - 373  44 

++ 406 + 58* 

CD666 - 171 + 7 
++ 239 * 

Controll  I g d - 53  2 
++ 60  5* 

**  Not significandy different from untreated cells; **  p < 0.05 

Treatmentt of neutrophils with TNF-a and subsequent binding of the antibodies listed in the Table was 
performedd as described in the legend to Table 2. Results (MFI) are the mean  SEM of four different 
experiments. . 
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Figur ee 4. The effect of TNF priming on respiratory burst activation by mAbs directed against neutrophil 
surfacee antigens. 
Neutrophilss (2 x 10(,/ml) were incubated with DHR, as described in Materials and Methods, in the absence 
(openn bars) or presence (closed bars) of TNF-a (2 ng/ml) for 10 min at 37°C. Subsequently, the cells were 
incubatedd (A) for 10 min with fML P (1 (JLM) or 3G8 (mlgGi, 5 ug/ml) or (B) for 25 min with CD2 (mlgGi, 
100 ug/ml), CD24 (mlgGi, 10 ug/ml) or CD66 (mlgGi, 10 (xg/ml). Control cells (-) received PBS only. 
Rhodaminee fluorescence was measured by flow cytometry. Results (MFI) given are the mean + SEM of three 
experiments. . 
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Figuree 5. The effect of CD18 mAb MHM23 F(ab')2 on respiratory burst activation in TNF-primed 
neutrophilss induced by anti-PR3 or anti-MPO mAbs. 
Neutrophilss (2 x 106/ml) were incubated with DHR, as described in Materials and Methods, in the absence 
(hatchedd bars) or presence (closed bars) of CD18 mAb MHM23 F(ab*)2 (10 p.g/ml) for 5 min prior to 
additionn of TNF-a (2 ng/ml). After 10 min of priming, part of the cells was stimulated for 25 min with anti-
PR33 mAb (mlgGi, 10 ug/ml) or anti-MPO mAb (mlgGi, 10 ng/ml), as indicated. Control cells (-) received 
PBSS only. Rhodamine fluorescence was measured by flow cytometry. Results (MFI) given are the mean
SEMM of four experiments. 

DISCUSSION N 

Thee results of this study on neutrophil activation by anti-PR3 or anti-MPO antibodies represent an 
extensionn of die results previously obtained by Falk et al. [24] These auuiors were the first to 
demonstratee that human neutrophils can be activated by ANCA in vitro, provided the neutrophils 
aree pretreated for a short period with TNF-a. Based on the results obtained with anti-PR3 or anti-
MPOO antibodies in the present study, our hypothesis concerning the mechanism underlying this 
activationn differs in some important aspects from that put forward by Falk et al. [24]. 

First,, the activation by anti-PR3 or anti-MPO antibodies is dependent on die ligation of FcyR's on 
diee neutrophils. NADPH-oxidase activation was lost upon removal of Fc regions of die activating 
antibodiess (Figure 2), activation was also not observed with an anti-MPO antibody of die IgG2a 
subclass,, and the positive responses were completely blocked by preincubation widi a monoclonal 
antibodyy directed against FcyRIIa (Table 1). Otiiers groups have previously reported neutrophil 
activationn by F(ab')2 fragments of ANCA-IgG preparations [24,38], suggesting the independence 
off  FcyR ligation. At present, no explanation for this discrepancy can be given. Our results indicate 
tiiattiiat this was not due to a difference in methodology to detect neutrophil activation (cf. Figure 2 
andd Table 1). It should be noted diat similar data on FcyR dependence as reported here, have 
recendyy obtained in ouier laboratories [28,40]. The Fey receptors involved in die activation of the 
neutrophill  respiratory burst was found to be FcyRIIa (see also Porges et al. ref. 28). Despite the 
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muchh lower expression of FcyRIIa as compared to that of FcyRIIIb, ligation of FcyRIIa leads 
muchh more readily to respirator}' burst activation in neutrophils than ligation of FcyRIIIb [31]. In 
thee experiments presented here, we did not discriminate yet between donors having the so-called 
low-responderr (LR) or high-responder (HR) form of FcyRIIa, as is, in fact, indicated by the recent 
resultss obtained by Porges et al. [28]. Although homozygous LR/LR donors represent only 32% of 
thee Dutch population [41], neutrophils of these donors might have increased the variability of our 
experimentss and caused underestimation of the effect of the monoclonal antibodies added. 

Anotherr important notion derived from our results is that the requirement of neutrophil activation 
byy ANCA for TNF priming is not only due to an effect of TNF-a on the presence of antigens on 
thee neutrophil surface (Table 2), but also due to an effect on FcYRIIa-mediated signal 
transduction.. Support for this hypothesis was obtained by experiments in which antibodies against 
knownn neutrophil surface antigens were added (Figures 4A and 4B). These results indicate that 
activationn of neutrophils in a fashion originally described by Kurlander [29] is greatly enhanced 
afterr TNF-a pretreatment. Previously, Gresham et al. have demonstrated that in neutrophils IgG-
dependentt phagocytosis can be greatly enhanced by phorbol ester or cytokine priming [42,43]. As 
yet,, it is not clear whether this effect of TNF-a is brought about by a change in affinity of the FcyR 
involvedd or by a change at the level of the signal transduction initiated by FcyR ligation. In our 
experiments,, TNF-a pretreatment did not cause an upregulation of FcyRIIa expression (results not 
shown).. Possibly, TNF-induced rearrangements of the cytoskeleton might be important, changing 
thee interaction of FcyRIIa with the cytoskeleton [44]. 

Thee last part of our study shows that TNF-induced adhesion via ^-integrin activation is 
instrumentall  in provoking neutrophil activation by anti-PR3 or anti-MPO antibodies. Activation 
waswas strongly impaired when neutrophil adhesion was prevented by continuous stirring of the cells 
orr by addition of the blocking CD 18 MHM23 antibodies (Figure 5). Adherence-dependent 
activationn of the respiratory burst by TNF-a only has been shown by Nathan et al [45,46] and von 
Asmuthh et al [47], but in those experiments higher concentrations of TNF-a were used and 
activationn occurred much later in time. Nevertheless, both studies show that Pa-integrin mediated 
outside-inn signalling is essential for TNF-a induced activation. Our study shows that engagement 
off  FcyRIIa by binding of antibodies to antigens present on the neutrophil surface greatiy 
acceleratess this process. 

Itt remains to be established whether activation of primed neutrophils by ANCA plays a role in the 
pathogenesiss of vasculitides such as WG. Alternative hypotheses concerning the underlying cause 
off  these diseases have been put forward [48,49]. Mayet et al. have described that PR3 may be 
producedd in human endothelial cells and can be expressed on the surface of these cells upon 
stimulationn with TNF-a, interleukin-la/8 or interferon-y [50]. Alternatively, proteins secreted 
fromm activated neutrophils might bind to the endothelial cell surface. Subsequently, ANCA could 
bindd to these antigens, giving rise to enhanced neutrophil adhesion, neutrophil activation and 
endotheliall  cell damage. In this model, too, the polymorphic determinant on FcyRIIa on the 
neutrophilss and the distribution of ANCA-IgG subclasses might play an important role in the 
activationn mechanism, as recendy pointed out by Porges et al. [28]. 

91 1 



NEUTROPHILL ACTIVATIO N BY ANCA 

REFERENCES S 

1.. Van der Woude FJ, Rasmussen N, Lobatto S, Wiik A, Permin H, van PLs LA, van der Giessen M, van der Hem 
GK,, The TH. Autoantibodies against neutrophils and monocytes: tool for diagnosis and marker of disease 
activityy in Wegener's granulomatosis. I^ancet 1985, 1:425-9. 

2.. Savage CO, Winearls CG, Jones S, Marshall PD, Ixickwood CM. Prospective study of radioimmunoassay for 
antibodiess against neutrophil cytoplasm in diagnosis of systemic vasculitis. Lancet 1987, 1:1389-93. 

3.. Cohen Tervaert JW, Goldschmeding R, Elema J D, Limburg PC, van der Giessen M, Huitema MG, Kooien MI , 
Henee RJ, The TH, van der Hem GK, von dem Borne AEGKr, Kallenberg CGM. Association of autoantibodies to 
myeloperoxidasee with different forms of vasculitis. Arthritis Rheum 1990, 33:1264-72. 

4.. Jennette JC, Falk Rj. Antineutrophil cytoplasmic autoantibodies and associated diseases: a review. Am J Kidney 
b i ss 1990, 15:517-29. [Review]. 

5.. Ix'savre P, Noël LH, Chauveau D, Geffriaud C, Grünfeld JP. Antigen specificities and clinical distribution of 
ANCAA in kidney diseases Kli n Wochenschr 1991, 69:552-7. [Rcview]. 

6.. Hagen EC, Ballieux BE, van Es 1 A , Daha MR, van der Woude FJ. Antineutrophil cytoplasmic autoantibodies: a 
revieww of the antigens involved, the assays, and the clinical and possible pathogenetic consequences. Blood 1993, 
81:1996-2002.. [Review]. 

7.. Gross WL, Hauschild S, Mistrv N. The clinical relevance of ANCA in vasculitis. Clin Exp Immunol 1993, 93 
(Suppll  1):7-11. [Review]. 

8.. Wiik A. Antineutrophil cytoplasmic antibodies in Wegener's granulomatosis. Clin Exp Rheumatol 1993, 11:191-
201.. |Review]. 

9.. Wnk A. Delineation of a standard procedure for indirect immunofluorescence detection of ANCA. APMIS 1989, 
66 (Suppl l):12-3. 

10.. Hagen EC, Andrassy K, Chernok E, Daha MR, Gaskin G, Gross W, Ixsavre P, Lüdemann J, Pusev CD, 
Rasmussenn N, Savage CO, Sinico A, Wiik A, van der Woude FJ, The value of indirect immunofluorescence and 
solidd phase techniques for ANCA detection, A report on the first phase of an international cooperative study on 
thee standardization of ANCA assays. E.EC/BCR Group for ANCA Assay Standardization. J Immunol Methods 
1993,26:159:1-16. . 

11.. Wiik A, van der Woude FJ. The new ACPA/ANCA nomenclature. Neth J Med 1990, 36:107-8. 
12.. Niles JL, McCluskey RT, Ahmad MF, Arnaout MA. Wegener's granulomatosis autoantigen is a novel neutrophil 

sennee proteinase. Blood 1989, 74:1888-93. 
13.. Lüdemann J, LJtecht B, Gross WL. Anti-neutrophil cytoplasm antibodies in Wegener's granulomatosis recognize 

ann elastinolytic enzyme. J Exp Med 1990, 171:357-62. 
14.. J enne DE, Tschopp J, Lüdemann J, Utecht B, Gross WL. Wegener's autoantigen decoded. Nature 1990, 346:520. 
15.. Goldschmeding R, van der Schoot CE, ten Bokkel Huinink D, Hack CE, van den Ende MF., Kallenberg CG, 

vonn dem Borne AE. Wegener's granulomatosis autoantibodies identify a novel diisopropvlfluorophosphate-
bindingg protein in the lysosomes of normal human neutrophils. J Clin Invest 1989, 84: 1577-87. 

16.. Ealk RJ, Jennette JC. Anti-neutrophil cytoplasmic autoantibodies with specificity for myeloperoxidase in patients 
withh systemic vasculitis and idiopathic necrotizing and crescentic glomerulonephritis. N Engl J Med 1988, 
318:1651-7. . 

17.. Nassberger L, Sjoholm ACL Jonsson H, Sturfelt G, Akesson A. Autoantibodies against neutrophil cytoplasm 
componentss in svstemic lupus erythematosus and in hvdralazine-induced lupus. Clin E.xp Immunol 1990, 81:380-
3. . 

18.. Savige J A, Gallicchio MC, Stockman A, Cunningham TJ, Rowley MJ, Georgiou T, Davies D. Anti-neutrophil 
cytoplasmm antibodies in rheumatoid arthritis. Clin E,xp Immunol 1991, 86:92-8. 

19.. Saxon A, Shanahan F, Landers C, Ganz T, Targan S. A distinct subset of antineutrophil cytoplasmic antibodies is 
associatedd with inflammatory' bowel disease. J Allergy Clin Immunol 1990, 86:202-10. 

20.. Colombel JF, Reumaux D, Duthilleul P, Noël LH, Gower-Rousseau C, Paris JC, Cortot A. Antineutrophil cytoplasmic 
autoantibodiess in inflammatory bowel diseases. Gastroenterol Clin Biol 1992,16:656-60. 

21.. Mulder AHL, Horst G, Haagsma EB, Iimburg PC, Kleibeuker JH, Kallenberg CGM. Prevalence and characterization 
off  neutrophil cytoplasmic antibodies in autoimmune liver diseases. Hepatology 1993, 17:411-7. 

22.. Cohen Tervaert JW', van der Woude FJ, Fauci AS, Ambrus JL, Velosa J, Keane WF, Meijer S, van der Giessen 
M,, van der Hem GK, The TH, Kallenberg CGM. Association between active Wegener's granulomatosis and 
anticytoplasmicc antibodies. Arch Intern Med 1989, 149:2461-5. 

23.. Kerr GS, Fleisher TA, Hallahan CW, I.eavitt RY, Fauci AS, Hoffman GS. Limited prognostic value of changes 
inn antineutrophil cytoplasmic antibody titer in patients with Wegener's granulomatosis. Arthriti s Rheum 1993, 
36:365-71. . 

24.. Falk RJ, Terrel RS, Charles I A , Jennette JC. Anti-neutrophil cytoplasmic autoantibodies induce neutrophils to 
degranulatee and produce oxygen radicals in litm. Proc Nad Acad Sci USA, 1990, 87:4115-19. 

92 2 



CHAPITREE II I 

25.. Bender JG, McPhail LC, van Epps DE. Exposure of human neutrophils to chemotactic factors potentiates 
activationn of the respiratory burst enzyme. J Immunol 1983, 130:2316-23. 

26.. Atkinson YH, Marasco WA, Lopez AF, Vadas MA. Recombinant human tumor necrosis factor-alpha. 
Regulationn of N-formylmetruonylleucylphenylalanine receptor affinity and function on human neutrophils. J Clin 
Investt 1988, 81:759-65. 

27.. Deguchi Y, Shibata N, Kishimoto S. Enhanced expression of the tumour necrosis factor/cachectin gene in 
peripherall  blood mononuclear cells from patients with systemic vasculitis. Clin Exp Immunol 1990, 81:311-4. 

28.. Porges AJ, Redecha PB, Kimberly WT, Csernok E, Gross WL, Kimberly RP. And-neutrophil cytoplasmic 
antibodiess engage and activate human neutrophils via Fc gamma Rlla. J Immunol 1994, 153:1271-80. 

29.. Kurlander RJ. Blockade of Fc receptor-mediated binding to U-937 cells bv murine monoclonal antibodies 
directedd against a variety of surface antigens. J Immunol 1983, 131:140-7. 

30.. Van de Winkel JG, Anderson CL. Biology of human immunoglobulin G Fc receptors. J I.eukoc Biol 1991, 
49:511-24. . 

31.. Huizinga TW, van Kemenade F, Koenderman L, Dolman KM, von dem Borne AE, Tetteroo PA, Roos D. The 
40-kDaa Fc gamma receptor (FcRII) on human neutrophils is essential for the IgG-induced respiratory burst and 
IgG-inducedd phagocytosis. J Immunol 1989, 142:2365-9. 

32.. Brunkhorst BA, Strohmeier G, Lazzari K, Weil G, Melnick D, Fleit HB, Simons ER. Differential roles of Fc 
gammaa RII and Fc gamma RIII in immune complex stimulation of human neutrophils. J Biol Chem 1992, 
267:20659-66. . 

33.. Roos D, De Boer M. Purification and ciyopreservation of phagocytes from human blood. Methods Enzymol 
1986,, 132:225-43. 

34.. Fleit HB, Wright SD, Unkeless JC. Human neutrophil Fc gamma receptor distribution and structure. Proc Natl 
Acadd Sci USA 1982, 79:3275-9. 

35.. Rosenfeld SI, Looney RJ, Leddy JP, Phipps DC, Abraham GN, Anderson CL. Human platelet Fc receptor for 
immunoglobulinn G. Identification as a 40,000-molecular-weight membrane protein shared bv monocytes. J Clin 
Investt 1985,76:2317-22. 

36.. Rothe G, Emmendörffer A, Oser A, Roesler J, Valet G. Flow cytometric measurement of the respiratory burst 
activityy of phagocytes using dihydrorhodamine 123. J Immunol Methods 1991, 138:133-5. 

37.. Babior BM, Kipnes RS, Curnutte JT. Biological defense mechanisms. The production by leukocytes of 
superoxide,, a potential bactericidal agent. J Clin Invest 1973, 52:741-44. 

38.. Lai KN, Lockwood CM. The effect of anti-neutrophil cytoplasm autoantibodies on the signal transduction in 
humann neutrophils, Clin Exp Immunol 1991, 85:396-401. 

39.. Keogan MT, Esnault VL , Green Aj , I.ockwood CM, Brown DL. Activation of normal neutrophils by anti-
neutrophill  cytoplasm antibodies. Clin Exp Immunol 1992, 90:228-34. 

40.. Mulder AHJ., Horst G, Iimburg PC, Kallenberg CGM. Activation of neutrophils by anti-neutrophil c\toplasmic 
antibodiess (ANCA) is FcR dependent. Clin E,xp Immunol 1993, 93 (Suppl 1):16. [Abstract|. 

41.. Parren PW, Warmerdam PA, Boeije LC, Arts J, Westerdaal NA, Vlug A, Capel PJ, Aarden LA, Van de Winkel JG. 
Onn the interaction of IgG subclasses with the low affinity Fc gamma Rlla (CD32) on human monocytes, 
neutrophils,, and platelets. Analysis of a functional polymorphism to human IgG2. J Clin Invest 1992, 90:1537-
46. . 

42.. Gresham HD, McGarr J A, Schakelford PG, Brown EJ, Studies on the molecular mechanisms of human Fc receptor-
mediatedd phagocytosis. Amplification of ingestion is dependent on the generation of reactive oxygen metabolites 
andd is deficient in polymorphonuclear leukocytes from patients with chronic granulomatous disease. J Clin Invest 
1988,82:1192-201. . 

43.. Gresham HD, Zheleznyak A, Mormol JS, Brown FJ. Studies on the molecular mechanisms of human neutrophil 
Fcc receptor-mediated phagocytosis. Evidence that a distinct pathway for activation of the respiratorv burst 
resultss in reactive oxygen metabolite-dependent amplification of ingestion. J Biol Chem 1990, 265:7819-26. 

44.. ZhouMJ, Brown EJ. CR3 (Mac-1, alpha M beta 2, CD1 l b /CD 18) and Fc gamma RIII cooperate in generation of 
aa neutrophil respiratory burst: requirement for Fc gamma RIII and tyrosine phosphorylation. J Cell Biol 1994, 
125:1407-16. . 

45.. Nathan CF. Neutrophil activation on biological surfaces. Massive secretion of hydrogen peroxide in response to 
productss of macrophages and lymphocytes. J Clin Invest 1987, 80:1550-60. 

46.. Nathan CF, Srimal S, Farber C, Sanchez F„, Kabbasch I., Asch A, Gailit J, Wright SD. Cytokine -induced respiratorv 
burstt of human neutrophils, dependence on extracellular matrix proteins and CD11/CD18 integrins. J Cell Biol 1989, 
109:1341-9. . 

47.. Von Asmuth FJLJ, van der l inden CJ, Leeuwenberg J FM, Buurman WA. Involvement of the CDl lb /CD18 integrin, 
butt not of the endothelial cell adhesion molecules F.LAM-1 and ICAM-1 in tumor necrosis Factor-a-induced 
neutrophill  toxicity. J Immunol 1991,14"7:3869-75. 

93 3 



NEUTROPHILL ACTIVATION BY ANCA 

48.. Savage CO, Pottinger BH, Gaskin G, Pusey CD, Pearson JD. Autoantibodies developing to myeloperoxidase and 
proteinasee 3 in systemic vasculitis stimulate neutrophil cytotoxicity toward cultured endothelial cells. Am ) Pathol 
1992,141:335-42. . 

49.. Savage CO. The endothelial cell: active participant or innocent bystander in primary vasculitis? Clin Exp 
Immunoll  1993, 93 (Suppl 1):6-". |Revie\v]. 

.30.. Mayet \V[, Csernok E, Szymkowiak C, Gross \\ 1̂  Mever zum Büschenfeldc KH. Human endothelial cells express 
proteinasee 3, the target antigen of anticvtoplasmic antibodies in Wegener's granulomatosis. Blood 1993, 82:1221-
9. 9. 

94 4 


