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VII.11 CLINICAL SIGNIFICANCE OF ANCA IN IBD 

Controversiall  findings on the relation between ANCA and clinical features in IBD, as found in 
thee literature, are reported in Chapter II . This controversy might be explained by several 
phenomena,, such as methodological differences in ANCA detection, difficulty of the IIF-assay 
interpretation,, extensive disease heterogeneity, assessment of clinical parameters (e.g. disease 
activity),, genetic heterogeneity, environmental factors and sample size. Moreover, in primary 
vasculitides,, the relation between ANCA and clinical features is based on ANCA directed to a 
singlee antigen, whereas in IBD, this relation is based on ANCA directed against a multiplicity 
off  target antigens. Finally, the disparate literature on the relation between ANCA and clinical 
featuress in IBD underscores the need to follow the International Consensus Statement on 
Testingg and Reporting of ANCA whatever the suspected diagnosis. 
Thee crucial issue of the clinical significance of ANCA remains the link between these 
antibodiess and disease activity. In systemic vasculitides, there is consensus on the diagnostic 
valuee of ANCA and ANCA serial determination. In contrast, in IBD, there is now consensus 
onn the rather limited diagnostic value of ANCA and of their serial determination in clinical 
practice. . 
Thee mechanisms leading to the production of ANCA remain unclear. In IBD, ANCA may just 
bee an epiphenomenon of chronic inflammation, and their development may be triggered by 
dvsregulationn of the immune system together with cross-reactivity with environmental 
antigens,, e.g. food antigens or bacterial antigens [1]. In addition, failure of an apoptotic 
pathway,, caused by mutation of one of its components, e.g. NOD2, might trigger the 
productionn of autoantibodies [2]. The relation between ANCA and disease activity in primary 
vasculitidess may indicate involvement of these antibodies in pathogenesis. Although a major 
rolee of ANCA in the pathogenesis of IBD is unlikely, this does not undermine their 
contributionn i.e. to neutrophil-mediated tissue damage, as described in primary vasculitides. 

VII.22 MECHANISMS INVOLVED IN NEUTROPHIL ACTIVATION BY ANCA 

Sincee the initial publication of Falk et al. on the ability' of anti-PR3 and anti-MPO antibodies to 
activatee human TNF-primed neutrophils in vitro [3], several investigators have focused on the 
mechanismss involved in this neutrophil process. To study certain aspects of these mechanisms, 
wee used anti-PR3 and anti-MPO antibodies, mimicking to some extent the situation 
encounteredd in systemic vasculitides. Littl e is known about the ability of other ANCA 
specificitiess to activate neutrophils. Mulder et al. [4] and Peen et al. [5] have demonstrated 
neutrophill  activation by anti-lactoferrin antibodies. In contrast, Gionchetti et al. [6] and 
Roozendaall  et al. [7] have concluded that ANCA directed against antigens other than PR3 and 
MPOO do not activate the NADPH oxidase of neutrophils. 

Involvementt of Fey receptors 

Wee first demonstrated in Chapter II I that neutrophil activation by anti-PR3 or anti-MPO 
mAbss (mlgGi) is an FcyRIIa-dependent mechanism, in accordance with data from other 
groupss [4,8]. Similar results were obtained with purified IgG preparations of either PR3-
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ANCA-- or MPO-ANCA-positive sera. Indeed, pretreatment of neutrophils with mAb IV.3, 
whichh blocks the binding of IgG to FcyRIIa, proved to inhibit the respirator}' burst induced by 
ANCA.. Moreover, neutrophil activation was not observed with another anti-MPO mAb 
(mIgG2a),, or with F(ab')2 fragments of ANCA mAbs or of these purified IgG preparations. 
Hence,, our results indicate that binding of ANCA mAbs via their Fc region is instrumental in 
provokingg the respiratory burst activation. However, Falk et al. have reported that neutrophil 
activationn occurred with ANCA Ffab̂  fragments [3]. Kettritz et al. have maintained that at 
leastt part of the activation is non-FcyR-mediated and found that simple cross-linking of 
ANCC A-antigens stimulates superoxide anion release by neutrophils [9]. Under our 
experimentall  conditions, cross-linking of ANCA-antigens did not lead to respiratory burst 
activationn (not shown). 
Onn the other hand, we reported in Chapter II I that addition of Ffab̂  fragments of mAb 3G8, 
whichh blocks the binding of IgG to FcyRIIIb, does not have a significant effect on the 
respiratoryy burst induced by anti-PR3 or anti-MPO antibodies. In contrast, Ben-Smith et al. 
havee reported that 3G8 F(ab')2 pretreatment reduces the superoxide anion production of 
neutrophilss exposed to purified IgG preparations of PR3-ANCA- or MPO-ANCA-positive 
seraa [10]. Nevertheless, direct experimental evidence of FcyRIIIb engagement by ANCA is 
obscuredd by activation-induced FcyRIIIb shedding and changes in expression on the 
neutrophill  membrane. More recendy, Kocher et al. have reported that ANCA preferentially 
engagee FcyRIIIb on neutrophils [11]. In this work, anti-PR3 or anti-MPO antibodies 
significantlyy decrease the binding of several anti-FcyRIIIb antibodies to neutrophils, under 
conditionss that limit activation-induced FcyRIIIb shedding. In Chapter IV , we further assessed 
thee involvement of FcyRIIIb by studying the respiratory burst activation of completely 
FcyRIIIb-deficientt neutrophils (due to a FcyRIIIB gene deletion) primed by TNF-oc and 
exposedd to anti-PR3 or anti-MPO mAbs. Activation of the NADPH oxidase occurred 
normallyy in these TNF-primed neutrophils exposed to ANCA mAbs. Thus, we concluded that 
engagementt of FcyRIIIb, under our experimental conditions, is not essential for neutrophil 
activationn by ANCA. 

Involvementt of fb integrins 

Inn Chapter III , we observed that activation of the respiratory burst in TNF-primed neutrophils 
byy ANCA was strongly impaired when neutrophil adhesion was prevented by continuous 
stirringg of cells or by addition of the blocking CD 18 mAb MHM23. In Chapter IV, we 
observedd efficient activation of the respiratory burst in neutrophils incubated in fibronectin-
coatedd wells. The presence of the CD 18 antibodies inhibited the TNF-induced adherence of 
thee cells to fibronectin. Additionally, experiments were conducted with neutrophils from 
leukocytee adhesion deficiency type 1 (LAD-1) patients lacking the p2 integrins in their 
leukocytes.. With TNF-primed neutrophils from these LAD-1 patients, ANCA mAbs were 
unablee to induce any NADPH-oxidase activation. Zhou et al have demonstrated that LA D 
cellss are perfectly competent to mount a respiratory burst when FcyRIIa is engaged [12]. Thus, 
thesee results confirmed that p2 integrins play a pivotal role in the signal transduction induced 
byy ANCA mAbs. 
Inn Chapter IV, we then investigated in more detail the nature of the cell adhesion required for 
thiss neutrophil activation. We observed activation of the respirator)7 burst in neutrophils 
incubatedd in wells coated with poly-L-lysine, known not to be P2-integrin mediated. This 
activationn was also inhibited by the CD18 antibodies, whereas these antibodies had no effect 
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onn the adhesion of the cells to the poly-L-lysine. Moreover, we noticed that activation by 
ANCAA of TNF-treated neutrophils in poly-L-lysine-coated wells was dependent on cell 
concentration,, indicating that cell-cell contact was involved, possibly by interaction of 02 
integrinss with intercellular adhesion molecules-1 or -3 (ICAM-1 or ICAM-3) on the neutrophil 
surface.. Thus, we concluded that ligation of P2 integrins rather than adherence per se is essential 
forr neutrophil activation by ANCA. Similarly, TNF-a activation of neutrophil functions 
requiress p2-integrin binding to ligands [13]. 

Hence,, in our model, the presence of TNF-a, as a priming agent, but also the ligand binding of 
bothh FcyRIIa and p2 integrins are instrumental in neutrophil activation by ANCA. 

Insightt into the mechanism of T N F priming 

Thee ability of cytokines, such as TNF-a, to prime human neutrophils for enhanced activity in 
responsee to a second stimulus is well known. Nevertheless, the precise mechanism by which 
TNF-aa primes the NADPH oxidase is poorly understood. In contrast, the neutrophil response 
too TNF-a, as an activating agent, has been investigated by several authors [14]. In the literature, 
onlyy very littl e attention is given to the requirement of TNF priming for neutrophil activation 
byy ANCA. In Chapters II I and IV, we have tried to provide clues to the underlying mechanism 
off  TNF priming. 

üffectüffect of TKF-a on PK3 and MPO expression on the neutrophil surface 
Inn the literature, the requirement of TNF priming for neutrophil activation by anti-PR3 or anti-
MPOO antibodies is attributed to an effect of TNF-a on the expression of PR3 or MPO on the 
celll  surface [3,4,8]. In Chapter III , we found, under our experimental conditions, that TNF-a 
(22 ng/ml) hardly changed the expression of PR3 and not at all the expression of MPO on the 
celll  surface. The difference in upregulation of these two proteins might be explained by the 
differencee between their respective location, i.e. PR3 in the azurophil granules but also in the 
highlyy mobilizable secretory vesicles [15], and MPO exclusively in the azurophil granules. 
However,, these results are in contrast to the dramatic effect of TNF-a (2 ng/ml) on the 
neutrophill  respirator}7 burst activation by anti-PR3 or anti-MPO antibodies. 
Onn the other hand, in Chapter VI , we showed that the presence of ANCA antigens is a conditio 
sinesine qua non for the activating effect of ANCA, as we detected no neutrophil activation from a 
completelyy MPO-deficient donor with anti-MPO antibodies. According to the Kurlander 
phenomenonn [16], IgG antibody molecules may bind to a surface antigen with their Fab 
regionss and at the same time to Fc receptors with their Fc regions. Alternatively, the 
expressionn of PR3 and MPO on the neutrophil surface could be linked, in vivo, to neutrophil 
apoptosis.. ANCA have been described to bind to antigens exposed on apoptotic neutrophils 
andd to activate neighbouring, viable neutrophils with their Fc regions [17]. 
Inn our opinion, the requirement of TNF-a for neutrophil activation by ANCA is probably not 
onlyy due to an effect of TNF-a on the surface expression of antigens. Hence, we consider 
anotherr or an additional role of TNF-a in facilitating ANCA-induced neutrophil activation. 

EffectEffect of TNF-a on the upregulation and activation of/32 integrins 
Wee observed that TNF-a (2 ng/ml) clearly upregulates the expression of P2 integrins on the 
neutrophill  surface (not shown), as described [18]. Van den Berg et al. have reported that TNF-
aa induces activation of CD l lb /CD18, as shown by upregulation of an activation epitope of 
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C D l l bb recognized by mAb CBRM1/5 [19]. In Chapter IV , we indicated that priming of 
neutrophilss by TNF-a for NADPH-oxidase activation by ANCA proceeds via activation of p2 

integrins.. We raised the question whether the activation of this respiratory burst involves 
signal(s)) arising from TNF-activated P2 integrins. By means of P2-integrin activating antibodies 
(KIM185),, we demonstrated that P2-integrin activation per se is insufficient for neutrophil 
activationn by ANCA. Hence, if TNF-a primes the cells by facilitating the transduction of the 
intracellularr signal induced by ANCA, this must be sought between the FcyRIIa and the 
NADPHH oxidase. 

EffectEffect of TNF-a on the upregulation of cytochrome b5SH 

Wardd et al. have recently suggested that one mechanism by which TNF-a primes the 
neutrophill  respiratory burst is by increasing the membrane expression of cytochrome hm, a 
componentt of the NADPH oxidase [20]. Cytochrome fess and Mac-1 (CDllb/CD18) being 
bothh constituents of specific granules and secretory vesicles in neutrophils, we therefore search 
forr a possible colocalization of cytochrome fes with |32 integrins after treatment of cells with 
TNF-aa (2 ng/ml) (under progress). 

EffectEffect of TNF-a on neutrophil activation induced by cross-linking of FcyRIIa 
Neutrophill  activation is induced by clustering of Fey receptors on the plasma membrane. This 
hass been mimicked by clustering these receptors with cross-linked Fab fragments of anti-FcyR 
antibodiess to investigate signaling events induced upon stimulation of Fey receptors in 
neutrophilss [21]. In Chapter IV, we related that TNF-a (2 ng/ml) primes neutrophils for 
enhancedd NADPH-oxidase activity in response to FcyRIIa cross-linking (not shown). This 
resultt is consistent with the hypothesis of a direct role of TNF-a on the signal transduction 
inducedd by ANCA. 

EffectEffect of TNF-a on the distribution of FcyRIIa and p2 integrins on the neutrophil surface 
Inn Chapter IV, the experiments performed with the confocal laser scanning microscopy (LSM) 
showedd that TNF-a (2 ng/ml) induced clustering (but not increased surface expression, see 
Chapterr III ) of FcyRIIa, indicating that FcyRIIa signaling might be enhanced, and induced 
colocalizationn of FcyRIIa with P2 integrins. Moreover, the blocking CD 18 mAb MHM23 
preventedd the FcyRIIa clustering. These results exactly match our activation results depicted in 
Chapterr III . Thus, the FcyRIIa clustering seems to be essential for the induction of the 
respiratoryy burst, and the colocalization of FcyRIIa with P2 integrins is probably involved in 
thiss process. 

EffectEffect of TNF-a on the association ofƒ?, integrins and FcyRIIa with the cy to skeleton 
Yann et al. have described that TNF-a (20 ng/ml) causes the redistribution of p2 integrins to a 
Tritonn X-100-insoluble fraction [22]. Hence, p2 integrins associate with the cytoskeieton under 
thee effect of TNF-a. These authors hypothesized that signaling molecules may link directly 
withh the cytoplasmic tail of integrins. 
Knowingg the involvement of FcyRIIa in neutrophil activation induced by ANCA, and aware of 
thee fact that the association of FcyRIIa with the cytoskeieton is important for signal 
transduction,, we performed immunoblot analyses of Triton X-lOO-(in)soluble fractions. In 
Chapterr IV, we describe that TNF-a (2 ng/ml) increased the redistribution of FcyRIIa to the 
insolublee cellular network. Moreover, the blocking CD18 mAb MHM23 efficiently inhibited 
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thee FcyRIIa cytoskeletal redistribution. By contrast, activation of 02 integrins by mAb KIM185 
wass sufficient to cause FcyRIIa association with the cytoskeleton. As mAb KIM185 does not 
primee neutrophils for activation by ANCA, the cytoskeletal association of FcyRIIa might be 
necessaryy but not sufficient for the respirator}' burst to be induced by ANCA. Nevertheless, 
thee effect of TNF-a could be related to the association of P2 integrins and FcyRIIa through 
linkagee to the cytoskeleton, thus establishing a mechanism of this priming effect. Zhou et al. 
[12]]  have reported that the FcyRIIa colocalization with [3? integrins was abolished by 
cytochalasinn B, an inhibitor of cytoskeletal changes. These authors concluded that it is more 
likelyy that these receptors are indirectly associated, through linkage to the cytoskeleton, than 
thatt a stable direct intermolecular interaction between these receptors exists. Indeed, in our 
experiments,, cytochalasin B completely abolished neutrophil activation induced by ANCA (not 
shown). . 

PathwaysPathways of signal transduction activated by TNF-a 
Oncee the signal is generated by the activated ligand-receptor complex and is transduced by 
transducerr molecules (G proteins) to the inside of neutrophils, several intracellular molecules 
mayy serve as effectors in signal transduction cascade. This signal is classically amplified by 
severall  intracellular enzymes, such as phospholipases, which generate second messagers. We 
noww discuss some of the second messagers, protein kinases, and phosphorylation pathways 
describedd to be important in TNF signaling. A hypothetical scheme of the signaling pathways 
activatedd by TNF-a, as reported in the current chapter, is depicted in Figure 1. 

Effectt of D609T an inhibitor of phosphatidylcholine phospholipase C (PC-PLC). on the 
associationn of FcyRIIa with the cytoskeleton 
Onee central TNF-signaling route is the second messager-like molecule ceramide [14], which is 
generatedd by sphingomyelin breakdown catalyzed by a sphingomyelinase (SMase). SMase 
activationn is secondary to the generation of 1,2-diacylglycerol (DAG) produced by a TNF-
responsivee PC-PLC. A model has been proposed in which a TNF-responsive PC-PLC via 
DA GG couples to an acidic SMase, resulting in the generation of ceramide [23]. 
D6099 has been described as a selective inhibitor of PC-PLC [23,24]. We found that D609 (1 
mM)) inhibited the respiratory burst in TNF-treated neutrophils exposed to N-formyl-
methionyl-leucyl-phenylalaninee (fMLP) and ANCA, but did not affect the respiratory burst in 
neutrophilss exposed to phorbol-myristate acetate (PMA) (not shown). In Chapter IV, D609 
wass shown to inhibit the redistribution of FcyRIIa to the cytoskeleton under the effect of 
TNF-a.. This last result suggests a role for PC-dependent PLC activation in the process of 
TNFF priming. 
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P22 integrins 

Abbreviations: : 
ANCA A 
cAMP P 
DA G G 
FAK K 
FcyRlIa a 
IP3 3 
MAPK K 
MPO O 
NADPH H 
PI3K K 
PKA A 
PKB B 
PKC C 
PLC C 
PR3 3 
Pvk2 2 
TNF-a a 

anti-neutrophill  cytoplasm autoantibodies 
cyclicc adenosine 3',5'-monophosphate 
1,2-diacvlglycerol l 
focall  adhesion kinase 
Fc-gammaa receptor Il a 
inositoll  1,4,5-trisphosphate 
mitogen-activatedd protein kinase 
myeloperoxidase e 
nicotinamidee adenine dinucleotide phosphate (reduced) 
phosphatidylinositoll  3-kinase 
proteinn kinase A, cyclic AMP-dependent protein kinase 
proteinn kinase B 
proteinn kinase C 
phospholipasee C 
proteinase-3 3 
proline-richh tyrosine kinase 
tumorr necrosis factor-alpha 

Figuree 1. Hypothetical scheme of the neutrophil-signaling pathways activated by tumor necrosis factor-

alphaa (TNF-a). 
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Intracellularr cyclic adenosine monophosphate (cAMP) 
Thee activation of adenylate cyclase, generation of cAMP, and subsequent activation of protein 
kinasee A (PKA) are known to regulate the function of various cell types. Nathan et al. have 
describedd that TNF-a and 02 integrins act synergistically in lowering the intracellular 
concentrationn of cAMP in neutrophils, which may have a priming effect on these cells [25]. We 
studiedd the effect of TNF-a (2 ng/ml) on the cAMP content of the neutrophils. In the study 
off  Nathan et at., TNF-a (100 ng/ml) was found to decrease the intracellular cAMP content by 
aboutt 35% over a period of 45 minutes, whereas, in our experimental set-up, the decrease was 
aboutt 25%. Nathan et al. studied neutrophil activation by TNF-a itself, whereas we used TNF-a 
ass a priming agent. However, the PKA inhibitor (H89) had no effect on the respiratory burst 
inducedd by ANCA in TNF-untreated cells (not shown), indicating that the effect of TNF-a 
wass not mediated via diminished PKA activation. 

Intracellularr free calcium ions 
AA role for intracellular free calcium ions [Ca2+]j has been implicated in certain aspects of the 
primingg response [26]. Richter et at. have demonstrated that TNF-induced degranulation in 
adherentt human neutrophils is dependent on CDllb/CD18-integrin-triggered oscillations of 
cytosolicc free Ca2+ [27]. Cross-linking of either FcyRIIa or FcyRIIIb has been shown to induce 
ann increase in the concentration of [Ca2+], [28]. In our experiments, TNF-a (2 ng/ml) by itself 
didd not induce an increase in cytosolic free [Ca2+]j in neutrophils in suspension or adhering to 
fibronectinn (not shown). The possible effect of TNF-a for on the [Ca2+], response after 
FcyRIIaa cross-linking is under investigation. 

Proteinn phosphorylation 
Onee common feature of priming agents is the induction of phosphorylation of target proteins 
byy serine/threonine or tyrosine kinases by second messagers, which leads to the propagation 
off  signals needed for the functional response of the cells. 

Thelenn et al. have reported that TNF-a primes neutrophils for enhanced protein kinase C 
(PKC)-dependentt signal tranduction [29]. The family of tyrosine phosphorylated proteins that 
appearss to be activated by priming agents are the mitogen-activated protein kinase (MAPK), 
whichh include extracellular signal regulated kinases (ERK) p44i:RK1 and p42FRK2 and p38 kinase 
[30]. . 
Inn our experiments, inhibition of the pathways with the ERK inhibitor PD 98059 (50 uM) and 
moree particularly with the p38-MAPK inhibitor SB 203580 (25 uM) resulted in a decreased 
respirator)-- burst in TNF-treated neutrophils exposed to ANCA (not shown). SB 203580 
showedd the strongest effect on the respiratory burst when added before TNF-a priming, 
furtherr supporting a role for the related signaling pathway in the priming process. However, 
thee respiratory burst in TNF-untreated neutrophils exposed to mAb 3G8 against anti-FcyRIIIb 
(knownn to activate neutrophils through binding with their Fc region to FcyRIIa) was also 
inhibitedd by both inhibitors. Hence, our DHR experiments with the ERK and p38 inhibitors 
didd not allow us to draw conclusions about the involvement of ERK and/or p38-MAPK in the 
primingg reaction. 

Kettritzz et at. have studied the role of MAPK involved in TNF-a priming and subsequent 
ANCA-inducedd activation [31]. Their immunoblot analysis showed phosphorylation of both 
ERKK and p38-MAPK during TNF priming by itself. These results led the authors to the 
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conclusionn that ERK and p38-MAPK are important for the TNF-a-mediated priming of 
neutrophils,, enabling a subsequent ANCA-induced respirator)' burst. 
Moreover,, these authors have explored the hypothesis that ERK and p38-MAPK control the 
TNF-mediatedd translocation of ANCA antigens to the neutrophil surface [31]. They reported 
thatt this upregulation is mediated specifically through the p38-MAPK pathway and not 
throughh the p42/44 MAPK pathway. Tandon et al. reached the same conclusion about TNF-
mediatedd translocation of p2 integrins to the neutrophil surface [32]. 
However,, our own experiments with ERK and p38-MAPK inhibitors indicate that these 
kinasess are also involved in the non-primed oxidase activation by ANCA. It is at this moment 
thereforee not possible to draw unequivocal conclusions about the specific action of TNF-a in 
thiss respect. We did not find any inhibitory effect of these ERK and p38-MAPK inhibitors at 
thee level of the association of FcyRIIa with the cytoskeleton induced by TNF-a (not shown). 
Alongg this line, the mechanism by which TNF-a primes neutrophil respiratory burst by 
increasingg membrane expression of cytochrome £558, is regulated by p38-MAPK [20]. 

Adherentt TNF-treated cells tyrosine-phosphorylate several focal adhesion proteins (paxillin 
andd the tyrosine kinases Fgr, Lyn and Syk) which occur as a result of P2-integrin ligand 
engagementt [14]. Another member of the focal adhesion kinases (FAK) family, termed pyk2 
(proline-richh tyrosine kinase) has been identified [33]. Yan et al [34] and Fuortes eta/. [35] have 
describedd the tyrosine phosphorylation of pyk2 following stimulation of adherent cells by 
TNF-aa used at a final concentration of 20 ng/ml and 250 ng/ml, respectively. The 
phosphorylatedd pyk2 has been reported to be mainly associated with Triton X-100-insoluble 
cytoskeletall  fractions [34]. This tyrosine phosphorylation is demonstrated as a downstream 
eventt of the activation of P53/561?", p72s>'k, PKC and cytoskeletal rearrangement [34]. 
Moreover,, the activation and association of pyk2 with paxillin have been demonstrated during 
thiss stimulation. The phosphorylation of pyk2 was attenuated by p2-integrin blocking with 
specificc antibodies [34] and was inhibited by tyrosine kinase inhibitors, such as tyrphostin A9 
[35].. Additionally, it is thought that pyk2 links the Fey receptors to the MAPK-signaling 
pathwayy [36]. Thus, pyk2 appears to play an essential role in the ability of neutrophils to 
integratee signals from 02 integrins, Fey receptors and TNF receptors. In our experiments, 
tyrphostintyrphostin A9, the most potent tyrosine kinase inhibitor yet described [37], had a moderate 
effectt (even at the high concentration of 100 uM and even after 30 minutes of incubation) on 
thee respiratory burst in TNF-treated neutrophils exposed to ANCA and no effect on the 
respiratoryy burst in TNF-untreated neutrophils exposed to mAb 3G8 (not shown). 

Anotherr signal transduction pathway that appears to play a critical role in both priming and 
activationn of neutrophil function involves the phosphatidylinositol 3-kinase (PI3-K). PI3-K is 
associatedd with several tyrosine kinases and generates phosphatidylinositol-(3,4,5)-
trisphosphatee (PIP3). Inflammatory mediators of neutrophils, such as TNF-a, have been 
describedd to increase the affinity and number of P2 integrins expressed at the cell surface 
[18,19].. This process is thought to be mediated in part by activation of PI3-K [38]. Condliffee et 
al.al. have described that priming of human neutrophil superoxide generation by TNF-a is 
signaledd by enhanced PIP3 [39]. In their study, TNF-a pretreatment greatly upregulated fMLP-
stimulatedd PIP3 accumulation, in a manner that matched, both temporally and in magnitude, 
thee increase of superoxide generation, implying a possible role for PIP3 in this signaling. The 
fungall  metabolite wortmannin, which inhibits PI3-K [40], interfered with the initial stages of 
TNF-inducedd cell spreading and inhibited the TNF-induced tyrosine phosphorylation of pyk2 
[35].. This suggests that PI3-K acts early in the TNF-signaling pathway and upstream of pyk2. 
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However,, these data are controversial, as Yan et al. have found that inhibition of PI3-K by 
wortmanninn did not affect TNF-induced tyrosine phosphorylation of pyk2 [34]. Moreover, Fey 
receptorss has been described to be coupled functionally, via a tyrosine kinase, to PI3-K [41]. It 
hass also been reported that cross-linking of Fey receptors induces the activation of PI3-K [42]. 
Wortmanninn also significantly suppressed superoxide anion production in neutrophils 
stimulatedd by cross-linking of Fey receptors [43]. Aware of the fact that the phosphorylated 
pyk22 is associated with Triton X-100-insoluble fractions, we did not find any inhibitor)' effect 
off  tyrphostin A9 or wortmannin at the level of the association of FcyRIIa with the 
cytoskeletonn induced by TNF-a (not shown). 

PIP33 conveys signals from the cell surface to the cytoplasm. PIP3 signals activate the 3-
phosphoinositide-dependentt protein kinase-1 (PDK1), which in turn activates the kinase Akt, 
alsoo known as RAC-PK or protein kinase B (PKB). Recent studies have indicated that the 
serine-threoninee PKB/Akt kinase, which is an immediate downsteam effector of PI3-K, is 
involvedd in multiple cellular systems [44]. The ability of Akt to phosphorylate and activate 
PKCC has also been described [45], Klippel et al. have shown that PI3-K-induced stimulation of 
Aktt is specifically mediated by one of the PI3-K phosphatidylinositide products [46]. The 
effectt of p2-integrin clustering on PI3-K activity has been described to be monitored as the 
activationn of PKB [47]. Experiments on the possible inhibitor)' effect of wortmannin on the 
clusteringg of FcyRIIa induced by TNF-a are in progress. Tilton et al. have reported that 
homotypicc and heterotypic cross-linking of Fey receptors induces the transient activation of 
PKBB in neutrophils [48]. In these studies, pretreatment of neutrophils with wortmannin 
abolishess the phosphorylation of PKB in all cases, confirming previous observations that PKB 
iss a downstream effector of PI3-K. This last finding implicates that PKB is part of the signal 
cascadee involved in neutrophil activation. Indeed, the PKB pathway has recently been 
describedd to be important for the respirator}' burst in TNF-primed neutrophils exposed to 
ANCC A [10]. Therefore, it is conceivable that signal transduction pathways involving PKB play 
aa role in priming of this neutrophil function. 

Thee possibility arises that PI3-K products exert their effects on the respiratory burst by 
activationn of downstream protein kinases that could directly phosphorylate components of the 
oxidasee complex. Likewise, PI3-K products mediate translocation of p47-phox and p40-phox 
too the cell membrane, a process that is thought to be important for NADPH-oxidase 
activationn [49,50]. 

Twoo different types of TNF receptors mediate the effect of TNF-a. According to their 
molecularr mass, these receptors are designated as p55 (TNFR-1) or p75 (TNFR-II) [51]. TNF 
receptorss may transmit signals by means of an associated tyrosine kinase [52]. 

Finally,, our results indicate that TNF-a, as a priming agent, exerts a direct effect on neutrophil 
signall  transduction induced by ANCA. Knowledge about neutrophil priming is crucial for 
understandingg the pathogenesis of neutrophil-mediated tissue injur)', as neutrophils are 
exposedd to the local milieu consisting of cytokines, chemotactic factors, and extracellular 
matrixx proteins before reaching their targets. Better understanding of the mechanisms 
underlyingg the effect of TNF-a on neutrophil activation will be of particular importance, as 
controlledd clinical trials have been started to assess the effectiveness of TNF-blockade 
treatmentt in primary vasculitides and also in IBD. 
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