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GENERALL INTRODUCTION 

GENERA LL  INTRODUCTIO N 

Anti-neutrophill  cytoplasm autoantibodies (ANCA) are circulating antibodies directed mainly 
towardss constituents of neutrophil granules and monocyte lysosomes. It has long been known 
thatt neutrophils contain two main types of granules, the peroxidase-positive granules also 
knownn as azurophil or primary granules, and the peroxidase-negative granules, previously also 
calledd specific or secondary granules [1]. Subcellular-fractionation experiments in combination 
withh double-labeling immunoelectron microscopy have shown that peroxidase-negative 
granuless exist as a heterogeneous continuum from granules rich in lactoferrin (LF) but devoid 
off  gelatinase, through granules containing both gelatinase and LF to granules with littl e LF but 
highh amounts of gelatinase [2], These latter granules are nowadays called gelatinase granules [3], 
whereass granules that contain LF are referred to as specific granules. Secretory' vesicles have 
moree recently been described [4,5]. These vesicles are derived from the plasma membrane. The 
characteristicc profile of neutrophil granules and secretory vesicles is summarized in Table 1 
(fromm Borregaard et al, [6]) [7]. 

Sincee the first descriptions of ANCA in primary vasculitides, the number of diseases in which 
thesee antibodies have been found has continued to increase. This thesis describes clinical 
studiess in primary vasculitides and in inflammatory bowel diseases (IBD) as well as functional 
studiess on the activation of human neutrophils by ANCA in vitro. 

1.11 ANCA HISTORICA L BACKGROUN D 

Primar yy vasculitides 

Inn 1982, ANCA were first reported by Davies et al. in sera from eight patients with segmental 
necrotizingg glomerulonephritis (GN) [8]. In 1984, Hall et al. described ANCA in four patients 
withh systemic vasculitides, all of whom had pulmonary symptoms [9], In 1985, van der Woude 
etet al. were the first to suggest that ANCA are a specific marker for Wegener's granulomatosis 
(WG)) [10]. These findings were subsequently confirmed by several studies [11-14]. Falk et al. 
describedd antibodies that caused perinuclear staining on ethanol-fixed neutrophils in patients 
withh microscopic polyangiitis (MPA) and in patients with necrotizing GN [15]. 

Inflammator yy bowel diseases 

Afterr the detection of ANCA in primary vasculitides, several groups studied the presence of 
thesee antibodies in other inflammatory diseases, such as in IBD [16]. In retrospect, antibodies 
previouslyy interpreted as leukocyte-specific antibodies in IBD, probably correspond at least 
partiallyy to ANCA. 

Inn 1966 already, Faber and Elling [17] reported the presence of "leukocyte-specific anti-nuclear 
factors""  in diseases such as Felty's syndrome, rheumatoid arthritis, and systemic lupus 
erythematosuss (SLE). In the early 1980's, Wiik and Nielsen et al. defined these antibodies as 
"granulocyte-specificc anti-nuclear antibodies" (GS-ANA), circulating not only in patients with 
Felty'ss syndrome, rheumatoid arthritis and SLE [18], but also in patients with ulcerative colitis 
(UC)) [19]. GS-ANA were defined as antibodies capable of reacting in vitro with nuclei of 
neutrophils,, sometimes also with monocytes and/or eosinophils, but not with nuclei of 
lymphocytes,, producing a perinuclear fluorescence pattern on ethanol-fixed neutrophils [18]. 

2 2 



CHAPITREE I 

Tablee 1. Content of human neutrophil granules and secretory vesicles (modified from Borregaard et al. 

[6])--

Azurophi l l 
granules s 

Membrane: Membrane: 
CD63 3 
CD68 8 

Matrix: Matrix: 
Acidd 0-glycerophosphatase 
Acidd mucopolysaccharide 
ai-antitrypsin n 

a-mannosidase e 
Azurocidin/CAP37 7 
BPIf/CAP57 7 
p-glycerophosphatase e 
p-glucuronidase e 

Cathcpsins s 
Defensins s 
Elastase e 
Lysozyme e 

Myeloperoxidase e 

N-acetyl-P-glucosaminidase e 
Proteinase-3 3 
Sialidase e 

Specific c 
granules s 

Membrane: Membrane: 
CD15 5 
CD66b b 
Cytochromee fess 
fMLP-R R 
Fibronectin-R R 
Laminin-R R 
Mac-11 (CDl lb /CD18) 

NB11 antigen 
CAP18 8 
Rapl ,Rap2 2 
Thrombospondin-R R 
TNF-R R 

Vibronectin-R R 

Matrix: Matrix: 
P2-microglobulin n 

Coilagenase e 

Histaminase e 
Heparanase e 
Lactoferrin n 
Lysozyme e 

Gelatinase e 
granules s 

Membrane: Membrane: 
Cytochromee fess 
Diacylglycerol--

deacylatingg enzyme 
fMLP-R R 
Mac-11 (CDl lb /CD18) 

Matrix: Matrix: 

Acetyltransferase e 
p2-microglobuIin n 
Gelatinase e 
Lysozyme e 

Neutrophill  gelatinase-associated lipocalin 
Plasminogenn activator 
Sialidase e 
Vitaminn Bi2-binding protein 

Secretory y 
vesicles s 

Membrane: Membrane: 
Alkalinee phosphatase 
CRII  (CD35) 
Cytochromee fcss 
fMLP-R R 
Mac-11 (CDl lb /CD18) 
Uroplasminogenn activator-R 
CD10,, CD13, CD45* 

FcyRIIII  (CD16) 
Clq-R R 
DAF* * 
Proteinase-33 [see Ref. 7] 

Matrix: Matrix: 
Plasmaa proteins 
(includingg tetranectin) 

**  Localization based on kinetics of upregulation in response to stimulation with inflammatory mediators, but has not 
yett been demonstrated by subcellular localization or immunocytochemistry. 
ff  BPI, Bactericidal/permeability-increasing protein; R, receptor 

Inn 1989, Snook et al [20] reported about antibodies binding to nuclei of neutrophils, termed 
"anri-neutrophill  nuclear antibodies" (ANNA) in sera from patients witl i IBD and primary 
sclerosingg cholangitis (PSC). These authors considered ANNA as possibly identical to the GS 
ANAA first described by Wiik [18] and by Nielsen et al. [19]. In 1989 at the occasion of the 
Annuall  Meeting of the American Gastroenterological Association (AGA), Targan et al. [21] 
describedd the presence of antibodies now called "ANCA" to be particularly associated with UC 
butt not with Crohn's disease (CD). These authors concluded that screening IBD patients for 
ANCAA could be helpful in distinguishing UC from CD. 

Inn 1990, three studies on ANCA in IBD were presented at the Third International Workshop 
onn ANCA [22-24]. Cambridge et al. [22] found ANCA in 27 of 51 (53%) sera from patients 
withh UC and only in five of 50 (10%) patients with CD. Rump et al. [23] and Jorgensen et al. 
[24]]  confirmed and extended these findings in large groups of patients with IBD. Finally, in 
1990,, Saxon et al. [25] published the first manuscript on a new subset of ANCA in IBD, and 
particularlyy in UC. These authors confirmed tJieir previous results submitted at the AGA in 
19899 and concluded that ANCA in IBD are distinct from ANCA observed in primary 

3 3 



GENERALL INTRODUCTION 

vasculitides,, with respect to e.g. the fluorescence pattern and the specificities of the antibodies 
involved.. Subsequent delineation of the diagnostic use of ANCA was then sought worldwide 
inn ongoing analyses of several defined disease categories and subsets of patients with IBD. 

1.22 METHODOLOG Y FOR ANCA TESTIN G 

ANC AA detection 

TheThe standardised indirect immunofluorescence assay 
Inn 1988, at the First International Workshop on ANCA, an indirect immunofluorescence (IIF) 
microscopyy assay on ethanol-fixed neutrophils from healthy donors for the immunoglobulin-G 
(IgG)-ANCAA detection was described, and then accepted as the standardized method [26]. A 
serumm is considered positive for ANCA when a positive reaction with neutrophils is observed 
att a 1:20 dilution. The II F assay allows a semi-quantitative evaluation of ANCA titers. The 
abilityy to distinguish between ANCA and other autoantibodies that react with neutrophils 
dependss on the quality of the neutrophil preparation and the skill of the observer. The 
standardizedd II F assay facilitates the interpretation of results and permits a better comparison 
betweenn laboratories. 

ANCAANCA fluorescence patterns and ANCA nomenclature 
Thee standardized IIF assay allows differentiation between three main fluorescence patterns; 
thesee are, according to the ANCA nomenclature [27,28], the cytoplasmic ANCA (C-ANCA) 
pattern,, the perinuclear ANCA (P-ANCA) pattern and the atypical ANCA (atypical ANCA) 
patternn (Figure 1). The C-ANCA fluorescence is a classic granular cytoplasmic fluorescence 
withh often accentuated staining of the central part of the cell (between the nuclear lobes). In 
contrast,, the P-ANCA fluorescence corresponds to a staining of the nucleus, the perinuclear 
areaa or both, leaving the cytoplasm unstained. Atypical ANCA corresponds to any positive 
stainingg of the cells other than the C-ANCA or P-ANCA pattern [28]. The members of the 
Europeann Vasculitis Study Group agreed to this notation of the IIF pattern [28]. An 
Internationall  Consensus Statement on Testing and Reporting of ANCA has been published 
[29]. . 

Inn primary vasculitides, the pattern observed is mosdy cytoplasmic or perinuclear. In IBD, the 
patternn observed is often perinuclear and diffusing towards the cytoplasmic area of 
neutrophils,, previously called: P-ANCA with diffuse cytoplasmic staining [25], P-ANCA with 
"snow-drift-likee appearance" [30], "x-ANCA" [31], or "atypical ANCA" [32]. This perinuclear 
stainingg pattern is sometimes difficult to differentiate from the P-ANCA pattern observed in 
primaryy vasculitides, especially in the absence of clinical information. In some cases, the II F 
patternn appears as a homogeneous nuclear staining [22], but also a weak granular cytoplasmic 
orr homogeneous diffuse cytoplasmic fluorescence is found [33], without the central 
interlobularr accentuation classically observed in systemic vasculitides. Finally, according to the 
Internationall  Consensus [29], the name for these staining patterns should be "atypical ANCA" . 
Nevertheless,, in the literature, the ANCA associated with IBD are often historically named "P-
ANCA" . . 

4 4 



CHAPITREE I 

Figuree 1. (A) "C-ANCA" pattern, (B) "P-ANCA" pattern, and (C) an "atypical ANCA" pattern, as 
determinedd bv the indirect immunofluorescence assay. 

TheThe use of ethanol- and formaldehyde-fixed neutrophils 
Thee current terminology that distinguishes between C-ANCA and P-ANCA is based on the 
fluorescencee appearance on ethanol-fixed neutrophils. Indeed, ethanol fixation causes the 
rearrangementt of positively charged granule constituents around and on the negatively charged 
nuclearr membrane [15]. 
Anti-nuclearr antibodies may give rise to nuclear staining that cannot be distinguished in most 
casess with the IIF test from the staining caused by P-ANCA. The presence of ANA invalidates 
thee ANCA-II F interpretation. Formaldehyde fixation of neutrophils has been described to 
preventt the perinuclear rearrangement of charged antigens and thereby to allow the distinction 
off  P-ANCA from ANA [15,34]. Nevertheless, there is controversy over the inconsistent value 
off  this formaldehyde fixation [35,36], which is not recommended for routine use [37]. 

ANCAA specificities 

ANCAANCA specificities in systemic vasculitides 
Proteinase-33 and myeloperoxidase antigens 
Inn systemic vasculitides, the two main ANCA antigens have been recognized as proteinase-3 
(PR3)) [38-41] and myeloperoxidase (MPO) [15]. MPO is located exclusively in the azurophil 
granules,, but PR3 is located mainly in the azurophil granules and also in the secretory vesicles 
[7].. PR3 is the major C-ANCA antigen and MPO is the major P-ANCA antigen. On rare 
occasions,, sera with MPO-ANCA can yield a diffuse cytoplasmic pattern and sera with PR3-
ANCAA a P-ANCA pattern [42]. 

Otherr ANCA-associated antigens 
Inn systemic vasculitides, other ANCA specificities have been reported but are not often 
investigatedd in clinical practice. 

Bactericidal/permeability-increasingg protein (BPI) is a 57-kDa anti-microbial cationic protein 
(CAP57)) located in the azurophil granules, and especially important for host defence against 
gram-negativee bacteria [43]. BPI is considered as an ANCA-target antigen in primary 
vasculitidess [44,45], but only with a low prevalence [46,47]. 

5 5 
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Azurocidinn (AZ) is a 37-kDa anti-microbial cationic protein (CAP37) located in the azurophil 
granules,, and a member of the family of neutral serine proteinases, which shares amino-acid 
sequencee homology with the three other neutral serine proteinases, elastase, PR3 and cathepsin 
G,, but unlike these is without proteolytic activity. AZ has been proposed as a novel, less 
frequentt target antigen for ANCA in primary vasculitides [46,48,49]. As for BPI-ANCA, AZ-
ANCAA occur with a P-ANCA pattern [46], and may occur simultaneously with other ANCA 
specificitiess [49]. 

Elastasee (HLE), located in the azurophil granules, has been described as an ANCA-target 
antigenn in primary vasculitides with a prevalence that has been discussed [50-52]. Among these 
studies,, Cohen Tervaert et al. [51] have detected HLE-ANCA in only six out of 1102 sera that 
weree routinely submitted for ANCA determination, and that produced a P-ANCA or an 
atypicall  ANCA pattern. These six serum samples were from five patients with systemic 
vasculitidess and one with Cogan's syndrome. 

Antibodiess directed against a cytosolic protein of 48 kDa, identified as a-enolase, have been 
describedd in primary vasculitides [53]. In this study, the anti-enolase antibodies gave either a P-
ANCAA or a C-ANCA pattern. 

Thee human lysosomal-membrane glycoproteins are transmembrane proteins that are thought 
too protect lysosomal membranes from degradation by enzymes [54-55]. Autoantibodies against 
humann lysosomal-associated membrane protein-2 (h-lamp-2) have more recently been 
describedd in patients with an active phase of necrotizing and crescentic GN, and also in 
combinationn with PR3- or MPO-ANCA [56]. 

Thee occurrence and the possible clinical value of these aforementioned ANCA specificities in 
primaryy vasculitides have not been studied extensively. 

ANCAANCA specificities in other ANCA-associated diseases 
Inn other ANCA-associated diseases, PR3 is rarely involved, in contrast to MPO. Moreover, the 
numberr of antigens described as targets for ANCA is still increasing. BPI, HLE, cathepsin G, 
lactoferrinn (LF) and lysozyme (LZ) are some of the antigens involved that are most often 
associatedd with P-ANCA or atypical ANCA patterns. The different specificities of IBD-
associatedd ANCA are described in Chapter II.3 of this thesis. 

Solid-phaseSolid-phase assays 
Characterizationn of the target molecules of ANCA has made antigen-specific detection in 
solid-phasee assays possible. The "European Commission / Measurement and Testing Project 
forr ANCA Assay Standardization" is an international multi-center study in which solid-phase 
assayss for ANCA determination have been developed and standardized [57,58]. One report 
suggestss a higher sensitivity of capture ELISA for PR3-ANCA in comparison to a direct 
bindingg assay and the II F test but with slightly less specificities in renal diseases [59]. The use 
off  recombinant antigens in solid-phase assays needs further investigation. 
Thee European Committee has focused on the diagnostic value of standardized assays for 
ANCAA in idiopathic systemic vasculitides [60]. This study investigated the diagnostic value of 
thee II F assay and newly developed and standardized ELISA for the detection of ANCA in an 
internationall  multi-center setting. Their results indicate that, in comparison with the sole use of 
thee II F assay for ANCA detection, the combination of the II F assay with antigen-specific 
ELISAA for PR3-ANCA and MPO-ANCA results in an approximately 10% lower sensitivity. 
However,, with this combination the specificity increased to 98% towards control patients. 
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Finally,, the European Committee concluded that for diagnostic purposes the II F assay is an 
appropriatee screening test for ANCA, and that a positive II F assay result should always be 
confirmedd by an antigen-specific ELISA for at least anti-PR3 and anti-MPO [60]. Thereafter, 
thee International Consensus [29] has emphasized the awareness that IIF-assay results should 
bee interpreted in combination with PR3-ANCA and MPO-ANCA determination by ELISA. 
Additionally,, the European Committee has recommended to perform an ANA test when a "P-
ANCA-like""  result is observed [57]. 

1.33 PRIMAR Y VASCULITIDE S 

Definition ss and classification criteri a 

Thee vasculitides are a heterogeneous group of syndromes characterized by blood vessel 
inflammation,, which may be infectious or non-infectious in origin; unrelated to {primary, or 
idiopathic)) or accompanying {secondary) a known underlying disease; and systemic or isolated 
(limitedd to one organ) [61]. 
Sincee the first attempt of Zeek et al. [62], several proposals to facilitate and standardize the 
nomenclaturee and classification of patients with primary vasculitides have been proposed [61]. 
Inn 1990, in particular, the American College of Rheumatology (ACR) subcommittee 
establishedd classification criteria to discriminate among patients with seven types of vasculitis 
thatt are based not exclusively on histopathological findings but also on clinical symptoms [63]. 
Inn 1994, the Chapel Hil l International Consensus Conference (CHCC) proposed a 
nomenclaturee of systemic vasculitides [64]. The primary systemic vasculitides (PSV) 
classification,, based on the size of blood vessels involved, is shown in Table 2 [65]. 
Itt has been explicidy stated that these classification systems cannot include the full spectrum of 
diseasee features and are therefore not appropriate to use in the diagnosis of individual patients 
[66,67]. . 

Tablee 2, The Chapel Hill Consensus Conference proposal for classification of primary systemic 
vascuHtides. . 

Large-vessell  vasculitis 
Giant-celll  (temporal) arteritis 
Takayasu'ss arteritis 

Medium-sized-vessell  vasculitis 
Polyarteritiss nodosa 
Kawasaki'ss disease 

Small-vessell  vasculitis 
Wegener'ss granulomatosis* 
Churg-Strausss syndrome* 
Microscopicc polyangiitis* 
Henoch-Schönleinn purpura 
Essentiall  cryoglobulinemic vasculitis 
Cutaneouss leukocytoclastic angiitis 

**  These vasculitides are associated with ANCA 
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Wegener'sWegener's granulomatosis 
WGG has been defined as a distinct clinical pathological entity [68,69] that belongs to the group 
off  necrotizing PSV of unknown etiology. The name "Wegener's granulomatosis" is restricted 
too patients with necrotizing granulomatous inflammation [64]. The classic triad of respiratory 
tractt granulomatous inflammation, systemic small-vessel vasculindes (SW) affecting small- to 
medium-sizedd vessels (e.g., capillaries, venules, arterioles, and arteries), and necrotizing GN 
readilyy suggests the diagnosis, but atypical presentations may not [70]. Some authors have 
investigatedd whether "limited" or "non-renal" WG differs from classical or "renal" WG in 
clinicall  presentation, laboratory features and outcome [71]. 

PolyarteritisPolyarteritis nodosa and microscopic poly angiitis 
Inn 1990, the ACR subcommittee developed classification criteria for several types of systemic 
vasculitis,, but did not attempt to distinguish polyarteritis nodosa (PAN) from microscopic 
polyangiitiss (MPA), in contrast to the CHCC held in 1994. 
Thee name "polyarteritis nodosa" or alternatively, the name "classic polyarteritis nodosa," is 
noww restricted to a disease in which arteritis exists in medium-sized and small arteries with 
organn infarction (e.g., gut, nerve). These latter patients are rare, because small-vessel 
involvementt including glomerular capillaries (i.e. with GN) is excluded from the definition [64]. 
Thee name "microscopic polyangiitis" or alternatively, "microscopic polyarteritis", connotes 
pauci-immunee (i.e. few or no immune deposits) necrotizing vasculitis, affecting small vessels 
(capillaries,, venules, or arterioles), with or without involvement of medium-sized arteries [64]. 
Thee dominant feature of patients with MPA is, in most cases, rapidly progressive necrotizing 
glomerulonephritiss (RPGN), sometimes with lung hemorrhage. 

Renal-limitedRenal-limited vasculitis 
Renal-limitedd vasculitis is an isolated pauci-immune necrotizing crescentic glomerulonephritis 
(NCGN),, typically known as idiopathic RPGN. It has many features to suggest that it 
representss a renal-limited variant of WG or MPA, including the presence of ANC A. 

Churg-StraussChurg-Strauss syndrome 
Thee Churg-Strauss syndrome (CSS) is also known as allergic granulomatous angiitis. This rare 
disorderr is characterized by allergic rhinitis and asthma; eosinophilic infiltrative disease, such as 
eosinophilicc pneumonia or gastroenteritis; and SW with granulomatous inflammation [64]. 

Epidemiology y 

Untill  recently, epidemiological studies have been complicated by lack of classification in S W. 
Thee incidence of these diseases is higher in the 1990s than the 1980s [72], which can be partly 
attributedd to more sensitive diagnostic instruments, such as ANCA testing, imaging facilities 
andd immunohistochemistry. In prospective studies, Watts et al. from UK have estimated an 
overalll  incidence of WG, MPA and CSS of 19.8/million [73]. Several studies have indicated a 
markedd increase in die age-specific annual incidence, with a peak incidence at around 65-75 
yearss [72,73]. The involvement of environmental factor(s) in the development of S W, which 
operate(s)) irrespective of ethnic origin, has been suggested [72], such as an infectious agent [74] 
and/orr factors such as silica exposure to induce the autoimmune response [75]. 
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Immunologiee disorders 

HumanHuman leukocyte antigen association 
Theree have been positive associations between the susceptibility for ANCA-associated 
vasculitidess with human leukocyte antigen (HLA) DR2 or DQw7 [76,77], negative associations 
withh DR3 or DR13 [77,78], or no significant associations with any HLA type [79]. Despite 
problemss in analyzing the reports that could include the definition of the diseases concerned 
andd the various methodologies of HLA typing, it is striking that no consistent association has 
beenn identified in different series. This lack of an obvious and consistent HLA association 
suggestss that the T-cell response in vasculitis may be heterogeneous, or that a genuine strong 
associationn has yet to be identified [80]. Along this line, the evidence for genetic susceptibility 
inn conjonction with a causative role of environmental factors for these diseases is strengthened 
byy the report of familial clusters of SW [81,82]. Some other genetic factors that influence 
susceptibilityy to SW will be discussed under 1.6. 

SLNCASLNCA and the nomenclature of systemic vasculitides 
Inn 1994, the CHCC suggested that ANCA may be considered in distinguishing the ANCA-
associatedd vasculitides (WG, CSS, and MPA), which are the most common primary SW in 
adults,, from other forms of small- and medium-sized vessel vasculitides (Table 2). Diagnostic 
criteriaa including PR3-ANCA has been proposed for WG [83]. The most clear-cut association 
off  a disease with ANCA directed against a specific target antigen remains the association 
betweenn WG and PR3-ANCA [60]. The interpretation of the literature pertaining to ANCA 
andd MPA is complicated by the lack of consensus on the definition of MPA. Most data 
supportt that MPA is often MPO-ANCA associated [15], whereas ANCA seems to be an 
infrequentt feature in classic PAN [84]. ANCA have been detected with variable prevalence in 
patientss with CSS, whereas some patients with CSS do not have ANCA [85,86]. Both PR3 and 
MPOO have been described as target antigens in CSS [85,86]. MPO-ANCA are mainly 
associatedd with NCGN. The sensitivity and specificity of the combination of IIF-assay and 
PR3-ANCAA and MPO-ANCA results in patients with WG, MPA, idiopathic RPGN, classic 
PAN,, CSS, disease controls and healthy controls are reported in Table 3 (modified from 
Hagenn et al. [60]). 

ANCAA have only rarely been described in giant-cell arteritis [87-89], but not in Takayasu's 
arteritiss [90,91]. Several authors have reported a moderate or low occurrence of ANCA in 
Kawasaki'ss disease [92-95], but others failed to detect an increase of ANCA in this disease 
[96].. Circulating IgA-ANCA have been detected in patients with Henoch-Schönlein purpura 
[97,98],, although this finding has yielded conflicting results by others investigators [99-103]. 
Thee presence of ANCA in 34 of 160 (21%) patients with cutaneous leukocytoclastic vasculitis 
hass recently been described [104]. On the other hand, some isolated reports have been 
publishedd against the setting of "false positive" in essential cryoglobulinemic vasculitis [105]. 

Finally,, it is commonly recommended that in patients for whom the clinical diagnosis of 
vasculitiss is tenuous, a positive ANCA should not substitute for trying to obtain histologic 
prooff  of vasculitis [66]. Moreover, a positive ANCA test should not substitute for the need to 
rulee out diseases that mimic vasculitides. The determination of ANCA is particularly helpful 
forr substantiating a diagnosis of SW with atypical presentations. 
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Tablee 3. Sensitivity and specificity of the combination of indirect immunofluorescence-assay and 
proteinase-33 (PR3)-ANCA and myeloperoxidase (MPO)-ANCA EUSA results in patients with systemic 
vasculiades,, disease controls and heakhy controls (modified from Hagen et al. [60]). 

Wegener'ss granulomatosis 
Microscopicc polyangiitis 
Idiopathicc RPGNf 
Classicc polyarteritis nodosa 

Diseasee controls 
Healthyy controls 

n n 

97 7 
44 4 
12 2 
10 0 

184 4 
740 0 

Sensitivity y 
C-ANCAA + 
PR3-ANCA* * 

n(%) ) 

55(57) ) 
7(16) ) 
4(33) ) 
1(10) ) 

Specificity y 
n{%) ) 

1(99) ) 
11 (100) 

P-ANCAA + 
MPO-ANCA A 
n(% ) ) 

166 (16) 
222 (50) 
6(50) ) 
1(10) ) 

n(% ) ) 

2(99) ) 
00 (100) 

C-ANCA/PR3-ANCA* * * 
orr P-ANCA/MPO-ANC A 

n(%) ) 

711 (73) 
30(67) ) 
100 (83) 
2(20) ) 

n(%) ) 

3(98) ) 
1(100) ) 

**  PR3 and MPO from the Statens Serum Institute, Copenhagen 
***  PR3-ANCA results is the average of the sensitivity or specificity of three ELISAs (PR3 from Copenhagen, Raisdorf 
andd Leiden) 
ff  RPGN, rapidly progressive glomerulonephritis 

A.nti-endothelialA.nti-endothelial cell antibodies 
Anti-endotheliall  cell antibodies (AECA) have been detected in a variety of rheumatic diseases, 
suchh as SLE [106]. The possible role of these antibodies as a marker in lupus nephritis have 
beenn discussed [107,108]. Elevated levels of circulating endothelial cells observed in active SLE 
havee recently been described to represent a marker of endothelial injury [109]. AECA have also 
beenn reported in patients with WG and MPA [110-114], and some authors found a relation 
betweenn the occurrence of these antibodies and disease activity [113,114]. Additionally, a 
possiblee direct pathogenetic role of circulating AECA in the in vivo vascular damage has been 
subsequendyy suggested in these diseases [115,116]. Some of the major problems involved in 
thee detection of AECA are the use of human umbilical vene endothelial cells (HUVEC) as 
substratee in most studies, and the poor characterization of the antigens involved [117], The 
significancee of AECA in PSV awaits further characterization of the antigens involved [117]. 
Dataa on AECA recognition of surface-endothelial determinants should further support a 
potentiall  role for these antibodies in vasculitis [118]. 

InvolvementInvolvement of T lymphocytes 
Evidencee of a role for T cells in WG [119] includes the frequent presence of T cells in the area 
off  inflammation, granuloma formation [68,69], elevated markers of T-cell activation such as 
solublee interleukin-2 receptor (IL-2R) [120-125] and soluble CD30 [126,127] in sera from 
patientss with active disease. 

AlteredAltered cytokine production 
Thee investigation of T-cell-cytokine profiles can help to further define the clinical and 
pathologicc features of WG [119]. Recent clinical and experimental findings support the 
hypothesiss that dysregulated pro- and anti-inflammatory cytokines play a role in ANCA-
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associatedd vasculitides. Some data indicate that a T-helper (Th)-l pattern of immune response 
predominatess in the granulomatous inflammation in patients with WG [128]. Tumor necrosis 
factor-alphaa (TNF-a) gene expression has been shown to be enhanced in mononuclear cells 
fromm patients with PSV [129]. Active WG has been described to be associated with HLA-DR+ 
CD4++ T cells exhibiting an unbalanced Thl pattern [131]. The hypothesis that the biphasic 
coursee of WG may be due to the polarisation of the T-cell subpopulation (Thl vs Th2) has 
beenn raised [119]. The switch of Thl to Th2 could then explain the clinical transition from the 
initiall  (granulomatous) phase to the generalized (vasculitic) phase [119]. 

1.44 INFLAMMATOR Y BOWEL DISEASES 

IB DD encompasses at least two forms of intestinal inflammation, Crohn's disease (CD) and 
ulcerativee colitis (UC) [131,132]. While the exact etiology of these diseases remains unknown, 
recentt progress in the epidemiology and genetics of IBD has clearly demonstrated both 
environmentall  and genetic factors to play a role in the development of the disease, and it is 
expectedd that some risk factors are common for both CD and UC [133]. Moreover, the 
immunologyy of the gastrointestinal tract and the possible role of immune mechanisms in IBD 
hass become an area of intense investigation these last years [134-136]. The mucosal immune 
systemm plays a determining role in initiating and perpetuating the inflammation and tissue 
damagee in IBD. 

Definition ss and diagnostic criteri a 

CDD is characterized by chronic inflammation extending through all layers of the intestinal wall 
usuallyy involving the mesentery as well as regional lymph nodes. The typical microscopical 
findingss are fibrosis, cryptitis, crypt abcesses and focal aphthous ulcers located over nodules of 
lymphoidd tissue. The most helpful histologic feature distinguishing CD from other forms of 
IBDD are non-caseating granulomas with multinucleated giant cells. However, in the histologic 
specimens,, granulomas can be absent in up to 50% of the patients. CD can occur in any part 
off  the gastro-intestinal tract, but is most commonly found in the ileocecal area. 

UCC is a chronic inflammatory disease of the colon, characterized by continous localization and 
byy superficial ulcerations of the mucosa. Histologic findings are marked by neutrophil 
infiltrationn of the submucosa, the surface mucosal cells and most characteristically by crypt 
abcessess formed by neutrophil infiltration of the crypt epithelium. Chronic inflammation 
resultss in a loss of surface epithelial cells, incidentally also in a loss of crypt epithelium and 
goblett cells. Repetitive cycles of inflammation are marked by distorted crypt architecture, crypt 
atrophyy and mild submucosal fibrosis. In long-standing UC, the surface epithelium may 
presentt premalignant changes, such as dysplasia. Submucosal oedema is characteristic, however 
unlikee in CD, deeper layers of the bowel beneath the submucosa are usually not involved. UC 
iss confined to the large bowel, always initiates in the rectum, progresses proximally in a 
continuouss fashion and involves mainly the superficial layers of the bowel. 

Diagnosiss of CD and UC are made according to the criteria as described elsewhere [137,138], 
includingg clinical, pathological, radiological, endoscopic and laborator)' features. According to 
thesee criteria [138], definite CD is characterized by the presence of epithelia granulomas with 
giantt Langerhans' type cells at examination of biopsy or surgical specimen, irrespective of the 
durationn of clinical symptoms. In contrast, definite UC is characterized by 1) a case history of 
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diarrhoeaa or bleeding, or both, for six weeks or longer and at least two of three diagnostic 

criteria:: a) typical radiological findings including ulcerations, or both, of the surface mucosa, b) 

typicall  radiological findings including ulcerations, narrowing, and shortening of the colon, c) 
typicall  histological findings at examination of biopsy surgical specimens, and by 2) surgical 

specimens,, macroscopically typical of L'C with typical histological findings, irrespective of the 
durat ionn of clinical symptoms. 

Accord ingg to these criteria [138], patients with a case history of chronic colitis comptatible 

wit hh both the diagnosis of CD or LC are defined as suffering from chronic unclassifiable 
colitis.. In contrast, patients with a case history of colitis of less than six weeks duration are 

classifiedd as acute colitis patients. In a study conducted in Nor thern France, including 1(14 

incidentall  cases of acute unclassified colitis [139], 52"«. of the patients relapsed and were 
subsequentlyy classified as IB D at a census point made 2,5 to 3 years later: 54% UC, 3 3% CD 

andd 13" o chronic unclassified colitis. These data warrant the thorough follow-up of acute 
colitis. . 

E p i d e m i o l o gy y 

Thee epidemiology of CD and UC share many features. There are geographical, ethnical and 

culturall  factors intluencing the prevalence of both entities. Both CD and UC are more 

c o m m onn in urban than in rural areas. 

AA prospect ive populat ion-based study undertaken in the Nor thern part of France [138], has 

reportedd a mean annual incidence of 4.9perl00,000 for CD and of 3.2per 100,000 for UC. The 
incidencee rate for CD was comparable to that observed in Nor th-European studies, whereas 

thee incidence for UC was lower than observed in North-1 European studies. The European 
collaborativee study on IB D working with strictly described and applied criteria confirmed the 

geographicall  differences within Western Europe described by earlier studies. The increased 

incidencee of CD in Western countries over the last half century argues for the major 
involvementt of recently emerged, unidentified env i ronmental factors [140]. Environmental 

factorss include e.g. cigarette smoking [141,142], oral contraceptives [143] and certain diets 
[144,145].. Moreover, there is evidence to suggest that the colonic bacteria and their products 

havee a role in the initiation or maintenance of mucosal inflammation [146], 

I m m u n o l o g i cc disorders 

Im/u/tnogi'iirticIm/u/tnogi'iirtic factors 

Familiall  aggregation of the diseases suggests the implication of genetic factors. An increased 

prevalencee of disease is found amongst relatives of affected individuals and between 

monozygot icc twins 1147-151]. Several studies on the frequency of conjugal forms of IB D 

suggestt an etiologic role for environmental factor(s) [152-155]. Segregation analyses of familial 

aggregationn of CD have provided consistent results point ing to the involvement of a 

predisposingg gene with a recessive mode of inheritance. The discoven' of a susceptibility locus 

forr CD mapping to ch romosome 16 substantiates the hypothesis of genetic factors [156,157]. 

Recently,, it has been discovered that the N O D2 gene product confers susceptibility to CD 

[158,159],, N O D2 is a cytosolic protein whose expression is restricted to monocytes [160]. Its 

functionn includes recognizing bacterial components, such as lipopolysaccharides (LPS), and 

activatingg nuclear factor kappa B ( N F - K B ) [160]. N F - K B is a transcription factor that plays a 

pivotall  role in the induct ion of cytokine synthesis and in the regulation of many other 
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inflammationn genes. Thus, the altered activation of this transcription factor could lead to an 
exaggeratedd inflammatory response. Genetic susceptibility to CD is not limited to 
chromosomee 16, and at least five additional loci have been implicated [161-165]. 

AssociationAssociation of inflammatory bowel diseases with other autoimmune disorders 

Inn a study in which medical reports of 1236 patients with IBD had been examined [166], the 
reportedd prevalence of associated autoimmune disorders was 7% for UC and 2% for CD, as 
comparedd to 2% for patient controls. Inclusion of PSC with the autoimmune disorders 
increasedd this overall prevalence for UC to over 9%. The most common form of chronic liver 
diseasee associated with UC is the PSC known to be associated with the histocompatibility 
antigenn HLA-DRw52a [167]. Thyroid disease [168], autoimmune hemolytic anemia 169], 
vitiligo ,, insulin-dependent diabetes mellitus, and rheumatoid arthritis have commonly been 
reportedd as autoimmune disorders associated with UC [166]. An isolated case of myasthenia 
graviss has also been associated with UC [170]. These data provide further indirect evidence of 
involvementt of autoimmune mechanisms in the pathogenesis of IBD. 

Organ-specificOrgan-specific autoantibodies 

Severall  studies have been conducted to support the hypothesis of autoimmunity in IBD. These 
studiess are based on the existence of circulating antibodies that react with intestinal antigens, 
suchh as those against a 40-kDa colonic protein described by Takahashi et al. [171]. Measured 
withh an ELISA, the anti-40-kDa antibodies were present in 16 of 29 (55%) patients with active 
UCC and in one of 36 patients with CD [172]. Aronson et al. [173] have explored the 
autoantigenicc potential of mucosal epithelium and have isolated epithelial cell-associated 
componentss (ECAC). The prevalence of the antibodies towards ECAC was found to be 70% 
inn IBD [174]. 

Organ-non-specificOrgan-non-specific autoantibodies 

Numerouss organ-non-specific autoantibodies have been described in IBD. These include 
ANAA [175] although this is controversial [176], smooth muscle [176], cytoskeleton 
componentss [176], cow's milk proteins [177], a trypsin-sensitive pancreatic antigen [178], and 
goblett cells [178]. 
Phospholipid-bindingg antibodies, such as anti-cardiolipin (aCL) antibodies and anti-
prothrombinasee antibodies, are known to be associated with an increased risk for thrombosis. 
Venouss or arterial thrombosis is a well-known complication in IBD [179]. Some authors have 
searchedd for aCL antibodies in IBD, as determined by ELISA, and have reported an increased 
prevalencee of aCL antibodies as compared to healthy control donors [180-182], without 
associationn with anti-prothrombinase antibodies [180]. Nevertheless, in these studies, aCL-
antibodyy levels do not seem to be linked to thromboembolic events. 
Wakefieldd et al. [183] have suggested that CD is characterized by multifocal gastrointestinal 
infarctions,, mediated by a chronic mesenteric vasculitis, and that this intestinal vascular injury 
mayy be an important early event in these patients. An immunological injury to endothelial cells 
couldd be important in the pathogenesis of the vascular inflammation. AECA have indeed been 
reportedd in IBD [184]. 
Amongg the circulating antibodies described in sera from patients with IBD that belong to the 
categoryy of organ-non-specific autoantibodies, the ANCA have been undoubtedly the most 
extensivelyy investigated antibodies. Chapter II of this thesis is mainly devoted to ANCA in 
IBD. . 
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InvolvementInvolvement of'T lymphocytes 
AA key feature of the mucosal immune system is the dual ability to respond promptly and 
effectivelyy to pathogens, and to ignore the presence of non-pathogenic bacteria. Activation of 
thee mucosal immune system results initially in the recruitment of phagocytic cells that can 
eliminatee the pathogen by phagocytosis, which is usually followed by an adaptive immune 
response.. This latter response is mediated by B and T lymphocytes that specifically respond to 
foreignn antigens. It is currently believed that impairment of an effective down-regulation of 
activatedd mucosal T lymphocytes plays a central role in the pathogenesis of IBD [185-187]. 

AlteredAltered cytokine production 
Alteredd cytokine production is a hallmark of IBD [185]. Cytokines are involved in a variety of 
biologicall  processes, including cell activation, growth and differenciation and also play a role in 
thee immune response. Among the pro-inflammatory cytokines that play a role in the intestinal 
inflammationn are interleukin-lp (IL-lp) , TNF-a, interferon-y (IFN-y), interleukin-12 (IL-12) 
andd interleukin-18 (IL-18). Anti-inflammatory cytokines like interleukin-10 (IL-10) and 
transformingg growth factor-p (TGF-P) are able to down-regulate the intestinal immune 
responsess [188]. Several studies have indicated that the nature of the inflammatory infiltrate 
andd the expression of cytokine profiles may differ between the acute and chronic phases of 
CD.. Distinct Th l /Th2 patterns have been observed during the evolution of CD. Chronic 
intestinall  lesions of patients with CD are associated with a Thl pattern, including high levels of 
interleukin-22 (IL-2) and IFN-y [189]. The early ileal lesions of patients with CD have been 
describedd to be associated with a significant increase in IL-4 mRNA and a decrease of IFN-y 
mRNA,, as compared with the normal mucosa of patients with CD or control donors [190]. 
Accordingg to these authors, the chronic ileal lesions of patients with CD are associated with a 
Thll  pattern [191]. Whereas, UC is thought to be associated with a Th2 pattern [192,193]. In 
additionn to the anti-inflammatory cytokines, soluble receptors and cytokine antagonists also 
downregulatee inflammation. Finally, abnormalities in the expression of the immune-regulatory 
cytokiness indicate that pathogenic events are probably associated with dysregulation of 
intestinall  immunity. 

1.55 ANC A AN D OTHE R ASSOCIATED DISEASES 

Inn addition to the primary vasculitides, ANCA form a still growing class of autoantibodies 
particularlyy observed in inflammatory disorders such as IBD, but also in many other conditions 
hereinn reported [16,194-196]. The fluorescence staining patterns encountered are mostly P-
ANCAA and atypical ANCA patterns. In many instances, a variety of constituents have been 
recognized,, including MPO, LF, HLE, lysozyme (LZ), cathepsin G and others, but often the 
specificc antigen has not been characterized. In contrast, PR3-ANCA occur rarely in these 
conditions. . 

ANC AA in rheumatic diseases 

Thee first description of ANCA in rheumatic diseases concerned patients with rheumatoid 
arthritiss [17,197-200] and Felty's syndrome [201]. Thereafter, ANCA have been detected in a 
largee variety of other rheumatic diseases [202], such as SLE [17,203-218], Sjogren syndrome 
[210,211],, dermatomyositis and polymyositis [31,212], juvenile chronic arthritis [213], relapsing 
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polychondritiss [214], subglottic stenosis [215], systemic sclerosis [216,217], sarcoidosis [218] 
andd others. 

ANC AA and other  diseases 

ANCAA have been described not only in IBD, but also in autoimmune-mediated liver diseases 
[219],, mainly in PSC [220-226], in type 1 autoimmune hepatitis [221,222,227,228], and less 
frequendyy in primary biliary7 cirrhosis [222,226]. Some authors have reported the presence of 
ANCAA and vasculitis manifestations associated with hematological disorders such as 
myelodysplasiaa [229,231], and with malignancies such as lung adenocarcinoma or renal-cell 
carcinomaa [232-234]. ANCA have also been described in chronic graft-versus-host disease 
afterr allogeneic bone marrow transplantation [235]. ANCA may also appear in long-standing 
type-11 diabetes [236]. 

ANCAA and infections 

ANCAA are occasionally noted in patients with infectious disorders independendy of any 
vasculitiss process [237,238]. ANCA is a relatively common finding in cystic fibrosis lung 
diseasee [239]. BPI, which is active against gram-negative bacteria, is the predominant ANCA 
antigenn described in cystic fibrosis. BPI-ANCA from these patients have been shown to react 
withh the C-terminal portion of BPI that is necessary for opsonisation [240,241]. Alternatively, 
BPI-ANCAA has been found in reactive arthritis caused by Yersinia and Salmonella infections and 
hass been reported to recognize exclusively the C-terminal portion BPI [242]. Recent reports 
havee described a correlation between chronic colonization with Pseudomonas and BPI-ANCA 
[243].. Cases of patients exhibiting subacute bacterial endocarditis associated with vasculitis and 
signss of nephritis have been reported [244,245]. ANCA have also been described in patients 
withh tuberculosis [246], fungal infection chromomycosis [247], leprosis [248], human 
immunodeficiencyy virus (HIV) [249], acute malaria [250], invasive amoebiasis [251] and others. 

ANCAA associated with drugs 

Increasingg numbers of case reports and reports of small patient series have identified 
associatedd diseases that are presumed to be induced by certain drugs with ANCA reactivity. 
Eosinophilia-myalgiaa syndrome related to products containing L-tryptophan and 
polyneuropathyy associated with MPO-ANCA have been described [252]. Some adverse 
reactionss to clozapine with MPO-ANCA have also been reported [253]. The anti-hypertensive 
drugg hydralazine, known to induce lupus-like syndrome associated with ANCA [254], can 
causee systemic vasculitis [255,256]. Another iatrogenic immunological reaction induced by 
minocyclinee has been described to cause fever, arthritis/arthralgia, rash and livedo reticularis 
withh MPO-ANCA [257,258]. Vasculitis is a rare side-effect of propylthiouracil (PTU) therapy 
off  hyperthyroidism [259-264]. Crescentic GN in patients with scleroderma under D-
penicillaminee treatment has been associated with MPO-ANCA [265,266], Some other drugs 
havee also be incriminated, such as allopurinol and sulfasalazine [267]. The majority of the 
patientss who developed vasculitis such as RPGN have been associated with MPO-ANCA, but 
alsoo with ANCA directed against e.g. PR3, HLE and LF. After withdrawal of minocycline or 
PTU,, the clinical symptoms resolved and the ANCA titers decreased in the reported clinical 
cases. . 
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1.66 P A T H O G E N E S I S OF A N C A - A S S O C I A T E D D I S E A S ES 

D e v e l o p m e ntt  of A N C A 

Thee mechanisms triggering the development of ANCA are incompletely understood, but 
severall  hypothesis have been postulated [268]. These include antigenic cross-reactivity of 

ant ibodiess against extrinsic antigens with neutrophil proteins by molecular mimicry [269,27(1], 

upregulat ionn of heat-shock proteins resulting in altered presentat ion of self-proteins [271], and 
st imulat ionn of B or T lymphocytes (or both) by factors such as superantigens (SAgs) [272-275]. 

T w oo main theories have emerged about the development of ANCA : microbial SAg infection 
andd disturbed apoptosis or removal of apoptotic cells. 

PotentialPotential role of Microbial superantigens 

SAgss are powerful stimulators of immune responses that are derived trom bacteria, viruses, 

parasitess and yeasts. SAgs activate large populations of T cells expressing beta-chain variable 

genee segments of the T-cell receptor (TCR-Vp). 

Theree are a number of diseases in which a potential role for SAgs has been studied. SAgs are 

likelyy to contr ibute to the disease process in a number ot ways, acting as initiating or 
predisposingg factors. SAgs may directly activate autoreactive B cells in a T-cell- independent 

wavv to produce autoantibodies, such as ANCA [276,277] or AKCA [278]. SAgs may also 
indirectlyy activate autoreactive B cells in a T-cel l-dependent way, to produce these antibodies. 

InIn vitro, it has been demonstrated that a microbial SAg bridge between MH C class-II molecules 

onn B cells and SAg-reactive T-helper cells can lead to T-helper-cell activation as well as 
activationn of the B cells and, in the presence of a specific antigen, to product ion of antigen-

specificc antibodies [279]. 

Cohenn Tervaert et al have reviewed clinical data indicating that SAgs may be involved in the 

pathogenesiss of PSV [268], Staphylococcal and streptococcal toxins are prototypic SAgs. A 
str ikingg observat ion in YC'G is the finding that about 60% to 70% of the patients are chronic 

nasall  carriers of Staphylococcus aureus. It has been reported that Staphylococcus aureus carriers 
relapsee nearly eight t imes more frequently than non-carriers [74]. A possible role for microbial 

organismss in this disease is also suggested by reports of beneficial effects of the antibiotics 

su l famethoxazole/ t r imethopr imm [280,281]. Some studies in patients with YC'G have 
demonst ra tedd skewing of the TCR-Vf3 repertoire in peripheral T cells, suggestive of SAg 

triggeringg of T cells [282,283]. Simpson et al. have also suggested that MPA is an SAg-
associatedd disease [283], Therefore, it is conceivable that SAgs play a role in ANCA 

deve lopmentt in these diseases. 

Alongg this line, different forms of vasculitis and glomerulonephrit is (GN) associated with 

A N C AA may occur after an infection with streptococci or staphylococci [268], such as acute 
pos ts t rep tococcall  GN (APSGN) [284,285] and staphylococcal SAg-related GN [methicillin-

resistantt Staphylococcus aureus (MRSA)] [286,287]. On the other hand, a potential role for SAgs 
hass also been suggested in other primary vasculitides that are usually not associated with 

A N C A ,, such as Kawasaki's disease [288], giant-cell arteritis [289] and Takavasu's arteritis [290]. 

I tt has also been speculated that SAgs are involved in the pathogenesis of IB D [291,292]. A 
currentt hypothesis holds that microbial flora contr ibute initiators that trigger CD. A primary 

inf lammatoryy process might permit the entry of microbial products into the submucosa or 

laminaa propria, which might provide a local SAg stimulus. 
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Thus,, understanding of the SAg function and the mechanisms by which they contribute to 
diseasee may lead to therapeutic strategies for these diseases. 

ANCAANCA and defective apoptosis regulation 
Apoptosiss of neutrophils is a key mechanism to control the duration of the early inflammatory 
responsee and in this way limit tissue damage caused by neutrophils [293]. Programmed cell 
deathh is characterized by typical morphological changes in the dying cell (e.g., chromatin 
condensationn and membrane blebbing), that result from biochemical modifications of nuclear 
andd cytoplasmic structural proteins [294]. 

Theree is a theory that autoimmune diseases are caused by defects in apoptosis or in the 
removall  of apoptotic cells, because this leads to exposure of fragments of apoptotic cells to the 
immunee system, thus inducing a sustained humoral response [295,296]. This theory involves 
releasee of endogenous subcellular particles that are normally sequestered intracellularly, 
followedd by exposure to the immune system [297]. Moreover, it has been proposed that cell 
proteolysiss may produce novel epitopes required for the production of autoantibodies [298]. 
Therefore,, modifications of autoantigens during apoptosis or during necrosis, as well as 
structurall  alterations of antigens due to mutations, interaction with toxins and chemicals or 
bindingg to macromolecules derived from infectious agents may lead to development of 
autoantibodiess by bypassing normal mechanisms of tolerance [296]. Defects in the regulation 
off  apoptosis have been observed in patients with SLE, a disease characterized by immune 
abnormalitiess that allow the production of ANA directed against self antigens. Studies have 
shownn that certain autoantigens targeted in SLE are clustered in apoptotic bodies or blebs on 
thee surface of apoptotic cells [298,299]. The clustering of autoantibodies on the surface of 
apoptoticc cells has been more recently described in systemic vasculitides [300]. In this study, 
ANCAA were found to interact with azurophil granule constituents on the surface of apoptotic 
neutrophilss [300]. The almost identical colocalization of ANCA and apoptotically cleaved 
desoxyribonucleicc acid (DNA) on neutrophils, reported by Mallolas et a/., suggests that 
intracellularr DNA redistribution during neutrophil apoptosis may play a role in antigen 
exposuree to the immune system and ANCA production in UC [301]. 

Whateverr the initial inciting event, IBD is thought to result from the failure of regulatory 
mechanismss that normally serve to limit mucosal immune and inflammatory responses [131]. 
Ann imbalance in the intracellular events that modulate apoptosis may contribute to the 
pathogenesiss of IBD [302,303]. It has been proposed that UC is due to excessive apoptosis of 
thee epithelium mediated by inflammatory cells, whereas CD can be attributed to decreased 
susceptibilityy of mucosal T cells to apoptosis leading to prolonged inflammatory responses 
[302].. Knowing the causality of NOD2's mutations with familial CD [158,159], Beutier et al. 
havee more recendy discussed NOD2's place in the apoptotic pathways [304]. According to 
thesee authors, failure of an apoptotic pathway, caused by mutation of one of its components, 
mightt trigger countervailing proapoptotic responses, some of which are associated with 
inflammation.. For example, a primary failure of apoptosis might cause overproduction of 
TNF-a.. This could help to eliminate cells, but it could also have deleterious proinflammatory 
effects.. Thus, NOD2 mutations in CD could have ties to autoimmunity. 

Inn conclusion, the ANCA-associated diseases such as primary vasculitides or IBD may have 
defect(s)) in common in the regulation of apoptosis, which might contribute to the bypass of 
tolerancee against neutrophil autoantigens that is required for autoantibody formation. One of 
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thee unresolved issues is the inability to explain the development of particular ANC A 
specificities. . 

Contributio nn of ANCA to the clinical symptoms 

Thee question of the etiological role of ANCA in the development of ANCA-associated 
diseasess remains a contentious issue. There is growing evidence in vitro that suggests ANCA 
involvementt in the pathogenesis of these diseases, and that neutrophils and endothelial cells 
(EC)) are both targets and active participants [28,119,195,305-311]. Likewise, several in vivo 
modelss are presendy available that support a pathogenic role for ANCA [308]. 

Thee fact that a large divergence has been described in the disease spectrum between patients 
withh PR3-ANCA and those with MPO-ANCA has raised the question about the pathogenicity 
hallmarkk of such ANCA specificities [312,313]. One could imagine a direct role of ANCA in 
thee disease manifestations, for which evidence has been gathered from in vitro effects on 
neutrophilss and EC. On the other hand, the multiplicity of minor ANCA specificities 
describedd in IBD leads to uncertainties about the role of ANCA in these diseases. Indeed, 
ANCAA with other specificities have been found to be unable to induce neutrophil activation in 
vitrovitro [314]. Another point in favor of a pathogenic role of ANCA in primary vasculifides is the 
factt that PR3 and other ANCA antigens {e.g. MPO and HLE) can only be detected within 
glomeruli,, crescents and tubular epithelial cells of renal tissue under GN conditions associated 
withh neutrophilic infiltrates, but not in normal renal tissue [315,316]. 

Evidencee to support a pathogenic role for ANCA is also derived from clinical observations. 
Althoughh correlations between ANCA titers and disease activity are imperfect, it is generally 
agreedd that ANCA titers often parallel disease activity in WG [13]. Serial measurement of 
ANCAA titers in WG or MPA is useful for follow-up of disease activity and prediction of 
relapsess [317]. Nevertheless, the strongest argument for ANCA not being essential to WG is 
thee observation that about one-third or more of patients with active limited disease are ANCA 
negativee [318]. Unless limitations in assay sensitivity were to account for these results, these 
dataa are inconsistent with an "ANCA-essential" hypothesis [318]. 

Iss there similar evidence to support a role of ANCA in diseases other than ANCA-associated 
systemicc vasculitides? The inconsistent relationship between ANCA titers and disease activity 
inn several ANCA-associated diseases such as IBD undermines, but does not eliminate, a 
possiblee role for ANCA as a contributing factor in their pathogenesis [318]. In contrast, the 
convincingg clinical data on the ANCA contribution to the clinical symptoms come from 
patientss with drug-induced vasculitis in which ANCA are associated with PSV and GN, and 
disappearr upon clinical remission with discontinuation of these drugs [257,259-263]. 

Nevertheless,, even though ANCA are not essential to the clinical symptoms of ANCA-
associatedd diseases, ANCA might still play an important role in enhancing disease expression, 
ass suggested by the experimental studies. 
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Pathogenicc role for  ANCA 

AccessibilityAccessibility of ANCA antigens as targets for circulating antibodies 

Assumingg that ANCA exert their effects by virtue of binding to their target antigens, the 
accessibilityy of these antigens is a prerequisite for such interactions. It is not obvious when, 
wheree or under which conditions ANCA interact with their target antigens in vivo, since the 
antigenss are mostly compartmentalized intracellularly. In principle, this interaction can take 
placee with soluble ANCA antigens, ANCA antigens on the surface of neutrophils or ANCA 
antigenss on the surface of EC. 

/.. Soluble ANCA antigens 
Neutrophilss can release ANCA antigens stored in granules (PR3, MPO, BPI, LF, HLE, etc.), 
forr instance during an infection, when many microorganisms have to be ingested and killed. 
Indeed,, bacterial infections have been described as triggers for exacerbations of WG [74]. The 
cytokiness formed during bacterial infections may prime the neutrophils to release large 
amountss of ANCA antigens. In patients with WG, increased serum-PR3 concentrations have 
beenn detected compared with healthy controls [319,320]. Also during neutrophil apoptosis, 
subcellularr particles are formed that are rich in ANCA antigens and may serve as binding sites 
forfor ANCA. 

2.2. ANCA antigens on the surface of neutrophils 
Solubilizedd ANCA antigens may subsequently bind to either the cell from which they are 
derivedd (the secreting neutrophil) or to "innocent bystander cells", such as other neutrophils or 
EC.. Hess et al. have recendy shown that MPO released by activated neutrophils can bind to 
non-activatedd neutrophils, and thus render these cells reactive to anti-MPO antibodies, even in 
thee absence of priming agents [321]. This mechanism of spreading-neutrophil activation was 
specificallyy observed with MPO-ANCA but not with PR3-ANCA. 

Ann alternative mechanism for exposure of ANCA antigens on the surface of neutrophils is 
formedd by "upregulation" on the surface expression of ANCA antigens. This process may be 
partlyy due to secretion and subsequent binding, but at least for PR3, which is in part stored in 
secretoryy vesicles [7], this may also occur through fusion of these vesicles with the plasma 
membranee of the cells. Cytokines released during an inflammatory reaction are thought to 
primee resting neutrophils, not only for enhanced functions after activation by a subsequent 
stimulus,, but also by inducing this vesicle fusion. Thus, TNF-a treatment of neutrophils leads 
too enhanced surface expression of PR3 [322,323]. A similar upregulation by TNF-a of surface-
MPOO expression has been reported, but the mechanism of this phenomenon is unclear 
becausee MPO is stored exclusively in the azurophil granules, which are not induced to fuse 
withh the plasma membrane by cytokines. 

Halbwachs-Mecarellii  et al. have reported the existence of a subset of neutrophils that 
spontaneouslyy expresses PR3 and varies among individuals, and have suggested that this 
heterogeneityy of ANCA antigen expression is under genetic control [324]. These investigators 
havee proposed that a high proportion of membrane PR3-positive neutrophils could favor the 
occurrencee or the progression of chronic inflammatory diseases [325]. 
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3.3. AKCA antigens on the surface of endothelial cells 

A N C AA antigens released by neutrophi ls in the circulation may also bind to EC. Subsequent 

b indingg of A N CA may then lead to damage to the EC, as observed in the pathological lesions 

off  the vasculitides. Mayet et al. have reported the expression of PR3 in the cytoplasm of 

culturedd human umbilical EC using IgG-purified PR3-ANCA from patients with W'G and PR3 

monoclonall  antibodies (mAbs) as probes in confocal laser scanning microscopy (LSM) [326]. 

Represent ingg an impor tant missing link of ANCA-endothel ial interactions, these data give a 

hintt at a possible direct pathogenicity of ant i-PR3 antibodies in vasculitides. However, these 

dataa are controversial [327]. 

ModeMode of action of ANCA 

AA number of possibilities exists to explain a possible pathogenic role for ANCA . First, A N CA 

mightt directly inactivate their antigens, which may have clinical consequences. Second, A N CA 

mayy inhibit the complex formation between some A N CA antigens (PR3, HLE) and their 

naturall  inhibitor a.i-anti-trypsin (cci-AT). Third, A N CA may bind to A N CA antigens on the 

surfacee of cells, leading either to activation of these cells (neutrophils, monocytes) or damage 

too these cells (endothelial cells). F igur e 2 is a schematic representation of immune mechanisms 

supposedlyy involved in the pathogenesis of ANCA-associated vasculitides (adapted from 

Hewinss et al. [309], with permission). 

Figur ee 2. Schematic representation of immune mechanisms supposedly involved in the pathogenesis of 
ANCA-associatedd vasculitides (adapted from Hewins et al. [309], with permission). 

(1)) Cytokines released due to (local) infection cause priming of neutrophils and/or monocytes, and 
upregulationn of adhesion molecules (ICAM-1, VCAM-1, E-selectin) on the vascular endothelium. 

(2)) Circulating primed neutrophils and /or monocytes express (3 2 integrins and anti-neutrophil cytoplasm 
autoantibodyy (ANCA) antigens on the cell surface. A direct effect of tumor necrosis factor-alpha 
(TNF-a)) on the Fc-gamma receptor (FeyR)-mediated signal transduction is suggested. 

(3)) Microbial superantigens (SAgs) and disturbed apoptosis and/or removal of apoptotic cells could lead 
too the development of ANCA. 

(4)) ANCA IgG bind with their Fab regions to the antigens and with their Fc region to Fey receptors on 
thee same cell (Kurlander phenomenon). Adherence of primed neutrophils and/or monocytes to the 
endotheliumm is followed by activation of these cells by ANCA. Activated neutrophils and/or 
monocytess release reactive oxygen intermediates (ROI) and lysosomal enzymes, which leads to 
endotheliall  cell (EC) injur}7 and eventually to necrotizing inflammation. 

(5)) Degranulation of proteinase-3 (PR3) and myeloperoxidase (MPO) by these ANCA-activated 
neutrophilss and/or monocytes results in EC activation, EC injury or even EC apoptosis. 
Furthermore,, bound PR3 and MPO serve as planted antigens, resulting in in situ immune complexes, 
whichh in turn could attract other neutrophils. 

(6)) Anti-PR3 antibodies exhibit an inhibitory effect on complexation of PR3 and its physiological 
inhibitorr alpha 1-anti-trypsin (u,-AT). Hence, ANCA may inhibit the complex formation between 
somee ANCA antigens and their natural inhibitor ai-AT. 

(7)) ANCA-induced monocyte activation leads to production of monocyte chemoattractant protein-1 
(MCP-1)) and interleukin-8 (IL-8) production by these cells. 

(8)) The release of these chemoattractants amplifies neutrophil and monocyte recruitment, possibly 
leadingg to granuloma formation. 
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Abbreviations: : 
aii  -AT alphai -anti-trypsin 
ANCAA anti-neutrophil cytoplasm autoantibodies 
ECC endothelial cells 
FcyRR Fc-gamma receptors 
ILL interleukin 
MCP-11 monocyte chemoattractant protein-1 
MPOO myeloperoxidase 
PR33 protcinase-3 
ROII  reactive oxygen intermediates 
SAgg superantigen 
TNF-aa tumor necrosis factor-alpha 
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Tabl ee 4. Potential biological functions of target antigens for ANCA (from Hoffman et al. [318]). 

ANC AA target antigen Function n 

Proteinase-3 3 Facilitatess migration of neutrophils to tissue sites of inflammation (cleavage of 
basementt membrane proteins) 
Modulationn of biologic activity of inflammatory mediators (C i inhibitor, IL-8, 
TNF-a,, and TGF-p) 
Enhancementt of platelet activation 
Down-regulationn of rhrombin-mediated activation of platelets or endothelial cells 
Bactericidall  against Escherichia co/i* 
Stimulationn of IL-8 release from endothelial cells* 

Myeloperoxidase e 

Azurocidi n n 

Microbicidall  activity against bacteria, fungi, and viruses* 
Modulationn of macrophage function (induction of cytokines, enhancement of 
phagocytosis,, and production of reactive oxygen species)* 

Cytotoxicityy for gram-negative bacteria* 
Chemotaxiss for monocytes and T lymphocytes* 
Stimulationn of LPS-induced IL-6 and TNF-a release* 

BPI I Cytotoxicityy for gram-negative bacteria* 
Inhibitionn of LPS-mediated effects 
Inhibitionn of cytokine release 

Cathepsinn G Faciiitatess migration to site of inflammation 
Stimulationn of lymphocytes 
Platelett activation 
Bactericidall  activity* 

Elastase e Facilitatess migration to site of inflammation 
Bactericidall  against Escherichia coli* 

Lactoferri n n Bacteriostaticc and bactericidal activity*, phagocytic killing* , modulation of 
immunee response* 

BPI,, bactericidal/permeability-increasing protein 
IL-6,, interleukin-6; IL-8, interleukin-8; LPS, lipopolysaccharide; TNF-a, tumor necrosis factor-alpha; T G F p, 
transformingg growth factor-beta 
**  Activity not dependent on protease activity 

/.. Inactivation of soluble ANCA antigens 
Mostt of the identified target antigens are proteases that are stored in neutrophil granules in 
theirr enzymatically active form. Most of the potential biological functions ascribed to the 
ANCA-targett antigens are dependent on their proteolytic activity, as reported in Table 4 (from 
Hoffmann et al. [318]). However, some potential biologic activities of these molecules appear to 
bee independent of protease activity, suggesting that specific structural domains are responsible 
forr various biologic functions [318]. ANCA fom patients appear to be directed against a 
restrictedd number of different epitopes on their target antigen [328-330]. 

Forr PR3, it has been shown that binding of ANCA to its target antigen leads to inactivation of 
thee enzymatic activity of PR3 [331,332]. Although inactivation of PR3 may seem beneficial for 
patientss with active WG, PR3 has also modulating activity' towards several other inflammatory 
agents.. Inactivation of these factors may still lead to clinical exacerbations of the disease. BPI is 
ann endotoxin-binding neutrophil-granule protein with anti-bacterial and anti-endotoxin 
properties.. The presence of BPI-ANCA appears to be associated with a higher inflammatory 
diseasee activity. BPI-ANCA as well as ANCA directed towards other neutrophil-granule 
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proteinss may exacerbate inflammation by non-specific effects of extracellular and cell-
associatedd immune complexes. BPI-ANCA may further worsen inflammation by reducing the 
abilityy of BPI to promote clearance of gram-negative bacteria and bacterial-associated 
endotoxinn [333]. 

2.2. Inhibition of ANCA. / ANCA-antigen complex formation 
Thee major physiological proteinase inhibitor of PR3 is ai-AT [334]. The concentration of cti-
ATT normally increases during infection or inflammation, allowing a tight control of the activity 
off  serine proteases at the inflammation site. Dolman et al. have demonstrated that anti-PR3 
antibodiess exhibit an inhibitor} ' effect on complexation of PR3 and its physiological inhibitor 
ai-ATT [335]. Likewise, ANC A may interfere with binding of MPO to its natural inhibitor 
ceruloplasminn [336]. Therefore, it is conceivable that PR3-ANCA or MPO-ANCA play a role 
inn the widespread tissue necrosis observed in systemic vasculitides, through the interference 
withh complex formation which may result in persistently active PR3 or MPO. 

3.3. Neutrophil activation by ANCA 
3a.. Engagement of Fey receptors 
Inn 1990, Falk et al. described that anti-PR3 and anti-MPO antibodies are capable in vitro of 
activatingg human neutrophils pretreated with TNF-a [322]. The requirement of TNF priming 
forr neutrophil activation in vitro by anti-PR3 or anti-MPO antibodies has been attributed by 
mostt investigators as an effect of TNF-a on the expression of PR3 or MPO on the neutrophil 
surfacee [322,337,338]. However, our own work has shown additional effects of TNF-a in 
facilitatingg the signal transduction from the Fey receptors to the NADPH oxidase, and the 
involvementt of p% integrins in this process. This work is described in detail in Chapters II I and 
IVV of this thesis. 

Somee investigators [322,339-341] have described that this neutrophil activation can occur with 
PR3-ANCAA Ffab̂  fragments. However, others have proven the engagement of Fey receptor 
Haa (FcyRIIa) as a mechanism by which these autoantibodies activate receptor-mediated signal 
transductionn systems in neutrophils [337,338]. FcyRIIa is a transmembrane protein with a 
cytoplasmicc tail which has two polymorphic forms, characterized by the presence of either 
histidinee (H) or arginine (R) at position 131 [342]. Neutrophils with the FcyRIIa phenotype 
H / HH display a higher afinity for human IgGz and for IgG.̂  immune complexes than those with 
thee R/R phenotype [342]. Porges et al. have described that primed neutrophils with the R/R 
phenotypee are more strongly activated by IgGi-subclass mAbs to PR3 and MPO than 
neutrophilss with the H /H phenotype [337]. Relapses of WG have been particularly associated 
withh increases in the IgGi subclass of ANCA [343] and changes in capacity to induce the 
respirator)77 burst have been related to changes in the relative amount of the IgCn subclass of 
ANCA,, and not to changes in the relative amount of IgGi or IgG4 subclass of ANCA [344]. 
Moreover,, ANCA have also been described to preferentially engage FcyRIIIb on neutrophils 
[345]. . 

Thus,, the generally accepted idea for neutrophil activation by ANCA involves expression of 
ANCAA antigens on the surface of neutrophils, either by priming with pro-inflammatory 
cytokiness or by passive binding of these antigens to the cell surface. Subsequently, ANCA-IgG 
bindd with their Fab regions to the antigens and with their Fc region to Fey receptors on the 
samee cell (Kurlander phenomenon) [346] or on neighbouring neutrophils. Alternatively, the 
ANCAA have also been described to bind to antigens exposed on apoptotic neutrophils and to 
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activatee neighbouring, viable neutrophils with their Fc regions [301]. This last reaction can take 
placee in the absence of neutrophil priming, but this will in our opinion not lead to cell 
activation,, because we have indications that cell priming is necessary for adequate neutrophil 
activationn by ANC A, at least in vitro. 

Onlyy a few studies have been undertaken in vitro on the ANCA specificities involved in IBD. 
Mulderr et ai. [338] and Peen et al. [347] have demonstrated neutrophil activation by 
heterologouss polyclonal anti-LF antibodies and by purified IgG fractions prepared from LF-
ANCA-positivee sera, LF being known as one of the target antigens in IBD. In contrast, 
Gionchettii  et a/. [348] have prepared purified IgG fractions of sera from patients with UC 
knownn to be ANCA-positive or ANCA-negative and from control donors. No differences 
weree detected on superoxide anion (Gv) production among ANCA-positive or ANCA-
negativee serum IgG samples from patients with UC, and from healthv controls. These authors 
concludedd that ANCA in IBD have no effect on the respiratory' burst of neutrophils in vitro. 
Thee neutrophil-activating capacities of specific antibodies to other ANCA antigens than LF 
havee not been tested until the recent study from Roozendaal et al. [314]. These authors have 
investigatedd whether ANCA from patients with IBD directed against LF, BPI, catalase or a-
enolasee antigens are able in vitro to induce oxygen radical production in TNF-primed 
neutrophils.. According to the authors, the amount of specific antibody in the IgG fractions 
mayy have been too low to have measurable effects on neutrophils. 

3b.. Possible mechanisms of neutrophil-mediated tissue damage 
Activatedd neutrophils release a number of different agent with potential toxic properties for 
tissuetissue constituents. The most important of these are reactive oxygen intermediates (ROI), 
proteolyticc enzymes and cytokines. 

ROII  are derived from superoxide (O2), which is generated in large quantities by activated 
neutrophilss in a one-electron-oxygen reduction reaction catalyzed by the NADPH oxidase. 
Fromm superoxide, other ROI can be generated, such as hydrogen peroxide (H2O2), 
hypochlorouss acid (HOC1) and hydroxyl radicals . ROI can damage tissue by their 
potentt redox capacities. Superoxide or hydrogen peroxide generation is often taken as a general 
assayy for neutrophil activation. 
ANCA-inducedd production of ROI has been described in WG to be enhanced in the presence 
off  extracellular arachidonic acid [349]. In this study, activation of the 5-lipoxygenase pathway 
inn neutrophils induced the production of large amounts of leukotriene B4, a potent chemo-
attractantt for neutrophils. Paralleling ROI production, it has been suggested that human 
neutrophilss produce in vitro nitric oxide (NO) in response to ANCA [350]. One mechanism by 
whichh reactive nitrogen radicals may be generated at sites of inflammation is by the interaction 
betweenn superoxide and the free radical NO to produce peroxynitrite [351]. 
Indeed,, ANCA involvement in the pathogenesis of IBD could be linked to the potentially 
pathogenicc importance of the ROI and of the NO described in these diseases [352,353]. ROI 
havee been implicated as mediators of gut inflammation, because of the beneficial effects of 5-
amino-salicylicc acid in IBD, the active metabolite of oral sulphasalazine, used as inhibitor of 
cyclo-oxygenasee and/or lipo-oxygenase activities [354,355]. Additionally, the drug 5-amino-
salicylicc acid has been described to prevent the oxidative inactivation of CXi-AT in a dose-
dependentt manner [356]. Therefore, this drug may have the potential to limit the PR3- or 
HLE-mediatedd damage of colonic connective tissue. In addition to direct effects, neutrophil-
derivedd oxidants may damage the epithelium and mucosal interstitium indirectly by altering the 
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protease/anti-proteasee balance [353]. Rooney et al. have found that the anti-PR3 antibody-
inducedd activation of neutrophils from patients with WG can be reduced by addition of cti-AT 
[357].. These data suggest that protease/anti-protease interactions may play a pivotal role in this 
neutrophill  activation. 

Proteolyticc enzymes are found in the azurophil as well as in the specific granules of the 
neutrophil.. In the azurophil granules, serine proteases are prominent, whereas in the specific 
granules,, metalloproteases are found. The latter are more easily released from neutrophils than 
thee former; however, both processes can be induced by FcyR-ligand binding [358]. 
Metalloproteasess are used by neutrophils for partial degradation of extracellular matrix 
componentss during movement of the cells through the tissues, whereas the serine proteases 
aree involved in killin g ingested microorganisms [359]. However, large quantities of these 
enzymess may also be excreted during adhesion of the cells to matrix proteins. 
Alongg this line, Falk et al. have wondered whether release of noxious enzymes from azurophil 
granuless could also be triggered by ANC A [322]. In their study, p-glucuronidase release was 
increasedd with TNF-primed neutrophils exposed to purified ANCA IgG when compared with 
neutrophilss incubated with purified ANCA IgG alone. 

Neutrophilss can also release different cytokines, especially in infected or chronically inflamed 
areas.. Elevated serum levels of TNF-a have been detected in ANCA-positive patients with 
primaryy vasculitides [360]. TGF-P may also serve as a potent pro-inflammatory factor involved 
inn the cascade of immunological events in patients with WG [361]. Low levels of SAgs may 
stimulatee monocytes/macrophages to the secretion of pro-inflammatory cytokines [268]. 
Cytokinee stimulation in vivo can be caused by infections that are known to precede the 
developmentt of a clinical relapse of WG [362]. Other data indicate that ANCA in patients with 
activee vasculitis may stimulate neutrophils to produce cytokines such as IL-1 [363]. It is 
commonlyy hypothesized that cytokine production from neutrophils that accumulate in 
significantt numbers in vasculitic lesions contribute to and augment the local inflammatory 
responsee by the activation of vascular EC and infiltrating leukocytes. TNF-a is known to 
upregulatee the expression of surface adhesion molecules on neutrophils [364] and on EC [365-
367].. The integrin adhesion molecules have been described to be upregulated on neutrophils in 
activee WG [368]. 

Itt is noteworthy that ANCA have themselves been reported to accelerate apoptosis in TNF-
primedd neutrophils in vitro by a mechanism dependent on the generation of ROI [369]. Since 
PR3-ANCAA may interact with PR3 on the surface of apoptotic neutrophils and ingestion of 
apoptoticc neutrophils is known to modulate macrophage inflammatory reactions, Moosig et al. 
havee raised the question whether PR3-ANCA-opsonized apoptotic neutrophils influence the 
uptakee by macrophages and their state of activation. These authors concluded that PR3-ANCA 
opsonizationn of apoptotic neutrophils might be an important mechanism in the pathogenesis 
off  WG, prompting macrophages to produce pro-inflammatory mediators [370]. 

3c.. ANCA and neutrophil-endothelial interaction 
Ewertt et al. have described the ability of anti-MPO antibodies to stimulate neutrophils to 
damagee human umbilical vein EC in vitro [371], Savage et al. have obtained similar results with 
anti-PR33 and anti-MPO antibodies [372], and have further demonstrated that binding of both 
PR33 and MPO to EC may be involved in the vascular damage observed in patients with WG 
orr MPA [373]. Other studies have also suggested the contribution of neutrophil activation by 
ANCAA to EC injury [374-376]. 
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Somee authors have observed an increased effect of ANCA on the adhesion of neutrophils to 
monolayerss of cultured human EC [377,378], probably by the induction of E-selectin 
expressionn on the EC membrane [378]. Preincubation of neutrophils with CD 18 antibodies 
inhibitedd this adhesion, suggesting that the observed effect was integrin-mediated [377]. PR3 
mightt influence the expression of intercellular adhesion molecules-1 (ICAM-1) and vascular 
celll  adhesion molecules-1 (VCAM-1) on HUVEC [379,380]. 

Bergerr et ai. have reported that enzymatically active as well as inactive PR3 ma}- enhance IL-8 
productionn by HUVEC, thus providing a strong chemotactic stimulus for neutrophils [381]. 
Additionally,, incubation of HUVEC with PR3 also enhanced monocyte chemoattractant 
protein-11 (MCP-1) production, which is chemotactic for both monocytes and T cells [382]. 
Sibeliuss et at. have concluded that anti-PR3 antibodies are potent inducers of the 
phosphoinositidee hydrolysis-related signal transduction pathway in human EC [383]. PR3 itself 
iss able to induce apoptosis of bovine pulmonary artery EC and to induce a dose-dependent 
apoptosiss of human EC [384]. In addition, Yang et al. have recently described that human EC 
internalizee both PR3 and MPO and that internalization of PR3, but not MPO, correlated with 
activationn of apoptosis of these cells [385]. 

Thee effect of IL-1(3, IFN-y, and TNF-u as promotors of cytokine-mediated neutrophil-
dependentt injury to HUVEC is known as a process dependent on the expression of adhesion 
moleculess [386,387]. The levels of circulating adhesion molecules ICAM-1 and VCAM-1 is 
increasedd in patients with WG [388-391], probably as a result of ongoing EC activation and 
injur}' .. Another EC-derived reliable marker of disease activity in WG is soluble serum 
thrombomodulinn [391]. 

Finally,, EC have been questioned as active participants or innocent bystanders in primary 
vasculitidess [392]. Whatever is true, the consecutive release of cationic proteases and of 
chemotacticc peptides, and the additional binding of ANCA to EC, may induce amplification of 
thee initial reaction, aggravation of inflammation and sustain vascular injury [393]. 

4.4. Monocyte activation by ANCA 
Monocytes/macrophagess are present in renal biopsy specimens and participate in granuloma 
formationn by synthesizing and secreting a variety7 of chemoattractants, growth factors, and 
cytokines.. Since several ANCA antigens are also constituents from monocytes, these cells are 
probablyy also targets of ANCA [119] and can be activated by these antibodies [305,394,395], 
Moreover,, ANCA stimulate monocytes to produce MCP-1 in vitro, which suggests that MCP-1 
secretionn may also participate in the formation of granulomas by enhancing local monocyte 
recruitmentt [396]. Some authors have suggested that ANCA may recruit and target neutrophils 
throughh promoting monocyte IL-8 release [397]. More recently, upregulation of CD 14 and 
CD188 on monocytes in vitro by ANCA have been reported [398]. 

5,5, T-cell reactivity to ANCA -associated antigens 
Despitee the fact that the infiltrating leukocytes in vasculitic lesions and the granuloma in 
patientss with W7G are largely composed of T lymphocytes and cells of the myelo-monocytic 
lineage,, the contribution of T-cell-mediated autoimmunity' to the pathogenesis of WG has been 
exploredd only to a limited extent [121,399-403]. T lymphocytes from patients with WG 
proliferatee in response to the extract of azurophil granules and PR3 isolated from sputum 
[399,401,402].. It is often concluded that the immune response leading to C-ANCA production 
involvess the full spectrum of immunocompetent cells normally engaged in IgG production to a 
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foreignn antigen. This would be in agreement with a theory of cross-reactivity of PR3 with a 
microbiall  antigen, as a pathogenetic mechanism [400]. 

Immunogeneticc risk factors for  ANCA-associated vasculitides 

Althoughh the etiologies of the various ANCA-associated vasculitides are unknown, the 
availablee epidemiological data support the importance of genetic factors in susceptibility to 
thesee diseases. Moreover, there is considerable reason to believe that immunologic 
mechanismss contribute to the pathogenesis of ANCA-associated vasculitides. In addition to 
immunospecificc genes, such as HLA alleles, genes determining the level of the immune 
responsee may contribute to these diseases [404]. 

DeficiencyDeficiency phenotypes of alpha ,-anti-trypsin 

Somee authors have demonstrated an association between ANCA-associated vasculitides and 
deficiencyy phenotypes of cxi-AT [405]. Alphai-AT deficiency is an autosomal hereditary 
disorderr associated with a major reduction of circulating ai-AT levels. Alphai-AT is encoded 
byy a highly polymorphic gene with 75 alleles at the so-called protease inhibitor (Pi) locus [406]. 
Thee PiZZ homozygously ai-AT-deficient patients are prone to develop panlobular lung 
emphysemaa [405] and various hepatic disorders in both childhood and at the adult age, as well 
ass cutaneous or systemic vasculitides [407,408]. PR3-ANCA have been reported in association 
withh the PiZZ deficiency phenotype in some patients with PSV, suggesting that the 
protease/anti-proteasee imbalance could play a role in the pathogenesis of these conditions 
[409-413].. This imbalance could be either genetically determined in patients with deficient a i-
ATT phenotypes or more frequently acquired through ai-AT inactivation [414]. The mechanism 
forr the development of PR3-ANCA in patients with abnormal ai-AT phenotypes is unclear, 
butt may be related to the increased propensity of unbound PR3 to stimulate autoantibody 
production.. Additionally, the established risk of genetically determined deficiency of the main 
inhibitorr of PR3 for development of ANCA-associated systemic vasculitides is reinforced by 
thee fact that severe ai-AT deficiency leads to a more disseminated course of systemic 
vasculitides,, making it a prognostic marker for a severe clinical course of the disease [415,416]. 

FeyFey receptor-gene polymorphisms 

Susceptibilityy to disease may be conferred by a variety of genetic factors. As alleles of Fey 
receptorss alleles may represent heritable disease risk factors influencing the magnitude of 
phagocytee activation processes [417], some studies have analyzed the polymorphisms of Fey 
receptorss as generic factors influencing susceptibility for PSV and the development of disease 
relapsess [418-422]. Among them, Dijstelbloem et al. have reported that both the R/H131 
polymorphismm of FcyRIIa and the V/F158 polymorphism of FcyRIIIa represent heritable risk 
factorss for the development of disease relapses in WG [420]. 

PolymorphismsPolymorphisms of other immunorelevant genes 

Inn order to identify other genes relevant for these diseases, some investigators have studied 
highlyy polymorphic markers in the vicinity of several immunorelevant genes. Polymorphisms 
inn the TNF-a genes have been claimed to be associated [423] or not associated with the 
occurrencee of PSV [422,424]. Furthermore, Huang et al. have not detected polymorphisms in 
thee genes coding for IL-l p to be associated with PSV [424]. A first report of a T-cell-related 
genee in association with WG has been published; this may contribute to the pathogenesis of 
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WGG by allowing an increased T-cell activation by antigen [424]. Polymorphisms in the ICAM-1 
genee have also been investigated [404]. Gencik et ai have indicated that a common variant of 
thee CD 18 gene confers increased risk for CSS and MPA [425], After the observation of an 
increasedd frequency of the complement C3F allele in systemic vasculitides in a British cohort, 
Perssonn et al. have examined the polymorphisms of C3 and C4 in such patients [426]. Their 
findingss suggest a role for the complement system in the pathogenesis of these diseases. 

1.77 OUTLIN E OF T H E THESI S 

Thiss thesis consists of two parts. Chapter II summarizes our clinical investigations on ANCA 
inn patients with primary vasculitides and more particularly in patients with inflammatory bowel 
diseases,, and reviews the major issues about the clinical relevance of these antibodies that have 
emergedd from the literature. 
Ass such, we have assessed: 

Thee possible contamination of manufactured antigen preparation, e.g. myeloperoxidase 
contaminatedd with lactoferrin, used in enzyme-linked immunosorbent assay (ELISA) for 
ANCA-specificityy determination. 

Thee value of ANCA serial determinations in our series of patients with primary 
vasculitides. . 

Thee identification of one of the ANCA-target antigens involved in inflammatory bowel 
diseasess as cathepsin G. 

Thee detection of autoantibodies against nuclear antigens in inflammatorv bowel diseases, 
suchh as antibodies to the ubiquitinated-H2A (U-H2A) peptide T4, antibodies to the zinc-finger 
peptidee F2 of poly-ADP-ribose polymerase (PARP), and antibodies to actin. 

Thee value of ANCA in combination with znxx-Saccharomyces cerevisiae mannan antibodies 
(ASCA)) in diagnosis of inflammatory bowel diseases. 

Thee research of ulcerative colitis-like features in ANCA-positive patients with Crohn's 
diseasee in view of characterizing an identifiable clinical subgroup within Crohn's disease. 

Thee relation between the presence and titer of ANCA and ulcerative colitis activity, and 
betweenn the presence and titers of ANCA and pouchitis in patients with ulcerative colitis who 
hadd undergone a proctocolectomy with ileo-anal anastomosis. 

Thee hypothesis of ANCA being a potential subclinical genetic marker of susceptibility to 
ulcerativee colitis, but also the hypothesis that heterogeneity within ulcerative colitis, as 
indicatedd by ANCA, has a genetic basis residing within the human leukocyte antigen (HLA)-
locus. . 

Thee possible association between ANCA and cti-anti-trypsin deficiency phenotypes in 
inflammatoryy bowel diseases. 

Thee prevalence of anti-endothelial cell antibodies (AECA) in sera from patients with 
inflammatoryy bowel diseases as compared to control donors, and the relation between these 
antibodiess and disease activity. 

Thee second part of this thesis is devoted to the mechanisms involved in the activation in vitro 
off  human neutrophils by ANCA. In particular, we have concentrated on the biochemical 
conditionss for the activation of neutrophils by monoclonal antibodies against proteinase-3 and 
myeloperoxidasee or by purified immunoglobulin-G fractions from sera with proteinase-3-
ANCAA or myeloperoxidase-ANCA. 
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Wee have attempted to answer to the following questions: 
1.. Which Fey receptor(s) is or are involved in this neutrophil activation? 
2.. Are the p2 integrins involved in this signal transduction? 
3.. What is the role of tumor necrosis factor-alpha (TNF-a) in facilitating NADPH-oxidase 
activationn by ANCA? 
4.. Is the presence of an ANCA antigen a conditio sine qua non for the activating effect of an 
ANCAA antibody? 

Inn Chapter III , we investigated the dependence of neutrophil activation by ANCA on the Fc 
regionn of the immunoglobulin-G antibodies and the dependence on cell priming by tumor 
necrosiss factor-a. Moreover, we also studied the effect of cell adhesion on the magnitude of 
thee response. In Chapter IV, we investigated these phenomena more in depth, trying to 
establishh the relation between priming, 02 integrins and Fcy-receptor function. Confocal 
microscopyy was used to study the topology of the Fey receptors and the |32-integrin molecules 
onn the surface of the neutrophils under various conditions. Experiments were conducted with 
neutrophilss from patients with a complete deficiency of Fey receptors Il l b and of P2 integrins 
Peukocytee adhesion deficiency type I (LAD-I)] . Chapter V is devoted to the question whether 
ANCAA directed against myeloperoxidase react with the pro-form of this protein. In Chapter 
VI ,, we characterized in detail the cellular and molecular aspects of two cases of 
myeloperoxidasee deficiency. The neutrophils from one of these donors were used to study 
whetherr any cell activation could be achieved with ANCA antibodies in the absence of the 
ANCAA antigen. 
Finally,, in Chapter VII , implications of functional studies are discussed in the light of the 
presentt knowledge on signal transduction pathways in neutrophils, and in Chapter VIII , a 
summaryy is given. 
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418.. Edberg )C, Wainstein Ê , W'u J, Csernok E, Sneller MC, Hoffman GS, Keystone E1C, Gross W'E, Kimberly RP. 
Analysiss of FcgammaRJl gene polymorphisms in Wegener's granulomatosis. Exp Clin Immunogenet 1997, 
14:183-95. . 

419.. Tse WY, Abadeh S, McTiernan A, Jefferis R, Savage (X), Adu D. No association between neutrophil 
FcgammaRlIaa allelic polymorphism and anti-neutrophil cytoplasmic antibody (ANCA)-positive systemic 
vasculitis.. Clin Exp Immunol 1999, 117:198-205. 

420.. Dijstelbloem HM, Scheepers RI1, Oost WAY, Stegeman CA, van der Pol WI., Sluiter WJ, Kallenberg CG, van de 
Winkell  JG, Tenaert JW'. Fcgamma receptor polymorphisms in Wegener's granulomatosis: risk factors for disease 
relapse.""  Arthnns Rheum 1999, 42:1823-7. 

421.. Tse WY', Abadeh S, Jefferis R, Savage CO, Adu D. Neutrophil FcgammaRIIIb allelic polymorphism in anti -
neutrophill  cytoplasmic antibody (ANCA) -positive systemic vasculitis. Clin F,xp Immunol 2000, 119:574-7. 

422.. Gencik M, Borgmann S, Zahn R, Albert E, Sitter T, Epplen JT, Fricke H. Immunogenetic risk factors for anti -
neutrophill  cytoplasmic antibody (ANCA)-associated systemic vasculitis. Clin E,xp Immunol 1999, 117:412-7. 

423.. Mascher B, Schmitt W, Csernok F', Tatsis E, Reil A, Gross WL, Seyfarth M. Polymorphisms in the tumor 
necrosiss factor genes in Wegener's granulomatosis. E x̂p Clin Immunogenet 1997, 14:226-33. 

424.. Huang D, Giscombe R, Zhou Y, ],efvert AK. Polymorphisms in CTEA -4 but not tumor necrosis factor-alpha or 
interleukinn lbeta genes are associated with Wegener's granulomatosis. J Rheumatol 2000, 27:397-401. 

425.. Gencik M, Meller S, Borgmann S, Sitter T, Menezes Saecker AM, Fricke H, Epplen JT. The association of CD 18 
alleless with anti-myeloperoxidase subtypes of ANCA-associated svstemic vasculitides. Clin Immunol 2000, 94:9-
12. . 

426.. Persson U, Truedsson L, Wcstman KW, Segelmark M. C3 and C4 allotypes in ant i-neutrophil cytoplasmic 
autoantibodyy (ANCA)-positive vasculitis. Clin Exp Immunol 1999, 116:379-82. 

46 6 



CHAPTE RR I I 

CLINICA LL  INVESTIGATION S 



CLINICALL INVESTIGATIONS 

CLINICA LL  INVESTIGATION S 

Thiss chapter summarizes our clinical investigations on ANCA in patients with primary 
vasculitidess and more particularly in patients with inflammatory bowel diseases (IBD), and 
reviewss the major issues about the clinical relevance of these antibodies that have emerged 
fromm the literature. 

II. ll  METHODOLOG Y FOR ANCA TESTIN G 

Purit yy of the coating antigen in the ELISA s for  ANCA-specificity determination 

Thee identification of the target antigens most frequently recognized by ANCA has allowed the 
developmentt of solid-phase assays for these antibodies. A comparison of such assays at the 
startt of a study undertaken by the European Committee for ANCA standardization showed 
comparablee results among MPO-ANCA-positive sera between centers, but large variability in 
resultss obtained with assays for the measurement of PR3-ANCA [1], The main reason for this 
variabilityy appeared to be differences in PR3 purity and coating conditions. However, we 
foundd that discrepancies exist also in the quality and purity of the MPO preparations [2]. 
Wee have assessed the purity of three commercial, purified MPO preparations, and one in-
housee MPO preparation used in the international cooperative study on the standardization of 
ANCAA assays [3], purified as described [4]. Figures LA and IB show some representative 
resultss of the solid-phase assays for detection of anti-MPO antibodies under two different 
coatingg conditions: (A) with the in-house MPO preparation and (B) with one of the 
commerciall  MPO preparations. These assays included two anti-MPO mAbs (1H2, 1B10) and 
twoo anti-LF mAbs (9B10, 2F8) as internal controls. As Figure IB shows, the two anti-LF 
mAbss bound to the commercial MPO preparation, suggesting LF contamination of the coating 
antigen.. Similar results were observed with one of the two other commercial, purified MPO 
preparations. . 

55 1 0.2 0.04 0.005 5 1 0.2 0.04 0.005 

Antibodyy concentration (pg/mi) Antibody concentration (fig/ml) 

Figuree 1. Solid-phase assays for detection of anti-myeloperoxidase (MPO) antibodies under two different 
coatingg conditions. ELISA plates were coated (A) with an in-house MPO preparation used in an 
internationall  cooperative study on the standardization of ANCA assays or (B) with a commercial MPO 
preparation.. Two anti-MPO mAbs (1H2, 1B10) and rwo anti-lactoferrin mAbs (9B10, 2F8), as internal 
controls,, were included in both ELISAs. 
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Wee have further performed solid-phase assays including MPO-ANCA-positive and LF-
ANCA-positivee sera that paralleled the results obtained with anti-MPO and anti-LF mAbs. 
Finally,, we have confirmed by immunoblot analysis the contamination of two of the three 
commerciall  MPO preparations with LF. Thus, we concluded that one should provide evidence 
forr the absence of contamination in the antigen preparation used, e.g. MPO contaminated with 
LF,, when applying an in-house ELISA for determination of ANCA specificities [2], 

II. 22 PRIMAR Y VASCULITIDE S 

ANCAA and disease activity in primar y vasculitides 

AA group of vasculitis specialists in Birmingham (UK) has developed an activity score, the 
Birminghamm Vasculitis Activity Score (BVAS), as a clinical index of the degree of disease 
involvementt in nine separate organ-based systems [5]. The BVAS is widely used in the follow-
upp of patients. Recently, members of the International Network for the Study of the Systemic 
Vasculitidess have revised the BVAS for WG [6]. 
Whenn large cohorts of patients with WG are evaluated, the median C-ANCA levels, as 
determinedd by the II F assay, appear to correlate with categories of disease activity and disease 
extentt [7,8]. However, C-ANCA titers by themselves do not reflect the organ involvement in 
individuall  patients, i.e. patients with high titers may have limited disease, whereas patients with 
loww titers may have fulminant generalized disease [8]. Fluctuations in ANCA titers over time 
havee been observed in many cross-sectional studies. In the majority of patients, C-ANCA 
levelss correlate with disease activity, decreasing as the disease improves and increasing as 
relapsess occur [9]. The persistence or recurrence of C-ANCA represents an independent risk 
factorr for clinical relapse [10-13]. However, even though persistent high titers or rising titers of 
PR3-ANCAA or MPO-ANCA are often associated with relapse from remission in WG or MPA, 
nott all increases in C-ANCA are inevitably followed by a relapse of disease [14]. The predictive 
valuee of a rise in C-ANCA for a subsequent relapse remains a controversial issue [9,15-17]. 

Ass did several investigators, we have assessed the value of ANCA serial determinations in 
patientss with primary vasculitides [17]. Our study included 43 patients with histologically 
provenn vasculitis, followed during a median period of 22 months (range 3 to 45 months). 
Tablee 1 summarizes the baseline clinical characteristics of patients with primary vasculitides 
accordingg to the C-ANCA and P-ANCA patterns. 
Duringg the follow-up period, one or more relapses occurred in 23 of the 43 (53.5%) patients 
whoo had a total of 52 relapses. Thirty-two of the relapses occurred in 14 patients with WG, 
whereass 20 relapses occurred in nine patients with MPA. No significant differences were 
observedd between relapsers and non-relapsers in gender, age, diagnostic category, extent of the 
disease,, disease-activity score and ANCA pattern at initial presentation. Only lung involvement 
wass more frequent in relapsers than in non-relapsers (p = 0.02). Table 2 summarizes the 
distributionn of organ involvement during relapses according to the C-ANCA and P-ANCA 
patterns.. Relapses usually involved the organs initially affected. The mean disease activity score 
duringg the 52 relapses did not differ between C-ANCA-positive (9.8  7.9) and P-ANCA-
positivee patients (7.3  3.4) (p — 0.49). The mean disease activity score during relapses was not 
significandyy different in those with and without an ANCA increase (9.5  7.3 vs 8.1  6.3,p -
0.49). . 
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Tablee 1. Baseline clinical characteristics of patients with primary vasculitides according to the 
cytoplasmic-ANCAA (C-ANCA) and perinuclear-ANCA (P-ANCA) patterns, as determined by the 
indirectt immunofluorescence assay [from Ref. 17]. 

C-ANCAA + 
nn = 19 
Numberr (%) 

P-ANCAA + 
nn = 24 
Numberr (%) 

MaleMale gender 

MeanMean age (years) 

DiagnosticDiagnostic category 
Wegener'ss granulomatosis 
Microscopicc polyangiitis 
Idiopathicc RPGN* 

OrganOrgan involvement 
Kidney y 
Ear,, nose, throat 
Lung g 

Joints s 
Skin n 
Eyes s 
Nervouss system 
Digestivee tract 
Heart t 

166 (84) 

52 2 

177 (90) 
22 (10.5) 
0(0) ) 

122 (63) 
15(79) ) 
166 (84) 
8(42) ) 
3(16) ) 
3(16) ) 
5(26) ) 
1(5) ) 
22 (10.5) 

33 (12.5) 

64 4 

4(17) ) 
155 (62.5) 
5(21) ) 

19(79) ) 
7(29) ) 
6(25) ) 
7(29) ) 
6(25) ) 
1(4) ) 
99 (37.5) 
1(4) ) 
0(0) ) 

RPGN,, rapidly progressive glomerulonephritis 

Tablee 2. Distribution of organ involvement during relapses according to the cytoplasmic-ANCA (C-
ANCA)) and perinuclear-ANCA (P-ANCA) patterns, as determined by the indirect immunofluorescence 
assayy [from Ref. 17]. 

OrganOrgan involvement 
Kidney y 
Ear,, nose, throat 
Lung g 
Joints s 
Nervouss system 
Skin n 
Eyes s 

BVAS*BVAS* (mean  SD) 

C-ANCAA + 
Relapses,, n - 32 
Numberr (%) 

14(44) ) 
11(34) ) 
15(47) ) 
5(16) ) 
3(9) ) 
44 (12.5) 
2(6) ) 

9.88  7.9 

P-ANCAA + 
Relapses,, n = 20 
Numberr (%) 

100 (50) 
6(30) ) 
6(30) ) 
5(25) ) 
2(10) ) 
1(5) ) 
0(0) ) 

7.33  3.4 

**  BVAS, Birmingham Vasculitis Activity Score 
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Duringg the follow-up period, 19 of the 22 (86%) patients with persistently positive ANC A, by 
II FF and ELISA, had one or more relapses. On the other hand, among the 21 patients with 
negativee or decreasing ANCA after the onset of the disease, only four (19%) had a relapse. 
Hence,, the percentage of relapsers was larger in patients with persistently positive ANCA tests 
thann in patients with negative or decreasing ANCA titers (86% vs 19%,/) = 0.0001). 
Amongg the 14 increases in C-ANCA titers observed in nine patients, eight (57%) were 
associatedd with a relapse, four (29%)) of which occurred before the relapse in asymptomatic 
patients.. Therefore, the predictive value of a C-ANCA increase was 29% a subsequent relapse 
inWG. . 
Additionally,, we have also examined ANCA changes before and during relapses. No 
modificationn of C-ANCA titers was noticed in 67% relapses, whereas only 33% of relapses 
weree preceded or accompanied by an increase in ANCA titers. These results corroborate with 
thee study of Kerr eta/. [14]. 
Wee concluded that sequential ANCA determination is of value, because persistently positive 
ANCAA tests are strongly associated with active disease, and persistendy negative tests with 
sustainedd remission. Patients who experience a significant rise in ANCA titer should be warned 
aboutt the possibility of a relapse and should be monitored closely. Treatment in systemic 
vasculitidess cannot be based solely on the C-ANCA titer changes. 

Moree recently, Boomsma et al. have conducted a prospective study to evaluate the prediction 
off  relapses in WG by measuring levels of ANCA [18]. These authors concluded that serial 
measurementt of ANCA levels is valuable for the early prediction of relapses in patients with 
WG.. Finally, there is consensus on the importance of long-term follow-up in patients with 
primaryy vasculitides. 

II. 33 INFLAMMATOR Y BOWEL DISEASES (IBD) 

Autoantibodyy specificities reported in IB D 

Inn IBD, ANCA form a heterogeneous group of antibodies directed against a wide and still 
increasingg variety of neutrophil-associated antigens [19]. Unlike the situation in PSV, no main 
ANCA-specificc antigens are detected in IBD. This conclusion is based on numerous studies 
conductedd worldwide over the last decade. 

AutoantibodiesAutoantibodies against granule or cytosolic proteins 

Inn the three studies presented in 1990 at the Third International Workshop on ANCA, none of 
thee 101 sera from patients with IBD had MPO-ANCA [20], none of the 58 patients with UC 
hadd MPO-ANCA or PR3-ANCA [21], and none of the 90 patients with IBD had MPO-
ANCAA and only three of them had LF-ANCA [22]. In the initial report from Saxon et al. [23], 
ANCAA in IBD did not react with MPO. Likewise, in our initial study concerning 90 patients 
withh UC and 148 with CD [24], the sera did not exhibit reactivity in either the PR3, MPO or 
LFF assay, except for five patients, i.e. two patients with UC and two with CD had antibodies to 
PR33 and one patient with CD had a low titer of antibodies to MPO. As reported in the 
literature,, in IBD, PR3-ANCA or MPO-ANCA may occur occasionally in a few patients (more 
oftenn with a low titer), but they are not the two main specificities involved as in PSV. 

Inn 1992, we identified one of the ANCA-target antigens involved in IBD as being cathepsin G, 
thee 26-kDa chymotrypsin-like protease in the azurophil granules [25]. We characterized the 
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antigenn recognized by some sera from patients with UC, CD and PSC as follows: 1) The UC 
antigenn eluted as a single peak after dye affinity chromatography of azurophil-granule extract 
fromm neutrophils on Matrex gel Orange A, according to Kao et al. [26] (Figure 2). Elution 
profiless obtained with UC antigen performed with sera from three patients (one with UC, one 
withh CD, one with PSC) were all superimposed on the cathepsin G antigen profile obtained 
withh polyclonal anti-cathepsin antibodies and with the cathepsin G-enzymatic activity profile; 
2)) serum IgG from these UC, CD and PSC patients did not bind to purified PR3 or MPO; and 
3)) the sera from these patients with UC, CD or PSC reacted in an ELISA with highly purified 
cathepsinn G. Therefore, we concluded that cathepsin G is one of the target antigens for ANCA 
involvedd in IBD and concomitantly, argued about the possible multiplicity of ANCA 
specificitiess in these diseases, as did other investigators [27-31]. 

0-8 8 

20 0 4 00 60 80 

Fractionn number 
100 0 120 0 

Figuree 2. Dye affinity chromatography of azurophil granule extract on Matrex gel Orange A and eluted 
withh a gradient from 0.1 M to 1.6 M NaCl. Fractions were tested for conductivity (-—) and for (A) 
myeloperoxidasee (A), elastase , proteinase-3 ) and ulcerative colitis (UC)-antigen (o), and for (B) 
cathepsinn G (0), cathepsin G enzymatic activity ) and UC antigen (o) [from Ref. 25]. 

Severall  other neutrophil constituents have been tested for their reaction with ANCA from 
patientss with IBD. LF, a constituent of the specific granules, has been described as one of the 
ANCAA specificities in IBD, as well as in several other inflammatory diseases [29,30,32-35]. BPI 
protein,, located in the azurophil granules, appears to constitute a significant minority target 
antigenn for ANCA for IBD and PSC [36-39]. Beta-glucuronidase [40-42], LZ [43] and HLE 
[44],, located in the azurophil granules as well, have also been reported as target antigens for 
ANCAA in IBD. More recent])', the cytosolic enzymes catalase and enolase have been described 
ass ANCA antigens in UC and CD [45], and in PSC [46]. 

Severall  studies have reported that ANCA-positive sera from patients with IBD react with the 
variouss aforementioned antigens [44,47-51]. Our study included 95 patients with UC and 63 
withh CD [52]. Detection of ANCA was performed by the II F assay, and the PR3-, MPO-, LF-
andd HLE-ANCA specificities were determined by ELISAs. Of the 95 patients with UC, 61 
(64%)) were ANCA-II F positive; in 27 of these, the antibody specificities were determined, i.e. 
tenn BPI-ANCA, seven PR3-ANCA, six LF-ANCA, three MPO-ANC A and one HLE-ANCA. 
Off  the 63 patients with CD, 11 (17.5%) were ANCA-II F positive; in four of these, the 
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antibodyy specificities were determined, i.e. two BPI-ANCA and two PR3-ANCA. Six ANCA-
positivee sera (five UC and one CD) had two or more antigen specificities. Two patients with 
UCC had PR3- and BPI-ANCA, one had PR3- and LF-ANCA, one had PR3-, LF- and BPI-
ANCA,, and one had MPO- and BPI-ANCA. One patient with CD had PR3- and BPI-ANCA. 
Therefore,, 24 of the 95 (25%) patients with UC and only three of the 63 (5%) patients with 
CDD were positive in both ANCA-II F and an antigen-specific ELISA. 

AutoantibodiesAutoantibodies against nuclear antigens 

Conventionall  II F on ethanol-fixed neutrophils does not allow distinction between perinuclear 
andd nuclear staining. Billing et al. [53] have postulated a nuclear localization for the UC-
associatedd ANCA antigen and used both confocal laser microscopy and immunoelectron 
microscopyy to examine neutrophils with P-ANCA-positive sera from patients with UC. The 
investigatorss have demonstrated that these antibodies bound to the inner side of the nuclear 
periphery,, although the sera did not recognize double-stranded DNA. In a follow-up study 
[54],, DNase treatment of fixed neutrophils before performing IIF resulted in loss of staining 
byy P-ANCA-positive sera from patients with UC, but not by P-ANCA-positive sera from 
patientss with PSC. This loss of antigenic recognition suggested that the antigen is a protein-
DNAA complex and/or that the presence of intact DNA is necessary for maintening the 
integrityy of this antigen. More recently, ANCA in UC and PSC have been described to 
recognizee a 50-kDa myeloid-specific nuclear envelope protein [55]. 

Indeed,, autoantibodies to several nuclear antigens have been identified in sera from patients 
withh UC or CD. Although ANCA are defined as antibodies directed against "cytoplasmic" 
antigens,, some investigators have considered arbitrarily, that antibodies reacting with some 
nuclearr antigens in UC belong to the ANCA family because of their neutrophil staining by IIF . 
Thiss terminology misemployment has inevitably introduced confusion in the literature. A 
Japanesee group has determined the immunodiagnostic value of antibodies to the nuclear high-
mobilityy group (HMG) non-histone chromosomal proteins HMG1 and HMG2 as novel target 
antigenss of ANCA in patients with UC [56,57]. HMG1 and HMG2 are distributed in the nuclei 
andd cytoplasm of eukaryotic cells. Likewise, Cohavy et al. [58] and Eggena et al. [59] have 
reportedd antibodies to histone HI as a new antigenic target of ANCA-associated UC. 

Wee have determined whether specific autoantibodies against a panel of nuclear and 
cytoplasmicc proteins and peptides are produced in IBD, as they are in rheumatic autoimmune 
diseasess [60]. This study included sera from 58 patients with CD, 55 with UC, and from 30 
healthyy control donors. Low levels of IgG antibodies to histones HI , H2A, H2B, H3 and H4, 
too Hsp-70 and ubiquitin stress proteins, to Ro/SS-A and La/SS-B and to myosin were 
detectedd in some of these sera. We detected antibodies to the ubiquitinated-H2A (U-H2A) 
peptidee T4 (52% in CD; 18% in UC), antibodies to the zinc-finger peptide F2 of poly-ADP-
ribosee polymerase (PARP, an enzyme involved in DNA repair) (59% in CD; 25.5% in UC) and 
antibodiess against actin (43% in CD; 7% in UC) (Table 3 and Figure 3). The histone peptides 
recognizedd by antibodies have previously been shown to be accessible at the surface of the 
chromatinn subunits, and to represent preferential targets for autoantibodies in rheumatic 
autoimmunee diseases. Since domains of several distinct proteins are recognized by antibodies, 
ourr results argue against the possibility that mimicry between the sequence of a particular 
infectiouss agent and a self-protein plays a critical role in disease triggering. Although chronic 
inflammatoryy mechanisms contributing to tissue injury exist in CD, the antibody response 
againstt self nuclear and cytoplasmic components seems to be restricted to a small set of 
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prote inss essentially present in or bound to nucleosome structures. The fact that P A RP 

ant ibodiess are produced in patients with CD may indicate that, in this disease, D N A repair may 

bee defective or particularly in demand as a result of increased ceD death caused by 

inf lammationn or by another triggering event that remains to be identified. 

Tab lee 3. Immunoglobulin-G antibodies to histones HI , H2A, H2B, H3 and H4, to the ubiquitinated -
histonee H2A (U-H2A) peptide T4, to the zinc-finger peptide F2 of poly-ADP-ribose polymerase (PARP) 
andd to actin in patients with Crohn's disease (CD) or ulcerative colitis (UC) and in healthy control donors 
[fromm Ref. 60]. 

Antigens s 

Histones Histones 
HI I 
H2A A 
H2B B 
H3 3 
H4 4 
Peptic c 

PeptidePeptide F2 

Actin Actin 

eT4o fU-H2A A 

o/PARP o/PARP 

CD D 
nn = 58 
Numberr (%) 

99 (15.5) 
55 (8.6) 
22 (3.5) 
33 (5.2) 
55 (8.6) 

300 (51.7) 

344 (58.6) 

255 (43.1) 

UC C 
nn = 55 

off  positive sera 

77 (12.7) 
11 (1.8) 
22 (3.6) 
11 (1.8) 
11 (1.8) 

100 (18.2) 

144 (25.5) 

44 (7.3) 

pp value* 

NS S 
NS S 
NS S 
NS S 
NS S 
<< 0.001 

<< 0.001 

<< 0.0001 

Conttols s 
nn = 30 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

0 0 

**  Significance of the number of positive samples in the group of patients with CD as compared with the group of 
patientss with UC (x2 test with Yates' correction when appropriate;; NS, not significant) 

a. . 
O O 

CDD UC Controls 
U-H2AA T4 

CDD UC Controls 
PARPF2 2 

CDD UC Controls 
Actin n 

Figuree 3. Binding in ELISA of the ubiquitinated-histone H2A (U-H2A) peptide T4, to the zinc-finger 
peptidee F2 of poly-ADP-ribose polymerase (PARP) and to actin in patients with Crohn's disease (CD), in 
patientss with ulcerative colitis (UC) and in healthy control donors [from Ref. 60]. The horizontal broken 
linee represents the cut-off value of the assays (mean + 2 SD of controls). The optical density values above 
thiss line were regarded as positive. Short horizontal bars indicate mean values for each group. 
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Finally,, there is consensus on the multiplicity of target antigens recognized by ANCA in IBD. 
Solid-phasee assays for ANCA determination have not yet been developed and standardized for 
alll  ANCA specificities [61,3]. Moreover, sensitivities and specificities for ANCA determination 
differr significantly among the ELISA commercial kits, which underscores the necessity of 
establishingg uniform international standards for ANCA-ELISA procedures to permit more 
reliablee interpretation and comparison of data [62]. This lack of standardization probably 
explainss the differences in the prevalence of ANCA directed against specific antigens in IBD 
describedd in the literature [19]. 

ANCAA detection by the II F assay may fail to detect antibodies to some of these antigens, as e.g. 
BPI-ANCAA [36]. The reason for this phenomenon is unknown, but has been described to be 
relatedd to instability of the antigens in ethanol-fixed neutrophils [62]. Conversely, a substantial 
numberr of IBD patients possess ANCA as detected by IIF, whilst none of the aforementioned 
antigenss can be hold responsible for the staining. Thus, in a significant proportion of ANCA-
positivee sera, the target antigens remain to be determined. 

Att the initial presentation of patients, whatever the suspected diagnosis, the ANCA-testing 
methodologyy adviced by the International Consensus Statement on Testing and Reporting of 
ANCAA should be applied [63]. More precisely, a positive IIF-test result should always be 
confirmedd by an antigen-specific ELISA for at least PR3-ANCA and MPO-ANCA, the two 
mainn specificities involved in systemic vasculitides. Indeed, unusual presentations of systemic 
vasculitidess mimicking IBD [64,65] or association of systemic vasculitides with IBD [66,67], 
shouldd increase the awareness that gastrointestinal manifestations may occur in these diseases 
andd that care should be taken in the interpretation of any ANCA testing. 

ANCAA prevalence and diagnostic role in IB D 

ylNCAylNCA prevalence 
Accordingg to the initial report of ANCA in IBD [23], ANCA have a high degree of specificity 
forr UC among patients with IBD. In this study, ANCA were present in 21 of 25 (84%) 
patientss with UC and five of 25 (20%) patients with CD, measured with an in-house fixed-
granulocytee ELISA. In our initial study [24], ANCA were present in 43 of 90 (48%) patients 
withh UC, in 10 of 148 (7%) patients with CD, and in none of 60 healthy control donors, 
detectedd with the II F assay. ANCA have been described as a serological marker for UC [68], 
Differencess in prevalence of ANCA in UC and in CD have been reported in the literature 
(Tablee 4) [23,24,47,49,68-73]. 

Thee differences in the ANCA prevalence may in part be due to the lack of standardization in 
IBD-ANCAA testing. For the ANCA detection, some authors used an in-house fixed-
granulocytee ELISA [23,69] or followed only partially the recommendations of the standardized 
II FF assay. Finally, these differences may account for the differences in prevalence of ANCA in 
IBDD described in the literature. 

Alongg this line, we have undertaken a study including 180 patients with UC of whom 21% had 
ann ANCA titer of 1:20 [74]. The diffuse nature of the staining and the relatively high 
percentagee of ANCA-positive patients with a low II F titer probably partially explain the 
differencess observed in the ANCA prevalence [74]. 
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Tablee 4. Prevalence of ANCA in patients with ulcerative colitis (UC) or Crohn's disease (CD) in the 
literature. . 

Authors s 

Saxonn et al2i 

Rumpp et aLm 

Duerrr et a/.69 

Vecchii  et al.1() 

Mulderr et a/.1'1 

Hertervigg et a/.4'1 

Seiboldf/1*/.49 9 

Abadd eta/.12 

Freemann et a/.7i 

Colombell  eta/.24 

UC C 
n n 

25 5 
34 4 
67 7 
67 7 

102 2 
67 7 

155 5 
48 8 
52 2 

247 7 
90 0 

ANCAA + 
% % 

68» » 
59* * 
82b b 

61» » 
45» » 
51* * 
50 0 
62* * 
73* * 
66* * 
48a a 

CD D 
n n 

25 5 
30 0 
18 8 
18 8 
48 8 
35 5 

128 8 
48 8 
37 7 

253 3 
148 8 

ANC AA + 

% % 

20' ' 
10' ' 
28b b 

5» » 
5* * 

14* * 
24' ' 

2" " 
17" " 
12» » 
7a a 

ANCAA determined by indirect immunofluorescence assay on ethanol-fixed neutrophils" or by neutrophil-extract 

ELISAb b 

Too evaluate the extent to which the divergent results are due to IIF-interpretation differences, 
wee have studied the prevalence of ANCA in patients with IBD from two European centers 
[75].. Sera from 501 patients from The Netherlands and from 238 patients from Northern 
Francee were assessed by the standardized IIF assay in a blinded fashion. In the Dutch 
population,, 189 of 253 (75%) patients with UC compared to 45 of 248 (18%) patients with CD 
weree ANCA positive, whereas in the French population, 41 of 90 (46%) patients with UC 
comparedd to 10 of 148 (7%) patients with CD were ANCA positive. There was ver)- littl e 
variationn in the results obtained by the two teams. Hence, the differences in the prevalence of 
ANCAA observed in this study were not due to differences in the IIF-assay interpretation. 
Consequently,, the variation noticed worldwide might partly reflect differences in heterogeneity 
off  patients under study, due e.g. to differences in diagnostic criteria. 

Finally,, ANCA are specific markers for UC among IBD, but are not sufficient for the 
differentiall  diagnosis between UC and CD. Nevertheless, these antibodies may contribute to 
somee extent in establishing a definite diagnosis of IBD, at least in some patients. 

ANCAANCA in combination with anti-Saccharomym cerevisiae mannan antibodies (ASCA) 
Makingg an earlv, accurate diagnosis of IBD is important, because the management of CD and 
UCC is different, especially when surgery is planned. A search for serological tests to 
differentiatee both diseases has been underway for a long time. 

Antibodiess to oligomannosidic epitopes of the yeast Sacckaromyces cerevisiae are a new serological 
markerr associated with CD [76]. With the crude mannan from this strain as an antigen in an 
ELISA,, the presence of ASCA has been described to be 64% sensitive and 77% specific for 
discriminatingg CD from UC, and 89% specific for distinguishing CD from controls [76]. 

Thee aim of our study [77] was to assess the value of detecting ANCA and/or ASCA for the 
diagnosiss of UC and CD. Serum samples were obtained from 101 patients with UC, 100 
patientss with CD, 27 patients with other miscellaneous diarrhoeal illnesses and from 163 
healthyy control donors. Determination of ANCA and ASCA was performed with the 
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standardizedd II F assay and an in-house ELISA, respectively. The association between ANCA 
andd UC and between ASCA and CD was evaluated by single or combined use of these tests. 
Thee results of the ANCA and ASCA testing in patients with IBD, miscellaneous non-IBD and 
inn healthy control donors are shown in Figure 4. Among the 27 patients with miscellaneous 
non-IBD,, two were ANCA positive and three were ASCA positive. One of the 163 controls 
wass ASCA positive. 
Thee prevalence of ANCA and ASCA in UC and CD, respectively, are comparable to previous 
dataa [24,76]. The combination of a positive ANCA test and a negative ASCA test yielded a 
sensitivity,, specificity, and positive predictive value of 57%, 97%, and 92.5%, respectively, for 
UCC (Table 5). The combination of a positive ASCA test and a negative ANCA test yielded a 
sensitivity,, specificity, and positive predictive value of 49%, 97%, and 96%, respectively, for 
CDD (Table 5). Patients with UC who were ASCA positive had no particular clinical features 
comparedd with patients who were ASCA negative. Similarly, patients with CD who were 
ANCAA positive had no particular clinical features compared with patients who were ANCA 
negative. . 

Inn conclusion, ANCA in combination with ASCA, which is more specific for CD, could help 
inn differentiating the diagnosis of IBD. A prospective study to assess the possible usefulness of 
thesee markers for better characterization of patients with indeterminate chronic colitis is 
undertaken.. Other studies, including studies with pediatric IBD patients [78-81], have 
confirmedd the value of the combination of ANCA with ASCA in IBD diagnosis. 
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Figuree 4. ANCA and anU-Saccbaromyces cerevisiae mannan antibodies (ASCA) in patients with Crohn's 
diseasee (CD), ulcerative colitis (UC), miscellaneous non-inflammatory bowel diseases (non-IBD) and in 
healthyy control donors [from Ref. 77]. 

57 7 



CLINICALL INVESTIGATIONS 

Tablee 5. Use of ANCA and anti-Saccharomyces certvisiae matinan antibodies (ASCA) for diagnosing either 
ulcerativee colitis (UC) or Crohn's disease (CD) in patients with inflammatory bowel disease [from Ref. 
77]. . 
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PPV,, positive predictive value, * for UC, f for CD 

ANC AA and clinical features in IB D 

ANCAANCA and disease location 
Ass far as the extension of disease was concerned in our studies, patients with UC were divided 
intoo four subgroups, i.e. proctitis, left-sided colitis, extensive colitis involving the transverse 
colonn or pancolitis, and patients who had undergone colectomy including subtotal colectomy 
withh ileo-rectal anastomosis (IRA) or proctocolectomy with ileo-anal anastomosis (IAA) . 
Concerningg the site of localization, patients with CD were divided into three subgroups, i.e. 
ileitis,, ileocolitis, and colitis. 

Inn most of the literature data, the presence of ANCA in UC is not linked to the target organ 
[23,73,82-85].. In the initial report of Saxon et al. [23], as in our first [24,86] and subsequent 
studies,, there is no relation between the presence of ANCA and IBD location. Table 6 [from 
Ref.. 24] summarizes the relation between the presence of ANCA and UC location. However, 
somee authors have reported a higher association of ANCA in patients with CD and colon 
involvementt [87-90]. 

Tablee 6. Relation between the presence of ANCA and disease location in 90 patients with ulcerative 
colitiss (UC) [from Ref. 24]. 

UCC location ANCA - ANCA + 
nn n (%) n (%) 

Proctitis s 
Left-sided d 
Pancolitis s 
Post-colectomy y 

14 4 
30 0 
26 6 
20 0 

8(57) ) 
133 (43) 
155 (58) 
133 (65) 

6(43) ) 
17(57) ) 
I tt (42) 
7(35) ) 
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ANCAANCA and clinical subgroups 

Vasiliauskass et al. have not only reported a higher association of ANCA in patients with CD 

andd colon involvement, but have suggested that A N CA expression in serum from patients 

wit hh CD characterizes an identifiable clinical subgroup [88,91]. I n a populat ion of 69 patients 
wit hh C D, Vasiliauskas et al. have detected 38 (55%) ANCA-posi t ive patients [88]. Overall, 
100%% of patients with CD who were ANCA-posi t ive had UC-like features, thus suggesting 
thatt a phenotypically distinct group of patients with CD could be defined by their A N CA 

status.. I n this study, A N CA were more frequendy found in UC patients with a more aggressive 
clinicall  course. Freeman et al. [92] have also reported the "UC colitis-like" clinical phenotype in 

ANCA-posi t ivee patients with CD. 

I nn contrast, we have run a study including 371 patients with CD [93], in which 26 (7%) were 

A N C AA positive. Clinical, endoscopic, and histological features of these 26 patients were 

comparedd with those of 26 age- and sex-matched ANCA-negat ive patients. In this study, no 
UC-likee features were specifically detected in ANCA-posi t ive patients with CD (Table 7). 

A longg this line, A N CA have also been reported to be more frequendy associated with 
resistancee to treatment of left-sided UC [94]. 

Tablee 7. Ulcerative colitis (UQ-like features in 26 ANCA-positive and 26 ANCA-negative patients with 
Crohn'ss disease (CD) [from Ref. 93]. 

Features s 

Rectall  bleeding  mucus 
Left-sidedd colitis 
Endoscopicallyy UC-type 
Histologicallyy UC-type 

ANCAA + CD 
nn (%) 

5(19) ) 
7(27) ) 
3(12) ) 
1(4) ) 

ANCA-CD D 
n(%) ) 

3(12) ) 
6(23) ) 
3(12) ) 
1(4) ) 

ANCAANCA and disease activity 

Assessmentt of disease severity and activity is important for planning the management of I B D , 
forr the evaluation of treatment and for prediction of prognosis. For the purpose of quantifying 

diseasee severity, several clinical indices for both UC and CD have been developed, and these 

havee been correlated with biochemical parameters, the patient's own assessment of the disease 
andd the physician's global assessment [95]. I n our studies, activity7 of UC was defined according 

thee Truelove index [96] as quiescent, mildly active, moderately active and severe, whereas for 
C D,, the activity was rated according to the Crohn's disease index activity (CDAI) [97] as 

quiescentt or active. 

I nn ANCA-associated systemic vasculitides, several studies have demonstrated the relationship 

betweenn A N CA and disease activity [7]. Serial measurement of A N CA titers in W G or MPA is 

usefull  for follow-up of disease activity and early predict ion of relapses [18]. In contrast, the 

relationn between A N CA and UC activity remains controversial, as reported in Tab l e 8 
(modifiedd from Lombardi et al. [90]) [23,34,47,52,68,70,72,83,85,87,98-110]. Nevertheless, 

mostt studies concluded that there is no relation between the presence of these antibodies and 

IB DD activity. 
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Tablee 8. Relation between the presence or titer of ANCA and ulcerative colitis (UC) activity in the 
literaturee (modified from Lombardi et al. [90]). 

Authors s No.. of patients 

50 0 
64 4 

103 3 
83 3 

126 6 
100 0 
68 8 

109 9 
131 1 
150 0 
119 9 
130 0 
200 0 
283 3 
247 7 
140 0 
89 9 

102 2 
236 6 

76 6 
218 8 
141 1 
158 8 

ANCAA and UC activi 

Noo relation 
tt active UC 
tt active UC 
Noo relation 
tt titers in active UC 
Noo relation 
Noo relation 
Noo relation 
Noo relation 
|| more severe UC 
Noo relation 
Noo relation 
Noo relation 
11 active, extensive 
II  UC in remission 
tt long lasting disease 
ff  active UC 
Noo relation 
Noo relation 
Noo relation 
Noo relation with titers 
Noo relation 
Noo relation 

Saxonn et a/.23 

Rumpp et a/.bS 

Romass eta/.9S 

Schlenkerr et al" 
SdboldSdbold eta/JW 
Cambridgee eta/.101 

Proujanskyy eta/.™2 

Mulderr et al.M 

Deusche/rf/.103 3 

Vecchii  et a/.10 

Lamproyee et a/.104 

OudkerkPoolf/tf/105 5 

Castellinoo eta/.'106 

Hertevigg et a/.41 

Lindgrenn et alP 
Bansii  et alS3 

KhvAetal?KhvAetal?2 2 

Olivess eta/.85 

Satsangii  et a/.107 

KuüKuü eta/.i0* 
Roozendaall  eta/.109 

El20ukif/*/.m m 

Taddeii  et a/.52 

I nn our first study [24] including 148 patients with CD and 90 with UC, and also in our 

followingg studies [52,74,111], there is no relation between the presence of A N CA and IB D 
activity.. Tab l e 9 [from Ref. 24] summarized the relation between the presence of A N CA and 

U CC activity. In patients with UC, conversions from ANCA-negat ive to ANCA-posi t ive and vice 

versaversa had no relation with disease activity [111]. 

T oo highlight the controversial relationship between A N CA and IB D activity, we have 
evaluatedd the link between the presence but also between the titer of A N CA and disease 

activityy in UC [74]. I n our study, two groups of patients were included: 1) group A, 39 patients 
w hoo had not undergone colectomy, 2) group B, 43 patients with subtotal colectomy and IRA. 

A N C AA were positive in 5 9% and 65% of patients from groups A and B, respectively 

(differencee NS). N o relation between the ANCA presence or titer and UC activity was detected 
withi nn groups A and B (Tables 10A and 10B) (Figures 5A and 5B). Finally, our results do 

nott support a relation between the ANCA presence or titer and UC activity in this cohort of 
patients.. A long this line, Roozendaal et al. [109] concluded that the lack of relation between 

A N C AA and I B D activity renders serial measurement of A N CA titers non-contr ibut ing to the 

moni tor ingg of the disease process. 
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Tablee 9. Relation between the presence of ANCA and disease activity in 70 patients with ulcerative 
colitiss (UQ [from Ref. 24]. 

UCC activity A N C A - ANCA + 
nn n (%) n <%) 

Quiescent t 
Mildl yy active 
Moderatelyy active 
Severe e 

16 6 
13 3 
26 6 
15 5 

8(50) ) 
4(31) ) 

177 (65) 
8(53) ) 

8(50) ) 
9(69) ) 
9(35) ) 
7(47) ) 

Tablee 10A. ANCA status and disease activity in 39 ulcerative colitis (UC) patients who had not 
undergonee colectomy [from Ref. 74]. 

Activ ee (n = 27) 
UCC Quiescent Mildly Moderately Severe 
withoutt  colectomy active active 
Totall  n = 39 n = 12 »= 1 n-24 n-2 

A N C A -- 16 (41%) 7 (58%) Ö 9 Ö (33%) 
A N C A ++ 23(59%) 5(42%) 1 15 2 (67%) 

versusversus ANCA-positive UC patients with quiescent disease (%2 = 1.24, difference not significant) 

Tablee 10B. ANCA status and disease activity in 43 ulcerative colitis (UC) patients who had undergone 
subtotall  colectomy with ileo-rectal anastomosis (IRA) [from Ref. 74]. 

UCC wit h IR A Quiescent Active 
Totall  n = 43 n = 39 n = 4 

A N C A -- 15 (35%) 13 (33%) 2 (50%) 
A N C A ++ 28(65%) 26(67%) 2*  (50%) 

**  versus ANCA-positive UC patients with quiescent disease (Fisher exact test, difference not significant) 
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Figur ee 5A. ANCA titers, as determined bv the indirect immunofluorescence (IIF) assay, in 39 ulcerative 
colitiss (UC) patients who had not undergone colectomy, with quiescent or active disease [from Ref. 74]. 
Thee horizontal broken line represents the cut-off value of the assay (1:20). A serum is considered positive 
whenn a positive reaction with neutrophils is observed at a 1:20 dilution. 
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Figur ee 5B. ANCA titers, as determined the by indirect immunofluorescence (IIF) assay, in 43 ulcerative 
colitiss (UC) patients who had undergone subtotal colectomy with ileo-rectal anastomosis (IRA), with 
quiescentt or active disease [from Ref. 74], The horizontal broken line represents the cut-off value of the 
assayy (1:20). A serum is considered positive when a positive reaction with neutrophils is observed at a 
1:200 dilution. 
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ANCAANCA and pouchitis 
Patientss with UC who have undergone a proctocolectomy with ileo-anal anastomosis (IAA ) 
mayy have a pouchitis, i.e. a non-specific inflammation of the ileal reservoir [112,113]. Pouchitis 
iss the most frequent long-term complication after ileal pouch-anal anastomosis for UC and is 
definedd by a pouchitis disease activity index (PDAI) [112]. 
Ann association between the presence of ANCA and pouchitis in patients with UC has been 
describedd by Vecchi eta/., who used an IIF assay [114], These authors included 42 patients with 
proctocolectomyy and IAA , of whom nine had pouchitis, and detected a significant difference 
inn ANCA between both groups (18.2% and 88.9%, respectively;/ < 0.05). 
Inn our study [74], including 98 patients with proctocolectomy and IAA , 45 of 86 (52%) 
patientss without pouchitis and eight of 12 (67%) patients with pouchitis were ANCA-positive 
(X22 = 0.4, difference NS) (Table 11). Among the 45 and eight ANCA-positive patients without 
andd with pouchitis, 36 and five of them, respectively, had titers from 1:20 to 1:80, whereas nine 
andd three, respectively, had titers from 1:160 to 1:1280 (Figure 6). No difference was observed 
inn the distribution of ANCA titer in quiescent UC patients with IAA vs UC patients with IAA 
andd pouchitis (Mann-Whitney U test, difference NS). Discrepancies from this possible 
associationn have also been reported in the literature [73,115-122]. 

Forr the moment, these controversial results about ANCA and clinical features remain 
unexplained.. Perhaps it is merely due to the different assessment of disease severity and 
activity,, different sizes of the groups studied and/or to the difficulty of the IIF-assay 
interpretationn and to the different ANCA methodologies between investigators. 

Tablee 11. ANCA status in 98 ulcerative colitis (UC) patients studied after proctocolectomy and ileo-anal 
anastomosiss (IAA) , without or with pouchitis [from Ref. 74]. 

UCC with IAA No pouchitis Pouchitis 
Totall  n = 98 n = 86 n = 12 

ANCA -- 45(46%) 41(48%) 4(33%) 
ANCA++ 53(54%) 45(52%) 8*  (67%) 

**  versus ANCA-positive UC patients without pouchitis (X2 — 0,4, difference not significant) 
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Figuree 6. ANCA titers, as determined by the indirect immunofluorescence (IIF) assay, in 98 ulcerative 
colitiss (UC) patients studied after proctocolectomy and ileo-anal anastomosis (IAA) , without or with 
pouchitiss [from Ref. 74], The horizontal broken line represents the cut-off value of the assay (1:20). A 
serumm is considered positive when a positive reaction with neutrophils is observed at a 1:20 dilution. 

ANC AA and genetic susceptibility to UC/heterogeneity withi n UC 

Thee concept of clinical but also of genetic heterogeneity in IBD has already been used in an 
attemptt to characterize subgroups of patients. The new serological ANCA marker has been 
rapidlyy incorporated within this concept. Numerous studies have been conducted worldwide to 
checkk the hypothesis of ANCA being a potential subclinical genetic marker of susceptibility to 
UC,, but also the hypothesis that heterogeneity within UC, as indicated by ANCA, has a genetic 
basiss residing within the HLA locus. 

ANCAANCA and family studies 
Targann and colleagues from Los Angeles [123] have investigated the possibility that the ANCA 
associatedd with UC represent a genetic marker of susceptibility by studying the prevalence of 
thesee antibodies in unaffected relatives of patients. An increased prevalence of neutrophil 
antibodiess was detected not only in the probands (26/38, 68%) but also in their clinically 
unaffectedd family members (17/108, 16%) compared with control donors (1/35, 3%) (p < 
0.00011 and p < 0.05, respectively). In this study, these results were confirmed with sera from 
thee Calgary center, where 86% (19/22) of probands were positive and 21% (9/43) of their 
relativess were positive. The prevalence of neutrophil antibodies in the relatives of ANCA-
positivee probands (21%) was significantly greater than the prevalence in relatives of ANCA-
negativee probands (7%,p < 0.05). These findings were consistent with these antibodies being a 
potentiall  marker of genetic susceptibility to UC and/or the possibility of genetic heterogeneity 
withinn this disease. 
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Wee have run a study including 30 patients with UC, 99 first degree and nine second degree 
healthyy relatives from 26 families of Northern France [111,124]. The control group included 60 
healthyy control donors and 10 spouses of patients with UC. Detected with the standardized 
II FF assay, 15 of 30 (50%) patients with UC had ANCA, whereas none of the 100 healthy 
relativess and none of the 70 healthy control donors had ANCA. 

Thereafter,, several other European groups [125-129] have also conducted such studies. All of 
themm except one [125] failed to detect ANCA in unaffected relatives from patients with UC in 
theirr respective study populations. Another team has tried to evaluate this hypothesis further 
byy searching for ANCA in 14 monozygotic twin pairs with UC, in 21 non-twin patients with 
UC,, and in healthy control donors [130]. In this study, ANCA occurred in nine of the 14 
(64%)) monozygotic twins and in 13 of the 21 (62%) non-twin patients with UC, whereas 
ANCAA were found in only three of 52 (6%) healthy controls. Also this last study does not 
supportt the hypothesis that ANCA is a subclinical marker of genetic susceptibility to UC. 

Inn conclusion, the hypothesis that ANCA may represent a subclinical marker of genetic 
susceptibilityy to UC remains controversial. The reason for this discrepancy is unclear but might 
reflectt differences in populations studied. In this regard, it is worthwhile to note that the 
prevalencee of ANCA reported in the literature varies broadly. In our personal series including 
2388 patients with IBD [24], we detected ANCA in only 43 of 90 (48%) patients with UC as 
comparedd to 68% detected by Targan and colleagues [23], Moreover, it has to be pointed out 
thatt this team from Los Angeles has detected the presence of neutrophil antibodies by an in-
housee ELISA performed with a whole-neutrophil extract, and they confirmed the presence of 
thesee antibodies by an in-house IIF assay [23,69]. Further studies are needed to determine the 
respectivee role of genetic and/or environmental factors in the development of these 
antibodies. . 

ANCAANCA and HLA -DR association in UC 
Severall  arguments have been put forward to suggest the implication of genetic factors in IBD, 
suchh as higher familial incidence and higher prevalence in monozygotic than in heterozygotic 
twins.. A few arguments have suggested a link between some HLA class-II genotypes and a 
naturall  history of UC, extent of the disease, surgical treatment, subacute and chronic forms, in 
variouss populations of different ethnic and geographic background [131]. 

Targann and colleagues [132] have implied the existence of heterogeneity within UC by 
detectingg ANCA in healthy relatives of patients with UC. To test the hypothesis that the 
heterogeneityy within UC as indicated by ANCA has a genetic basis that resides within the HLA 
locus,, this team has studied 89 UC cases and an ethnically matched control group including 50 
healthyy control donors. These authors observed that ANCA-positive UC patients (n = 70) had 
aa significant increase in the HLA-DR2 allele compared with ANCA-negative controls (n = 46) 
(44%% vs 22%, p - 0.01). In addition, the ANCA-negative UC patients had an increase in the 
DR44 allele compared with the ANCA-positive UC patients [p - 0.004). Hence, with the 
combinationn of the subclinical ANCA marker and molecular genetic markers, these authors 
claimedd a genetic heterogeneity within UC, «£ ANCA-positive UC associated with HLA-DR2 
andd ANCA-negative UC likely associated with HLA-DR4. 

Wee have evaluated the idea of HLA class-II and transporters associated with antigen 
processingg (TAP) as genetic markers to identify different clinical forms of UC according to the 
ANCAA status [133]. Unrelated patients with a history of UC (n = 91) and healthy control 
donorss without a family history of IBD (n = 200) were included. No association was found 
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withh any of the TAP genotypes. In HLA-DR2 and non-HLA-DR2 groups, colectomy was 
performedd in 55% and 27% of the patients, respectively. However, there was no association 
withh the HLA-DR2 specificity, either in the entire group of UC patients or in the ANCA-
positivee subgroup of patients. 

Otherr investigators have also conducted studies on the possible association of genetic markers 
andd the presence of ANC A [107,120,134-136]. Brett et al. [120] and Folwaczny et al. [134] 
concludedd that no association between HLA-DR antigens and the presence of ANCA exists in 
patientss with UC. In contrast, Perri et al. [135] suggested that specific HLA class-II loci play an 
importantt role in the susceptibility to UC in their Italian population. In this study, a subset of 
patientss with UC was characterized by an association between HLA-A19 and DR2 antigens 
andd the presence of ANCA. Satsangi et al. [107] have established that 93% of their UC patients 
withh the DR3 DQ2 TNF2 haplotype were ANCA positive \p = 0.03 versus DR3 DQ2 TNF2-
negativee patients (74%)]. In their population of UC patients, ANCA was not associated with 
DR2,, DR4, or clinical pattern. Lee et al. [136] concluded that in Chinese UC patients, positive 
ANCAA is associated with the HLA-DQalphalc allele, which is not the case in Caucasian 
patients. . 

Inn conclusion, heterogeneous findings on the combination of ANCA with genetic markers 
havee been reported, with no consensus on the association initially described between ANCA-
positivityy in UC patients with HLA DR2. The data collected emphasize the many factors that 
needd to be considered in genetic market studies in IBD. Extensive disease heterogeneity, 
ethnicity,, and methodological differences in ANCA detection are all pertinent. 

ANC AA and alphai-anti-trypsi n phenotypes in IB D 

I tt has been suggested that ANCA antigens could mediate vasculitic lesions in the context of an 
acquiredd and/or genetically determined protease/anti-protease imbalance. We have undertaken 
aa study [52] to determine cci-AT-protease inhibitor (Pi) phenotypes, and a search for a possible 
associationn between the presence of ANCA and deficient ai-AT alleles in a cohort of patients 
withh IBD, including 95 patients with UC and 63 with CD. Among these patients, three PiZ 
alleless were detected, matching the prevalence in the French control population [137] (Table 
12).. We did not find that aj-AT deficiency is linked with the occurrence of IBD. Finally, 
ANCAA and protease/anti-protease imbalance do not appear to modulate the clinical course of 
thesee diseases. Cooper et al. [39] have recently reached the same conclusion in a study including 
922 patients with UC and 66 with CD. 

Inn contrast, Elzouki et al. from Sweden [110] have performed a study in which 8.5% of 141 
patientss with UC were PiZ carriers, higher than expected in the general Swedish population 
(4.7%)) (p - 0.03). There was a significant difference between PiZ-carriers and non-PiZ-carriers 
inn the extension and severity of colitis (odds ratio = 4.1, confidence interval = 1.1 - 14.9; p -
0.028,, and odds ratio = 9.0, confidence interval = 1.1 - 73.3; p - 0.015; respectively). BPI-
ANCAA and PR3-ANCA were detected in 20.5% (29/141) and 12% (17/141) of these patients 
withoutt association with PiZ-carrier status. These authors concluded that the increased 
frequencyy of heterozygosity for the PiZ variant of a,-AT deficiency among patients with UC 
mightt imply a role for protease inhibitors in the regulation of inflammation and immunologic 
responsee in UC. Along the same line, Yang et al. [138] have evaluated a possible etiologic role 
off  ai-AT in UC and CD in a retrospective study including 10 patients diagnosed for IBD 
betweenn 1976 and 1997 and identified by the Mayo Clinic Medical Index System. These 
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n== 122 

113 3 

8 8 

1 1 

n=126 6 

117(92.8%) ) 

77 (5.6%) 

22 (1.6%) 

nn = 104 

96 6 

6 6 

2 2 

nn = 22 

21 1 

1 1 

0 0 

6.6% % 

1.9% % 

authorss suggested that in patients with both IB D and chronic obstructive pulmonary disease, 

<X]-ATT deficiency testing should be considered. 

Thesee controversial issues of a i -AT deficiency in IB D remain unexplained. Consequently, 

furtherr studies are needed to substantiate the association and the possible role of a i -AT 

deficiencyy in IBD . 

Tablee 12. Phenotypes of alphai-anti-trypsin protease inhibitor (Pi) in 95 patients with ulcerative colitis 
(UQ,, in 63 patients with Crohn's disease (CD) and in the French control population [from Ref. 52], 

UCC CD Controls 
Totall  ANCA - ANCA + Total ANCA - ANCA + 

PatientsPatients n = 95 n = 34 n = 61 n = 63 n = 52 n = 11 

PiPi alleles n = 190 n = 68 

Normall  alleles (M, R) 177 (93.15%) 64 

Moderatelyy deficient alleles (S) 11(5.8%) 3 

Severelyy deficient alleles (P, Z) 2(1.05%) 1 

Ant i -endothel ia ll  cell ant ibodies in I B D 

I nn view of the hypothesis implicating intestinal vascular lesions in the pathogenesis of I B D 

[139],, we have searched for IgG-AECA in sera from 141 patients with CD and 94 with UC, as 

comparedd to 71 sera from healthy control donors [140]. 

Seventeenn percent of patients with CD, 24.5% with UC and 1.4% of control donors were 
positivee for IgG-AECA (Figur e 7). No relation was noticed between the presence of I gG-

AECAA and any of the C D- or UC-disease locations (Table 13). In contrast, a significant 

relationn was noticed between the presence of IgG-AECA and CD activity (p < 0.05) (Table 
14).. This could be regarded as support for the hypothesis that intestinal vascular injury is an 

importantt event in CD. However, detection of AECA in an almost similar percentage of 
patientss with UC is more suggestive of an immune response to endothelial self-antigen 

exposedd after endothelial cell damage or a further marker of disturbed immunoregulat ion in 
IBD . . 

Inn a subsequent study, we have determined the IgG-subclass distribution of A E CA in sera 

fromm 82 patients with CD, 28 with UC and from 95 healthy control donors [141]. Twenty-

threee percent of patients with CD and 3 6% with UC were positive for at least one of the I gG-

AECAA subclasses. I n C D, the IgG i -AECA level was significantly increased (p < 0.05), while 

IgG2-- and I g G - A E CA levels were decreased (p < 0.0001 and p < 0.01, respectively), as 

comparedd to patients with UC. The IgG^-AECA level was decreased in both CD and UC 

patientss as compared to IgG3-AECA level in healthy control donors. N o relation was detected 

betweenn disease activity and IgG-AECA subclasses. However, the disparity of I gG-AECA-

subclasss distribution suggests that the ability to activate effector mechanisms is different in CD 

fromm UC. 
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Figuree 7. AntLendothelial cell antibodies (AECA) in patients with Crohn's disease (CD), in patients with 
ulcerativee colitis (UC) and in healthy control donors [from Ref. 140]. The horizontal broken line 
representss the cut-off value of the assay (mean + 2 SD of controls). The optical density values above this 
linee were regarded as positive. Short horizontal bars indicate mean values for each group. 
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Tablee 13. Relation between the presence of anti-endothelial cell antibodies (AECA) and disease location 
inn 141 patients with Crohn's disease (CD) and 94 with ulcerative colitis (UC) [from Ref. 140], 

CDCD location 
Smalll  bowel 
Colon n 
Smalll  bowel + colon 

UCUC location 
Proctitis s 
Left-sided d 
Pancolitis s 
Post-colectomy y 

Patients s 
n(%) ) 

288 (20) 
344 (24) 
799 (56) 

10(11) ) 
177 (18) 
499 (52) 
188 (19) 

A E C A --
n(% ) ) 

277 (96) 
288 (82) 
622 (78.5) 

8(80) ) 
144 (82) 
388 (77.5) 
111 (61) 

AECAA + 
n(%) ) 

1(4) ) 
6(18) ) 

177 (21.5) 

2(20) ) 
3(18) ) 

111 (22.5) 
7(39) ) 

Differencess between AECA — and AECA + patients not significant for disease locations in either CD or UC (x2 test) 

Tablee 14. Relation between the presence of anti-endothelial cell antibodies (AECA) and disease activity in 
1411 patients with Crohn's disease (CD) and 94 with ulcerative colitis (UC) [from Ref. 140]. 

Rvalue e 

CDCD activity 
Activee 66(47) 49(74) 17(26) < 0.05 
Quiescent t 

UCUC activity 
Activee 49(52) 36(73.5) 13(26.5) NS 
Quiescent t 

NS,, not significant (x2 test) 

Ass reported in this chapter, literature data on the relation between A N CA and the clinical 

featuress of IB D are often controversial. This might be due among others to the sample size 
beingg insufficient to reach definite conclusions and to a number of differences in detect ion 

methods.. This underscores again the need to follow the international guidelines regarding the 
standardizedd assay for detecting ANCA , as in systemic vasculitides. Several studies have dealt 

wit hh the clinical usefulness of A N CA determination in IB D [142-148]. I t has to be concluded 

thatt the clinical value of A N CA determination in IB D is radier limited. 

Patients s 
n(%) ) 

66(47) ) 
755 (53) 

499 (52) 
455 (48) 

A E C A --
nn (%) 

49(74) ) 
688 (91) 

366 (73.5) 
35(78) ) 

AECAA + 
nn (%) 

177 (26) 
7(9) ) 

133 (26.5) 
100 (22) 
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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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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. 
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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 
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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. 

87 7 



NEUTROPHILL ACTIVATIO N BY ANCA 

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. . 



CHAPITREE III 

lOOOfri i 

gg 8000-
c c a> > o o 
M M 
££ 6000H 

u. . 
co o 
o ff 4000-

o o 
_C C 
££ 2000-
ra ra 
o o o o 

o o 
(-) ) fMLP P CD16 6 

CD24 4 CD66 6 

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 



CHAPTE RR IV 

Effectt of Priming by Tumor Necrosis Factor 

onn Activation of Human Neutrophils 

byy Anti-Proteinase-3 or Anti-Myeloperoxidase Antibodies 

DominiqueDominique REUMAUX' 
AntonAnton T.J. TOOL-
PeterL.PeterL. HORDIJK2 

PatrickPatrick DUTHILLEUL ' 
DirkDirk  ROOS2 

11 Département d'Hématologie-Immunologie-Cytogénétique, Centre Hospitalier de 
Valenciennes,, Valenciennes, France 
22 Sanquin Research at Central Laboratory of the Netherlands Blood Transfusion Service 
(CLB);; and Landsteiner Laborator)', Academic Medical Centre, University of Amsterdam, 
Amsterdam,, The Netherlands 

Submitted Submitted 



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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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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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). 
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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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FcyRII aa CD18 merge 

FcyRII a a 

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 
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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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PRO-MPO:: A TARGET ANTIGEN FOR ANCA 

Pro-Myeloperoxidase::  A Target Antigen for  Anti-Neutrophi l Cytoplasm 
Autoantibodiess (ANCA) 

ToTo the Editor: 

Wee read with interest the article by Russel et al. regarding the relationship between anti-
neutrophill  cytoplasm autoantibodies (ANCA) reacting with the pro-form of proteinase-3 
(PR.3)) and disease activity in patients with Wegener's granulomatosis and microscopic 
polyangiitiss [1]. The authors reported that PR3-ANCA subsets reactive with epitopes accessible 
onn recombinant pro-PR3 are better correlated with disease activity than are subsets reactive 
withh epitopes accessible only on recombinant mature PR3. Proteinase-3 and myeloperoxidase 
(MPO)) are the two main target antigens of ANCA in systemic vasculitides [2-4], Both proteins 
aree located in the azurophil granules of neutrophils. 

Thee aim of the current study was to assess the antigen specificity of MPO-ANCA bv testing 
MPO-ANCA-positivee sera in the standardized ANCA indirect immunofluorescence (IIE7) assay 
onn MPO-deficient neutrophils from three healthy, unrelated donors (CV, DC and JB). These 
neutrophilss lacked the heavy and light subunits of the MPO molecule but contained the pro-
MPOO precursor protein, as previously described [5]. We now report that some MPO-ANCA-
positivee sera react with pro-MPO. 

MPOO deficiency was defined spectrally, enzymatically, and immunochemically. The donor 
subjectt DC has been previously described [6]. Azurophil granules from control neutrophils and 
MPO-deficientt neutrophils (CV) were solubilized 1:1 with 4% reduced l^aemmli sample buffer 
andd electrophoresed into a 10% (w/v) acrylamide gel. Thereafter, separated proteins were 
transferredd to nitrocellulose membranes, and the blots were probed with a rabbit anti-human 
MPOO (Dako, Glostrup, Denmark). The immunoblot analysis of azurophil granules from 
controll  neutrophils showed the MPO subunits 59 kDa and 13.5 kDa, as well as the 39-kDa 
andd 24-kDa proteins related to the 59-kDa and the 13.5-kDa proteins, respectively [7]. In 
addition,, a ~50-kDa protein was found that may be a precursor form of the 59-kDa subunit. 
Inn contrast, the azurophil granules from the MPO-deficient neutrophils (CV) lacked the 
maturee subunits (59 kDa and 13.5 kDa) and the related proteins (39 kDa and 24 kDa), but 
containedd the pro-MPO form (90 kDa) and the ~50-kDa precursor protein (Figure 1). 

Thee mutations in the MPO-deficient donor (CV) were characterized as a splice-site mutation at 
thee 3' end of intron 11 (A-2—»G) and a deletion of 14 nucleotides from A1555-C1568 in exon 
99 of the MPO gene. Subject DC is a compound heterozygote for the R569W missense 
mutationn in exon 10 causing MPO deficiency [8]. Subject JB has a normal exon 10, but the 
geneticc basis for the MPO deficiency has not been defined. 

Determinationn of ANCA by the standardized IIF assay [9] on control versus MPO-deficient 
neutrophilss from CV, DC and JB was performed with 25 sera of high MPO-ANCA reactivity 
fromm patients with microscopic polyangiitis [10]. The 25 MPO-ANCA sera were perinuclear 
ANCA-positivee in the II F assay on control neutrophils. MPO-ANCA were detected by 
standardizedd enzyme-linked immunosorbent assay using human purified MPO from 
Calbiochemm (La Jolla, CA, USA). When the fluorescence was positive (1:20 dilution), serum 
titrationtitration was carried out in two-fold dilutions to 1:1,280. 

II FF titers of these 25 MPO-ANCA sera on control versus MPO-deficient neutrophils are shown 
inn Figure 1. ANCA were positive in 32%, 88%, and 60% of sera tested on neutrophils from 
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subjectss CV, DC, and JB, respectively. These sera exhibited either a diffuse cytoplasmic or a 
perinuclearr fluorescence pattern. II F titers obtained with the MPO-deficient neutrophils were 
somewhatt lower than II F titers obtained with control neutrophils. Therefore, the sera that 
reactt with the MPO-deficient neutrophils might contain not only anti-pro-MPO but also anti-
maturee MPO. Three of 8, 12 of 22, and 6 of 15 ANCA-positive sera with MPO-deficient 
neutrophilss from subjects CV, DC, and JB, respectively, displayed similar II F titers as with 
controll  neutrophils. This suggests that these sera contain mainly reactivity with pro-MPO. 

Inn conclusion, the polyclonality of MPO-ANCA described in systemic vasculitides [11] may be 
relevantt to the disparity of the ANCA-II F results on these MPO-deficient neutrophils. The 
pro-MPO,, which resides in the endoplasmic reticulum, is hereby described for the first time as 
aa potential target antigen for MPO-ANCA-positive sera. It is conceivable that some MPO-
ANCAA gain access to pro-MPO in vivo, as was recently suggested for PR3-ANCA toward pro-
PR3,, for instance at times of accelerated neutrophil apoptosis, i.e., during active inflammation 
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Figuree 1. Titers of anti-neutrophil cytoplasm autoantibodies (ANCA) by the standardized indirect 
immunofluorescencee (IIF) assay on control neutrophils versus myeloperoxidase (MPO)-deficient 
neutrophilss from CV, DC and JB, performed with 25 MPO-ANCA-positive sera. Boxed area shows 
immunoblott analysis of azurophil granules from control neutrophils versus MPO-deficient neutrophils 
fromm subject CV. 
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ADDENDUM ::  Assessment of Myeloperoxidase (MPO)-ANCA-Positiv e Sera Reacting 
wit hh the Pro-MPO 

ANCAA patterns with myeloperoxidase-deficient neutrophil s 
MPO-ANCA-positivee sera were obtained from three selected patients (1, 2, and 3) among the 
aforementionedd 25 patients with microscopic polyangiitis, and were tested by the standardized 
II FF assay on MPO-deficient neutrophils from donor CV (Figure 2). The serum from patient 1 
gavee a negative ANCA pattern, and thus does not react with pro-MPO. In contrast, the two 
otherr sera from patients 2 and 3, gave a perinuclear ANCA (P-ANCA) pattern and an atypical 
ANCAA patttern, respectively. The atypical pattern exhibits some weak perinuclear fluorescence 
andd a diffuse cytoplasmic fluorescence without any granular fluorescence or staining of the 
centrall  part of the cells. The sera did not react with PR3, azurocidin, bactericidal/permeability-
increasingg protein, cathepsin G, lactoferrin, lysozyme or elastase (not shown). Hence, the two 
seraa from patients 1 and 2 might react with pro-MPO. 
MPO-ANCAA antibodies normally produce a P-ANCA pattern on ethanol-fixed neutrophils 
withh the II F assay [1]. Baslund et al. have described sera from some patients that are MPO-
positivee in ELISA but produce a cytoplasmic pattern, which is normally seen in conjunction 
withh antibodies to PR3 [2]. These authors concluded that not all MPO relocates after ethanol 
fixation.. The current study suggests that the diffuse cytoplasmic pattern observed with some 
MPO-ANCA-positivee sera may be due to reactivity with pro-MPO, which resides in the 
endoplasmicc reticulum. 

Immunoblott  analysis of myeloperoxidase-related peptides 
Wee assessed whether MPO-ANCA-positive sera truly react with the pro-MPO protein, by 
meanss of immunoblotting (Figure 3). We purified immunoglobulin G (IgG) from sera 1, 2, 
andd 3 with MPO-ANCA by passage over HiTrap protein-G sepharose (Amersham 
Biosciences,, Pistacaway, NJ, USA). Purity of the IgG preparations as determined by sodium 
dodecyll  sulfate-polyacrylamide gel electrophoresis was always greater than 95%. Azurophil 
granuless from MPO-deficient neutrophils from donor CV were solubilized 1:1 with 4% 
reducedd Laemmli sample buffer and electrophoresed onto a 10% (w/v) acrylamide gel. 
Thereafter,, separated proteins were transferred to nitrocellulose membranes, and the blots 
weree probed with purified IgG from the three MPO-ANCA-positive sera. The immunoblot in 
Figur ee 3 shows no band in lane 1, but it does show a reaction in lanes 2 and 3 at 90 kDa, the 
molecularr mass of pro-MPO. Hence, we directly prove that MPO-ANCA-positive sera from 
patientss 2 and 3, which gave a P-ANCA and an atypical ANCA pattern by the II F assay on 
MPO-deficientt neutrophils, do react with the pro-MPO protein. 
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Figur ee 2. ANCA patterns of myeloperoxidase (MPO)-ANCA-positive sera from three different patients 
withh microscopic polyangiitis tested with the indirect immunofluorescence assay on MPO-deficient 
neutrophilss from donor CV. 
(1)) Negative ANCA pattern, (2) P-ANCA pattern, and (3) an atypical ANCA pattern. 

11 23 

kDa a 

-- 90 

Figur ee 3. Immunoblot analysis of myeloperoxidase (MPO)-related peptides from MPO-deficient 
neutrophilss (donor CV) probed with purified immunoglobulin G from the three MPO -ANCA-positive 
seraa 1, 2, and 3. 
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EFFECTT OF ANCA ON MPO-DEFICIENT NEUTROPHILS 

Expressionn of Myeloperoxidase (MPO) by Neutrophil s is Necessary for  their 
Activatio nn by Anti-Neutrophi l Cytoplasm Autoantibodies (ANCA) against MPO 

ABSTRACT T 

Anti-neutrophill  cytoplasm autoantibodies directed against proteinase-3 and myeloperoxidase 

(MPO)) activate tumor necrosis factor-a-primed neutrophils in litro. We used completely and 

partiallyy MPO-deficient neutrophils to assess the requirement of MPO expression for 

neutrophill  activation by anti-MPO antibodies. The mutations in the MPO gene were identified 

ass a combination of a splice-site mutation, a 14-bp deletion and an amino-acid substitution in 

thee completely MPO-deficient donor, and as the same splice-site mutation and another amino-

acidd substitution in the partially MPO-deficient donor. MAb 4.15 against MPO and MPO-

ANCA-immunoglobulinn G induced no superoxide anion production in these MPO-deficient 

neutrophilss despite a normal production induced by other stimuli. Thus, the presence of MPO 

iss a conditio sine qua non for neutrophil activation bv anti-MPO antibodies. Moreover, we 

demonstratedd by means of these deficient cells hydrogen peroxide carry-over between 

neutrophilss that may contribute to the damage induced by oxvgen radicals in the pathology of 

systemicc vasculitides. 
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INTRODUCTIO N N 

Anti-neutrophill  cytoplasm autoantibodies (ANCA) have been described in sera from patients 
withh inflammatory disorders, such as systemic vasculitides [1]. Proteinase-3 (PR3) and 
myeloperoxidasee (MPO) are the two main target antigens of these antibodies [2-4], mainly 
locatedd in the azurophil granules. ANCA are known to activate human neutrophils primed by 
tumorr necrosis factor-alpha (TNF-ct) in vitro [5]. It is assumed that ANCA exert their effects by 
virtuee of binding with their Fab regions to their target antigens expressed on the cell surface 
andd binding with their Fc regions to Fc-gamma receptors (FcyR) on the same cell (Kurlander 
phenomenon)) or on neighbouring neutrophils [6]. Nevertheless, there is controversy regarding 
thee involvement of the FcyR: some investigators report that at least part of the activation is 
non-FcyRR mediated [5,7,8], whereas others dispute the idea that FcyRIIa is the sole receptor 
involvedd [9-11] or claim that FcyRIIIb is also involved [12,13]. Although there is general 
agreementt on the initial binding of ANCA to their antigen on the cell surface, the requirement 
off  the ANCA antigen for this neutrophil activation has never been experimentally verified. In 
thee present study, we used neutrophils from two MPO-deficient individuals to assess whether 
thee presence of the MPO target antigen is a conditio sine qua non for the activating effect of anti-
MPOO antibodies in vitro. 

Structurall  analyses have shown that MPO is a heterotetramer composed of two heavy and two 
lightt chains [14]. The mRNA is translated into a single protein of about 90 kDa that undergoes 
proteolyticc maturation to a heavy and a light chain with formation of the mature MPO [15-17]. 
Hereditaryy MPO deficiency is defined as a lack of MPO activity and of detectable mature 
MPOO protein, but may contain small amounts of MPO precursor protein. One of our donors 
wass completely MPO-deficient and the other partially MPO-deficient, as defined enzymatically, 
byy immunocytochemistry and by immunoblotting. 

Mostt people with hereditary MPO deficiency are healthy, although an increased susceptibility 
too infections with Staphylococcus aureus and Candida albicans has been reported, especially in 
patientss also affected with diabetes [18]. Studies at the molecular level aimed at identifying the 
underlyingg genetic defect of hereditary MPO deficiency, the most common biochemical defect 
inn neutrophils, have been undertaken these last years. The human MPO gene has been cloned 
andd characterized [19]. It measures 10 kb and consists of 12 exons and 11 introns. Some 
authorss have suggested a defect in the synthesis of a modified pro-MPO that undergoes 
posttranslationall  processing, since normal levels of MPO mRNA in neutrophil precursors and 
thee presence of MPO-immunorelated peptides were observed in MPO-deficient subjects 
[18,20].. In contrast, one of these teams has reported an MPO-deficient subject whose defect 
wass pretranslational, since MPO mRNA could not be detected in the neutrophil precursors 
[21].. Until now, only a few studies have been reported on mutations in the MPO gene of 
MPO-deficientt subjects [22-25]. In the present study, we defined several novel mutations in 
thee MPO gene of our two MPO-deficient donors. 

MATERIAL SS AN D METHOD S 

Reagentss and antibodies 
Humann fibronectin (FN), sodium azide, N-formyl-methionyl-leucyl-phenylalanine (fMLP), 
sodiumm barbital, Triton X-100 and ethylene-diamine-tetra-acetic acid (EDTA) were obtained 
fromm Sigma Chemical, St Louis, MO, USA. Dihydro-rhodamine-1,2,3 (DHR) was purchased 
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fromm Molecular Probes, Eugene, OR, USA. Human recombinant TNF-a and ^-nitrophenyl 
phosphatee were from Roche Diagnostics, Mannheim, Germany. All other reagents were of 
analyticall  grade purity. 

Monoclonall  antibody (mAb) 12.8 against PR3 (mlgGi) and mAb 4.15 against MPO (mlgGi) 
weree from the Central Laboratory of the Netherlands Blood Transfusion Service (CLB), 
Amsterdam,, The Netherlands. MAb MPO-7 against MPO was from Dako, Glostrup, 
Denmark.. MAb 3G8 (CD16, mlgGi) against FcyRIIIb and mAb IV.3 (CD32, mIgG2b) against 
FcyRIIaa were from the CLB, Amsterdam, The Netherlands; these antibodies were purified 
fromm hybridoma culture supernatant by precipitation with 50% saturated ammonium sulfate 
andd subsequent protein-A affinity chromatography (Amersham BioSciences, Piscataway, NJ, 
USA). . 

Immunoglobulinss G (IgG) from sera with either PR3-ANCA or MPO-ANCA and from 
controll  sera were purified by passage over HiTrap protein-G sepharose (Amersham 
Biosciences).. Purity of the IgG preparations as determined by sodium dodecylsulfate-
polyacrylamidee gel electrophoresis was always greater than 95%. 

Isolationn of neutrophil s 
Bloodd was obtained from control donors and from two healthy MPO-deficient donors, CV 
andd CP. Granulocytes were purified from blood anticoagulated with 0.4% (w/v) trisodium 
citratee (pH 7.4), as described [26]. In short, blood cells were separated by density gradient 
centrifugationn over isotonic Percoll (Amersham Biosciences) with a specific gravity of 1.076 
g/ml.. The interphase, containing the mononuclear cells, was removed. The pellet fraction, 
containingg erythrocytes and granulocytes, was treated for 10 min with ice-cold isotonic NH4C1 
solutionn (155 mM NH4C1, 10 mM KHC03, 0.1 mM EDTA, pH 7.4) to lyse the erythrocytes. 
Thee remaining granulocytes were washed twice in phosphate-buffered saline (PBS), were 
resuspendedd in incubation medium containing 132 mM NaCl, 6 mM KC1, 1 mM CaCb., 1 mM 
MgS04,, 1.2 mM KH2PO4, 20 mM Hepes, 5.5 mM glucose, and 0.5% (w/v) human serum 
albuminn (pH 7.4) and were kept at room temperature (RT) at a final concentration of 2 x 106 

cells/ml.. Purity of neutrophils was more than 95% (the contaminating cells were mainly 
eosinophils),, and viability was more than 98%. 

Characterizationn of the myeloperoxidase deficiency 
Cytochemistry Cytochemistry 

Peroxidasee cytochemistry was performed on cytospins made from purified neutrophils 
accordingg to Kaplow, with 3-3'-diaminobenzidine as a substrate [27]. 

DeterminationDetermination of peroxidase activity 

Bloodd of each donor was analyzed for peroxidase activity with hydrogen peroxide (H2O2) and 
4-chloro-l-naphtoll  (Bayer Diagnostics, Tarrytown, NJ, USA) in an ADVIA120 hematological 
analyser.. Moreover, peroxidase activity of solubilized neutrophils was quantitated by 
spectrophotometricc determination of o-dianisidine and 4-amino-antipyrine oxidation, as 
describedd [28,29]. 

Immunocytochemistry Immunocytochemistry 

Afterr centrifugation onto glass slides, neutrophils were fixed with 0.125% (w/v) glutaraldehyde 
inn PBS and permeabilized with a methanol-acetone solution. Endogenous peroxidases were 
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inactivatedd by incubation for one hour at 37°C in PBS solution containing 10 mM glucose, 2 
mMM sodium azide, 1 U/ml glucose oxidase, and 5 mM resorcinol. Cytospins were then 
incubatedd for one hour at RT with anti-MPO 4.15 or anti-MPO-7 mAbs diluted in PBS. 
Immunoperoxidasee Vectastain kit (Vectastain ABC Elite system, Vector Laboratories, 
Burlingame,, CA, USA) was used to detect antibody binding. This technique employs unlabeled 
primaryy antibody, followed by biotinylated secondary antibody, biotinylated horse-anti-mouse-
IgG,, and then a preformed avidine-biotinylated horse-radish-peroxidase-macromolecular 
complexx (ABC). Thereafter, 3-3'-diaminobenzidine (Vector Laboratories) was used as a 
substrate. . 

ImmunoblotImmunoblot analysis of myelopervxidase-related peptides 

Isolatedd neutrophils from one control donor and from the two MPO-deficient donors CV and 
CPP were fractionated by sonication and sucrose-gradient centifugation, as described [30]. Then, 
azurophill  granules were solubilized 1:1 with 4% reduced Laemmli sample buffer and 
electrophoresedd onto a 10% (w/v) acrylamide gel under reducing conditions. Thereafter, 
separatedd proteins were electrotransferred to nitrocellulose membranes (Bio-Rad, Hercules, 
CA,, USA) in transfer buffer (25 mM Tris, 0.192 M glycine, 20% methanol, pH 8.3), by means 
off  a semidry blotting apparatus at a constant current of 1.0 mA/cm2 for one hour. Unoccupied 
sitess on the membrane were blocked with 5% (w/v) skimmed milk powder in Tris-buffered 
salinee Tween (TBST) (10 mM Tris-HCl, 150 mM NaCl, 0.5%o Tween-20, pH 8.0) for one hour 
att RT, and the blots were probed with a rabbit-anti-human-MPO (purified Ig fraction of rabbit 
anti-serum)) (Dako) diluted at 1:500 in blocking buffer and TBST (v/v) for two hours at RT. 
Afterwards,, the blots were washed extensively and incubated with an anti-rabbit-IgG-alkaline-
phosphatasee conjugate (Promega, Madison, WI, USA) diluted at 1:7500. One hour later, the 
blotss were thoroughly washed again several times, and bound antibodies were detected with a 
stainingg including 5-bromo-4-chloro-3-indolyl phosphate and nitro-blue tetrazolium (Sigma). 
Molecularr weights were calculated by comparison with recombinant protein molecular weight 
markers,, RPN 800 (Amersham Biosciences). 

MolecularMolecular analysis 

Genomicc DNA and RNA were isolated from circulating leukocytes [31]. Molecular analysis of 
MPOO was performed by polymerase chain reaction (PCR) amplification of MPO exons from 
genomicc DNA with primers annealing to intronic sequences. The PCR products were purified 
andd sequenced by BigDye Terminator Cycle Sequencing, analyzed on an ABI 377XL DNA 
sequencerr (Perkin-Elmer Applied Biosystems, Warrington, UK). Preparation, PCR 
amplificationn and sequencing of cDNA was performed as described in [31], with primers given 
inn Table 1. Numbering of nucleotides within MPO cDNA starts with the A of the ATG 
translationn start codon. 
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Tabl ee 1. Primers used for PCR amplification of DNA. 

Forr genomic DNA 

Exonn 1 
MPO-prom/SS (-362 to -337 from transcription site) 5'-AAAGGCTGGGGACAATGCTGGCCCTC-3' 
MPOintl/ASS (Intron t, 62 to 39) 5'-AAGGGGTCTCTGGAACACAACCAC-3' 
Exonn 2 
MPO-intl/SS (Intron 1, -70 to -47) 5'-CCTTCCTAGCTCTGGGGCCTGATA-3' 
MPO-int2/ASS (Intron 2, 63 to 41) 5'-CTGCTGCTTCTGTGAAAGGCCTG-3' 
Exonn 3 
MPO-int2/SS (Intron 2, -63 to -39) 5'-GCAGGTTGGCTCTGCTATCCCTTCT-3' 
MPO-int3/ASS (Intron 3, 59 to 35) 5'-GGTCCCTAGGAGGAGTCACTAGTGG-3' 
Exonn 4 
MPO-int3/SS (Intron 3, -63 to -38) 5'-TAGCCTAGGTTGCCTGGGATAGGAAG-3' 
MPO-int4/ASS (Intron 4, 61 to 38) 5'-TTGTGGCGTCCGGGACGCCTCTCT-3' 
Exonn 5 
MPO-int4/SS (Intron 4, -59 to -36) 5'-AGAGAGGCGTCCCGGACGCCACAA-3' 
MPO-int5/ASS (Intron 5, 37 to 16) 5'TGGCCGGCCTCGCCCCCTCTG03' 
Exonn 6 
MPO-int5/SS (Intron 5, -40 to -18) 5'-TGCGCGGACCCAGGCGCCACGTG-3' 
MPO-int6/ASS (Intron 6, 66 to 43) 5'-AGATGGCCCCTTCCAGAAACAATC ~3' 
Exonn 7 
MPO-int6/SS (Intron 6, -64 to -40) 5'-CCAGTTCTGCCTGGGCACCTTCCTT-3' 
MPO-int7/ASS (Intron 7, 64 to 38) 5'-ACTCACTGTGGCTCCAACAGGGAACAT-3' 
Exonn 8 
MPO-int7/SS (Intron 7, -59 to -36) 5'-GGAGCAAATCTTTTCTGGGATGGA-3' 
MPO-int8/ASS (Intron 8, 60 to 38) 5'-CAGCTAGGATGTTGCAGGGACAC-3' 
Exonn 9 
MPO-int8/SS (Intron 8, -66 to -43) 5'-GTGCTGGGTCCGCCGTAAACGACA-3' 
MPO-int9/ASS (Intron 9, 58 to 34) 5' -TGATCCCTACCCCACCTTTAGCTGT -3' 
Exonn 10 
MPO-int9/SS (Intron 9, -66 to -43) 5'-TGACTCCAATCTGAGCTCTGATAC-3' 
MPO-intlO/ASS (Intron 10, 63 to 40) 5'-TGGGCTACCTAGGAGGCAGCTCAG-3' 
Exonn 11 
MPO-intl0/SS (Intron 10, -60 to -36) 5'-GACCTCCCCACCTTAAGCAGAGAGA-3' 
MPO-intll/ASS (Intron 11, 70 to 46) 5'-TTTGGGCTCCAAGAGAGTCAAGGAT-3' 
Exonn 12 
MPO-intll/SS (Intron 11, -65 to -41) 5'-CCCATCGATGCCCTGCCAGCCCAGA~3' 
MPO-3'UTR/ASS (227 to 204 after stopcodon) 5' -ACATACACATAACCCATGAAACA C -3' 

Forr cDNA 

Primerr in exon 7 
MPO-ex7/SS (Exon 7, 906 to 930) 5'-CATCAAGAACCAAGCCGACTGCATC-3' 
Primerr in exon 9 
MPO-ex9/SS (Exon 9,1461 to 1484) 5'-CCCACGCATCGCCAACGTCTTCAC-3' 
Primerr in exon 10 
MPO-exl0/ASS (Exon 10,1672 to 1648) 5'-TCAGCTTGGCAGGGGTGGCCATGAG-3' 

Amplificationn conditions for genomic DNA in Ai r Thermo-cycler 1605 (Idaho Technology, Idaho Falls, 
ID ,, USA): 50 rounds of 5 s at 95°C (denaturation), 10 s at 50°C (annealing) and 30 s at 72°C (extension), 
att full speed. Amplification conditions for cDNA in Ai r Thermocycler: 50 rounds of 5 s at 95°C, 30 s at 
60°C,, and 15 s at 72°C, at full speed. 
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Measurementt  of superoxide anion production by neutrophils 
Thee production of superoxide anion (O2) by neutrophils was measured with the 
ferricytochrome-ff  reduction assay [32]. In short, neutrophils (2 x 106/ml) were incubated in 
polystyrenee tubes under gentle agitation for 5 min at 37°C in a shaking water-bath prior to 
additionn of ferricytochrome-c (60 uM), and sodium azide (2 mM). After another 5 min, TNF-a 
(22 ng/ml) was added to part of the cells and the cell suspensions were divided in equal 
portions.. After 10 min of priming with TNF-a, fML P (1 uM), 3G8 mAb (5 ug/ml), anti-PR3 
mAbb (12.8, 5 ug/ml), anti-MPO mAb (4.15, 5 ug/ml) or purified IgG from sera with MPO-
ANCAA (75 ug/ml) was added. Control cells received PBS only. Reactions were stopped 10 min 
afterr the addition of fML P and 40 min after the addition of the other stimuli. Then, the 
sampless were microcentrifuged rapidly to remove the cells before analysis of the supernatants 
att 550 nm in a double-beam spectrophotometer (Beekman, model 24, Beekman Coulter, 
Fullerton,, CA, USA). 

Measurementt  of rhodamine-1,2,3 fluorescence in neutrophils 
Thee assay to measure NADPH-oxidase activity in DHR-loaded neutrophils was carried out 
essentiallyy as described [33,34]. Neutrophils (2 x 106 /ml) were incubated in polystyrene tubes 
inn a shaking water-bath under gende agitation for 5 min at 37°C. DHR (0.5 uM) and sodium 
azidee (2 mM) were then added, and after another 10 min, TNF-a (2 ng/ml) was distributed to 
partt of the cells. After 10 min of priming at 37°C, the cell suspensions were divided in equal 
portionss (100 ul) and added to tubes containing fML P (1 uM), 3G8 mAb (5 ug/ml), anti-PR3 
mAbb (12.8, 5 ug/ml) or anti-MPO mAbs (4.15, 5 ug/ml). Control cells received PBS only. 
Unlesss indicated otherwise, the reactions were stopped after 30 min by addition of a 30-fold 
excesss of ice-cold PBS containing 1% (w/v) bovine serum albumin (BSA). Thereafter, the 
tubess were centrifuged (400 x g) for 5 min at 4°C, and the cells were resuspended in about 100 
ull  of ice-cold PBS/BSA 1%, and kept on ice in the dark until analysis in a flow cytometer 
(Epicss profile, Coulter Corporation, Miami, FL, USA). Neutrophils were distinguished by 
forward-sidewardd scatter pattern, and data were collected from 5000 cells. The results are 
expressedd as mean fluorescence intensity (MFI). 

Neutrophi ll  adherence assay 
Neutrophill  adherence to FN was measured in flat-bottomed 24-weli (15.5 mm diameter) 
polystyrenee plates (Nunclon delta, Nunc, Roskilde, Denmark). The wells were pre treated for 
onee hour at 37°C with FN (10 ug/ml) dissolved in PBS, and were then washed once with PBS 
andd once with incubation medium at RT. Neutrophils (2 x 106/ml), were incubated in 
polypropylenee tubes in a shaking water-bath for 5 min at 37°C. Subsequendy, these neutrophils 
weree rapidly distributed at 106 cells per well over the coated wells. After another 10 min, TNF-
aa (2 ng/ml) was added to some of the wells. After 10 min of priming at 37°C, anti-PR3 mAb 
(12.8,, 5 ug/ml) or anti-MPO mAb (4.15, 5 ug/ml) was added to the wells. Control cells 
receivedd PBS only. Thirty min after addition of the stimulus, the supernatant of the coated 
wells,, including the non-adherent cells, was removed by washing the plate twice with ice-cold 
incubationincubation medium. Neutrophil adherence to FN was measured by alkaline phosphatase activity 
off  adherent cells [35]. Briefly, 500 ul of buffer containing 50 mM sodium barbital (pH 10.5), 1 
mMM MgCb_, 0.1% Triton X-100 and 1 mg/ml of/>-nitrophenyl phosphate were added to the 
wells.. After an incubation period of 30 min at 37°C, the supernatant was transferred to a 
microplatee for determination of the optical density at 410 nm (Labsystems iEMS reader MF, 
Helsinki,, Finland). The percentage of adherent cells was calculated from appropriate standard 
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curves,, obtained by incubating known numbers of neutrophils with phosphatase activity 
substratee in the same microplate. 

Statisticall  analysis 
Resultss are expressed as mean SEM of independent experiments. Statistical comparisons were 
carriedd out with the two-sided Student's /-test. A value of p < 0.05 was considered significant. 

RESULTS S 

Characterizationn of the myeloperoxidase deficiency 
Cytochemistry Cytochemistry 

Peroxidasee cytochemistry showed complete and partial absence of MPO activity in neutrophils 
fromm the MPO-deficient donors CV and CP, respectively (not shown). 

PeroxidasePeroxidase activity 

Bothh MPO-deficient donors were found to have MPO deficiency during routine blood 
examinationn in the analyser ADVIA120 (Bayer Diagnostics). Biochemical analysis of MPO 
activityy by spectrophotometric determination of ö-dianisidine and 4-amino-antipyrine oxidation 
confirmedd the complete (< 5%) and partial (< 30%) absence of peroxidase activity in 
neutrophilss from donors CV and CP, respectively (Table 2). 

Tablee 2. Peroxidase activity of neutrophils from control and MPO-deficient donors as determined by the 
spectrophotometricc determination of ö-dianisidine or 4-amino-antipyrine oxidation. 

Peroxidasee activity 

Controll  neutrophils 
MPO-deficientt neutrophils (CV) 
MPO-deficientt neutrophils (CP) 

o-dianisidinee assay 
mIU/1066 cells 

536 6 
27 7 

169 9 

4-amino-antipyrinee assay 
U/mgg cell protein 

264 4 
6 6 

69 9 

Immunocytochemistry Immunocytochemistry 

Positivee neutrophils appeared with bluish granules. Results obtained with anti-MPO 4.15 mAb 
orr with anti-MPO-7 mAb were identical. Compared to control neutrophils (Figure 1A), the 
reactionn was completely negative with MPO-deficient neutrophils from donor CV (Figure IB) 
andd weakly positive with MPO-deficient neutrophils from donor CP (Figure 1C). 
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B B 

Figuree 1. Immunocytochemical reaction for myeloperoxidase (MPO) in neutrophils from (A) a control 
donorr and from the MPO-deficient donors (B) CV and (C) CP. 

ImmunoblotImmunoblot analysis of myeloperoxidase-related peptides 

Thee control neutrophi ls showed the M PO subunits of 59 kDa and 13.5 kDa, as well as the 39-
kDaa and 24-kDa proteins related to the 59-kDa and the 13.5-kDa proteins, respectively, and 
showedd small amount of p ro -MPO (90 kDa) [36]. In addition, a protein of approximately 50-
kDaa was found that might represent some partially but incorrectly processed product from the 
precursorr form of the 59-kDa subunit. In contrast, the MPO-deficient neutrophils from donor 
CVV lacked the mature subunits (59 kDa and 13.5 kDa) and the related proteins (39 kDa and 24 
kDa),, but contained the p ro -MPO form (90 kDa) and the ~50-kDa precursor protein. T he 
MPO-deficientt neutrophils from donor CP showed less markedly the mature heavy and light 
subunitss of M PO as did the control neutrophils, and weakly showed the precursor form and its 
~50-kDaa product. The results are shown in F i g u re 2. 

Controll  CV CP 
II  I i 

kDa a 

—— 90 

—— 59 

—— 39 

—— 24 

—— 13.5 

Figuree 2. Immunoblot analysis of myeloperoxidase (MPO)-related peptides from one control donor and 
fromm the MPO-deficient donors CV and CP. 
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MolecularMolecular analysis 

Thee mutations in the MPO gene were identified as a combination of a splice-site mutation at 
thee 3' end of intron 11 (A-2-»G), a deletion of 14 nucleotides in exon 9 (A1555-C1568) and a 
CT907—»TT (Thr636-»-Mef) substitution in exon 11 in the completely MPO-deficient donor 
CV,, and as the same splice-site mutation and a C995-»T (Ala332->Val) substitution in exon 7 
inn the partially MPO-deficient donor CP. No other alterations in base sequences were detected. 
Thee two missense mutations were excluded as common polymorphisms by testing DNA from 
477 healthy donors (94 alleles); in none of these we found the C1907T mutation and in one of 
thesee the C995T mutation (on one allele). The splice-site mutation was checked for its effect 
onn the mPvNA constitution by PCR amplification of cDNA with a sense primer in exon 9 and 
ann antisense primer in exon 12 (Table 1); this generated a product from only one allele in 
donorr CV, because the 14-bp deletion was now found in an apparently homozygous form. In 
contrast,, when the same assay was performed with an antisense primer in exon 10, the deletion 
wass found in heterozygous form. Thus, the splice-site mutation caused skipping of exon 12 
fromm the mRNA, and this is the reason that the antisense primer in exon 12 can bind onlv to 
thee cDNA from the allele that carries the 14-bp deletion and not to the other allele. This same 
allelee with the splice-site mutation in donor CV was found to also earn' the C1907T mutation, 
inn accordance with the finding that her mother was a carrier of the 14-bp deletion only. The 
fatherr of this donor was not available for this study. The mother of donor CP was found to be 
aa carrier of the splice-site mutation, as was one control donor. The father of donor CP is 
deceased.. Figure 3 shows the mutations in the MPO gene from the two MPO-deficient 
donorss CV and CP. 

Exonn 7 Exon 8 

— ' MM — 
!!  I 1 1 

DONORR CV 
Exonn 7 Exon 8 

11 -J 1 1 

MPO-wWS S 
— • • 
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— I — g j — — 
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Figuree 3. Schematic representation of the mutations found in the myeloperoxidase (MPO) gene of th e 
twoo MPO-deficient donors. 
Inn donor CV (completely MPO-deficient), a 14-bp deletion in exon 9 was found on one allele, as well as a 
C1907TT substitution in exon 11 and an A(-2)C substitution at the 3' end of intron 11 on the other allele. 
Inn donor CP (partially MPO-deficient), a C995T substitution in exon 7 was found on one allele, as well as 
ann A(-2)C substitution at the 3' end of intron 10 on the other allele. 
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Measurementt  of superoxide anion production by neutrophils 
Activationn of the neutrophils from the MPO-deficient donors with fMLP, with mAb 3G8 anti-
FcyRIIIbb (known to activate neutrophils through binding with their Fc region to FcyRIIa [37]) 
orr with mAb 12.8 anti-PR3 induced a normal superoxide anion production. In contrast, mAb 
4.155 anti-MPO induced no reaction in the neutrophils from the two MPO-deficient donors 
(Tablee 3). In one experiment performed with IgG purified from an MPO-ANCA-positive 
serum,, we found a similar failure to induce superoxide-anion release from the completely 
MPO-deficientt neutrophils (0.9 nmoles/106 cells versus 4.2 nmoles/10f l control cells), and also 
fromm the partially MPO-deficient neutrophils (0.8 nmoles/106 cells). Activation was not 
detectedd in TNF-treated neutrophils incubated with an irrelevant antibody (CD2, m l g d) (not 
shown). . 

Measurementt  of rhodamine-1,2,3 fluorescence in neutrophils 
Thee DHR assay, as an MPO-mediated reaction [34], did not yield a positive result with any 
stimuluss in completely MPO-deficient neutrophils primed by TNF-a. In contrast, the 
rhodamine-1,2,33 fluorescence was normal in partially MPO-deficient neutrophils primed by 
TNF-aa and exposed to fMLP, mAb 3G8, mAb 12.8 anti-PR3, or mAb 4.15 anti-MPO (Table 

4). . 

Demonstrationn of H2O2 carry-over  from completely myeloperoxidase-deficient 
neutrophil ss to control neutrophil s 
Althoughh mAb 12.8 anti-PR3 induced a normal respiratory burst in the completely MPO-
deficientt neutrophils, this agent did not yield a positive result in the DHR assay with these 
neutrophilss (Tables 3 and 4, respectively, and Figure 4A). Rhodamine-1,2,3 formation was 
onlyy detected in control neutrophils exposed to mAb 12.8, but was not observed in neutrophils 
pretreatedd with the anti-FcyRIIa antibody (mAb IV.3), as previously reported [10] (Figure 4B). 
H2O22 carry-over from the completely MPO-deficient neutrophils to control neutrophils was 
followedd by the MPO-mediated conversion of DHR into rhodamine-1,2,3 in the control 
neutrophilss (Figure 4C). Addition of catalase to the mixed neutrophil suspensions inhibited 
thee H2O2 carry-over (Figure 4D). 

Neutrophi ll  adherence assay 
Too evaluate whether NADPH-oxidase activity was the only neutrophil function that needs 
MPOO expression for its activation by mAb or ANC A against MPO, we also measured 
neutrophill  adhesion. As previously described [11], the TNF-induced adherence of neutrophils 
too FN observed in neutrophils from control donors was enhanced by addition of anti-PR3 or 
anti-MPOO mAbs. In contrast, no additional adhesion was induced by mAb 4.15 anti-MPO in 
thee neutrophils from the completely MPO-deficient donor CV (Table 5). Thus, MPO 
expressionn is an absolute requirement for neutrophil activation in general by antibodies against 
MPO. . 
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Tablee 3. Superoxide anion production in control and myeloperoxidase (MPO)-deficient neutrophils 
primedd by TNF-a and exposed to fMLP, 3G8 mAb, anti-PR3 or anti-MPO mAbs. 

Superoxidee anion production 

unstimulated d 
(+)) fML P 
(+)) 3G8 mAb 
(+)) anti-PR3 mAb 
(+)) anti-MPO mAb 

(nmoles/1066 cells) 
Control l 
neutrophils s 

2.99  0.4 
10.66 * 
4.11  0.5b 

4.66  0.6b 

4.66 + 0.6b 

Completely y 
MPO-deficient t 
neutrophils s 

2.66  0.2 
11.77 » 
3.88  0.2b 

44  0.5b 

2.55  0.2< 

Partially y 
MPO-deficient t 
neutrophils s 

3.44 + 0.3 
7.11  Li b 
4.44  0.4b 

4.88  0.3b 

3.33  0.4̂  

Statisticall  differences between TNF-treated unstimulated cells and stimulated cells: * p < 0.001, b p < 0.05, cp > 0.05 

Neutrophilss (2 x 106/ml) from control donors and from the completely and partially MPO-deficient 
donorss (CV and CP, respectively) were incubated at 37°C with ferricytochrome -c in polystyrene tubes 
underr gende agitation, as described in Materials and Methods, in the presence of TNF-a (2 ng/ml). After 
100 min of priming, the cells were stimulated for 10 min with fML P (1 uM)> and for 40 min with 3G8 
mAbb (5 ug/ml), anti-PR3 mAb (12.8, 5 ng/ml) or anti-MPO mAb (4.15, 5 ng/ml). Control cells received 
PBSS only. Rates of superoxide anion production (nmoles/106 cells) (mean  SEM of four to six 
experiments)) were calculated over the 40-min time interval after the stimulus addition. 

Tablee 4. Measurement of rhodamine-1,2,3 fluorescence in control and myeloperoxidase (MPO)-deficient 
neutrophilss primed by TNF-a and exposed to fMLP, 3G8 mAb, anti-PR3 or and-MPO mAbs. 

Rhodamine-1,2,33 fluorescence (Mean Fluorescence Intensity) 
Controll  Completely 
neutrophilss MPO-deficient 

neutrophils s 

Partially y 
MPO-deficient t 
neutrophils s 

unstimulated d 
(+)fML P P 
(+)) 3G8 mAb 
(+)) anti-PR3 mAb 
(+)) anti-MPO mAb 

255 2 
6555 » 
7233  82* 

b b 

8588 * 

233 3 
188

C C 

277 < 
277 < 

366 5 
3233  83b 

4511 b 

5322 b 

5177 b 

Statisticall  differences between TNF-treated unstimulated cells and stimulated cells: xp < 0.001, bp< 0.05,c p > 0.05 

Neutrophilss (2 x 106/ml) from control donors and from the completely and partially MPO-deficient 
donorss (CV and CP, respectively) were incubated at 37°C with dihydro-rhodamine-1,2,3 in polystyrene 
tubess under gende agitation, as described in Materials and Methods, in the presence of TNF-a (2 ng/mi). 
Afterr 10 min of priming, the cells were stimulated for 15 min with fML P (1 pM), and for 30 min with 
3G88 mAb (5 ug/ml), and anti-PR3 mAb (12.8,5 ug/ml) or anti-MPO mAb (4.15, 5 ng/ml). Control cells 
receivedd PBS only. Samples were processed for flow cytometry to measure rhodamine 1,2,3 fluorescence. 
Resultss (MFI) are the mean  SEM of three to four experiments. 
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A.. Completely MPO -deficient neutrophils 

DHRR loaded and TNF-treated 

1.. unstimulated 

2.. + anti-PR3 mAb 

B.. Control neutrophils 

DHRR loaded and TNF-treated 

1.. unstimulated 

2.. + anti-PR3 mAb 

3.. + anti-FcyRIIa/ + anti-PR3 mAbs 

C.. H2O2 carry-over 

Completelyy MPO-deficient neutrophil s 

DHRR loaded and TNF-treated, 

++ anti-PR3 mAb 

mixedmixed 1:1 with control neutrophils 

DHRR loaded and TNF-treated, + anti-FcyRIIa mAb 

D.. Effect of catalase on the H 2O2 carry-over 

Completelyy MPO -deficient neutrophil s 

DHRR loaded and TNF-treated, 

++ anti-PR3 mAb, + catalase 

mixedmixed 1:1 with control neutrophils 

DHRR loaded and TNF-treated, + anti-FcyRIIa mAb 

FL11 Log 
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Figur ee 4. Measurement of respirator)- burst in dihydro-rhodamine (DHR)-l,2,3-loaded neutrophils bv 
floww cytometry. Hydrogen peroxide (H2O2)-carry-over from completely MPO-deficient to control 
neutrophils. . 

(A)) Completely MPO-deficient neutrophils (donor CV) (2 x 106/ml) were incubated at 37°C with DHR 
inn polystyrene tubes under gentle agitation, as described in Material and Methods, in the presence of 
TNF-aa (2 ng/ml). After 10 min of priming, (1) part of these cells was left unstimulated, and (2) the 
otherr part was stimulated with anti-PR3 mAb (5 ug/ml) for 30 min. Unstimulated cells received PBS 
only.. Samples were processed for flow cytometry to measure rhodamine-1,2,3 fluorescence. 

(B)) Control neutrophils (2 x KK'/ml) incubated at 37°C with DHR in polystyrene tubes under gentle 
agitation,, were (1 & 2) untreated or (3) treated with mAb IV.3 (anti-FcyRIIa) (10 ug/ml) prior to 
additionn of TNF-a (2 ng/ml). After 10 mm of priming, (1) part of the cells was left unstimulated, and 
(22 & 3) the other part was stimulated with anti-PR3 mAb (5 ug/ml) for 30 min. Unstimulated cells 
receivedd PBS only. Samples were processed for flow cytometry to measure rhodamine-1,2,3 
fluorescence. . 

(C)) Demonstration of a H2O2 carry-over from completely MPO-deficient neutrophils to control 
neutrophils.. Completely MPO-deficient neutrophils (DHR loaded, TNF-treated and exposed to anti-
PR33 mAb for 30 min) were mixed 1:1 with control neutrophils (DHR loaded, TNF-treated and 
blockedd with the anti-FcyRIIa antibody), and incubated at 37°C in polystyrene tubes under gentle 
agitationn tor another 30 min. Samples were processed for flow cytometry to measure rhodamine-1,2,3 
fluorescence. . 

(D)) Addition of catalase (13 U/ml) to the aforementioned mixed neutrophil suspensions. Samples were 
processedd for flow cytometry to measure rhodamine-1,2,3 fluorescence. The results are representative 
off  three independent experiments. 

Tablee 5. Adherence to fibronectin (FN)-coated wells of TNF-untreated vs treated neutrophils from 
controll  donors and from the completely MPO-deficient donor, exposed to anti-PR3 or anti-MPO mAbs. 

Adherencee to FN (%) 

TNF-untreated d 
TNF-treated d 

(+)) anti-PR3 mAb 
(+)) anti-MPO mAb 

Control l 
neutrophils s 

1 1 
300 3 
433 * 
433 * 

Completely y 
MPO-deficient t 
neutrophils s 

66 + 1 
288 2 
366 * 
299 4 

**  Significantly different from TNF-treated unstimulated cells {p < 0.05) 

Neutrophilss (1 x 106/well) from control donors and from the completely MPO-deficient donor (CV), 
weree incubated at 37°C in polystyrene wells coated with FN (10 ng/ml) for 5 min prior to addition of 
TNF-aa (2 ng/ml) to part of the cells. After 10 min of priming, the cells were stimulated with anti-PR3 
mAbb (12.8, 5 u,g/ml) or anti-MPO mAb (4.15, 5 ng/ml). Part of the cells was left untreated, as indicated. 
Controll  cells received PBS only. After 30 min of stimulation, neutrophil adherence to FN (%) was 
measuredd as described in Materials and Methods. Results are the mean  SEM of three to six 
experiments. . 
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DISCUSSION N 

Inn the first part of this study, we defined mutations in the MPO gene of the two MPO-
deficientt donors. In the literature, only four mutations in the MPO gene of MPO-deficient 
donorss have been described [22-25]. The mutation initially found in several North-American 
MPO-deficientt subjects was a missense mutation at position 1705 (renumbered) in exon 10, 
changingg the CGG codon for Arg569 into the TGG codon for Trp [22,23]. A genotypically 
distinctt form of MPO deficiency in another American donor has been characterized by DeLeo 
etet al. [24] as a G—>A substitution at position 518 (renumbered) in exon 4, whereby the TAC 
codonn for Tyrl73 is replaced by the TGC codon for Cys. The impact of these two missense 
mutationss on the biosynthesis and maturation of MPO has been investigated [24,38]. 
Additionally,, two other mutations have been described in an Italian family, namely a 752T to C 
transitionn (renumbered) in exon 6, changing the ATG codon for Met251 into the ACG codon 
forr Thr, and a deletion of 14 bases (C1552-A1565, renumbered) within exon 9, resulting in a 
frameshiftt and predicting a premature termination of protein synthesis at codon 544 [25]. 

Wee now report several additional mutations in two French donors. The 14-bp deletion found 
inn donor CV (A1555-C1568) is the same as described in the Italian family, although the 
nucleotidee numbering slighdy differs. This difference is due to a CCC sequence both in front 
andd at the end of a deleted 11-bp stretch, and can thus be included either at the beginning or at 
thee end of the deleted sequence. We prefer to start counting at the first nucleotide that affects 
thee coding sequence. This deletion may be expected to completely abrogate MPO synthesis 
fromm this mutant gene. The other three mutations reported by us are novel. Surprisingly, the 
completelyy MPO-deficient donor CV carried two additional, distinct mutations on the other 
allelee of her MPO gene. One of these, the splice-site mutation at the 3' end of intron 11 (A-
2—»G)) was also detected in the partially MPO-deficient donor CP. Splice-site mutations are 
knownn to often allow some formation of correctly spliced mRNA, and hence do not always 
completelyy silence correct protein synthesis. However, the completely MPO-deficient donor 
CVV also carried a C1907T mutation on this allele, predicting substitution of Thr636 by Met. 
Thiss non-conservative amino-acid replacement may have changed the secondary structure of 
thee protein. The partially MPO-deficient donor CP carried only the splice-site mutation on this 
allele,, but had an additional C995T mutation on the other allele, predicting replacement of 
Ala3322 by Val. This conservative amino-acid replacement may have less dramatic effects on 
thee protein synthesis, compatible with substantially higher MPO protein and enzymatic activity 
inn this donor. The presence of pro-MPO detected in both donors is consistent with the 
hypothesiss of synthesis of a modified pro-MPO that undergoes defective posttranslational 
processing,, resulting in a failure to package the enzyme correctly into the azurophil granules. 
However,, this needs further studies for complete characterization. 

Inn the second part of this study, we investigated whether any neutrophil activation can be 
achievedd with ANCA in the absence of the ANCA antigen. It is not obvious when, where or 
underr which conditions ANCA interact with their target antigens in vivo, since the antigens are 
mostlyy compartmentalized intracellularly. The generally accepted idea related to neutrophil 
activationn by ANCA involves expression or "upregulation" of ANCA antigens on the surface 
off  neutrophils, either by priming with pro-inflammatory cytokines or by passive binding of 
thesee antigens to the cell surface. Also during neutrophil apoptosis, subcellular particles are 
formedd that are rich in ANCA antigens and may serve as binding sites for ANCA. Thus, 
ANCAA have also been described to bind to antigens exposed on apoptotic neutrophils and to 
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activatee neighbouring viable neutrophils with their Fc regions in the absence of neutrophil 
primingg [39]. Nevertheless, in our model, the absence of cell priming will in our opinion not 
leadd to cell activation, because we have indications that cell priming is necessary for adequate 
neutrophill  activation by ANCA, at least in vitro [11]. 
Wee have used MPO-deficient neutrophils to assess the MPO requirement for activation of 
TNF-primedd neutrophils by anti-MPO antibodies in vitro. Table 3 clearly shows that 
superoxidee anion was not produced in either the completely or partially MPO-deficient 
neutrophilss exposed to mAb 4.15 anti-MPO, despite a normal NADPH-oxidase enzyme in 
thesee cells, as evidenced by the respirator}- burst induced by flVlLP,  mAb 3G8, mAb 12.8 anti-
PR3.. Purified IgG from MPO ANCA-positive serum also failed to activate the MPO-deficient 
cells.. In addition, adherence to FN-coated wells of TNF-treated neutrophils from the 
completelyy MPO-deficient donor CV was not enhanced under exposure to mAb 4.15 anti-
MPOO (Table 5). In conclusion, our results show the absolute requirement of an ANCA 
antigenn in neutrophils for the activation of these cells by ANCA, both with regard to NADPH-
oxidasee activation and adhesion. 

Inn the highly sensitive DHR assay for measuring the NADPH-oxidase activity, the DHR is 
convertedd into the fluorescent rhodamine-1,2,3, which remains cell-associated and hence can 
bee detected by flow cytometry. Rhodamine-1,2,3 fluorescence was not detected in the 
completelyy MPO-deficient cells (Table 4), despite a normal respirator}' burst. This confirms 
thatt the dihydro-rhodamine oxidation by H2O2 is MPO dependent [34]. Moreover, the DHR 
assayassay enabled us to demonstrate that H2O2 generated by one cell type (MPO-deficient cells) 
cann be carried over to another cell type (control cells blocked by anti-FcyRIIa) (Figure 4). 
Therefore,, H2O2 released extracellularly from activated neutrophils can diffuse into other cells 
[40].. Hence, the H2O2 carry-over between neutrophils may contribute to the damage induced 
byy oxygen radicals in the pathology of systemic vasculitides. 
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VII. 11 CLINICA L SIGNIFICANC E OF ANCA I N IB D 

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 MECHANISM S INVOLVE D IN NEUTROPHI L ACTIVATIO N 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 TN F primin g 

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 

Figur ee 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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Chapterr  I contains an overview of the literature on anti-neutrophil cytoplasm autoantibodies 
(ANCA).. These circulating antibodies have initially been reported in primary vasculitides and 
thenn also in many other conditions, such as inflammatory bowel diseases (IBD). ANCA form a 
heterogeneouss group of antibodies directed against a wide and still increasing variety of 
neutrophil-associatedd antigens. This chapter introduces the methodology for ANCA testing 
andd reviews the ANCA-associated antigens, which include proteinase-3 (PR3) and 
myeloperoxidasee (MPO), the two major target antigens involved in primary vasculitides. A 
modell  for the pathogenesis of ANCA-associated diseases is discussed. 

Chapterr  II  summarizes our clinical investigations on ANCA. 

Recommendationss are given on the methodology for ANCA testing. Caution should be taken 
ass to the quality of the coating antigen when using enzyme-linked immunosorbent assay 
(ELISA)) for determination of ANCA specificities. We assessed the purity of commercial 
preparationss used for the coating of solid-phase assays for MPO-ANCA determination, and we 
reportt their possible contamination with lactofernn. Thus, we conclude that one should 
providee evidence for the absence of contamination in commercial antigen preparations used 
forr in-house ELISAs. 

Inn primary vasculitides, consensus exists on the diagnostic value of ANCA, but also on the 
valuee of ANCA serial determination, as the levels of these antibodies have been described to 
correlatee with disease activity-. Nevertheless, the predictive value of a rise in ANCA for a 
subsequentt relapse remains a controversial issue. In our studies, the predictive value of a 
cytoplasmic-ANCAA (C-ANCA) increase was only 29% for a subsequent relapse in Wegener's 
granulomatosiss (WG). Additionally, we found that persistently positive ANCA tests are 
stronglyy associated with active disease, and persistently negative tests with sustained remission. 
Ass others, we stress the importance of long-term follow-up in patients with primary 
vasculitides. . 

Thee identification of ANCA in IBD could have led to the identification of a potential new 
markerr for disease classification and prognosis, analogous to the importance of ANCA in 
systemicc vasculitides. However, ANCA specificities in IBD are different from ANCA 
specificitiess in primary vasculitides. We started our studies on IBD-ANCA by excluding PR3 
andd MPO as main antigens. We next identified cathepsin G as one of the target antigens. 
Finally,, in accordance with the literature, no main ANCA-specific antigens were detected in 
IBD.. We confirmed the multiplicity of target antigens recognized by IBD-ANCA, such as e.g. 
lactoferrin,, elastase and bactericidal/permeability-increasing protein (BPI). Additionally, we 
reportt on a scala of autoantibodies against nuclear antigens in IBD. 

Wee then focused on the value of ANCA testing in IBD. In our study population, ANCA were 
presentt in 48% of patients with ulcerative colitis (UC) and in 7% of patients with Crohn's 
diseasee (CD), as determined by the standardized indirect immunofluorescence (IIF) assay. 
Despitee the differences in prevalence reported worldwide, ANCA have been recognized as 
specificc markers for UC among IBD. Nevertheless, these antibodies individually are not 
sufficientt for the differential diagnosis between UC and CD. In contrast, znü-Saccharomyces 
cerevisiaecerevisiae mannan antibodies (ASCA) are specific markers for CD among IBD. Therefore, we 
assessedd the combined value of detecting ANCA and/or ASCA for the diagnosis of UC and 
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CD.. We conclude that ANCA in combination with ASCA may contribute to some extent in 
establishingg a diagnosis of UC or CD, and in differentiating the diagnosis. 

Wee next studied the relation between ANCA and clinical features in IBD. In our studies, there 
wass no relation between the presence of ANCA and UC location. Nevertheless, some authors 
havee reported a higher prevalence of ANCA in patients with CD and colon involvement. It has 
beenn described that patients with CD who were ANCA-positive had UC-like features, thus 
suggestingg that a phenotypically distinct group of patients with CD could be defined by their 
ANCAA status. We did not confirm this notion. 

Inn the literature, the relation between the presence of ANCA and IBD activity remains 
controversial,, but studies on a possible relation between ANCA titer and IBD activity are 
lacking.. We found that in patients with UC, conversions from ANCA-negative to ANCA-
positivee and vice versa had no relation with disease activity. Moreover, we evaluated the link 
betweenn the ANCA presence but also between the ANCA titer and disease activity in patients 
withh UC. Our results do not support a relation between the ANCA presence or titer and UC 
activity.. An association between the presence of ANCA and pouchitis, i.e. an inflammation of 
thee ileal reservoir, has been described in patients with UC. In our studies, no difference was 
observedd in the distribution of ANCA titer in quiescent UC patients with ileo-anal anastomosis 
(IAA )) ps UC patients with IAA and pouchitis. 

Thee hypothesis has been raised that ANCA may represent a subclinical marker of genetic 
susceptibilityy to UC and that heterogeneity within UC, as indicated by ANCA, has a genetic 
basiss residing within the human leukocyte antigen (HLA) locus. However, as many others, we 
failedd to detect ANCA in healthy relatives of patients with UC. We also did not confirm that 
ANCA-positivee UC patients had a significant incidence of the HLA-DR2 allele compared with 
ANCA-negativee controls. 

Itt has been suggested that some ANCA antigens could mediate vasculitis lesions in the context 
off  a protease/anti-protease imbalance. We started a study to determine phenotypes of alphai-
anti-trypsinn (ai-AT) protease inhibitor and a search for a possible association between the 
presencee of ANCA and deficient ai-AT alleles in patients with IBD. We did not find that a i-
ATT deficiency is linked with the occurrence of IBD. Thereafter, controversial results on this 
subjectt have emerged in the literature. 

Ass a last part of this chapter, in view of the hypothesis implicating intestinal vascular lesions in 
thee pathogenesis of IBD, we searched for circulating anti-endothelial cell antibodies (AECA) in 
patientss with IBD. We did indeed detect these antibodies, in particular in patients with CD. 

Inn Chapters II I and IV , we focused on the mechanisms involved in the neutrophil activation 
byy ANCA. 

Inn Chapter I I I , we confirm that anti-PR3 or anti-MPO antibodies only activate the neutrophil 
respiratoryy burst when tumor necrosis factor-alpha (TNF-a) (2 ng/ml) is present. We describe 
thee involvement of Fc-gamma receptors Ha (FcyRIIa) and of P2 integrins in this activation. We 
hypothesizee that the requirement of TNF-priming for neutrophil activation by ANCA is due to 
aa direct effect of TNF-a on FcyRIIa-mediated signal transduction. 

Inn Chapter IV , we tried to better define the role of TNF-a (2 ng/ml) in facilitating NADPH-
oxidasee activation by anti-PR3 or anti-MPO antibodies. We report that ligation of P2 integrins 
ratherr than adherence per se seems to be the crucial step in priming the cells for this activation. 
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TNF-aa is known to upregulate and activate P2 integrins, but we show that activation of p2 
integrinss by monoclonal antibody (mAb) K1MIS5perse is insufficient for neutrophil activation 
byy ANCA. Then, we describe that TNF-a induces association of FcyRJIa with the 
cytoskeleton.. This association was inhibited by the blocking CD 18 mAb MHM23 and was 
enhancedd by the mAb KJM185, but also by the cross-linking of P2 integrins. Moreover, we 
foundd that TNF-a induces clustering of FcyRIIa and that TNF-a enhances the colocalization 
off  FcyRIIa with P2 integrins on the neutrophil surface. Hence, TNF-a might exert a direct 
effectt on FeyRIla-mediated signal transduction. 

Inn Chapter  V, we investigated the antigen specificity of MPO-ANCA. MPO-ANCA-positive 
seraa from 25 patients with Wegener's granulomatosis (WG) or microscopic polyangiitis were 
testedd in the standardized ANCA-II F assay on completely MPO-deficient neutrophils from 
threee healthy donors. Some of these sera did react in the IIF assay with these MPO-deficient 
neutrophils.. Immunoblot analysis of MPO-related peptides showed that these IIF-ANCA-
positivee sera react with the pro-MPO precursor present in the MPO-deficient neutrophils. 
Hence,, we describe for the first time pro-MPO, which resides in the endoplasmic reticulum, as 
aa potential target antigen for MPO-ANCA-positive sera. We hypothesize that some MPO-
ANCAA may gain access to pro-MPO in vivo, for instance at times of accelerated neutrophil 
turnover,, i.e., during active inflammation. 

Inn Chapter  VI , we assessed the requirement of MPO expression for neutrophil activation by 
anti-MPOO antibodies, using completely and partially MPO-deficient neutrophils from two 
healthyy donors. We show that the presence of the MPO-target antigen is a conditio sine qua non 
forr neutrophil activation by anti-MPO antibodies in vitro. We confirm that the dihydro-
rhodaminee (DHR) oxidation by hydrogen peroxide (H2O2) is MPO dependent. Moreover, 
underr anti-PR3 stimulus, we demonstrate, by means of the DHR assay, that H2O2 generated by 
onee cell type (MPO-deficient cells) can be carried over to another cell type (control cells 
blockedd by anti-FcyRIIa antibody). We further define several novel mutations in the MPO 
genee of the completely and partially MPO-deficient donors. 

Inn Chapter  VII , we discuss the findings of our functional studies in relation to the 
mechanismss of neutrophil activation by ANCA, i.e. the involvement of Fey receptors, of P2 
integrinss and the mechanism of TNF priming. We therefore discuss the relevance of the effect 
off  TNF-a on PR3 and MPO expression on the neutrophil surface, on the upregulation and 
activationn of P2 integrins, on the upregulation of cytochrome £558, on neutrophil activation 
inducedd by cross-linking of FcyRIIa, on the distribution of p2 integrins and FcyRIIa on the 
neutrophill  surface, and on the association of these molecules with the cytoskeleton. Finally, we 
focuss on some signal transduction pathways activated by TNF-a that could be relevant for our 
model. . 
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SAMENVATTIN G G 

Hoofdstukk I bevat een overzicht van de wetenschappelijke literatuur over anti-neutrofiel-
cytoplasmaa antistoffen (ANCA). Deze circulerende antistoffen zijn voor het eerst aangetoond 
inn primaire vasculitiden en later ook bij meerdere andere aandoeningen, zoals bij 
ontstekingsziektenn van de darm ("inflammatory bowel diseases", IBD). ANCA vormen een 
heterogenee groep van antistoffen die zijn gericht tegen een gevarieerd en nog steeds stijgend 
aantall  neutrofiel-geassocieerde antigenen. In dit hoofdstuk wordt de methodologie beschreven 
omm de aanwezigheid en concentratie van ANCA te bepalen en wordt een overzicht gegeven 
vann de ANCA-geassocieerde antigenen. Proteinase-3 (PR3) en myeloperoxidase (MPO) zijn de 
tweee belangrijkste ANCA antigenen die betrokken zijn bij primaire vasculitiden. Voorts wordt 
eenn model van de pathogenese van ANCA-geassocieerde aandoeningen bediscussieerd. 

Hoofdstukk I I  geeft een overzicht van het klinisch onderzoek naar ANCA. 

Err worden in dit hoofdstuk aanbevelingen gedaan voor de methode om de aanwezigheid van 
ANCAA te bepalen. Het is bijvoorbeeld gebleken dat de kwaliteit van het antigeen dat gebruikt 
wordtt voor de coating van plastic platen bij het toepassen van "enzyme-linked immunosorbent 
assay""  (ELISA) van groot belang is voor het bepalen van de ANCA specificiteit. De zuiverheid 
vann commercieel verkrijgbare preparaten die worden gebruikt voor de coating van "solid-phase 
assays""  voor een MPO-ANCA bepaling werd door ons onderzocht, met alsconclusie dat deze 
preparatenn mogelijk verontreinigd zijn met lactoferrine. Om deze reden stellen wij dat men 
dientt te bewijzen dat de commercieel verkrijgbare antigeenpreparaten niet verontreinigd zijn 
wanneerr ze worden gebruikt voor zelf-ontwikkelde ELISA's om ANCA te bepalen. 

Bijj  primaire vasculitiden is men niet alleen eensgezind over de diagnostische waarde van 
ANCAA maar ook over de waarde van ANCA bij seriële bepalingen, aangezien beschreven is 
datt de gevonden concentraties van deze antistoffen zijn gecorreleerd aan het verloop van de 
ziekte.. Niettemin blijf t de voorspellende waarde van een verhoogde ANCA concentratie voor 
eenn aanstaande terugkeer van ziekteverschijnselen een controversieel onderwerp. In onze 
studiess was de voorspellende waarde van een verhoging van de concentratie van 
cytoplasmatischh ANCA (C-ANCA) slecht 29% voor een aanstaande exacerbatie in Wegener 
granulomatosiss (WG). Bovendien bleken persisterend positieve ANCA testuitslagen sterk 
geassocieerdd te zijn met de actieve fase van de ziekte en persisterend negatieve testuitslagen 
mett aanhoudende remissie. In navolging van anderen onderstrepen wij daarom het grote 
belangg van de lange-termijn follow-up van patiënten met primaire vasculitiden. 

Hett aantonen van ANCA bij IBD zou geleid kunnen hebben tot de identificatie van een 
nieuwee marker voor de classificatie en prognose van deze ziekte, net zoals bij systemische 
vasculitiden.. Echter, de specificiteit van ANCA bij IBD blijkt anders te zijn dan bij primaire 
vasculitiden.. Eerst hebben wij PR3 en MPO uitgesloten als belangrijkste antigenen bij IBD. 
Onss onderzoek toonde aan dat daarnaast cathepsine G een ANCA antigeen is bij IBD en dat 
er,, zoals eerder beschreven, geen overheersende ANC A-specifieke antigenen kunnen worden 
getraceerdd bij IBD. Bovendien bevestigde ons onderzoek dat er meerdere antigenen worden 
herkendd door IBD-ANCA , zoals lactoferrine, elastase en "bactericidal/permeability-increasing 
protein""  (BPI). Daarnaast hebben we een groot aantal verschillende auto-antistoffen gericht 
tegenn nucleaire antigenen bij IBD gevonden. 
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Inn een vervolgonderzoek hebben we onze aandacht gericht op de waarde van het testen van 
ANCAA bij IBD. In de door ons gebruikte IBD patiëntenpoplulatie was ANCA aantoonbaar 
mett behulp van de gestandaardiseerde indirecte immunofluorescentie test (IIF) bij 48% van de 
ulceratievee colitis (UC) patiënten en bij slechts 7% van de patiënten met de ziekte van Crohn 
(Crohn'ss disease, CD). Ondanks de gevonden verschillen in prevalentie over de hele wereld 
wordenn ANCA erkend als specifieke markers voor UC, ook al is het aantonen van deze 
antistoffenn op zich niet voldoende om onderscheid te kunnen maken tussen UC en CD. Anti-
SaccharomycesSaccharomyces cerevisiae antistoffen (ASCA) zijn daarentegen wel specifieke markers voor CD. 
Daaromm hebben we onderzocht in hoeverre het bepalen van ANCA én ASCA extra inzicht 
kann verschaffen. Op basis van onze resultaten hebben we geconcludeerd dat het bepalen van 
beidee soorten antistoffen inderdaad kan bijdragen aan het stellen en differentiëren van de 
diagnosee bij UC of CD. 

Dee volgende stap in dit onderzoek was het bepalen van een mogelijke relatie tussen ANCA en 
dee klinische kenmerken van IBD. De resultaten uit onze studie duiden niet op een relatie 
tussenn de aanwezigheid van ANCA en de plaats van ontsteking bij UC. Andere onderzoekers 
hebbenn daarentegen wèl een hogere prevalentie van ANCA en ontstekings activiteit in het 
colonn aangetoond bij CD patiënten. Voorts is al eerder beschreven dat ANC A-positieve CD 
patiëntenn UC-achtige kenmerken vertonen. Deze bevindingen suggereren dat een aparte groep 
vann CD patiënten met bepaalde klinische kenmerken kan worden onderscheiden door middel 
vann de ANCA status. Deze hypothese werd door ons niet bevestigd. 

Dee relatie tussen de aanwezigheid van ANCA en de IBD activiteit blijf t een controversieel 
puntt in de wetenschappelijke literatuur. Er zijn tot op heden geen studies beschreven waarin 
eenn mogelijke relatie tussen de ANCA concentratie en de IBD activiteit is onderzocht. Ons 
onderzoekk naar de relatie tussen de aanwezigheid van ANCA en de ziekte-activiteit bij UC 
patiëntenn heeft uitgewezen dat conversies van ANCA-negatief naar ANCA-positief en vice versa 
geenn rol spelen bij de ziekte-activiteit. Bovendien vonden wij geen relatie tussen ANCA 
aanwezigheidd of titer en de UC activiteit. Er is een relatie beschreven bij UC patiënten tussen 
dee aanwezigheid van ANCA en pouchitis, een ontsteking aan het reservoir van het ileum. In 
onzee studies was geen verschil aantoonbaar tussen de ANCA titer verdeling bij UC patiënten 
inn remissie met ileo-anale anastomosis (IAA ) en UC patiënten met IAA én pouchitis. 

Err zijn ook onderzoekers die het aannemelijk achten dat ANCA een klinische marker is voor 
dee genetische gevoeligheid voor UC, en dat genetische heterogeniteit bij UC, zoals afgelezen 
kann worden uit de ANCA titers, een genetische basis heeft in het humane leukocytenantigeen 
(HLA)) locus. Wij en ander onderzoekers hebben echter geen ANCA gevonden bij gezonde 
familieledenn van UC patiënten, en we hebben ook niet kunnen bevestigen dat een significante 
incidentiee van het HLA-DR2 allel voorkomt bij ANC A-positieve UC patiënten in vergelijking 
mett ANCA-negatieve controlegroepen. 

Eenn andere beschreven suggestie is dat ANCA antigenen een rol spelen bij 
vaatwandbeschadigingenn die optreden bij vasculitis. ANCA antigenen zouden aldaar de 
protease/anti-proteasee balans uit evenwicht kunnen brengen. Om deze reden hebben wij de 
fenotypenn van alfai-anti-trypsine (ai-AT) protease remmers bepaald en gezocht naar een 
eventuelee relatie tussen de aanwezigheid van ANCA en ai-AT deficiënte allelen bij IBD 
patiënten.. We hebben echter geen relatie kunnen vinden tussen ai-AT deficiëntie en 
vóórkomenn van IBD. Sindsdien zijn er over dit idee controversiële resultaten gepubliceerd in 
dee wetenschappelijke literatuur. 
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Inn het laatste deel van dit hoofdstuk wordt, in het kader van de hypothese dat intestinale 
vasculairee beschadigingen een rol spelen bij pathogenese van IBD, onze zoektocht naar 
circulerendee anti-endotheliale antistoffen (AECA) bij IBD patiënten beschreven. We hebben 
zulkee antistoffen inderdaad kunnen aantonen, vooral bij CD patiënten. 

Inn de Hoofdstukken II I  en IV hebben we onze aandacht gericht op de mechanismen die 
betrokkenn zijn bij het stimuleren van neutrofiele granulocyten (neutrofielen) door ANCA. 

Inn Hoofdstuk II I  bevestigen we de stelling dat anti-PR3 en anti-MPO antistoffen de 
respiratoiree burst in neutrofielen alleen induceren wanneer tumor necrosis factor-alfa (TNF-a) 
(22 ng/ml) aanwezig is en de cellen heeft gepre-activeerd. We beschrijven de betrokkenheid van 
dee Fc-gamma receptoren Il a (FcyRIIa) en van de 02 integrinen bij deze inductie. Op basis van 
onzee bevindingen hebben wij de hypothese opgesteld dat de vereiste pre-activatie van 
neutrofielenn door TNF-a berust op een direct effect van TNF-a op de FcyRIIa-gemedieerde 
signaaltransductie. . 

Inn Hoofdstuk IV hebben we getracht om de rol van TNF-a (2 ng/ml) bij het bevorderen van 
dee NADPH-oxidase activatie door anti-PR3 of anti-MPO antistoffen beter in kaart te brengen. 
Wee beschrijven dat ligandbinding aan p2 integrinen en niet de celhechting per se de cruciale stap 
lijk tt te zijn bij het pre-activeren van de neutrofielen. Het is bekend dat TNF-a de expressie van 
P?? integrinen verhoogt en deze integrinen in een actieve toestand brengt. Wij hebben 
aangetoondd dat activatie van P2 integrinen door de monoclonale antistof (mAb) KIM185 op 
zichh niet voldoende is voor neutrofielenactivatie door ANCA. Verder hebben we gevonden dat 
TNF-aa associatie van FcyRIIa met het cytoskelet induceert. Deze associatie werd geremd door 
dee blokkerende CD18 mAb MHM23 en bevorderd door zowel mAb KIM185 als door 
koppelingg van p2 integrinen aan elkaar op het celoppervlak. Bovendien induceert TNF-a de 
concentratiee van FcyRIIa in groepjes op het oppervlak van de neutrofiel en de colocalisatie van 
FcyRIIaa en P2 integrinen. Derhalve zou TNF-a inderdaad een direct effect op de FcyRIIa-
gemedieerdee signaaltransductie kunnen hebben. 

Inn Hoofdstuk V hebben we de antigeenspecificiteit van ANCA gericht tegen myeloperoxidase 
(MPO)) onderzocht. De MPO-ANCA-positieve sera van 25 patiënten met Wegener's 
granulomatosiss (WG) of microscopische polyangiitis zijn getest met behulp van de 
gestandaardiseerdee ANCA-II F test op geheel MPO-deficiënte neutrofielen van drie gezonde 
donors.. Een aantal van deze sera reageerde positief in de IIF-ANCA test met MPO-deficiënte 
neutrofielen.. Immunoblot analyse van MPO-gerelateerde peptiden toonde aan dat deze IIF-
ANCA-positievee sera reageren met het pro-MPO precursoreiwit in de MPO-deficiënte 
neutrofielen.. We beschrijven hier voor het eerst dat pro-MPO, dat voorkomt in het 
endoplasmatischh reticulum, een potentieel antigeen is in MPO-ANCA-positieve sera. We 
nemenn aan dat sommige MPO-ANCA in contact kunnen komen met pro-MPO in vivo, bij 
voorbeeldd wanneer er versnelde afbraak van neutrofielen plaatsvindt zoals in de actieve fase 
vann een ontstekingsproces. 

Inn Hoofstuk VI  hebben we de rol van MPO expressie bij activatie van neutrofielen door anti-
MPOO antistoffen onderzocht door gebruik te maken van geheel en gedeeltelijk MPO-deficiënte 
neutrofielenn van twee gezonde donors. We tonen aan dat de aanwezigheid van MPO antigeen 
vereistt is voor de activatie van neutrofielen door anti-MPO antistoffen in vitro en bevestigen dat 
dee dihydro-rhodamine (DHR) oxidatie door waterstofperoxide (H2O2) MPO afhankelijk is. 
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Voortss hebben we met behulp van de DHR assay aangetoond dat bij stimulatie door anti-PR3 
antistoffenn H2O2, dat is gegenereerd door één type cel (MPO deficiënt) kan worden 
overgedragenn naar een ander type cel (controle cellen afgeschermd door een anti-FcyRIIa 
antistof).. Tenslotte identificeren we in dit hoofdstuk nieuwe mutaties in het MPO gen van de 
geheell  en gedeeltelijk MPO-deficiënte donors. 

Hoofdstukk VI I  bevat een discussie van onze functionele studies in relatie tot mechanismen 
vann neutrofielenactivatie door ANCA. Als zodanig wordt de betrokkenheid van Fcy receptoren 
enn van 02 integrinen besproken, alsmede het mechanisme van TNF pre-activatie. Allereerst 
wordtt de relevantie van het effect van TNF-a op de expressie van PR3 en MPO op het 
oppervlakk van de neutrofiel aan de orde gesteld. Daarna wordt ingegaan op de 
expressieverhogingg en activatie van P2 integrinen en de expressieverhoging van cytochroom 
by&by& op het celoppervlak door TNF-a. Verder wordt het effect van TNF-a op 
neutrofielenactivatiee door middel van FcyRIIa-koppeling besproken, alsmede de distributie van 
p22 integrinen en FcyRIIa op het oppervlak van de neutrofiel en de associatie van deze eiwitten 
mett het cytoskelet. Tenslotte worden enkele signaaltransductiepaden ter sprake gebracht die 
doorr TNF-a worden geactiveerd en die relevant zouden kunnen zijn voor ons model van TNF 
betrokkenheidd bij ANCA stimulatie van neutrofielen. 
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RESUME E 

Lee Chapitr e I est une revue générale de la littérature relative aux anticorps anti-cytoplasme des 
polynucléairess neutrophiles (ANCA). Ces anticorps circulants ont été initialement rapportés 
danss les vascularites primitives, puis dans de multiples situations, telles les maladies 
inflammatoiress chroniques de l'intestin (MICI) . Les ANCA constituent un large groupe 
heterogenee d'anticorps dirigés contre une variété multiple et encore grandissante d'antigènes 
associéss aux polynucléaires neutrophiles. Ce chapitre introduit la methodologie de la 
determinationn des ANCA et passe en revue les antigènes associés aux ANCA incluant la 
protéinase-33 (PR3) et la myeloperoxidase (MPO), les deux cibles antigéniques majeures 
impliquéess dans les vascularites primitives. Un modèle de pathogénie des maladies associées 
auxx ANCA est discuté. 

Lee Chapitr e I I  resume nos investigations cliniques relatives aux ANCA. 

Dess recommandations sont données sur la methodologie de la determination des ANCA. La 
prudencee est de regie quant a la qualité de 1'étape du "coating" lors de 1'utilisation de techniques 
ELISAss pour la determination des spécificités ANCA. Nous avons évalué la pureté des 
preparationss commerciales utilisées pour le "coating" de techniques ELISAs pour la 
determinationn des MPO-ANCA et nous rapportons leur possible contamination par la 
lactoferrine.. Ainsi, nous concluons sur la nécessité de s'assurer de i'absence de contamination 
dee preparations commerciales antigéniques utilisées pour des techniques ELISAs "maison". 

Danss les vascularites primitives, il existe un consensus sur la valeur diagnostique des ANCA, 
maiss aussi sur la valeur de la determination séquentielle des ANCA, le titre de ces anticorps 
ayantt été décrit corrélé avec 1'activité de la maladie. Néanmoins, la valeur predictive de rechute 
d'unee elevation du titre des ANCA reste controversée. Dans notre série, la valeur predictive 
d'unee augmentation des ANCA de type cytoplasmique (C-ANCA) était seulement de 29% 
pourr une rechute de la maladie de Wegener (WG). En outre, nous avons rapporté que la 
presencee d'ANCA a des litres significatifs de facon persistante est fortement associée a des 
formess actives de la maladie, et inversement des tests négatifs a des remissions prolongées. 
Commee d'autres, nous insistons sur 1'importance d'un suivi au long cours des malades avec 
vascularitess primitives. 

L'identificationn des ANCA dans les MICI aurait pu aboutir a 1'identification d'un nouveau 
marqueurr potentiel de classification et de pronostic, analogue a 1'importance des ANCA dans 
less vascularites systémiques. Cependant, les spécificités des ANCA dans les MICI sont 
différentess des spécificités des ANCA dans les vascularites primitives. Nous avons initialise nos 
étudess sur les ANCA dans les MICI en excluant la PR3 et la MPO comme antigènes 
principaux.. Nous avons ensuite identifïé la cathepsine G comme une des cibles antigéniques. 
Enfin,, en accord avec les données de la littérature, aucun antigène majeur spécifique des 
ANCAA n'est détecté dans les MICI . Nous confirmons la multiplicité des cibles antigéniques 
reconnuess par les ANCA des MICI , comme par exemple la lactoferrine, 1'élastase et la BPI 
(bactericidal/permeability-increasingg protein). De plus, nous rapportons une multiplicité 
d'autoanticorpss contre des antigènes nucléaires dans les MICI . 

Nouss avons clarifié la valeur de la determination des ANCA dans les MICI . Dans notre étude, 
less ANCA étaient presents par la technique standardisée d'immunofluorescence indirecte (IFI), 
chezz 48% des malades avec rectocolite hémorragique (RCH) et chez 7% des patients avec 

172 2 



CHAPITREE VII I 

maladiee de Crohn (MC). Malgré les differences de prevalence rapportées a travers Ie monde, les 
ANCAA sont reconnus comme marqueurs spécifiques de la RCH parmi les MICL Néanmoins, 
cess anticorps, en tant que tels, ne permettent pas Ie diagnostic différentiel entre la RCH et la 
MC.. Par contre, les anticorps anti-mannane Saccharomyces cerevisiae (ASCA) sont des marqueurs 
spécifiquess de la MC parmi les MICL Aussi, nous avons évalué la valeur combinée de la 
detectionn des ANCA et/ou des ASCA pour Ie diagnostic de la RCH et de la MC. Nous 
concluonss que les ANCA en combinaison avec les ASCA peuvent contribuer dans une certaine 
mesuree au diagnostic de RCH ou de MC et a leur diagnostic différentiel. 

Nouss avons ensuite étudié la relation entre les ANCA et les caractéristiques cliniques des 
MICI .. Dans nos études, il n'y avait pas de relation entre la presence des ANCA et la 
localisationn de la RCH. Néanmoins, quelques auteurs ont rapporté une haute prevalence des 
ANCAA chez les malades avec MC a localisation colique. Il a été décrit que les malades avec MC 
ett presence d'ANCA avaient des caractéristiques cliniques similaires a ceux avec RCH, 
suggérantt ainsi qu'un groupe distinct de malades avec MC pourrait être défïni par leur statut 
ANCA.. Nous ne confirmons pas cette notion. 

Danss la littérature, la relation entre la presence des ANCA et 1'activité des MICI reste 
controversée,, mais les études sur une possible relation entre Ie titre des ANCA et 1'activité des 
MICII  sont manquantes. Nous avons détecté chez des patients avec RCH des conversions 
presencee et/ou absence d'ANCA et vice versa sans relation avec 1'activité de la maladie. De plus, 
nouss avons évalué Ie Hen entre la presence d'ANCA mais aussi entre Ie titre des ANCA et 
1'activitéé de la maladie chez des malades avec RCH. Nos résukats ne corroborent pas une 
relationn entre la presence ou Ie titre des ANCA avec 1'activité de la RCH. Une association entre 
laa presence des ANCA et la pouchite, définie comme une inflammation du réservoir ileal, a été 
décritee chez les malades avec RCH. Dans notre série, aucune difference n'était observée dans la 
distributionn du titre des ANCA chez les malades avec RCH quiescents et anastomose iléo-anale 
wrsusXeswrsusXes patients avec RCH, anastomose iléo-anale et pouchite. 

L'hypothèsee a été avancée que les ANCA peuvent représenter un marqueur subclinique de 
susceptibilitéé génétique de la RCH et que 1'hétérogénéité dans la RCH, indiquée par les ANCA, 
aa une base génétique résidant dans Ie locus HLA (human leukocyte antigen). Cependant, 
commee beaucoup d'autres, nous n'avons pas détecté d'ANCA chez les parents de malades avec 
UC.. De même, nous n'avons pas confirmé que les malades avec RCH et presence ANCA 
avaientt une augmentation significative de Tallèle HLA-DR2 comparativement aux sujets 
controless sans ANCA. 

III  a été suggéré que certains antigènes de type protease correspondant aux ANCA peuvent 
induiree des lesions de vascularites dans un contexte de déséquilibre de la balance protease/anti-
protéase.. Nous avons initié une étude afin de determiner les phénotypes de 1'alphai-anti-
trypsinee (ai-AT) et une recherche d'une possible association entre la presence d'ANCA et Ie 
deficitt d'allèles ai-AT chez les malades avec MICI . Nous n'avons pas constaté de deficit en ai-
ATT Hé a la survenue de MICI . Puis, des résultats controverses sur ce sujet sont apparus dans la 
Httérature. . 

Enn dernière partie de ce chapitre cHnique et au vue de l'hypothèse relative aux lésions 
vasculairess intestinales dans la pathogénèse des MICI , nous avons recherche la presence 
d'anticorpss anti-cellules endothéHales (AECA) chez les malades avec MICI . Nous avons 
effectivementt détecté ces anticorps plus particuHèrement chez les malades avec MC. 
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Danss les Chapitres II I et IV , nous nous sommes concentres sur les mécanismes impliqués 
danss 1'activation du polynucléaire neutrophile par les ANCA. 

Danss Ie Chapitre II I , nous confirmons que les anticorps anti-PR3 et anti-MPO ne peuvent 
activerr Ie metabolisme oxydatif du polynucléaire neutrophile que si Ie TNF-a (tumor necrosis 
factor-alpha)) (2 ng/ml) est présent. Nous décrivons la participation des Fc-gamma récepteurs 
Haa (FcyRIIa) et des P2 intégrines dans cette activation. Nous émettons 1'hypothèse que la 
conditionn requise de 1'étape de "priming" dite de préactivation pour 1'activation du 
polynucléairee neutrophile par les ANCA est due a un effet direct du TNF-a sur la transduction 
duu signal induite par Ie FcyRIIa. 

Danss Ie Chapitre IV , nous avons tenté de mieux défïnir Ie róle facilitant du TNF-a (2 ng/ml) 
pourr 1'activation de 1'oxydase NADPH par les anticorps anti-PR3 ou anti-MPO. Nous 
rapportonss que 1'engagement des P2 intégrines plutót que 1'adhérence proprement dite, semble 
êtree 1'étape cruciale de la préactivation des cellules pour une activation ultérieure. Le TNF-a est 
connuu comme agent inducteur de 1'augmentation de Fexpression a la surface cellulaire et de 
1'activationn des P2 intégrines, mais nous rapportons que 1'activation des p2 intégrines par 
1'anticorpss monoclonal (mAb) KIM185 est en elle-même insuffisante pour 1'activation du 
polynucléairee neutrophile par ces anticorps. Ensuite, nous décrivons que le TNF-a induit 
1'associationn du FcyRIIa au cytosquelette. Cette association est inhibée par le mAb bloquant 
CD188 MHM23 et est majorée par 1'activation des p2 intégrines induite par le mAb KIM185 
maiss aussi par le "cross-linking" des P2 intégrines. De plus, nous rapportons que le TNF-a 
induitt la concentration du FcyRIIa en petit amas a la surface cellulaire et provoque la 
colocalisationn du FcyRIIa avec les p2 intégrines sur la surface du polynucléaire neutrophile. Par 
conséquent,, le TNF-a exerce probablement un effet direct sur la transduction du signal induit 
parr le FcyRIIa. 

Danss Ie Chapitre V, nous examinons la spécificité antigénique de la MPO-ANCA. Des serums 
positifss en MPO-ANCA de 25 patients avec granulomatose de Wegener (WG) ou polyangéite 
microscopiquee sont testes par la technique standardisée d'IFTANCA sur des neutrophiles 
complètementt deficients en MPO de trois donneurs sains. Quelques-uns de ces serums 
réagissaientt par la technique d'IFI sur ces neutrophiles deficients en MPO. La technique 
immunoblott des peptides MPO met en evidence que ces serums positifs en ANCA par la 
techniquee d'IFI réagissent avec le précurseur pro-MPO présent dans les neutrophiles deficients 
enn MPO. De la, nous décrivons pour la première fois la pro-MPO, localisée dans le reticulum 
endoplasmique,, comme cible antigénique potentielle des serums avec MPO-ANCA. Nous 
émettonss 1'hypothèse que certains MPO-ANCA puissent accéder a la pro-MPO in vivo, par 
exemplee lors d'un processus accéléré du renouvellement des polynucléaires neutrophiles, c'est-
a-diree lors de phénomènes inflammatoires. 

Danss le Chapitre VI , nous précisons la nécessité de 1'expression de la MPO pour 1'activation 
duu neutrophile par les anticorps anti-MPO, en utilisant des neutrophiles complètement et 
partiellementt deficients en MPO de deux donneurs sains. Nous démontrons la presence de la 
ciblee antigénique MPO comme étant une condition sine qua non pour 1'activation des 
neutrophiless par les anticorps anti-MPO in vitro. Nous confirmons que 1'oxydation de la 
dihydro-rhodaminee (DHR) par le peroxyde d'hydrogène (H2O2) est dépendante de la MPO. 
Dee plus, sous 1'effet du stimulus anti-PR3, nous démontrons par la technique DHR que TH202 
généréee par un type de cellules (cellules déficientes en MPO) peut être transportée vers un 
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autree type de cellules (cellules controles bloquées par 1'anticorps anti-FcyRIIa). De plus, nous 
définissonss plusieurs nouvelles mutations au niveau du gêne MPO de donneurs complètement 
ett partiellement deficients. 

Danss le Chapitre VII , nous discutons, en particulier, nos résultats relatifs aux études 
fonctionnelless des mécanismes de 1'activation du polynucléaire neutrophile par les ANCA, 
e'est-a-diree la participation des Fcy récepteurs, des f$2 intégrines et du mécanisme du 
phénomènee de préactivation par le TNF-a. Ensuite, nous discutons la pertinence de 1'effet du 
TNF-aa sur 1'expression de la PR3 et de la MPO a la surface du neutrophile, sur 1'augmentation 
dee 1'expression a la surface cellulaire et 1'activation des P2 intégrines, sur 1'augmentation de 
1'expressionn a la surface cellulaire du cytochrome fes, sur 1'activation du neutrophile induit par 
lee "cross-linking" du FcyRIIa, sur 1'association des P2 intégrines et du FcyRIIa au cytosquelette 
ett de la distribution de ces molecules a la surface du neutrophile. Enfin, nous focalisons sur 
quelquess voies de la transduction du signal activées par le TNF-a qui pourraient se rapporter a 
notree modèle. 
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