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IMMUNOLOGICAL AND MICROBIOLOGICAL FACTORS 

INVOLVED IN DISEASE ACTIVATION 



WEGENER'S GRANULOMATOSIS: 

IMMUNOLOGICAL AND MICROBIOLOGICAL FACTORS INVOLVED 

IN DISEASE ACTIVATION 



STELLING EN 

Behorende bij het proefschrift: 

"Wegener's granulomatosis: immunological and microbiological 

factors involved in disease activation". 

1. De voorspellende waarde van een stijging van antistoffen ge:icht tegen proteinase 3 

(cANCA) voor het optreden van een recidief van de ziekte van Wegener kan 

warden vergroot door het meten van de lgG3 subklasse van deze antistoffen. 

2. Patienten met de ziekte van Wegener die chronisch drager zijn van Staphylococcus 

aureus hebben een verhoogd risico op het krijgen van een recidief. 

3. Langdurige behandeling met trimethoprim-sulfamethoxazol ( co-trimoxazol), nadat 

door middel van immuunsuppressieve therapie remissie is gei:nduceerd, leidt tot een 

reductie van het aantal recidieven van de ziekte van Wegener. 

4. De begrippen cANCA en pANCA ter aanduiding van anti-neutrofiel 

cytoplasmatische antistoffen met verschillende antigene specificiteit zijn onjuist, 

werken verwarrend en dienen zo snel mogelijk vervangen te worden door begrippen 

die ondubbelzinnig de antigene specificiteit van de gemeten antistof beschrijven. 

5. Het gemak waarmee middels computerprogramma's enkel- en meervoudige 

regressie analyses van data kunnen worden verricht, maakt het essentieel zich te 

realiseren dat een statistische correlatie allerminst equivalent is aan een causaal 

verband. 

6. De gemeten grootheden Kt/V en PCR (protein catabolic rate) zijn een hulpmiddel 

ter beoordeling van de kwaliteit van de dialysebehandeling, echter geen doe! op zich 

zelf. 

7. Bij patienten met primaire membraneuze glomerulopathie is het probleem niet 

zozeer hoe, maar veeieer wie en wanneer, met immuunsuppressieve therapie te 

behandelen. 

8. Het door middel van bloedonderzoek trachten op te sporen van gelocaliseerde 

pathologische processen in het lichaam vertoont sterke gelijkenis met het beoordelen 

van bijvoorbeeld de verontreiniging in de bovenloop van de Elbe door het 

analyseren van een watermonster uit de Noordzee. Het stelt grote eisen aan de 

specificiteit van de te meten stof en de betrouwbaarheid van de meting. 
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9. Het is nuttig, zeker gezien de huidige medisch-technologische ontwikkelingen, zich 

te realiseren dat de begrippen medisch mogelijk en medisch wenselijk lijnrecht 

tegenover elkaar kunnen staan. 

10. Voor het op lange termijn verminderen van het tekort aan donororganen is een 

brede bekendheid en acceptatie van de zeer zorgvuldige donorprocedure bij zowel 

publiek als medische stand van meer belang dan de exacte juridische context 

waarbinnen orgaandonaties dienen plaats te vinden. 

11. Het lijkt een misvatting te denken dat de politiek en de overheid er zijn ten behoeve 

van de burgers. Men krijgt nogal eens de indruk dat het andersom is. 

12. Het gebruik van zogenaamd authentieke instrumenten is geen garantie, maar 

evenmin een voorwaarde, voor een goede uitvoering van 18e en 19e eeuwse 

muziek. 

Coen Stegeman, 5 april 1995 
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CHAPTER 1 

GENERAL INTRODUCTION: 

ANTI-NEUTROPHIL CYTOPLASMIC ANTIBODY (ANCA) 

ASSOCIATED PRIMARY V ASCULITIC SYNDROMES. ARE 

WE UNDERSTANDING THEIR PATHOPHYSIOLOGY? 



Wegener's granulomatosis: factors involved in disease activation 

INTRODUCTION 

Primary or idiopathic vasculitic syndromes are a group of inflammatory disorders 
of presumed autoimmune origin characterised by inflammation and necrosis of 
blood vessels. The classification of these idiopathic systemic vasculitic syndromes 
is based on the size and localization of the vessels predominantly involved and 
certain characteristics of the histopathology of the inflammatory process. Several 
different classification schemes have been proposed, the latest modification being 
the scheme set up by a Consensus Conference in Chapel Hill in 1992 presented 
in table 1 ( 1). The factors involved in the pathogenesis of primary vasculitides 
are as yet unidentified. Within the group of primary vasculitic syndromes some 
disorders are strongly associated with the presence of anti-neutrophil cytoplasmic 
antibodies (ANCA) (2). The autoantibodies are, in most of the cases, directed 
either against proteinase 3 (Pr3), a serine protease, or against myeloperoxidase 
(MPO), an enzyme involved in the generation of reactive oxygen species. Both 
enzymes are present in the azurophilic granules of neutrophils (3-7). The primary 
vasculitides associated with ANCA have a predominance of pauci-immune 
necrotizing vasculitis of small vessels and necrotizing glomerulonephritis in 
common. 
The close association of anti-Pr3 and anti-MPO antibodies with these forms of 
primary vasculitis suggests a pathophysiological role for the autoantibodies. 
Although various experimental data support a role for the autoantibodies in-the 
pathophysiology of ANCA associated vasculitides, their role is far from clear. In 
addition to a possibly autoantibody-mediated pathophysiology, several findings 
suggest the involvement of T-cell mediated autoimmunity and microbial agents in 
the development of active necrotizing vasculitis. 
This review will briefly discuss several proposed mechanisms of disease 
activation in ANCA related vasculitides. Special emphasis will be on Wegener's 
granulomatosis associated with anti-Pr3 antibodies, since in this form of ANCA 
related vasculitis most experimental data are available. An attempt will be made 
to integrate the different mechanisms put forward in the pathophysiology of these 
vasculitides (table 2) rather than to propose a major role for one of the possible 
mechanisms involved. 

AUTOANTIBODY MEDIATED PATHOGENETIC MECHANISMS IN 
ANCA ASSOCIATED V ASCULITIS 

A role for ANCA with specificity for Pr3 and MPO in the pathophysiology of 
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I. General introduction 

Table 1. Classification of systemic idiopathic vasculitides according to the Chapel Hill Consensus 

Conference (I) 

I. Large vessel vasculitis 

I. Takayasu' s arteri tis 

2. Giant cell arteritis/temporal arteritis 

II. Medium-sized vessel vasculitis 

I. (Classic) polyarteritis nodosa 

2. Kawasaki disease 

Ill. Small vessel vasculitis 

I. Wegener's granulomatosis* 

2. Churg-Strauss syndrome• 

3. Microscopic polyangiitis* 

4. Henoch-Schonlein purpura 

5. Essential cryoglobulinemic vasculitis 

6. Cutaneous leukocytoclastic vasculitis 

' strongly associated with anti-neutrophil cytoplasmic autoantibodies 

primary forms of vasculitis is suggested by the close association between active 
vasculitic disease and the presence of the antibodies (2). Moreover, several 
studies have shown that levels of these antibodies increase preceding a relapse of 
vasculitic disease activity in Wegener's granulomatosis (8-13) and MPG-related 
vasculitis ( 14, 15). Derived from in vitro data, several possible mechanisms can 
be postulated to occur in vivo that may explain the involvement of the antibodies 
in the pathophysiology of vasculitis. 
First of all ANCA may be involved in the formation of immune complexes. In 
situ formation of immune complexes or deposition of these complexes from the 
circulation with subsequent activation of effector pathways such as complement 
are thought to be involved in the pathogenesis of some forms of primary and 
secondary vasculitis (16). Data indeed suggest that ANCA can bind to endothelial 
cells incubated with Pr3 or MPO, which are both cationic proteins that can 
adhere to anionic membranes ( 17-19). These in situ formed immune complexes 
can lead to lysis of endothelial cells through activation of complement or to 
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Wegener's granulomatosis: factors involved in disease activation 

Table 2. Immune mechanisms possibly involved in the pathogenesis of ANCA associated vasculitis 

Autoantibody mediated 

* Formation of immune complexes of ANCA with antigen released or expressed by 

neutrophils or endothelial cells 

* Activation and degranulation of primed neutrophils by ANCA leading to release of 

lysosomal enzymes, reactive oxygen species, expression of ligands, and lysis of 

endothelial cells 

* Interference of ANCA with the physiological inhibition of the enzyme activity of their 

target antigens 

T-cell mediated 

* Autoreactivity to neutrophil cytoplasmic antigens (delayed type hypersensitivity) 

Mechanisms related to microbial agents 

* Activation of neutrophils by infectious agents leading to release of Pr3 and MPO 

* Activation of endothelial cells with expression of adhesion molecules and Pr3 

* Superantigen toxin stimulation of T-cells causing breakdown of self tolerance 

antibody dependent cellular cytotoxicity towards endothelial cells ( 18,19). In 
addition, one group of investigators has reported that endothelial cells are capable 
of expressing Pr3 on their membrane upon stimulation with cytokines in vitro and 
that anti-Pr3 antibodies exhibit direct cytotoxic effects against these primed 
endothelial cells (20,21). In vivo, however, immune complexes are absent or 
found only in a minority of patients in the vasculitic lesions or in the circulation 
during active ANCA-related vasculitis (22-24). This absence of immune 
complexes in fully developed lesions in ANCA-related vasculitis does not 
necessarily mean that immune complexes are not involved. In an animal model of 
anti-MPO mediated proliferative necrotizing glomerulonephritis it was found that 
immune complexes are initially formed at the glomerular basement membrane but 
are very rapidly cleared possibly by the action of lytic enzymes released by 
activated neutrophils (25). So, although an initial role for immune complexes 
formed by ANCA with antigen released by activated neutrophils or expressed by 
endothelial cells cannot be excluded, it is likely that other effects mediated by 
ANCA are also involved and even may be more important in the development of 
ANCA related necrotizing vasculitis. 
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1. General introduction 

Secondly, ANCA with antigenic specificity for Pr3 and MPO have been shown in 
vitro to further activate neutrophils, which upon priming with TNF-a temporarily 
express the target antigens Pr3 and MPO on their cell membranes (26-28). 
Although Falk et al. described activation of TNF-a primed neutrophils by both 
lgG and F(ab')2 fragments of ANCA (26), it has clearly been shown that the 
interaction of the Fe part of the lgG molecule with the Fc-y Receptor on 
neutrophils is definitely involved (29,30). In vitro these neutrophils activated by 
ANCA can, through expression of ligands to adhesion molecules present on 
endothelial cells, adhere to and mediate lysis of cultured endothelial cells (3 1-34). 
Thirdly, binding of ANCA with specificity for Pr3 to its target antigen interferes 
in vitro with the irreversible inactivation of Pr3 by a 1-antitrypsin (35). The 
formed ANCA-Pr3 complexes can cause tissue destruction through residual 
elastinolytic enzyme activity of AN CA-bound Pr3, or through dissociation of 
active Pr3 from the complexes (35). 

T-CELL REACTIVITY IN ANCA ASSOCIATED V ASCULITIS 

Besides neutrophils, inflammatory lesions in the lung and kidney found in active 
Wegener's granulomatosis consist of large mononuclear infiltrates, sometimes in 
the form of granulomas, containing monocytes and T-lymphocytes (36-39). The 
fact that deposits of immunoglobulins are scanty or even totally absent in these 
lesions (22-24) suggests involvement of direct cell mediated immunity in the 
pathogenesis of this disease. Activated CD4 positive T-cells predominate in these 
infiltrates suggesting a delayed type hypersensitivity reaction (38,40). The target 
antigen or antigens of these T-cells are as yet unidentified. Cationic proteins such 
as Pr3 and MPO are rapidly cleared from the glomerular basement membrane, 
but in the presence of specific antibodies their clearance may be retarded (41). 
Extracellular localization of Pr3 and MPO has been demonstrated on endothelial 
and tubular cells in renal biopsies from patients with active ANCA-related 
vasculitis (23). Persistence of these antigens with subsequent processing and 
expression in the context of MHC class 11 antigens may cause a delayed type 
hypersensitivity autoimmune T-cell reaction ( 42). Preliminary studies have indeed 
shown that lymphocytes isolated from some patients with Wegener's 
granulomatosis proliferate in vitro in the presence of crude neutrophil extracts 
containing Pr3 (43,44) or in response to inactivated purified Pr3 (45). 
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Wegener's granulomatosis: factors involved in disease activation 

THE ROLE OF MICROBIAL AGENTS IN ANCA ASSOCIATED 
VASCULITIS 

Activated neutrophils and/or monocytes are the effector cells mediating the 
extensive necrotizing inflammation characteristic of ANCA related vasculitis 
(23,46,47). Indeed, activation of neutrophils as measured by serum levels of 
human neutrophil elastase and Pr3 or by the expression of L-selectin on 
circulating neutrophils seems to correlate with disease activity in Wegener's 
granulomatosis (48-52). These effector cells may be recruited by activation of 
other mechanisms as discussed above. However, activation of neutrophils leading 
to the expression of antigens as Pr3 and MPO on the neutrophil membrane can, 
in the presence of ANCA with neutrophil activating capacity, lead to 
degranulation and release of neutrophil enzymes. These released enzymes can 
cause tissue damage stimulating further recruitment of inflammatory cells and can 
also cause activation of autoreactive T-cells with even further stimulation of an 
inflammatory response. In this way any activation of neutrophils in the right 
context of antibody mediated and/or T-cell mediated autoimmunity towards these 
neutrophil antigens can cause a vicious circle. The development of such a vicious 
circle may even be facilitated by the effects of several cytokines, released upon 
an infectious stimulus, on the endothelial expression of adhesion molecules and 
possibly the surface expression of Pr3 (20). This hypothesis could explain why in 
many patients infections, especially of the upper respiratory tract, precede the 
development of disease activity in Wegener's granulomatosis (12,53,54). In 
accordance with this view, several reports have described beneficial effects of 
trimethoprim-sulfamethoxazole in the treatment of Wegener's granulomatosis, 
thereby further suggesting a role for infectious agent or agents in the induction of 
disease activity (55-57). 
An intriguing finding has been the demonstration of the selective expansion of T
cells expressing particular T-cell receptor 13 chain variable regions (Vil) in active 
Kawasaki disease (58,59). This pattern of selective expansion of certain VB 
region expressing T-cells is compatible with the non-antigen specific stimulation 
by a superantigen (59,60). Kawasaki disease is an acute multisystem vasculitis of 
unknown origin associated with the marked activation of T-ce!ls and monocytes 
primarily affecting infants and young children (61,62). Some clinical features of 
this often self-limiting disease show similarity to the toxic shock syndrome caused 
by staphylococcal toxic shock syndrome toxin 1, a well known superantigen. In a 
series of 16 patients with acute Kawasaki disease it was recently demonstrated 
that in 13 patients toxin superantigen producing bacteria were cultured as opposed 

6 



I. General introduction 

neutrophil B-lymphocyte 

t pnm,ng 

@ CD1t,CD18 

Pr3 

1nfect1on 

@ 1Fc� R 

activati 

ICAM-1'f' 
VCAM-1 if' Pr3 

E-selectin 1' expression 1' 
achesion enzymatic 

and lysis activity 

T -lymphocyte 

imrn..rie 

complexes 

endothelial eel Is 

0 toxin 
superantigen 

DTH T-cell 
reaction 

Figure 1. Figure presenting the proposed mechanisms and their interactions involved in the 

pathophysiology of anti-proteinase 3 (Pr3) antibody related vasculitis. 

(I) Formation of immune complexes of anti-Pr3 antibodies with Pr3 released by neutrophils or 

expressed by endothelial cells. 

(2) Activation and degranulation by anti-Pr3 antibodies of primed neutrophils leading to release 

of Pr3, reactive oxygen species (ROS), expression of ligands, and lysis of endothelial cells. 

(3) Interference with the physiological inhibition of the enzymatic activity of Pr3 by anti-Pr3 

antibodies. 

(4) Autoreactivity of T-cells to Pr3 expressed in the context of MHC class II antigens. 

(S) Priming or activation of neutrophils by infectious agents leading to release of Pr3 and ROS. 

(6) Activation of endothelial cells with expression of adhesion molecules and Pr3. 

(7) Superantigen stimulation of T-cells. 

to 1 of 15 controls (63). These findings suggest a possible role for superantigen 
T-cell stimulation with subsequent breakdown of self tolerance leading to active 
vascular inflammation in susceptible persons in this form of vasculitis. It may 
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Wegener 's granulomatosis: factors involved in disease activation 

also explain the efficacy of treatment with pooled intravenous gamrnaglobulin in 
this particular form of vasculitis, since these preparations contain high titres of 
specific antibodies that inhibit T-cell activation by staphylococcal and 
streptococcal superantigens (64). Data regarding the T-cell receptor repertoire or 
the presence of bacteria producing superantigen toxins in patients with ANCA 
related vasculitis are as yet not available. 
More recently, serological findings compatible with acute or persisting infection 
with human Parvovirus B19 and the presence of Parvovirus B19 DNA in serum 
as detected by PCR have been described in patients with Kawasaki's disease (65) 
and in a small group of patients with polyarteritis nodosa and Wegener's 
granulomatosis (66). However, other authors were unable to confirm these 
findings (67-69). Whether human Parvovirus B19 infection is related to the 
induction of vasculitis in susceptible persons is, therefore, at present 
controversial. 

THE INTERACTION OF PATHOPHYSIOLOGICAL MECHANISMS IN 
ANCA ASSOCIATED V ASCULITIS 

Whether the presence of ANCA in these diseases is more than just a 
diagnostically helpful epiphenomenon is as yet unproven. Although in vitro data 
point to various ANCA mediated mechanisms in the pathogenesis of vasculitis, it 
is possible that the combination of autoantibody mediated mechanisms with T-cell 
dependent or microbial related mechanisms, at a certain point in time, leads to an 
ongoing inflammatory response (figure 1). The only available animal model for 
ANCA related necrotizing glomerulonephritis lends support to this view, since 
only the combination of an anti-MPO directed immune response and the presence 
of MPO, lytic enzymes and reactive oxygen species leads to pauci-immune 
necrotizing glomerulonephritis (25). In the human situation this view is supported 
by the fact that the mere presence of ANCA in a patient, even at high titres, is 
not always accompanied by vasculitic disease activity (8- 12). This implies the 
need for other mechanisms besides those related to the presence of the 
autoantibodies, or it could point to qualitative differences between ANCA from 
different patients or at various time points within one patient. On the other hand, 
cases of biopsy proven Wegener's granulomatosis have been described without 
the presence of demonstrable ANCA in the serum of the patient. Thus, although 
present in most patients, ANCA are not mandatory for active vasculitis and other 
mechanisms may be involved. 
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1. General introduction 

AIM OF THE PRESENT THESIS 

The pathogenesis of ANCA related vasculitis and the in vivo importance of 
several proposed pathophysiological mechanisms derived from in vitro data are 
currently unclear. The studies presented in this thesis were performed to study 
the relation between factors proposed to be involved in the pathophysiology and 
the clinical expression of the disease at diagnosis and during follow-up in patients 
with well documented Wegener's granulomatosis. Goals were to substantiate a 
possible in vivo role for some of the pathophysiological mechanisms discussed 
and to assess the potential clinical usefulness of studying these mechanisms in 
predicting development of disease activity during follow-up. Furthermore, we 
studied the preventive effect of an antibiotic therapy directed at reducing the 
possible influence of bacterial agents in the development of disease activity in 
Wegener 's granulomatosis. 
The thesis can be divided in three parts. 

Part I (Chapter 2-5) deals with the relation between the presence of anti-Pr3 
antibodies, in vitro measured functional aspects of these antibodies, and disease 
activity in patients with Wegener's granulomatosis both at diagnosis and during 
follow-up. 
In chapter 2 a review is presented of the current knowledge on the diagnostic 
potential of ANCA with different antigenic specificities and their value and 
limitations in assessing disease activity during follow-up. 
Anti-Pr3 antibodies are mainly of the IgG isotype. The IgG isotype involves 4 
different subclasses which show differences in functional aspects. In chapter 3 
we investigated whether anti-Pr3 antibodies of the various IgG subclasses 
correlated with disease activity in a cohort of 38 patients followed for at least 2 
years after diagnosis of Wegener's granulomatosis. 
Chapter 4 describes a study testing the hypothesis that the functional capacity of 
anti-Pr3 antibodies to inhibit in vitro the complexation of Pr3 with its natural 
inhibitor a 1-antitrypsin increases in time towards a relapse of disease activity. 
Sera from a period of 6 months preceding a relapse were studied in 8 patients 
with a relapse of Wegener' s  granulomatosis and compared to 8 control patients 
who were positive for anti-Pr3 antibodies but did not develop a relapse. 
In chapter 5 the relation between disease activity of Wegener 's granulomatosis 
and the in vitro capacity of IgG isolated from sera to activate primed neutrophils 
is investigated. Furthermore, changes in IgG- and IgG-subclass anti-Pr3 antibody 
levels in paired sera taken from 13 patients during active disease and following 
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Wegener's granulomatosis: factors involved in disease activation 

remission are compared with changes in the neutrophil activating capacity of 
these sera. 

The second part of the thesis (Chapter 6 and 7) describes studies attempting to 
elucidate the possible involvement of various other immune mechanisms different 
from the effects of autoantibodies, in the induction of disease activity in 
Wegener's granulomatosis. In chapter 6 evidence for the activation of T
lymphocytes is sought by measuring serum levels of soluble membrane markers 
released upon activation of these cells during the development of a relapse in 16 
patients. 
Adhesion molecules expressed by activated endothelial cells play a key role in the 
initiation and direction of any inflammatory response. In chapter 7 the relation 
between serum levels of soluble adhesion molecules shed upon activation of 
endothelial cells and disease activity at diagnosis in 22 patients is 'investigated. In 
addition, the clinical usefulness of serial determination of levels of these soluble 
adhesion molecules in assessing vasculitic disease activity during follow-up is 
determined. 

In the third part of the thesis (Chapter 8 and 9) studies regarding the possible role 
of microbiological factors in disease activation of Wegener's granulomatosis are 
reported. Chapter 8 describes the relation between nasal carriage of 
Staphylococcus aureus, the occurrence of infections, and the development of 
disease activity in a group of 57 patients. 
In chapter 9 a double-blind placebo controlled randomised multicenter trial of 
the prophylactic treatment with trimethoprim-sulfamethoxazole during 24 months 
in 8 1  patients conducted in the Netherlands is presented. This study was initiated 
because several uncontrolled observations have described the beneficial effects of 
treatment with trimethoprim-sulfamethoxazole in active Wegener's 
granulomatosis. If a relatively non-toxic treatment like trimethoprim
sulfamethoxazole would be able to reduce the number of relapses and would 
thereby reduce the cumulative dosage of immunosuppressive treatment with 
cyclophosphamide and prednisolone, a better long term prognosis of patients with 
this disease would be achieved. The hypothesis behind the efficacy of 
trimethoprim-sulfamethoxazole in Wegener's granulomatosis is that by 
influencing the microbiological flora or by reducing the number of upper airway 
infections a trigger mechanism for the initiation of disease activity in this form of 
vasculitis can be modified. 
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1 .  General introduction 

Finally, chapter 10 summarizes and tries to integrate the results presented in the 
previous chapters. Included also is a discussion regarding remaining or as yet 
unanswered questions with respect to the pathophysiology and future treatment of 
Wegener 's granulomatosis. 
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INTRODUCTION 

In 1982 Davies et al. were the first to describe anti-neutrophil cytoplasmic 
antibodies (ANCA) in a few patients with segmental necrotizing 
glomerulonephritis ( 1). In 1985 van der W oude et al. reported for the first time 
the high sensitivity and specificity of ANCA for active Wegener's granulomatosis 
(WG) (2). Since then the association between ANCA and WG has been 
confirmed by many others, and ANCA have also been described in other forms 
of vasculitis such as microscopic polyarteritis (3,4), Churg Strauss syndrome 
(5,6), and in idiopathic pauci-immune necrotizing crescentic glomerulonephritis 
(4,7) which can be considered a form of small vessel vasculitis limited to the 
kidneys. Studies in patients with other forms of vasculitis such as classic 
polyarteritis nodosa (6,8), giant-cell arteritis (9-11), and Kawasaki disease 
( 12, 13) have as yet not found a clear association with the presence of ANCA, 
with the possible exception of Henoch-Schi:inlein purpura, in which conflicting 
data on the presence of ANCA of especially the lgA-isotype have been reported 
( 14- 17). 
In recent years, some of the different antigenic targets of ANCA have been 
identified, and from these studies it can be concluded that ANCA are a still 
growing class of autoantibodies with several distinct antigenic specificities 
(reviewed in 18). Several studies have also indicated a possible role of ANCA in 
the pathophysiology of certain vasculitic disorders (reviewed in 19). Moreover, 
ANCA, both of known and as yet unknown antigenic specifity, have recently 
been described in a wide range of different inflammatory and infectious 
conditions (reviewed in 20). Therefore, given the expanding literature on ANCA 
with regard to its still increasing number of antigenic specificities and possible 
clinical correlates, a critical reappraisal of the contribution of ANCA to the 
diagnostic process and follow-up of systemic vasculitis seems justified. 
In this review, we will focus on the current state of AN CA-testing and discuss 
the significance and limitations of these autoantibodies in the diagnostic process 
and follow-up of patients with systemic vasculitis and closely related disorders. 
Also, the possible pathophysiological role of ANCA will be discussed in order to 
indicate some future directions in improving the understanding and possibly the 
clinical usefulness of this class of autoantibodies. 

ANCA: DETECTION OF ANTIBODIES AND DESCRIPTION OF THE 
DIFFERENT ANTIGENS 

16 



2. ANCA in systemic vasculitis 

Sera submitted for ANCA screening are routinely evaluated for the presence of 
these antibodies in most laboratories using the original or slightly modified 
method of indirect immunofluorescence (IIF) on ethanol fixed granulocytes 
(2,21). The initial pattern described using this technique, a cytoplasmic pattern 
with accentuation of the fluorescence intensity in the area between the nuclear 
lobes, is now called c-ANCA (cytoplasmic ANCA) instead of the original name 
anticytoplasmic antibodies (ACPA), and has been recognized as a characteristic 
staining pattern produced by most sera of patients with active WG (2,22) (Figure 
1). The antigen identified by most c-ANCA positive sera has been identified as 
proteinase 3, a serine protease from the azurophilic granules of neutrophils, 
different from elastase and cathepsin G, the other two serine proteases from these 
granules (23-25). Proteinase 3 has been shown to be a 29 kDa 228 aminoacids 
glycoprotein that is identical to p29b, an antibiotic protein from human 
neutrophils , and myeloblastin, a growth promoting protein from myeloid cells 
(26-28) . The enzyme is slightly cationic, has proteolytic activity on several 
substrates ,  and is under physiological circumstances irreversibly inhibited by a 1 -

antitrypsin (29,30). Proteinase 3 can be purified from neutrophil granules using 
different techniques such as dye-ligand affinity and ion-exchange 
chromatography, immunoaffinity chromatography, or high pressure liquid 
chromatography (31-33) . Solid phase ELISA systems using purified proteinase 3 
can be used for quantification of specific antibodies (34). Anti-proteinase 3 
antibodies can also be detected by a capture ELISA system in which a 
monoclonal antibody is employed to select the specific antigen from a crude 
extract of a-granules (7,23). Both ELISA systems can be used to verify the 
presence of anti-proteinase 3 antibodies in sera showing a c-ANCA pattern by 
IIF. 
After the description of c-ANCA as a marker for WG, it was observed that sera 
from some patients with systemic vasculitis produced a perinuclear fluorescence 
pattern on ethanol-fixed neutrophils (perinuclear or p-ANCA) in stead of a 
cytoplasmic pattern (Figure 1). These p-ANCA were found in sera of patients 
with idiopathic necrotizing crescentic glomerulonephritis and different forms of 
small vessel vasculitis with or without renal involvement. The antigen involved 
was found to be myeloperoxidase (4,35). Based on these findings, p-ANCA 
became almost equivalent with anti-myeloperoxidase antibodies. This is, 
however, a dangerous misconception. First, the perinuclear fluorescence pattern 
cannot always be distinguished from a nuclear staining pattern, making the 
discrimination between antinuclear antibodies (ANA) and p-ANCA based on the 
fluorescence pattern alone virtually impossible when ethanol-fixed granulocytes 

17 



Wegener's granulomatosis: factors involved in disease activation 

Figure I .  

Staining of  ethanol fixed neutrophils by  indirect immunofluorescence by  sera producing: 

a .  a characteristic cytoplasmic staining pattern with accentuation of the fluorescence intensity in 

the area within the nuclear lobes (c-ANCA, left), 

b. a perinuclear staining pattern (p-ANCA, middle), 

c. an atypical cytoplasmic staining pattern showing a more diffuse finely speckled fluorescence 

throughout the cytoplasm (right). 

are used as a substrate. In a consecutive series of 424 sera found to be p-ANCA 
positive by IIF on ethanol-fixed neutrophils in our laboratory, only 50 ( 11.8 %)  
were found positive for  anti-myeloperoxidase antibodies in  an antigen specific 
capture ELISA (35). In addition, a small fraction of sera producing an atypical 
cytoplasmic fluorescence pattern by IIF, a third pattern that can be distinguished 
being neither c- nor p-ANCA, also contains antibodies against myeloperoxidase 
(35,36), and some sera positive for p-ANCA are found to contain antibodies 
against proteinase 3 and not against myeloperoxidase (37). In fact, the p-ANCA 
pattern produced by sera positive for antibodies against myeloperoxidase and 
other neutrophil cytoplasmic antigens is an artifact of the ethanol fixation, due to 
the movement of the cationic cytoplasmic antigens such as myeloperoxidase to 
the negatively charged nuclear membrane. This is illustrated by the fact that these 
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sera produce a cytoplasmic fluorescence pattern when a cross-linking fixative, 
such as paraformaldehyde, is used (38,39) . Second, it has now been recognized 
that many sera producing a perinuclear or atypical cytoplasmic fluorescence 
pattern on ethanol-fixed neutrophils do not contain antibodies directed against 
myeloperoxidase or proteinase 3 as tested by antigen specific assays. Although 
not all antigens involved are as yet defined, autoantibodies to other known 
constituents of neutrophils have been described. In particular, autoantibodies have 
been demonstrated to lactoferrin (40-45) and lysozyme (46), both contained in the 
specific granules, to elastase (10), cathepsin G ( 13,47) and B-glucuronidase (48), 
enzymes present in the azurophilic granules, and to a-enolase (49), a cytosolic 
component of neutrophils. These autoantibodies, with the exception of antibodies 
to elastase, are associated in most cases with non-vasculitic diseases like 
inflammatory bowel disease, autoimmune liver disease, and rheumatoid arthritis. 
It is therefore mandatory to confirm or exclude the presence of specific 
autoantibodies in sera producing a p-ANCA or atypical cytoplasmic pattern by 
using antigen-specific assays. This might not be the case for sera with a c-ANCA 
pattern by IIF as this pattern, in experienced hands, is virtually equivalent to the 
presence of anti-proteinase 3 antibodies (7 ,50). For the detection of anti
myeloperoxidase antibodies purified myeloperoxidase can be used in ELISA 
systems . These preparations should, however, be extensively checked for the 
presence of impurities, in particular lactoferrin (5 1 ). Alternatively, a capture 
ELISA system can be used (7,23,35). Given the wide range of different antigens 
that have already been and still have to be identified, and the total lack of 
specificity of the p-ANCA or atypical ANCA for a particular antigenic target, it 
is probably wise to abandon the terms c-ANCA or p-ANCA. Instead, the names 
indicating the antigenic specificities of the antibodies may be used such as anti
proteinase 3 antibodies or PR3-ANCA, and anti-myeloperoxidase antibodies or 
MPO-ANCA. 

ANCA: DIAGNOSTIC POTENTIAL IN PATIENTS WITH SYSTEMIC 
VASCULITIS 

Classification of idiopathic systemic vasculitic syndromes is based on the size of 
the vessels predominantly involved and certain characteristics of the 
histopathology of the inflammatory process. Several different classification 
schemes have been proposed (reviewed in 52), the latest modification being the 
scheme set up by a Consensus Conference in Chapel Hill in 1992 (53) (table 1). 
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Table I .  Classification of systemic idiopathic vasculitides according to the Chapel Hill Consensus 

Conference (53) 

I .  Large vessel vasculitis 

1 .  Takayasu's arteritis 

2. Giant cell arteritis/temporal arteritis 

II .  Medium-sized vessel vasculitis 

1 .  (Classic) polyarteritis nodosa 

2. Kawasaki disease 

Ill .  Small vessel vasculitis 

I .  Wegener's granulomatosis 

2. Churg-Strauss syndrome 

3 .  Microscopic polyangiitis 

4. Henoch-Schonlein purpura 

5 .  Essential cryoglobulinemic vasculitis 

6 .  Cutaneous leukocytoclastic vasculitis 

Another approach has been the development of classification criteria based 
mainly on clinical signs and symptoms by the American College of 
Rheumatologists (ACR). The specificity and sensitivity of these criteria were 
derived from a large sample of patients (54) . Although useful in clinical practice, 
both the traditional classification schemes, possibly with the exception of the 
Chapel Hill criteria, and the ACR classification system do not always give a 
strict exclusive definition of the disease in question, and considerable overlap 
between certain categories can exist. Moreover, in clinical practice, many 
patients present with overlapping features of different vasculitides and cannot be 
classified within one category. At present, one should therefore realize that the 
same name may be used for different diseases and vice versa, and that reported 
prevalences of ANCA in the various vasculitides can differ because of differences 
in definition of the diseases in question. 

Wegener's granulomatosis (WG) 
Following the original description of the association between ANCA and WG (2), 
many studies have confirmed the sensitivity of c-ANCA or anti-proteinase 3 
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antibodies for active WG. Three major studies dealing with a large number of 
patients have found a sensitivity of 90% for extended WG consisting of the 
classical triad of granulomatous inflammation of the upper- and/or lower 
respiratory tract, systemic necrotizing vasculitis, and necrotizing crescentic 
glomerulonephritis (22,50,55) . The sensitivity of anti-proteinase 3 antibodies for 
active limited WG, i . e. without obvious renal involvement, may be somewhat 
lower at 67 % to 86% (50,56). During disease remission anti-proteinase 3 
antibodies are detected in a far lower percentage of patients. Most of the patients 
who are negative for anti-proteinase 3 antibodies during active disease, have 
antibodies to myeloperoxidase or occasionally to human neutrophil elastase 
(4, 10,35), leaving only a few patients with active WG without detectable ANCA. 
The specificity of anti-proteinase 3 antibodies for active WG was found as high 
as 98 % when sera were studied from patients with a wide variety of active renal, 
autoimmune, vasculitic, infectious, or lymphoproliferative disorders (22,50). 
Anti-proteinase 3 antibodies can, however, be detected in patients with 
overlapping symptoms of WG and other forms of vasculitis, and are found in 
some patients with idiopathic necrotizing crescentic glomerulonephritis without 
signs of extra-renal involvement (7,8,50). Some of these latter patients will show 
features of classic WG with involvement of the upper and/or lower airways 
during follow-up. Very recently, anti-proteinase 3 antibodies have been described 
in patients with invasive amoebiasis (57) and, together with antibodies against 
other myeloid enzymes such as myeloperoxidase and elastase, in patients 
developing systemic vasculitis during therapy with propylthiouracil (58). 
Furthermore, a substantial part of patients are still positive for anti-proteinase 3 
antibodies during (prolonged) disease remissions without any signs of disease 
activity, so the presence of these antibodies is not equivalent to active disease 
(59). 
In conclusion, the presence of anti-proteinase 3 antibodies, or c-ANCA by IIF as 
detected in an experienced laboratory, occurring in a patient with a clinical 
picture compatible with active systemic vasculitis strongly suggests a diagnosis of 
WG. Their detection can be very helpful although it cannot be considered as 
definite proof for that diagnosis . Since treatment of WG is associated with 
significant morbidity and mortality, histological proof of the diagnosis i s  
desirable. A negative ANCA, however, does not definitely exclude the possibility 
of active WG, especially when limited forms are suspected, but makes the 
diagnosis clearly less likely. 
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Microscopic polyangiitis (MPA) 

This disease is characterized by pauci-immune necrotizing vasculitis of small
sized vessels which may manifest itself in virtually every organ system or 
combination of organ systems (60). A pulmonary-renal syndrome consisting of 
necrotizing crescentic glomerulonephritis in combination with pulmonary 
capillaritis is a rather common form of presentation, and the differential diagnosis 
includes WG and anti-GBM disease. The majority of the patients with MPA 
(90%)  have ANCA, either with specificity for proteinase 3 or for 
myeloperoxidase (4,8,35,61). The percentage of MPA patients with proteinase 3 
antibodies is around 30 % and that of patients with myeloperoxidase antibodies 
around 60 % (61). The ratio between the prevalences of these two antibodies 
probably depends partly on the vigour with which a histological confirmation for 
WG is sought, since the distinction between WG and MPA often can only be 
made by demonstrating the characteristic granulomatous lesions in the respiratory 
tract which are specific for WG. A number of our patients initially diagnosed as 
MPA with anti-proteinase 3 antibodies have developed histologically confirmed 
WG during the follow-up of their disease which illustrates this point (unpublished 
observations). 
Overall, the sensitivity of a positive ANCA-test with antigenic specificity for 
either proteinase-3 or myeloperoxidase is high for this disorder (table 2) . It is not 
possible to make a clear distinction between WG and MPA based on the presence 
of these antibodies, although the finding of anti-proteinase 3 antibodies is more 
suggestive of WG, while anti-myeloperoxidase antibodies favour a diagnosis of 
MPA. Anti-myeloperoxidase antibodies have, however, been described in the 
majority of patients with idiopathic necrotizing glomerulonephritis (vide infra), in 
30 to 40 % of patients with anti-GBM disease (62-64), in a minority of patients 
with systemic lupus erythematosus (65-67), and occasionally in patients with 
rheumatoid arthritis (40,42,68) or inflammatory bowel disease (69). In clinical 
practice, it should be possible to distinguish the occasional anti-myeloperoxidase 
antibody positive patient with one of the latter three diseases from patients with 
idiopathic systemic vasculitis, while the distinction of MPA from idiopathic 
necrotizing glomerulonephritis is of limited clinical value only. The distinction 
from anti-GBM disease can often be made by the presence in the serum of anti
GBM antibodies or by the characteristic linear fluorescence pattern found in the 
renal biopsy. Therefore, as is true for antibodies against proteinase 3, antibodies 
against myeloperoxidase can be of significant value in the diagnostic work-up of 
patients clinically suspected of systemic small vessel vasculitides, especially when 
the clinical context is appreciated. 
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Table 2. Disease associations of anti-proteinase 3 antibodies and anti-myeloperoxidase antibodies* 

Disease entity 

Wegener's granulomatosis 

Microscopic polyangiitis 

Idiopathic crescentic 

glomerulonephritis 

Churg-Strauss syndrome 

Polyarteritis nodosa 

Sensitivity of 

anti-proteinase 3 

(%)  

85 

30 

25 

10 

5 

*Data derived from the references cited in the text. 

Idiopathic pauci-immune necrotizing glomerulonephritis 

anti-myeloperoxidase 

(%)  

10 

60 

65 

60 

15 

This form of rapidly progressive glomerulonephritis, characterized by the paucity 
of immunoglobulin and complement deposition in the glomeruli, can be 
considered a form of necrotizing small vessel vasculitis limited to the kidney, 
andis often treated as such. Most patients are positive for anti-myeloperoxidase 
antibodies, the remaining generally being positive for antibodies against 
proteinase 3 with virtually no patients being negative for ANCA (table 2) 
(4,7,70,7 1 ) .  Many patients with idiopathic necrotizing glomerulonephritis have 
constitutional symptoms like fever and weight loss in combination with signs 
suggestive of systemic involvement like arthralgias, purpura and/or upper airway 
symptoms, indicating that the distinction between WG, MPA, and idiopathic 
necrotizing glomerulonephritis is far from absolute. A potential source of 
confusion can be the presence of anti-myeloperoxidase antibodies in some 30 to 
40% of patients with anti-GBM disease (62-64). It has been described that 
patients having both anti-myeloperoxidase and anti-GBM antibodies are 
considerably older than patients with anti-GBM antibodies only. Also, clinical 
differences have been noted and these patients can have signs of associated 
systemic vasculitis, whereas recovery of renal function has been documented 
despite initial need for renal replacement therapy, indicating that the concomitant 
presence of anti-myeloperoxidase antibodies may be a beneficial prognostic sign 
(63). Whether these patients are in fact patients with anti-myeloperoxidase 
antibody associated vasculitis with concomitant anti-GBM antibodies, or" patients 
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with anti-GBM disease with concomitant anti-myeloperoxidase antibodies is 
unclear at the moment. 

Other idiopathic necrotizing vasculitides 
The Churg Strauss syndrome, a clinical distinct syndrome characterized by 
asthma, allergic rhinitis, and eosinophilia in combination with systemic vasculitis, 
is associated with anti-myeloperoxidase antibodies. The prevalence of these 
antibodies was found to be around 75 % (6,8). In classic polyarteritis nodosa 
(PAN), defined as necrotizing arteritis involving medium-sized arteries, patients 
both with or without concomitant hepatitis B infection are generally ANCA
negative (6,8). Those patients with necrotizing vasculitis involving medium-sized 
arteries that are ANCA positive, have either necrotizing crescentic 
glomerulonephritis or other features of small vessel vasculitis (6,72). 
The occurrence of ANCA in Kawasaki disease, a mucocutaneous ·lymph node 
syndrome in young children with arteritis, in particular of the coronary arteries, 
has not been definitely established. Homogeneous cytoplasmic staining by IIF on 
ethanol-fixed granulocytes, distinct from the cytoplasmic pattern produced by sera 
positive for anti-proteinase 3 antibodies, has been described in a substantial 
number of sera of these patients ( 12,13). This IIF pattern may be caused by IgM
class antibodies directed to cathepsin G ( 13). Large vessel vasculitides, such as 
Takayasu arteritis ( 11) and temporal arteritis (9, 10), generally are ANCA
negative. In Henoch Schonlein pwpura, ANCA of the IgA-class have been 
found, although the frequency in which these IgA-ANCA occur is debated ( 14-
17). The autoantigen or autoantigens recognized by these IgA-ANCA are as yet 
not characterized, but are probably different from the target antigens of ANCA 
that are presently known ( 17). 

ANCA: MONITORING OF DISEASE ACTIVITY DURING FOLLOW-UP 

Monitoring of disease activity in patients with systemic necrotizing vasculitis 
during initial treatment (remission induction) and follow-up is an essential part of 
patient management. Untreated, patients with systemic necrotizing vasculitis such 
as WG and MPA fare a dismal course. The prognosis of these syndromes has 
been greatly improved with the introduction of treatment with corticosteroids in 
combination with cyclophosphamide or azathioprine (73-75). However, a 
considerable number of patients relapse during tapering of the 
immunosuppressive treatment or after the treatment is stopped, while on the other 
hand prolonged treatment with especially cyclophosphamide is clearly associated 
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with the occurrence of severe side effects, in particular opportunistic infections 
and bladder toxicity (76,77). 
Disease activity can be monitored by following markers of the acute phase 
response like the erythrocyte sedimentation rate and serum C-reactive protein 
levels. A close correlation between disease activity and serum C-reactive protein 
levels has been reported, being superior to the erythrocyte sedimentation rate 
(78,79). In our own experience, vasculitic disease activity in WG and MPA is 
always accompanied and often preceded by raised levels of serum C-reactive 
protein, indicating a high sensitivity for active disease (80,81). The elevation of 
serum C-reactive protein levels is, however, non-specific, and therefore is only 
indicative for vasculitic disease activity in absence of other processes causing 
elevated C-reactive protein levels, especially infections. Other markers of activity 
such as soluble products found in serum from activated lymphocytes (80) and 
from damaged or activated endothelial cells (8 1-83), or serum cytokine levels 
(84) have been investigated for monitoring disease activity, but have been found 
to lack either sensitivity or specificity, or both. Furthermore, these measurements 
are expensive and not routinely available. 
As mentioned before the prevalence of c-ANCA/anti-proteinase 3 antibodies in 
patients with active WG is far higher than that in inactive disease, and c-ANCA 
titres decline or become negative during treatment when remission is induced 
(22,85). Given the specificity of the autoantibodies for this disease, they have 
clear potential as a specific marker for disease activity . Various longitudinal 
studies have, indeed, shown that relapses occur nearly exclusively in patients that 
are persistently or intermittently c-ANCA positive (59,61), and that titres of c
ANCA rise prior to a relapse of WG (22,85-88). Moreover, the rise proved very 
sensitive for an ensuing relapse and was detectable a mean of 7 weeks (range 1 to 
15 weeks) before the moment of clinical diagnosis of the relapse (22). A 
prospective longitudinal study was performed in 58 patients with WG in order to 
test whether treatment based on changes in c-ANCA titre could prevent the 
occurrence of relapses (89). In this study blood samples were tested every month 
for ANCA titre. Over an observation period of 24 months titres of c-ANCA rose 
in 20 patients. None of the 9 patients who were randomized for treatment at the 
time c-ANCA titre had risen (without having major clinical signs at that moment) 
relapsed. In contrast, 9 of the 11  patients who were not treated at the moment of 
c-ANCA titre rise, developed a relapse in a period of one week to several months 
after the c-ANCA titre had risen. The patients not treated at the moment of rise 
in c-ANCA titre used more immunosuppressives and corticosteroids during a 
comparable period of follow-up than the patients who were treated immediately at 
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the time c-ANCA titre had risen. These data have been challenged by data 
recently reported by the NIH-group (90), showing a rather poor correlation 
between changes in ANCA titre and disease activity of WG. A closer look at 
their data (91), however, shows that all 17 patients from the NIH study who were 
either in remission or had stable disease developed relapses that were preceded 
(24% )  or parallelled (76%)  by an increase of c-ANCA titre. Changing titres not 
corresponding to disease activity mainly occurred in patients with (persistently) 
active disease. Therefore, in our view, serial quantification of ANCA levels is 
useful in the follow-up of patients with WG, and increasing titres of the 
autoantibodies should alert the clinician to the possibility of an ensuing relapse. 
Data on the relation between antibodies against myeloperoxidase or p-ANCA titre 
and follow-up of patients with systemic necrotizing vasculitis or idiopathic 
necrotizing crescentic glomerulonephritis are not readily available. The scarce 
data available suggest that patients with systemic vasculitis positive for p-ANCA 
with antigenic specificity for myeloperoxidase tend to have persistingly positive 
titres despite disease remission, and do not frequently relapse (61,92). In some 
patients who did relapse we have documented increasing levels of anti
myeloperoxidase antibodies prior to the moment of relapse (35 ,93). However, 
prospective studies with respect to the measurement of p-ANCA titre or anti
myeloperoxidase antibody level during the longitudinal follow-up of patients with 
systemic necrotizing vasculitis and idiopathic necrotizing crescentic 
glomerulonephritis are lacking. Data on the relation between disease activity and 
presence of ANCA in other forms of systemic vasculitis are lacking, although 
one case report described a relation between IgA-ANCA titres with specificity for 
an as yet unknown 50 kDa neutrophil protein and disease activity in an adult with 
Henoch-Schonlein purpura (94). 

ANCA: THEIR POSSIBLE ROLE IN THE PATHOPHYSIOLOGY OF 
NECROTIZING V ASCULITIS AND GLOMERULONEPHRITIS. 

The close association of anti-proteinase 3 and anti-myeloperoxidase antibodies 
with systemic necrotizing small vessel vasculitis and idiopathic necrotizing 
crescentic glomerulonephritis does suggest a pathophysiological role for these 
autoantibodies. There are some experimental data that support a possible role of 
these antibodies in the development of vasculitis and glomerulonephritis. If we 
are able to elucidate their role in the pathophysiology of the disease symptoms 
and signs, in the future we may focus on the characteristics of these antibodies 
that are pathogenic, and follow some particular functional aspects related to their 
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pathogenic potential instead of their mere presence and quantities. 

Effect of ANCA on their target antigens 

ANCA may be involved in the pathogenesis of inflammatory conditions by 
interference with the natural inactivation of their target enzymes. In vitro studies 
have shown that binding of anti-proteinase 3 to its target enzyme can inhibit the 
irreversible inactivation of the enzyme by a 1

-antitrypsin, its natural inhibitor (95). 
In a longitudinal study in 8 patients it was shown that the inhibitory activity of 
the serum rose preceding a relapse of WG, while the inhibitory capacity at the 
moment of relapse was clearly elevated compared to 8 control patients in 
remission with comparable c-ANCA titres (96). Moreover, the inhibitory capacity 
rather than the c-ANCA titre at the moment of relapse seemed to correlate with 
disease activity. This suggests that the functional capacity of anti-proteinase 3 
antibodies to prevent the enzyme from being inactivated may contribute to the 
inflammatory process. Although most anti-proteinase 3 positive sera not only 
inhibit inactivation of proteinase 3 but also, at least partly, its enzymatic activity 
(95), the reversible antigen-antibody binding may be dissolved at the site of 
inflammation allowing the enzyme to display its lytic activity. 
Interestingly, the occurrence of phenotypes partly or severely deficient for a

1
-

antitrypsin was increased compared to controls amongst 14 anti-proteinase 3 
positive patients with vasculitis (97) , although another study in 27 patients with 
WG failed to show an increase in deficient phenotypes (98). In addition, the 
prevalence of ANCA of diverse specificities was remarkable amongst a 
population with the severely deficient phenotype (20 out of 150) (97). These data 
may suggest that the interaction of proteinase 3 and a 1

-antitrypsin is involved in 
the expression of the lesions in ANCA-associated vasculitis. 

The potential of ANCA to activate injlammato1y cells 

Falk et al. demonstrated that ANCA can activate neutrophils that are pre-treated 
( "primed") with low dosage TNFa to the production of reactive oxygen species 
and the release of lysosomal enzymes (99). The mechanisms underlying 
neutrophil activation by ANCA have only partly been elucidated. Priming of 
neutrophils by TNFa results in the expression of lysosomal enzymes such as 
myeloperoxidase and proteinase 3 at the cell membrane ( 100). These pre
activated neutrophils showing surface expression of proteinase 3 have been 
detected in patients with septic shock and in patients with WG at the time of 
active disease (101). Binding of anti-proteinase 3 to primed neutrophils could 
result in further activation in vivo. Falk et al. originally reported that activation 
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can be induced by F(ab')i-fragments of the antibodies (99). Recent studies, 
however, suggest that both F(ab)-binding and Fe-interaction are involved 
( 102,103). Blocking of the Fc-yll receptor on neutrophils nearly completely 
abolished the potential of ANCA positive sera to activate primed neutrophils 
( 102). The Fcyll receptor particularly interacts with IgG2- and IgG3-subclasses 
of antibodies ( 104). Interestingly, sera with relatively high levels of IgG3 
subclass of ANCA were found to have a higher capacity to activate neutrophils in 

vitro (102), and patients with extensive disease activity of anti-proteinase 3 or 
anti-myeloperoxidase associated vasculitis showed higher levels of the IgG3 
subclass of ANCA compared to patients with more limited disease activity ( 105). 
In vitro studies also have shown that primed neutrophils in the presence of 
ANCA can lyse endothelial cells in culture ( 106,107), and it has been suggested 
that ANCA can induce adhesion of neutrophils to monolayers of cultured 
endothelial cells ( 108). Taken together, ANCA of defined specificity have been 
shown to have a potential role in vivo in the activation of primed neutrophils. The 
relevance of this phenomenon for the pathophysiology of the necrotizing 
vasculitides needs further study. The only study sofar trying to relate the in vitro 

capacity of ANCA to activate primed neutrophils with in vivo findings failed to 
show a correlation between this neutrophil activating capacity and the amount of 
in situ activated neutrophils present in renal biopsies from patients with active 
WG ( 109). 

Interaction between ANCA and endothelial cells 

Myeloperoxidase and proteinase 3 are constituents of granules from myeloid cells 
and are thought to be specific for cells of the monomyeloid lineage. In contrast to 
this view, however, recent studies have demonstrated that proteinase 3 can be 
expressed in other cell types as well, in particular in human endothelial cells 
( 1 10). In these cells cytokine treatment either with TNFa, IL- 1 ,  or IFNy, 
resulted in increased expression of proteinase 3 with translocation of the enzyme 
to the cell membrane. As such the antigen is available for interaction with the 
autoantibody at sites of cytokine production. Since myeloperoxidase and 
proteinase 3 are cationic proteins with an isoelectric point of 1 1 . 0 and 7. 8, 
respectively, it is also possible that they may bind to anionic structures such as 
the glomerular basement membrane (GBM) and the surface of endothelial cells. It 
has, indeed, been shown that ANCA can bind to endothelial cells incubated with 
myeloperoxidase or proteinase 3 ( 1 1 1), although the interaction of proteinase 3 
with endothelial cells has been disputed (1 12). Under these conditions, anti
myeloperoxidase antibodies have been found, in vitro, to induce complement 

28 



2. ANCA in systemic vasculitis 

dependent endothelial cell lysis ( 1 1 1) .  Although these in vitro studies have 
demonstrated that ANCA can interact, directly or indirectly, with endothelial 
cells, direct immunofluorescence studies from lesional tissue have failed to show 
significant deposition of lgG along the endothelium or the glomerular capillary 
wall. A recently described animal model of ANCA associated necrotizing 
glomerulonephritis in Brown-Norway rats immunized with human 
myeloperoxidase showed that lgG and complement could be detected at 24 hours 
after perfusion of the kidney with myeloperoxidase, but were totally absent at 4 
and 10  days after perfusion despite active renal vasculitis ( 1 13). From these 
findings it is suggested that the initial step in the development of necrotizing 
crescentic glomerulonephritis may be (focal) immune complex formation and 
that, for example lytic enzymes released from activated neutrophils, may have 
been responsible for the degradation of the immune deposits detected in the very 
early stage of the lesions. Whether these in vitro and experimentally induced in 

vivo events are applicable to the pathophysiology of ANCA related vasculitis in 
humans remains to be established. 

CONCLUSION 

ANCA are a class of autoantibodies of which several antigenic targets have now 
been defined. These autoantibodies have been proven very helpful in the 
diagnosis of systemic necrotizing vasculitis or idiopathic necrotizing crescentic 
glomerulonephritis. The presence of antibodies directed to proteinase 3 strongly 
suggests a diagnosis of Wegener's granulomatosis, either in its generalized or 
limited form, although the association is not absolute. Changes in levels of anti
proteinase 3 antibodies in WG seem to reflect disease activity and serial 
measurement of these antibodies can be useful in assessing disease activity. Anti
myeloperoxidase antibodies are associated with various forms of necrotizing 
systemic vasculitis and idiopathic necrotizing crescentic glomerulonephritis. The 
value of these autoantibodies during follow-up is at present not very well 
established, although some data indicate that changes in antibody levels may 
precede disease activity. The diagnostic significance of ANCA of other or still 
unknown specificities has not been definitely established. Given the diversity of 
antigens recognized by different ANCA and the lack of especially the perinuclear 
or atypical immunofluorescence pattern on ethanol- fixed neutrophils to identify 
antibodies directed against specific antigens, the terms c-ANCA and p-ANCA 
should be abandoned and replaced by names indicating the antigenic specificity of 
the particular antibody. 
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Although many questions remain, especially on the possible pathophysiological 
role of ANCA, the current knowledge on ANCA has given the clinician tools for 
the diagnosis and management of necrotizing systemic vasculitides and idiopathic 
necrotizing crescentic glomerulonephritis. 
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ABSTRACT 

Objective: to evaluate the relation between levels of lgG- and IgG-subclass of anti-proteinase 3 (PR3) 

antibodies and disease activity at diagnosis and during follow-up in patients with Wegener's 

granulomatosis (WG) 

Patients: patients diagnosed between 1987 and 1992 with biopsy proven WG, positive for anti-PR3 

antibodies, and with a follow-up of at least 24 months (n=38).  

Methods: anti-neutrophil cytoplasmic antibodies (ANCA) were measured by indirect 

immunofluorescence on ethanol fixed granulocytes at diagnosis and monthly during follow-up in all 

patients. Levels of IgG- and IgG subclass-anti-PR3 antibodies were determined by solid-phase ELISA 

with purified PR3 in sera: (I) obtained at diagnosis and 3,  6 ,  and 12 months after diagnosis, (II) 

obtained monthly in the period of 6 months prior to and at the moment of relapse of WG, and (Ill) 

from patients showing a significant rise in cANCA, defined as a two titer step rise occurring within 

one month, without an ensuing relapse within 6 months. 

Results: at diagnosis patients with extended disease activity (n=27) had higher titers of cANCA, and 

higher levels of IgG3- and IgG4-anti-PR3 than patients with l imited disease activity (n= 1 1 ) .  During 

follow-up (median 53 months, range 24 to 83) 18 relapses occurred in 15 patients. A significant rise 

in cANCA titer in the 6 month period prior to relapse was found in 10 of 18 episodes (56%) .  All 1 0  

episodes showed a concomitant doubling o f  IgG3-anti-PR3 levels, whereas IgG3-anti-PR3 levels 

doubled in only 1 of the 13 episodes of a significant cANCA rise without an ensuing relapse 

(P< 0.000 1 ) .  A significant rise in cANCA titer combined with a concomitant doubling of IgG3 anti

PR3 levels had a positive predictive value of 0 . 9 1  (95 % CI 0 .59 to 1 .00) for an ensuing relapse 

compared to a value of 0.43 (95 % CI 0 .23 to 0.65) for a rise of cANCA titer alone. None of the 

episodes of a rise in cANCA titer without concomitant doubling of IgG3-anti-PR3 levels was followed 

by a relapse. 

Co11c/11sio11 : lgG3-anti-PR3 antibodies measured by solid-phase ELISA are correlated with disease 

activity at presentation. An increase of lgG3-anti-PR3 levels during follow-up in combination with a 

rise of cANCA titer shows a higher positive predictive value for an ensuing relapse of WG than a rise 

of cANCA titer alone. 

INTRODUCTION 

In 1985 van der W oude et al. were the first to describe the strong association of 
anti-neutrophil cytoplasmic antibodies (ANCA) with active Wegener's 
granulomatosis (WG) (1). The autoantibody associated with WG, now called 
cytoplasmic or cANCA, produces a characteristic cytoplasmic staining pattern by 
indirect immunofluorescence on ethanol fixed granulocytes with accentuation of 
the fluorescence intensity in the area between the nuclear lobes. The antigen 
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reacting with most cANCA positive sera has been identified as proteinase 3 
(PR3), a serine protease from the azurophilic granules of neutrophils (2-4). 
Following the original report on the association between ANCA and WG (1), 
cANCA have been described as sensitive and specific tools in the diagnosis of 
active WG (5-8). Several longitudinal studies have shown that relapses occur 
preferentially in patients who are persistently or intermittently cANCA positive 
(9, 10), and that titers of cANCA rise prior to a relapse of WG (5,8, 11-14). 
During follow-up rises in cANCA do, however, not always parallel disease 
activity of WG, and the mere presence of cANCA is not equivalent to active 
WG. After a follow-up of 5 years after diagnosis, around 40% of patients 
persistently or intermittently positive for cANCA have not experienced a relapse 
of WG (9). To what extent results of serial ANCA testing are useful in 
determining the therapeutic strategy is debated ( 14-17). 
Anti-PR3 antibodies are usually of the lgG isotype, although ANCA of other 
isotypes have been described (reviewed in 18). The lgG-class of immunoglobulins 
consists of 4 subclasses, which differ in biological properties such as the ability 
to activate complement or the affinity of the Fe portion of the molecule for 
certain Fe-receptors (19,20). Previous cross-sectional studies on the IgG subclass 
distribution of ANCA with either specificity for PR3 or myeloperoxidase have 
shown predominance of the lgGl- and lgG4-subclass, with varying results on 
IgG2- and lgG3-subclass at the moment of active disease (21-25). The few data 
available during follow-up indicate a decrease especially of lgG3 ANCA with 
disease remission (22,23) , while at the moment of presentation the presence of 
lgG3 ANCA was associated with more generalised disease (21). The finding that 
in vitro neutrophils can be activated by ANCA through involvement of the 
Fc-yIIA receptor (26,27), which has a high affinity for IgG3 (20), is compatible 
with an important role for IgG3 ANCA in relation to disease activity. This is 
strengthened by data showing that the capacity of sera to activate neutrophils in 
vitro is correlated with the amount of IgG3 ANCA (28). 
The present study on a cohort of patients with WG diagnosed and prospectively 
followed at our centre was undertaken to evaluate serial levels of anti-PR3 
antibodies of different IgG subclasses in relation to disease activity and relapses 
of WG. Goals of the study were to evaluate (I) whether disease activity of WG is 
related to levels of anti-PR3 antibodies of lgG3 and/or other subclasses, and (II) 
whether during follow-up the predictive power of ANCA-testing for the 
development of disease activity is improved by serial testing of IgG subclasses of 
anti-PR3 antibodies as compared to the immunofluorescence titer of ANCA or 
total IgG anti-PR3 antibody levels. The results of this study indicate that 

39 



Wegener 's granulomatosis: factors involved in disease activation 

quantitating IgG3 anti-PR3 antibodies by antigen specific solid-phase ELISA may 
improve the value of ANCA testing for monitoring of disease activity in patients 
with WG. 

PATIENTS AND METHODS 

Patients and sera 

From 1987 to 1992 all patients admitted to our hospital or seen at the outpatient 
clinic at the moment of diagnosis of WG, who were positive for anti-PR3 
antibodies and had a follow-up of at least 2 years after diagnosis, were included 
in this study. The diagnosis of WG was established according to clinical and 
histological criteria (29) and all patients fulfilled the criteria for the classification 
of WG as described by the American College of Rheumatologists (30). Treatment 
of WG and tapering of immunosuppressives were performed according to a 
protocol described previously (5). Briefly, patients were initially treated for 
active WG with 2 mg/kg cyclophosphamide and prednisolone 1 mg/kg daily. 
Dose adjustments for cyclophosphamide were made to maintain the white blood 
count above 4.0 x 109/L. In the absence of signs of active disease the daily 
dosage of cyclophosphamide was tapered every 3 months with 25 mg. Daily 
prednisolone was tapered after 6 weeks with 10 mg every 2 weeks until 30 mg 
and thereafter with 5 mg every 2 weeks. 
During follow-up all patients were seen regularly at the outpatient clinic and were 
evaluated for signs and symptoms attributable to active WG. Blood samples were 
taken every month during follow-up for ANCA determination by indirect 
immunofluorescence on ethanol fixed granulocytes and an aliquot of the serum 
was stored at -20 ° C . For this study, stored sera taken at the moment of 
diagnosis, and 3, 6, and 12 months after diagnosis, and sera taken monthly 
during a 6 month period prior to as well as at the moment of relapse of WG, 
were analyzed. Sera from patients who showed a significant rise in cANCA titer, 
defined as a rise by two or more titer steps or from negative to at least 1 :32 
within one month, but who did not develop a relapse within the next 6 months 
were analyzed also. Follow-up sera of patients who did not have a relapse of WG 
and did not show a significant increase in cANCA titer were analyzed once a 
year. 

Definitions 

A distinction was made between extended and limited disease activity as 
described previously (31,32). Briefly, limited disease activity was defined as 
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active lesions of WG in the upper- or lower airways without evident vasculitic 
activity in other organs . Extended disease activity was defined either as renal 
involvement with deteriorating renal function in the presence of red blood cell 
casts or biopsy proven necrotizing glomerulonephritis, or as pulmonary 
involvement with impending respiratory failure, cerebral vasculitis, acute 
abdomen, or massive gastro-intestinal haemorrhage, all due to vasculitis. 
Complete remission was defined as the absence of signs or symptoms attributable 
to active vasculitic disease in combination with a normal C-reactive protein serum 
level. 
Patients were considered to have relapsed when they satisfied one of the 
following criteria in which the manifestations in question had to be new or 
recurrent findings ( 14) :  

a .  Progressive glomerulonephritis, i . e. a decrease in renal function of 30% or 
more within 3 months in combination with (microscopic) haematuria or 
evidence of acute necrotizing lesions on renal biopsy. 

b. Pulmonary infiltrates with or without cavitation with rising C-reactive 
protein levels either with necrotizing granulomatous inflammation or 
necrotizing vasculitis on biopsy, or -when no histological proof could be 
obtained- after exclusion of infection and malignancy. 

c. Sinusitis, otitis, ulceration of nasal mucosa, or a nasal proliferative mass, in 
combination with necrotizing granulomatous inflammation on biopsy. 

d. Miscellaneous: progressive mononeuritis multiplex, cranial nerve palsy, 
cerebral vasculitis, necrotizing scleritis, orbital pseudotumor, progressive 
tracheal stenosis with active disease on biopsy, peripheral gangrene, 
necrotizing vasculitis of medium-sized or small muscular arteries. 

cANCA detection by indirect immunofluorescence assay (1/F) 

cANCA were detected by indirect immunofluorescence on ethanol fixed 
granulocytes as previously described using FITC-labelled goat anti-human IgG 
(Kallestad, Chaska, MN, USA) ( 1 ,33). Test or control sera were tested in a 
dilution of 1 :  16. The cytoplasmic fluorescence pattern had to be granular with a 
decrease in fluorescence intensity towards the periphery of the cells. If the test 
was positive, serum titrations were performed in twofold dilutions starting at 1: 16 
to a maximal dilution of 1 :512. The same positive and negative controls were run 
with every assay. Slides were read independently by two observers. 

Purification of proteinase 3 

Proteinase 3 (PR3) was purified from polymorphonuclear leucocyte granules· by 
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dye-ligand affinity chromatography (Matrex Gel Orange A, Amicon Div., 
Danvers, MA, USA) followed by cation exchange chromatography (Bio-rex 70, 
Bio-Rad Lab. , Richmond, CA, USA) as described by Kao et al. (34). PR3 was 
detected by sandwich ELISA, using Mab 12.8 directed against PR3 and patients 
serum containing PR3-ANCA (2), and by alpha-naphthyl acetate reactivity (35) 
(Aldrich Chemie, Brussels, Belgium). Contamination with elastase, 
myeloperoxidase and cathepsin G was excluded by ELISA. Purity of the 
preparation was further analyzed by SDS-PAGE showing a 29-kD triplet specific 
for PR3 (34). 

Detection of IgG and JgG-subclass antibodies against PR3 by solid phase ELISA 
Labstar 96 wells microtiter plates (Greiner, Badhoevedorp, The Netherlands) 
were coated for 2 hours at room temperature with 100 µl of purified PR3 at a 
concentration of lµg/rnl in 0. 1 M carbonate, pH 9.6 .  After extensive washing the 
plates were incubated with patient or control serum samples diluted 1 :  100 in 0.05 
M Tris HCl, 0.05 % Tween-20, 2 % BSA and 0.3 M NaCl, pH 8.0 for 1 h at 
37°C. After washing, lgG antibody binding was detected with alkaline 
phosphatase-conjugated antibodies against human lgG (Jackson, West Grove, PA) 
at a dilution of 1 : 1000 in 0.0 1  M Tris HCl, 0. 15 M NaCl, pH 8.0 and p
nitrophenyl-phosphate disodium as a substrate (Sigma Chemical Co., St. Louis, 
MO). IgG subclass antibodies were detected with mouse monoclonal antibodies 
directed against human lgGl (clone MH161M), human lgG3 (clone MH163M), 
and human lgG4 (clone MH 164M) (Central Laboratory of the Bloodtransfusion 
Service, Amsterdam, The Netherlands) at a dilution of 1 : 250 in 0.0 1  M Tris 
HCl, 0.3 M NaCl, pH 8.0 .  The specificities of these monoclonal antibodies have 
been described in detail (36). After washing, alkaline phosphatase-conjugated 
goat anti-mouse (Sigma) at a dilution of 1: 1000 in O.Q l  M Tris HCl, 0. 15 M 
NaCl, pH 8.0 and p-nitrophenyl-phosphate disodium were added. Plates were 
read at 405 nm with an automated multiscanner, and values were expressed in 
arbitrary U/ml using a dilution curve of a reference serum (100 U/ml) measured 
in duplo on every ELISA plate. Results by ELISA were considered positive when 
they exceeded the mean + 3 SD of 20 healthy controls. As a previous study at 
our centre failed to show lgG2 subclass anti-PR3 antibodies as detected by 
ELISA in the majority of patients with WG, an ELISA for lgG2 subclass of anti
PR3 antibodies was not performed (21). The finding of low to absent lgG2 
subclass anti-PR3 antibodies was recently confirmed in a large cross-sectional 
study (24). 
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Table 1 .  Clinical characteristics at the moment of diagnosis of Wegener' s  granulomatosis in 38  

patients grouped according to  extended or  limited disease activity. 

Extended disease activity 

(n =27) 

Limited disease activity 

(n- 1 1 ) 
Male/Female 

Age· 

Organ involvement (%) 

Ear, nose, throat 

Eyes 

Lung 

Kidney 

Skin 

Nervous system 

Gastro-intestinal 

• median value (range) 

Statistical analysis 

1 5  I 1 2  

60  (20 - 80) 

23 (85) 

1 1  (4 1 )  

1 9  (70) 

27 ( 100) 

1 7  (63) 

15 (56) 

5 ( 19) 

8 / 3 

44 (34 - 77) 

I I  ( 1 00) 

4 (36) 

3 (27) 

- (0) 

2 ( 1 8) 

- (0) 

(0) 

Data are given as median value and range in parentheses unless otherwise stated. 
For comparison of variables within one group Friedman's two-way ANOVA was 
used. Duncan's method was applied to correct for multiple comparisons (37). For 
comparison of continuous variables between groups Wilcoxon's test for unpaired 
data was used. Fisher's exact test was used for comparing frequencies of 
categorical variables between groups. Correlations were studied by Spearman's 
rank test. Disease free interval curves regarding the first relapse during the study 
period were calculated using the Kaplan-Meier method (38). Differences between 
groups in disease free interval were studied by the logrank test and expressed as 
relative risks with 95 % CI (39,40). A two-tailed P-value < 0.05 was considered 
significant. 

RESULTS 

cANCA and anti-PR3 antibody levels at presentation in relation with disease 
activity 
Thirty-eight patients were included in the study. Not included were 5 patients 
who had a biopsy proven diagnosis of WG but had antibodies directed to 
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P=0.036 
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(n=27) (n= 1 1 ) 

Figure 1 .  Titer of cANCA as detected by indirect imrnunofluorescence at the moment of diagnosis of 

WG in 38 patients grouped according to extended ( •) or limited ( o) disease activity. 

myeloperoxidase. Seven patients , all positive for cANCA and anti-PR3 
antibodies, were excluded with a follow-up less than 2 years either due to death 
(5 patients) or follow-up at another centre (2 patients). The characteristics and 
organ involvement at diagnosis of WG are given in table 1. At the moment of 
diagnosis patients with extended disease had higher cANCA titers than patients 
with limited disease (Figure 1). Patients with extended disease as compared to 
those with limited disease tended to have higher levels of lgG- and lgG1-anti-PR3 
antibodies as measured by ELISA, but the differences were not statistically 
significant. The levels of lgG3- and lgG4-anti-PR3 antibodies were higher in 
patients with extended as compared to limited disease (Figure 2). 

cANCA and anti-PR3 antibodies during treatment and occurrence of relapses 

During treatment complete clinical remission was achieved in all patients within 6 
months after diagnosis. Twenty-two patients (58 %, 95 % CI 41 to 74%) were 
negative for cANCA at 12 months after diagnosis (Figure 3). A parallel decline 
in both IgG- and lgG subclass-anti-PR3 antibodies was found during treatment 
(Figure 4). Titers of cANCA, and levels of lgG and IgG subclasses of anti-PR3 
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Anti-proteinase 3 antibodies (U/ml) 

lgG 1 lgG3 lgG4 

1 000 
N.S. 

1 000 
N.S. P=0.000 1 8  P=0.0022 

1 000 1 000 

. 
1 00 1 00 • 1 00 

l 1 00 • • 
I a I 0 

0 • • 
0 -+- 0 -+- • 
0 • 0 . . . 
0 • --+- 0 

1 0  
__. 

1 0  
. 

1 0  1 0  . . 0 8 
0 . 6 --
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0 
0 

0 . .. . . . . .  0 .  0 

0 . 
0 0 0 • . .  o . . .  . .. . . . 

neg neg neg neg -

Extended Limited Extended Limited Extended Limited Extended Limited 

WG WG WG WG WG WG WG WG 

(n=27) (n= 1 1 )  (n=27) (n= 1 1 ) (n=27) (n= 1 1 ) (n=27) (n= 1- 1 )  

Figure 2 .  Total lgG-, lgG 1- ,  lgG3-, and IgG4-anti-proteinase 3 antibody levels (arbitrary U/ml, log 

scale) at the moment of diagnosis in 38 patients with WG grouped according to extended or limited 

disease activity. The horizontal lines indicate median value, the horizontal dotted lines indicate the 

upper limit (mean + 3 SD) of 20 healthy controls. 

were significantly decreased at 3, 6, and 12 months after diagnosis compared to 
the moment of diagnosis, while the values at 3, 6, and 12 months did not differ 
significantly from each other (Figure 3 and 4). However, in contrast to the 
results for cANCA titer, most patients remained positive, in low titer, for lgG
and, especially, for IgG3-anti-PR3 antibodies. During follow-up (median 53 
months (24-83)) 15 patients experienced 18 relapses of WG, 8 with extended 
disease activity, and 10 with limited disease activity. Patients who had a positive 
cANCA titer 12 months after diagnosis (n= 16) did have an increased risk for 
experiencing a relapse of WG within 60 months after diagnosis as compared to 
patients with a negative cANCA assay at 12 months (n=22), with a relative risk 
of 4.37 (95 % CI, 1 .49 to 12.77) (Figure 5). The relative risk for a relapse was 
3.62 (95 % CI, 1 . 15  to 11.36) for patients with an IgG-anti-PR3 level at 12 
months above the median for the whole group, and 3.00 (95 % CI, 1 . 02 to 8.76) 
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Figure 3. Titers of cANCA as detected by indirect immunofluorescence at diagnosis and at 3 ,  6, and 

1 2  months after diagnosis in 38 patients with WG. ***: P<0 .00 1 as compared to the titers at 

diagnosis. 

for an lgG3-anti-PR3 level above the median at that point in time (data not 

shown). The lgGl- and IgG4-anti-PR3 levels at 12 months after diagnosis were 

not associated with a risk of future relapses, nor were any of the values of 

cANCA or anti-PR3 levels determined at 3 and 6 months after diagnosis .  

cANCA titer and anti-PR3 antibody levels prior to relapse 

In 1 0  of the 1 8  relapses (56%) the cANCA titer showed a significant increase in 

the 6 month period preceding the relapse. The rise of cANCA titer occurred 

between 6 and 3 months prior to relapse in 5 patients and between 3 and 1 month 

prior to relapse in the remaining 5 patients. In the 8 episodes of relapse without a 

significant rise in cANCA titer in the preceding 6 months , cANCA titers were 

positive and stable during that period in 5 patients of whom 4 had shown a 

significant rise in cANCA titer more than 6 months prior to relapse (range 1 3  to 

34 months, vide infra). In one patient cANCA titer rose by more than 2 titer 

steps within 3 months in stead of one month, and in another patient cANCA titer 

rose first concomitantly with the occurrence of relapse. One patient developed a 
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3. c-ANCA JgG subclasses in WG 
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Figure 4. Total IgG-, IgG 1 -, IgG3-, and IgG4-anti-proteinase 3 antibody levels (arbitrary U/ml, log 

scale) at the moment of diagnosis, and at 3, 6, and 1 2  months after diagnosis in 38 patients with WG. 

Boxes indicate the interquartile range, error bars the total range, points represent outliers and 

horizontal lines median value. The horizontal dotted lines indicate the upper limit (mean + 3 SD) of 

20 healthy controls. *, **, ***: P < 0.05, P<0 .0 1 ,  and P<0 .001 as compared to diagnosis, 

respectively. 

relapse while persistently negative for cANCA. 
lgG- and lgG3-anti-PR3 antibodies increased significantly in the period of 6 
months prior to the relapse and were positive in all patients at the moment of 
relapse (data not shown). An increase of at least 100% in the 6 month period 
preceding the relapse was found in 13 cases (72%) for IgG-anti-PR3 antibodies, 
in 11 cases (61 %) for IgG1-anti-PR3, in 16 cases (89 %) for IgG3-anti-PR3,and 
in 8 cases (44 %) for lgG4-anti-PR3. The two patients who did not have a 
doubling of their lgG3-anti-PR3 levels preceding the relapse both had high levels 
of lgG3-anti-PR3 during the whole period of 6 months preceding the relapse. 
Doubling of the levels of lgG3-anti-PR3 coincided with the rise in cANCA titer 
in all 10 cases in which a significant rise in cANCA titer preceded the relapse, 
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60 

Figure 5. Survival curves indicating disease free survival (%) and time since diagnosis (months) 

according to cANCA status at 1 2  months after diagnosis. A significant difference is found between 

patients negative for cANCA at 12 months compared to those positive for cANCA at 1 2  months by 

logrank test (Relative risk 4.37, 95% CI 1 .49 to 1 2 .77, P=0.0054). 

while doubling in levels of lgG-, lgGl- and IgG4-anti-PR3 occurred in 8, 6, and 
5 cases, respectively (table 2). The only patient who had a relapse with 
persistently negative cANCA titer readings ,  had low but stable levels of lgG-, 
lgGl- and lgG4-anti-PR3, but showed a clear increase in lgG3-anti-PR3 antibody 
level (from 3.0 U/ml to 15.7  U/ml between the period from 2 to 1 month 
preceding the relapse). 

cANCA titer and anti-PR3 antibodies during follow-up as predictors of disease 

activity 

In 11 patients 13 episodes of a significant rise in cANCA were noted without the 
occurrence of a relapse of WG within the 6 months following the rise in cANCA 
titer. Four patients did have a relapse of WG more than 6 months ( 1 3 ,  21, 24, 34 
months, respectively) after the rise in cANCA titer. As shown in table 2 an 
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Table 2. Two titer step rise in cANCA titer within one month in combination with a concomitant 

JOO% increase in lgG- or lgG subclass-anti-PR3 antibody level and the occurrence of relapses during 

the ensuing 6 months. 

JOO %  increase in 

antibody level of: 

IgG-anti-PR3 

IgG l-anti-PR3 

IgG3-anti-PR3 

lgG4-anti-PR3 

Relapse No relapse 

(n = JO) (n = 13)  

8 6 

6 4 

1 0  

5 3 

Positive Predictive Negative Predictive 

value value .. 

0.57 0.78 

0.60 0 .69 

0 .9 1  1 .00 

0.63 0 .67 

Positive predictive value: a relapse of WG within 6 months of a two titer step rise in cANCA titer 

with a concomitant rise in lgG- or lgG subclass-anti-PR3 antibody level by 100 % .  

• ·  Negative predictive value: no relapse o f  W G  within 6 months o f  a two titer step rise i n  cANCA 

titer in the absence of a concomitant rise in IgG- or IgG subclass-anti-PR3 antibody level · by 

1 00 % .  

increase of  a t  least 100% in  IgG3-anti-PR3 level occurring a t  the moment of  a 
significant increase in cANCA without relapse within 6 months was noted in one 
case only (8 %). In contrast, lgG-, IgGl- and lgG4-anti-PR3 levels increased by 
100% in 6 (46%), 4 (3 1 %), and 3 cases (23 %), concomitantly with a significant 
rise in cANCA titer not followed by a relapse within 6 months, respectively. 
Thus, a rise in cANCA titer together with a concomitant doubling of lgG3-anti
PR3 antibody level was strongly related with an ensuing relapse within 6 months 
( 1  out of 13 vs. 10 out of 10, P= 1.9· 10·5 , figure 6). In the whole group of 38 
patients a significant cANCA titer rise had a positive predictive value of 0.43 
(95 % CI, 0.23 to 0 .65) for a relapse of WG within the next 6 months. In 
combination with a concomitant doubling in lgG3-anti-PR3 levels the positive 
predictive value was 0.91 (95 % CI, 0.59 to 1.00). The negative predictive value 
of the absence of a concomitant doubling of IgG3 anti-PR3 antibody level at the 
moment of cANCA rise was 1.00 (95 % CI, 0.74 to 1.00). 
Combining a significant rise in cANCA with an increase in total IgG-, IgGl- ,  or 
IgG4-anti-PR3 antibody levels did not increase the positive predictive value of the 
cANCA rise, while the sensitivity for detecting an ensuing relapse was further 
decreased (Table 2). Finally, the remaining 16 patients who did not have a 
relapse of WG nor a significant rise in cANCA during follow-up were 
persistently negative for cANCA readings in 10 cases (median follow-up 5 1  
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Figure 6. Titers of cANCA as detected by indirect immunofluorescence and concomi(ant course of 

lgG3-anti-proteinase 3 antibody levels (arbitrary U/ml, log scale) at the moment of a significant rise 

in cANCA defined as a rise of two or more titer steps within one month. In the left panel 10 episodes 

of relapse of WG preceded by a significant rise in cANCA titer are presented and in the right panel 

1 3  episodes of significant rise in cANCA not followed within 6 months by a relapse of WG. 

months (25 to 72)) or showed stable cANCA titers in 6 cases (median follow-up 
48 months (28 to 69)). Levels of IgG- and all IgG subclasses of anti-PR3 were 
low or negative in the 10 patients persistently negative for cANCA, while 
moderate and stable levels of IgG- and IgGl- ,  but low to negative levels of IgG3-
and IgG4-anti-PR3 antibodies were found in the 6 patients with positive but stable 
cANCA titers during follow-up (data not shown). 

DISCUSSION 

At the time of diagnosis of WG significantly higher cANCA titers by IIF were 
present in patients with extended disease activity as compared to those with 
limited disease activity. This is in accordance with previous findings (6,8). In 
particular, levels of IgG3- and IgG4-anti-PR3 antibodies were higher in the 
former patients, while levels of total IgG- and IgG1-anti-PR3 antibodies only 
tended to be higher. As such, these data partly confirm data by Brouwer et al. , 
who found levels of IgG3-ANCA but not of IgG4-ANCA related to disease extent 
at diagnosis when using a crude neutrophil extract solid-phase ELISA for 
measuring IgG-subclasses of ANCA in a group of 22 patients with WG (21). 
During treatment cANCA titers declined and became negative in about 60% of 
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patients comparable to previously published results (5 ,6,8, 10,41). Levels of total 
IgG-, IgGl- ,  IgG3- and IgG4-anti-PR3 decreased significantly during treatment, 
but only levels of IgGl- and IgG4-anti-PR3 became negative in a substantial part 
of the patients. Total IgG- and IgG3-anti-PR3 antibodies remained detectable 
even in patients who had become negative for cANCA by IIF. In the only study 
published sofar on IgG subclasses of ANCA during follow-up, Jayne et al. 
reported a significant decrease in IgG3- and a significant increase in IgG2-ANCA 
in 10 paired serum samples taken at the moment of active disease and after 
remission was achieved. No changes were noted in IgGl- and IgG4-ANCA levels 
(22). In their study the 10 patients were selected because their ANCA remained 
positive by IIF despite remission of vasculitis. 
As observed before (9, 10), patients with a positive cANCA titer at 12 months 
after diagnosis showed an increased risk for relapse during follow-up compared 
to patients who were cANCA negative at that time. In our treatment protocol the 
daily dose of cyclophosphamide is tapered every 3 months once remission is 
induced. Others favour to continue treatment with oral cyclophosphamide at the 
initial dose of 2 mg/kg for a period of one year after clinical remission is 
obtained (29,41). Given the fact that most relapses occur during tapering or 
shortly after stopping of immunosuppression (9), immunosuppressive therapy 
might be adjusted to the response of the cANCA titer during remission. Patients 
persistently positive for cANCA might benefit from more prolonged treatment 
with respect to future relapses, whereas in patients with negative ANCA readings 
at remission treatment may be tapered or stopped. 
As reported previously by our group and others, relapses of WG almost 
exclusively occurred in patients having a positive cANCA test at that time (1,5,8-
12) , with only one patient showing a relapse despite negative ANCA readings. A 
significant rise in cANCA titer was observed in 10 of 18 episodes in the 6 
months preceding the relapse. The sensitivity of 0.56 of a significant rise in 
cANCA titer for an ensuing relapse found in this study compares somewhat 
unfavourably with results from earlier studies from our group (5 ,14,32). In the 
latter studies consecutive monthly serum samples for IIF were run in the same 
assay and assayed in duplo. This may have resulted in the detection of more 
significant rises of cANCA titer than found in the present study. Also, the 
number of false-positive rises of cANCA titer due to inter-assay variation may 
have been eliminated in those previous studies by repeated testing within one 
assay. In addition, it should be noted that in the present study and previous 
studies (5,14) a number of relapses occurred more than 6 months after a rise in 
cANCA titer. 
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When the results obtained by solid-phase anti-PR3 ELISA in the period of 6 
months preceding relapse are compared to serial ANCA titration, a rise of at 
least 100% in lgG- and especially lgG3-anti-PR3 levels seem to have a high 
sensitivity for an ensuing relapse . A rise of cANCA with a concomitant 100% 
rise in lgG3-PR3 antibody level occurred in all of the 10 cases of cANCA rise 
followed by relapse. Otherwise, a 100% rise in lgG3-anti-PR3 antibody level was 
absent in all but one of the 13 episodes of a significant rise in cANCA without a 
relapse of WG within the following 6 months. Thus, combining a significant rise 
in cANCA titer with a concomitant doubling of lgG3-anti-PR3 antibody level 
results in a positive predictive value superior to a rise in cANCA titer alone. The 
question whether analysis of lgG3-anti-PR3 levels alone has sufficient specificity 
for an ensuing relapse to be clinically useful can not be answered from the 
present data. A prospective study with serial assessment of lgG3-anti-PR3 levels 
in both patients with and without relapse of WG during follow-up is needed to 
solve this issue. 
The pathophysiological role, if any, of anti-PR3 antibodies in the development of 
disease activity in WG is at this moment unclear . In vitro it has been shown that 
ANCA can activate primed neutrophils to produce reactive oxygen species and to 
release lysosomal enzymes thereby inducing endothelial damage (42-45). The 
finding that the process of neutrophil activation is related to the amount of lgG3 
ANCA (28) and mediated by the Fey receptor II (26,27) , may explain why IgG3 
subclass levels of ANCA correlate more closely with disease activity than total 
lgG or other lgG subclasses of ANCA. 
In conclusion we have analyzed longitudinally total IgG and lgG subclass levels 
of anti-PR3 antibodies by solid-phase ELISA in a cohort of 38 patients and 
compared the results with ANCA determination by IIF. The data indicate that 
there is an association between disease extent at presentation and lgG3- and 
lgG4-anti-PR3 antibody levels. During follow-up the sensitivity and especially the 
predictive power for a relapse is increased by combining the results from cANCA 
titration by IIF with that of lgG3-anti-PR3 antibody levels measured by solid
phase ELISA. 
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SUMMARY 

In the sera of patients with Wegener's granulomatosis (WG), cANCA can be detected that are 

directed against proleinase 3 (PR3). We have previously observed that cANCA interfere with PR3 

proteolytic activity and with complexation of PR3 with its major physiologic inhibitor, c, 1-antilrypsin 

(a 1AT). In the present study we investigated whether this inhibitory effect of cANCA on PR3-a 1A T 

complexation correlates with clinical activity of WG. Serial serum samples of eight consecutive 

patients with histologically proven relapses of WG were tested. At the moment of relapse all sera 

revealed inhibitory activity towards PR3-a1AT complexation (median 22% , range 10-59%) .  Disease 

activity score (r=0.87, P <0.02) and C-reactive protein (CRP) levels (r=0.66,  P <0. I )  correlated 

with cANCA inhibition of PR3-a 1AT complexation, while they did not correlate with the cANCA 

titre detected by indirect immunofluorescence (IIF) nor with IgG anli-PR3 antibody level measured by 

ELISA. The inhibitory effect of cANCA on PR3-a 1AT complexation had risen significantly at the 

moment of relapse compared with values 3 months (P <0 .05) and 6 months (P<0 .0 1 )  before relapse. 

Eight patients with established WG and positive for cANCA but without clinical evidence of relapse 

served as controls. In this group no inhibitory effect of cANCA on PR3-a1AT complexation was 

observed in 7 /8 patients sera. Sera of one control patient contained moderate cANCA inhibitory 

activity towards PR3-a1AT complexalion, which remained al a constant level during the 6 months 

period of observation. Thus, disease activity in WG appears to be more closely related to cANCA 

inhibitory activity towards PR3-a 1AT complexation. 

INTRODUCTION 

cANCA are sensitive and specific markers for the diagnosis of active Wegener's 
gra.nulomatosis (WG) (1-3). Relapses of WG are often preceded by recurrence or 
increase in titre of cANCA, although a rise in cANCA titre is not entirely 
specific for an ensuing relapse (2). Treatment based on changes in serum cANCA 
levels prevents relapses (4). These findings suggest that cANCA may be involved 
in the pathogenesis of WG, although the exact role of cANCA in the 
development of WG is not yet clear. The poor correlation between cANCA titre 
and disease activity observed in cross-sectional studies is still unexplained, and 
might reflect qualitative differences of cANCA with respect to pathogenic 
potential (2,3). 
The antigen recognized by cANCA is a 29-kD serine protease called proteinase 3 
(PR3) , present in the azurophilic granules of neutrophils and in the granules of 
monocytes (5-8). cANCA has been postulated to cause derailment of 
inflammation by different mechanisms. cANCA can activate primed neutrophils 
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to release oxygen radicals and lysosomal enzymes in vitro (9). Another 

observation of possible pathogenic relevance is that cANCA interfere with PR3 

enzyme activity by reducing, but not totally abolishing, the proteolytic activity of 

PR3 ( 10). cANCA also interfere with the irreversible complexation of PR3 with 

a 1
-antitrypsin (a 1

AT) ( 10) ,  the major inhibitor of PR3 (1 1 , 12) .  This inhibition by 

cANCA of PR3-a 1
AT complexation was observed with IgG, but also after 

addition of PR3 to cANCA positive sera ( 10). The latter experiments more 

closely reflect the in vivo situation, and suggest that also· in vivo cANCA may 

inhibit complexation of PR3 with a 1AT. It is therefore possible that cANCA, by 

interfering with the physiological inhibition of PR3 by a 1AT, directly contribute 

to the necrotizing inflammation seen in active WG. Differences among patients' 

sera in the inhibitory capacity of cANCA towards PR3 enzyme activity and PR3-

a 1
AT complexation are not always reflected in the height of the titres of these 

autoantibodies as measured in the standard ANCA indirect immunofluorescence 

technique (IIF) , which suggests that indeed cANCA are heterogenous in a 

qualitative sense ( 10). Levels of both PR3-a 1AT and human neutrophil elastase 

(HNE)-a
1
AT have been used as markers of neutrophil activation in vivo ( 12 , 1 3). 

Inhibitory activity of WG autoantibodies might be expected to influence the ratio 

between the plasma levels of PR3-a 1
AT complexes and HNE-a

1
AT complexes, 

and this ratio could therefore possibly reflect the inhibitory activity of cANCA in 

vivo. 

In the present study we investigated whether this inhibitory effect of cANCA on 

PR3-a
1
AT complexation is correlated with the clinical activity of WG. For this 

purpose we have analysed clinical and serological data obtained from eight 

consecutive patients at the time of relapse of WG, and during the 6 months 

preceding this event. Eight patients with established WG and positive for cANCA 

but without clinical evidence of disease activity were analysed as controls. 

PATIENTS AND METHODS 

Patients 

Patients with an established diagnosis of WG visiting the out-patient clinic of the 

University Hospital in Groningen for follow up were studied. The diagnosis of 

WG was established according to clinical and histological criteria ( 14) .  Relapses 

were defined as previously described ( 15 ,  16) .  Briefly, minor relapses were 

defined as active lesions of WG in the upper or lower respiratory tract, generally 

in the absence of major vasculitic activity in other organs. Major relapses were 

defined as renal involvement with deteriorating renal function with erythrocyte 
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casts or biopsy-proven necrotizing glomerulonephritis, pulmonary involvement 
with impending respiratory failure, cerebral vasculitis, or acute abdomen or 
massive gastro-intestinal haemorrhage due to vasculitis. Disease activity was 
scored using a disease activity index as described previously ( 15). 

Patient characteristics 
Eight consecutive patients with histologically proven WG, seven males and one 
female, with a median age of 5 1  years (range 29-79 years), were studied 
retrospectively over 6 months before relapse. Four had major relapses, all with 
renal involvement, and four had minor relapses. Eight patients with established 
WG without clinical evidence of disease activity for 6 months, but positive for 
cANCA, selected from the group of patients regularly seen at the out-patient 
clinic of the University Hospital in Groningen served as controls. Patients with 
relapses did not differ from those without relapses with respect to gender, age, 
time since diagnosis and number of previous relapses. 

Plasma and serum samples 
Blood samples were obtained every month. Plasma samples were collected on 
EDT A (10 mM). Within 1 h of aspiration, tubes were centrifuged (for 10 min at 
1000 g), and supernatants were stored at -20°C until tested. 
Serum samples were tested (1 :20 dilution) for presence of ANCA by IIF on 
ethanol-fixed, air-dried cytospins of granulocytes (17). Binding of ANCA was 
detected with FITC-conjugated F(ab')2 fragments of rabbit anti-human lgG 
(DAKO, Copenhagen, Denmark). The cytoplasmic fluorescence pattern had to be 
granular with a decrease in fluorescence intensity towards the periphery of the 
cells. If the test was positive, serum titrations were performed in two-fold 
dilutions. Slides were judged independently by two observers. 
Specificity of the ANCA was determined by capture-ELISA techniques as 
described (5). lgG anti-PR3 antibodies were quantified by solid-phase ELISA 
with granule extract of normal human neutrophils prepared according to 
Borregaard ( 18) as substrate as described previously ( 19). Sera were applied in a 
1: 100 dilution, and antibody binding was detected with alkaline phosphatase
conjugated antibodies against human lgG (Jackson, West Grove, PA) and Sigma 
104 alkaline phosphatase substrate (Sigma Chemical Co. , St. Louis, MO). 
Binding in the solid-phase ELISA was expressed as a percentage of a positive 
standard serum measured in duplo on each 96-well microtitre plate. C-reactive 
protein (CRP) serum levels were measured by ELISA (20). Total lgG levels were 
measured by nephelometry. 
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Purification of proteinase 3 

PR3 was purified from polymorphonuclear leucocyte granules according to the 
method described by Kao et al. (21). The preparation appeared to be 
homogeneous by SDS-PAGE analysis and PR3 migrated as a 29-kD triplet ( 12). 
Purified HNE was purchased from Elastin Products Co. (Pacific, MO). Active 
site titrations of PR3 and HNE were performed as described ( 10). 

Detection of PR3-a1A T  and HNE-a 1A T  complexes 

PR3-a 1AT complexes were detected using a radioimmunoassay (RIA) as recently 
described ( 12). Briefly, test samples were incubated with Sepharose-bound MoAb 
12 . 8  (directed against PR3). Bound PR3-a 1AT complexes were detected by 
subsequent incubation with 1251-labeled MoAb AT15 (directed against complexed 
a 1AT). Levels of PR3-a 1AT complexes were expressed in nM by reference to a 
standard dose-response curve of preformed PR3-a 1AT complexes, that were 
prepared by incubating purified, active site titrated PR3 with an excess of control 
human plasma ( 12). 
HNE-a 1AT complexes were detected using an RIA similar to the RIA used to 
detect PR3-a

1
AT complexes ( 13). A dose-response curve was obtained by 

incubating purified HNE with an excess of normal human plasma. Normal values 
in plasma from healthy donors range from 0 .5  to 2.5 nM for both PR3-a 1AT and 
HNE-a 1AT complexes ( 12). 
The effect of cANCA on PR3-a 1AT complexation in sera was measured as 
described ( 10). Briefly, enzymatically active PR3 (34.5 nM) was added to 100 µ.1 
of 1 :40 diluted sera, and after 30 min incubation at room temperature complexes 
were measured by RIA. Inhibition of PR3-a 1AT complex formation was 
expressed as percentage of the mean complex formation upon addition of PR3 to 
control sera of healthy donors (n=5) .  

Statistical analysis 

Data are given as median values and range in parentheses. For comparison of 
variables within one group, Friedman's two-way ANOV A was used with 
correction for multiple comparisons according to Duncan (22). For comparison 
between groups Wilcoxon's test for unpaired data was applied. A two-tailed P
value < 0.05 was considered significant . Correlations were studied by 
Spearman's rank test. 
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Figure 1. Wegener's granulomatosis patients without disease activity (controls, 11 = 8) and with active 

disease at the moment of relapse (relapse, 11 =8), and either serum inhibition of proteinase 3-a,

antitrypsin (PR3-a 1AT) complexation upon addition of purified PR3 relative to serum of healthy 

controls (a), lgG anti-PR3 antibody level measured by ELISA and expressed as a percentage of a 

positive standard serum (b), or cANCA titre detected by indirect immunofluorescence (IIF) (c). 

Horizontal lines indicate medians. 

RESULTS 

Moment of relapse 

At the moment of relapse, the sera of all eight relapsing patients revealed 
significant inhibitory activity towards PR3-a 1AT complexation (median 22%, 
range 10-59%, Fig. l a). IgG anti-PR3 antibody level measured by ELISA 
(P < 0.01) as well as the cANCA inhibitory activity (P < 0.01) differed 
significantly between the control WG patients without disease activity and those 
with relapses, as shown in Fig. 1. The IIF cANCA titre did not differ between 
these categories of patients (Fig. l e). No significant correlation, however, was 
found between the cANCA interference with PR3-a 1AT complexation and the IIF 
cANCA titre, the IgG anti-PR3 antibody level measured by ELISA, or total IgG 
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Figure 2. Relation between Wegener's granulomatosis disease activity in eight patients at the moment 

of relapse measured by disease activity score ( 14) and either serum inhibition of proteinase 3-a,

antitrypsin (PR3-a 1A T) complexation upon addition of purified PR3 relative to serum of healthy 

controls (a), Ig;G anti-PR3 antibody level measured by ELISA and expressed as a percentage of a 

positive standard serum (b), or cANCA titre detected by indirect immunofluorescence (IIF) (c). 

levels. The value of the cANCA titre by IIF or the IgG anti-PR3 antibody level 
by ELISA did not correlate with the extent of disease activity as measured either 
by CRP level or by disease activity score (Fig.2b,c). However, in the group of 
relapsing patients, a significant correlation was found between the disease activity 
score and cANCA interference with PR3-a 1AT complexation (r =0.87, P < 0.02, 
n=8) at the moment of relapse (Fig.2a). Correlation between CRP level at the 
moment of relapse and cANCA interference with PR3-a1AT complexation was 
borderline (r = 0.66, P < 0. l , n=8, data not shown). 

Months before relapse 
cANCA titre, detected by IIF , rose by at least two titre steps (four-fold) during 
the 6 months before relapse in 6/8 patients (Fig. 3c). The rise in cANCA titre 
occurred between 6 and 3 months before relapse in two cases, and in four cases 
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Figure 3. Inhibition of proteinase 3-a
1-antitrypsin (PR3-a 1AT) complexation in serum upon addition 

of purified PR3 relative to serum of healthy controls (a) , IgG anti-PR3 antibody level measured by 

ELISA and expressed as a percentage of a positive standard serum (b), and cANCA titre detected-by 

indirect immunofluorescence (IIF) (c), in eight patients with relapses ofWegener's granulomatosis 

(WG) at 6 (-6), 3 (-3), 2 (-2), and 1 (- 1 )  month before relapse and at the moment of relapse (0). 

Open circles indicate patients with minor relapses (n =4), closed circles indicate patients with major 

relapses (n =4). Horizontal lines indicate medians. 

within 3 months before the relapse. In two cases the cANCA titre did not change 
by two or more titre steps within the 6 months before relapse. In the control 
group no significant rise in cANCA titre was observed. cANCA titres were not 
significantly higher in the group of relapsing patients than in the control group at 
any moment during the study. 
lgG anti-PR3 antibody levels measured by ELISA rose from 6.0 %  (median, 
range 2.2- 57.0%)  at 6 months before the relapse to 59.5 % (5 .8-103 .0%) 
(P <0 . 05) at the moment of relapse in the group of relapsing patients (Fig. 3b). 
All six patients who showed a significant (at least four-fold) rise in cANCA titre 
as measured by IIF, also showed a profound rise in their antibody levels to PR3 
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as measured by ELISA (range 2.2- to 32-fold) between 6 months before the 
relapse and the moment of relapse. In both patients who did not show a 
significant increase in IIF cANCA titre, also lgG anti-PR3 antibody level 
measured by ELISA did not rise. 
During the months before relapse, inhibition of PR3-a 1 AT complexation had 
risen significantly from 7 %  (median, range 1-45 %) at 6 months (P < 0.01), and 
10% (0-49%) at 3 months before relapse (P < 0.05), respectively, to 22% (10-
59%) at the moment of relapse (Fig. 3a). The largest increase in cANCA 
interference with PR3-a 1AT complexation was detected 2-3 months before the 
moment of relapse. All relapsing patients did show an increase in inhibition of 
PR3-a 1AT complexation (range 1.2- to 8.3-fold) between 6 months before the 
relapse and the moment of relapse. 
In one of the two patients who did not show a significant increase in IIF cANCA 
titre or IgG anti-PR3 antibody level measured by ELISA, a 4.7-fold increase in 
inhibition of PR3-a 1AT complexation occurred (Fig. 3a, patient 4), while the 
other had a 1.2-fold increase of persistently high levels of inhibition of PR3-
a 1AT complexation (Fig. 3a, patient 5). In the control group of WG patients, one 
patient showed significant inhibitory activity despite absence of disease activity 
(Fig. 1). During the 6 months period of observation the inhibitory activity in the 
sera of the control patients did not change. 

PR3-a
1
AT and HNE-a

1
AT complex levels 

In the group of relapsing patients most plasma samples, taken simultaneously 
with the serum samples, showed PR3-a 1AT and HNE-a 1AT complexes at levels 
comparable to those in plasma from healthy controls. Only six samples (from five 
patients) out of 33 samples (of the total of 40; seven samples from four patients 
were not available) had elevated levels of complexes compared with healthy 
controls. There was no correlation between cANCA inhibition of PR3-a 1 AT 
complexation and the level of HNE-a 1AT complexes. A negative correlation was 
found between the cANCA inhibition of PR3-a1AT complexation measured in 
serum samples and the level of PR3-a 1 AT complexes found in the corresponding 
plasma samples (r = -0 .51, P< 0 .01 ,  n= 33), and between cANCA inhibition of 
PR3-a 1AT complexation and the ratio of PR3-a 1AT to HNE-a 1AT complexes 
(r = -0.39, P < 0.05 , n =33). However, there remained an overall correlation 
between PR3-a 1AT and HNE-a 1AT complexes in these plasma samples (r= 0.63, 
P < 0.001 ,  n =33). 
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DISCUSSION 

In a previous study we have shown that cANCA can interfere with PR3-a
1
AT 

complexation and that cANCA binding to PR3 inhibits proteolytic activity of PR3 
to a varying degree (10). ANCA with other specificities such as anti-HNE ANCA 
and anti-myeloperoxidase (MPO) ANCA had no effect on the proteolytic activity 
of PR3 and on the complexation of PR3 with a ,AT. These observations might 
suggest a possible role for cANCA in the pathogenesis of this type of vasculitis 
by interference with normal physiologic control of proteolytic activity of PR3. 
In vivo, cANCA might find access to PR3 present on the outer membrane of 
primed neutrophils or released upon activation of neutrophils (5,23). 
Subsequently, upon binding of PR3, cANCA could cause derailment of the 
inflammatory process. The inhibition of PR3 complexation with a

1AT by cANCA 
might interfere with the clearance of PR3 released from activated neutrophils. 
Under normal conditions, released PR3 will be complexed to a 1

AT. Presumably, 
these complexes are cleared from the circulation by binding of the serpin moiety 
to specific receptors present on hepatocytes, as has been described for HNE
a 1AT complexes (24). However, formation of cANCA-PR3 complexes may lead 
to persistence of these complexes in the tissues. Subsequently, tissues might be 
damaged either through residual enzyme activity of cANCA-bound PR3, or 
through dissociation of active PR3 from the complex. Indeed, we have recently 
shown that human IgG with specificity against PR 3 can be cleaved into small. 
fragments when complexed to PR 3 (manuscript submitted) . An alternative 
pathogenetic role of cANCA that has been postulated recently is the activation of 
primed neutrophils by cANCA to release reactive oxygen radicals and 
degranulate, which has been demonstrated in vitro (9). However, this 
phenomenon has not yet been correlated to disease activity. 
In the present study we have observed that cANCA inhibitory activity towards 
PR3-a 1AT complexation as well as IgG anti-PR3 antibody level measured by 
ELISA both discriminate between WG patients without disease activity, patients 
with minor relapses and patients with major relapses. At the time of relapse of 
WG, disease activity correlated significantly with inhibitory activity but not with 
cANCA level detected by IIF or by ELISA. This suggests that the inhibitory 
potential of cANCA with respect to PR3-a 1AT complexation is more closely 
related with disease activity in WG than the total amount of anti-PR3 ANCA. A 
significant increase in inhibition was observed in the 6 months period before 
relapse in the group of relapsing patients. The largest increase of cANCA 
interference with PR3-a 1AT complexation occurred 2-3 months before the 
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moment of relapse, and thus preceded the development of clinically detectable 
disease activity. No significant changes were observed in the control group of 
WG patients without clinical disease activity but with positive cANCA levels. 
In this longitudinal study we also found a significant increase before relapse of 
cANCA titre measured by IIF in 6/8 patients, which is in accordance with 
previous studies (2,4). Two patients, however, did not show a significant increase 
in cANCA titre or IgG anti-PR3 antibody level measured by ELISA. 
Interestingly, one of these two patients showed a clear rise in inhibition of PR3-
a 1AT complexation 2 months before relapse, while the other patient demonstrated 
persistently high levels of inhibition of PR3-a 1AT complexation. 
Both the ratio of PR3-a 1AT to HNE-a 1AT concentrations as well as the 
concentration of PR3-a 1AT complexes in plasma were inversely correlated with 
the measured inhibitory effect of cANCA on PR3-a 1AT complexation. This 
might suggest that also in the in vivo situation, cANCA binding prevents 
inactivation of PR3 by a,AT. However, in most plasma samples from these WG 
patients, PR3-a 1AT as well as HNE-a 1AT complex levels were within the range 
of those in healthy controls. Thus , although activation and degranulation of 
neutrophils is generally believed to be involved in the pathogenesis of WG 
( 1,5,6,9, 10,23), this appears not to be reflected by the levels of these complexes 
in the circulation. Local activation of neutrophils may, however, lead to locally 
raised concentrations of PR 3. The subsequent cANCA interference with PR3-
a

1AT complexation followed by degradation of cANCA by the active enzyme 
may result in the local persistence of active PR 3 that may play a role in tissue 
destruction. 
We have observed a significant correlation between disease activity and inhibitory 
activity of cANCA towards PR3-a 1AT complexation in eight patients with a 
relapse of WG. Increase in cANCA interference with PR3-a 1AT complexation 
preceded clinical evidence of disease activity. No changes occurred in a control 
group of patients without clinical disease activity. However, one cANCA positive 
WG patient without evidence of active disease showed persistent significant 
inhibitory activity. This indicates that different factors may be necessary to 
provoke the development of clinical disease activity , and mechanisms other than 
inhibition of PR3-a 1AT complexation may be of more importance. Nevertheless, 
from the observation that disease activity correlates with inhibition of PR3-a1AT 
complexation but not with total cANCA levels measured by IIF or ELISA, the 
suggestion remains that this particular quality of cANCA may be of special 
relevance to (the development of) disease activity in WG. Whether cANCA 
mediated inhibition of PR3-a 1AT complexation indeed has a role in the 
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pathogenesis of disease activity in WG remains to be proven by longitudinal 
studies in a larger cohort of patients. In addition , in vitro studies documenting 
tissue and endothelial damage caused by cANCA interference with PR3-a

1AT 
complexation are warranted. 

Acknowledgements. This study was supported by grants C88.733 and C89.872 from the Dutch Kidney 

Foundation. Minke G. Huitema is gratefully acknowledged for her excellent technical assistance. 

REFERENCES 

1 .  Van der Woude FJ, Rasmussen N ,  Lobatto S, et al .  Autoantibodies against neutrophils and 
monocytes: tool for diagnosis and marker of disease activity in Wegener's granulomatosis. 
Lancet l985 ; i :425-429. 

2 .  Cohen Tervaert JW,  van der Woude FJ, Fauci AS, e t  al . Association between active Wegener's 
granulomatosis and anticytoplasmic antibodies . Arch /111 Med. 1 989; 149:246 1 -2465. 

3 .  Nolle B ,  Specks V ,  Ludemann J ,  Rohrbach MS ,  De Remee DA,  Gross WL. Anticytoplasmic 
antibodies: their immunodiagnostic value in Wegener's granulomatosis. Ann Ill/em Med. 
1 989; 1 1 1  :28-40. 

4 .  Cohen Tervaert JW,  Huitema MG,  Hem: RJ , Sluiter WJ, The TH , van der Hem GK, 
Kallenberg CGM . Prevention of relapses in Wegener's granulomatosis by treatment based on 
antineutrophil cytoplasmic antibody titre. Lancet l 990;i i :709-7 l l .  

5 .  Goldschmeding R ,  van der School CE,  ten Bokkel Huinink D ,  Hack CE,  van den Ende ME,  
Kallenberg CGM ,  von dem Borne AEGKr. Wegener's granulomatosis autoantibodies identify a 
novel diisopropylfluorophosphate-binding protein in the lysosomes of normal human neutrophils. 
J Clin Invest. 1 989;84: 1 577-1587 . 

6 .  Niles JL ,  McCluskey RT, Ahmad MF ,  Arnaout MA. Wegener's  granulomatosis autoantigen i s  a 
novel neutrophil serine proteinase. Blood 1 989;74: 1 888- 1893. 

7. Ludemann J, Utecht B, Gross WL. Anti-neutrophil cytoplasm antibodies in Wegener's  
granulomatosis recognize an elastinolytic enzyme. J fap Med. 1 990; 171  :357-362. 

8. Jennette JC, Hoidal JR, Falk RJ. Specificity of anti-neutrophil cytoplasmic autoantibodies for 
Proteinase 3 .  Blood 1 990;75:2263-2265 . 

9. Falk RJ, Terrell RS, Charles LA, Jennette JC. Anti-neutrophil cytoplasmic autoantibodies 
induce neutrophils to degranulate and produce oxygen radicals in vitro. Proc Natl Acad Sci 
USA. 1 990; 87:4 1 15-4 1 19 .  

10 .  Van de  Wiel BA,  Dolman KM, Van der Meer-Gerritsen CH , Hack CE,  Von dem Borne 
AEGKr, Goldschmeding. R .  Interference of Wegener's granulomatosis autoantibodies with 
neutrophil proteinase 3 activity. Clin Exp /11111111110/. l 992;90:409-4 14 .  

1 1 .  Rao NV,  Wehner NG, Marshall BC, Gray WR, Gray BH, Hoidal JR. Characterization of 
Proteinase-3 (PR-3), a neutrophil serine proteinase. Structural and functional properties. J Biol 
Chem. 1 99 1 ;  266:9540-9548. 

1 2 .  Dolman KM, Van de Wiel BA, Kam CM, Abbink JJ, Hack CE, Sonnenberg A ,  Powers JC, 
Von dem Borne AEGKr, Goldschmeding R .  Determination of proteinase 3/alpha,-antitrypsin 

68 



4. Wegener 's granulomatosis autoantibodies 

complexes in innammatory nuids. FEBS Lei/. 1 992;3 14 : 1 1 7- 1 2 1 . 
1 3 .  Nuijens JH,  Abbink J J ,  Wachtfogel YT, e t  al . Plasma elastase-a,-antitrypsin and lactoferrin i n  

sepsis: evidence for neutrophils as mediators i n  fatal sepsis .  J Lab Clin Med. 1 992; 1 1 9 : 1 59- 1 64.  
14 .  Fauci AS, Haynes BF, Katz P,  Wolff SM. Wegener's granulomatosis: prospective clinical and 

therapeutic experience with 85 patients for 2 1  years. Ann Intern Med. 1 983;98:76-85 . 
1 5 .  Kallenberg CGM, Cohen Tervaert JW,  Stegeman CA.  Criteria for  disease activity i n  Wegener's 

granulomatosis: a requirement for longitudinal clinical studies. APMIS. 1 990;98 (Suppl .  1 9) :37-
39. 

1 6 .  Stegeman CA, Cohen Tervaert JW, Muitema MG, Kallenberg CGM .  Serum markers o f  T-cell 
activation in relapses of Wegener's granulomatosis. C/i11 Exp /11111111110/. 1 993;9 I :4 1 5-420. 

1 7 .  Wiik A .  Delineation o f  a standard procedure for indirect immunonuorescence detection of 
ANCA. APMIS. 1 989;97 (Suppl . 6): 1 2- 1 3 .  

1 8 . Borregaard N, Heiple JM, Simons ER, Clark ER. Subcel lular localization of the b-cytochrome 
component of the human neutrophil microbicidal oxidase: translocation during activation. J Cell 
Biol. 1 983;97:52-6 1 .  

1 9 .  Brouwer E ,  Cohen Tervaert JW, Horst G,  Huitema M G ,  van der Giessen M ,  Limburg PC, 
Kallenberg CGM .  Predominance of IgG I and lgG4 subclasses of anti-neutrophil cytoplasmic 
autoantibodies (ANCA) in patients with Wegener's  granulomatosis and clinically related 
disorders. Clin Erp /11111111110!. 1991 ;83 :379-386. 

20. Leeuwen van MA, Rijswijk van MH, Marrink J .  CRP measurements in rheumatic disorders . 
Protides of the Biological Fluids. Oxford: Pergamon Press, 1986;34:3 15-3 1 8 .  

2 1 .  Kao RC, Wehner NG, Skubitz KM, Gray BH, Hoidal JR. Proteinase 3 .  A distinct human 
polymorphonuclear leukocyte proteinase that produces emphysema in hamsters. J Clin Invest. 
1 988;82: 1 963- 1 973. 

22. Duncan DB. Multiple range and multiple F-tests. Biometrics 1955; 1 1 :  1 -42. 
23.  Csernok E, Ludemann J ,  Gross WL, Bainton DF. Ullrastructural localization of Proteinase 3 ,  

the target antigen o f  anti-cytoplasmic antibodies circulating in Wegener's granulomatosis. A m  J 
Pathol. 1 990; 137 : 1 1 13- 1 120. 

24. Perlmutter DH, Joslin G,  Nelson P, Schasteen C, Adams SP, Fallon RJ . Endocytosis and 
degradation of a 1-antitrypsin-protease complexes is mediated by the Serpin-Enzyme Complex 
(SEC) receptor. J Biol Chem. 1 990;265 : 1 67 1 3- 1 67 16. 

69 





CHAPTER 5 

ACTIVATION OF GRANULOCYTES BY ANTI

NEUTROPHIL CYTOPLASMIC ANTIBODIES (ANCA) IN 

WEGENER'S GRANULOMATOSIS: A PREDOMINANT 

ROLE FOR THE IgG3 SUBCLASS OF ANCA 

A.H.Leontine Mulder 1
, Coen A. Stegeman2, Cees G.M. Kallenberg 1 

Department of Internal Medicine, 1 Division of Clinical Immunology, 2 Division 

of Nephrology, University Hospital, Groningen, The Netherlands 

Submitted 

7 1  



Wegener 's granulomatosis: factors involved in disease activation 

SUMMARY 

To study ANCA induced granulocyte activation in relation to disease activity in Wegener's 

granulomatosis (WG) serum samples taken from patients with WG at the time of active (n= 17) and 

inactive (n = 1 7) disease were analyzed for their capacity to activate primed normal donor 

granulocytes. Compared to control sera (n=6) the capacity of JgG fractions from patients with WG to 

induce the respiratory burst was significantly higher (p < 0.000 1 ) .  Furthermore, the capacity to induce 

the respiratory burst significantly correlated with the ANCA titer (r = 0.499, p = 0.003). IgG 

fractions from patients with active extensive disease significantly stonger induced the respiratory burst 

than IgG fractions from patients with limited disease (n=7) (p < 0.01 )  or patients during disease 

remission (n = 17) (p < 0.001 ) .  

As  ANCA induced neutrophil activation i s  Fe-dependent and different IgG-subclasses are involved in 

the interaction with various Fe-receptors form neutrophils we assessed changes in ANCA titer, total 

IgG and lgG subclass distribution of ANCA during active disease and remission in relation to the 

neutrophil activating capacity of ANCA. Changes in the capacity to activate granulocytes were neither 

related to changes in titer nor to changes in levels of total JgG, IgG l- ,  IgG3-, or JgG4- subclass of 

ANCA. However, changes in the capacity to induce the respiratory burst were significantly related to 

changes in the relative amount of the IgG3-subclass of ANCA (p < 0.00 1 ) ,  and not to changes in the 

relative amount of lgG 1 - or lgG4-subclass of ANCA. These data suggest that the increase in 

neutrophil activating capacity of ANCA from inactive to active disease is, at least in part, based on 

the relative increase of the IgG3-subclass of ANCA that occurs during active disease. 

INTRODUCTION 

Anti-neutrophil cytoplasmic (auto)antibodies (ANCA) directed against the third 
serine proteinase of human granulocytes , proteinase 3 (PR3), have been described 
as sensitive and specific markers for Wegener's granulomatosis (WG) ( 1-3). The 
autoantibodies produce a cytoplasmic staining pattern (cANCA) on ethanol fixed 
neutrophils by indirect immunofluorescence (IIF), in contrast to the predominant
ly perinuclear pattern (p-ANCA) produced by ANCA directed against myeloper
oxidase (MPO). The latter antibodies are associated with different forms of 
vasculitis and idiopathic crescentic glomerulonephritis (4) . A role for cANCA in 
the pathogenesis of WG has been suggested by various longitudinal studies 
demonstrating that disease activity of WG is preceded by increase in cANCA titer 
(3, 5) and early treatment based on changes in cANCA levels prevents relapses 
of the disease (6). The possible pathophysiological role of cANCA has, however, 
not been elucidated. 
Falk et al (7) have demonstrated that ANCA directed against PR3 and MPO 
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5. ANCA induced neutrophil activation 

induce, in vitro, the respiratory burst and degranulation of normal donor 
granulocytes primed with TNFa. These data were confirmed by others (8, 9) . 
Further studies showed that ANCA enhance the adherence of neutrophils to en
dothelial cells and neutrophil-mediated target cell destruction ( 10, 11). In 
addition, as PR3 and MPO are cationic proteins that readily stick to endothelial 
cells or even may be expressed by these cells ( 12), ANCA may induce comple
ment-dependent cytotoxicity by binding to their localized antigens ( 13). 
The precise mechanisms of ANCA induced neutrophil activation has not been 
unravelled yet. We and others have demonstrated that ANCA induced neutrophil 
activation is dependent on Fe-receptors on the neutrophils (9, 14), in particular 
the second Fe-receptor for IgG (Fc-yRII). In addition, our data suggested a 
predominant role for ANCA of the IgG3 subclass in neutrophil activation since 
sera capable of inducing the respiratory burst had increased levels of IgG3-
subclass of ANCA compared to sera that did not induce granulocyte activation 
(9). The latter findings were, however, based on a transsectional study in only a 
few patients. 
In the present study we evaluated whether active disease in WG is associated not 
only with an increase in cANCA titer but also with changes in functional charac
teristics of cANCA. We analyzed serum samples from cANCA positive patients 
drawn at the time of active and inactive disease, respectively, for their capacity 
to induce the neutrophil respiratory burst. In addition , we determined whether the 
capacity of cANCA-positive sera to activate primed neutrophils was related to 
disease activity. Furthermore, we related neutrophil activating capacity to IgG 
subclass distribution of cANCA. The results show that IgG isolated from patients 
sera during active disease better induce the respiratory burst than IgG from sera 
drawn during remission irrespective of cANCA titer, and that changes in levels 
of IgG3 cANCA correlate with changes in activating capacity of the antibodies. 

MATERIALS AND METHODS 

Sera 

Serum samples were obtained from patients with biopsy proven WG at the 
moment of diagnosis (n = 17), and from patients during clinical remission within a 
period of 3 to 12 months after the time of diagnosis (n = 17). Paired serum 
samples from the moments of diagnosis and from clinical remission were avail
able from 13 patients. All samples were positive for cANCA at the time of 
diagnosis. The diagnosis of WG was established according to clinical and his
tological criteria (15) and all patients fulfilled the criteria for the classi(ication of 
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WG as described by the American College of Rheumatologists (16). Disease 
activity of WG was scored using a disease activity index and a distinction 
between extensive and limited disease activity was made as described before (6, 
17). Briefly, limited disease activity was defined as active lesions of WG in the 
upper- or lower airways without evident vasculitic activity in other organs. 
Extensive disease activity was defined by renal involvement with deteriorating 
renal function with red blood cell casts or biopsy proven necrotizing 
glomerulonephritis, pulmonary involvement with impending respiratory failure, 
cerebral vasculitis, or acute abdomen or massive gastro-intestinal hemorrhage due 
to vasculitis. Remission was defined as the complete absence of signs or symp
toms of disease activity in combination with a normal C-reactive protein level. 
Characteristics of the patients are given in table I. 
Control plasma samples consisted of freshly drawn samples from healthy volun
teers (n=4), or samples positive for antinuclear antibodies (ANA) (n=2). 
Purified immunoglobulin G fractions were prepared from all of the above 
mentioned plasma samples by sequential ammonium sulphate precipitation and 
protein G chromatography (fast flow protein G, Pharmacia Fine Chemicals AB, 
Uppsala, Sweden). 

Reagents 

Formyl-methionyl-leucyl-phenylalanine (FMLP, F3506, Sigma Chemical Co., St. 
Louis, MO) was dissolved in DMSO and stored in sterile, pyrogen-free con
tainers at -80 °C. All buffers and media used throughout the purification proced
ure and the activation experiments were pyrogen free and contained less than 5 
pg/ml endotoxin as determined by the Limulus amoebocyte assay. 

Detection of ANCA by IIF 

Detection of ANCA was performed as described before (1). Test or control sera 
were applied in 1: 16 to 1 : 512 serial dilutions and cANCA was found to be 
present when IIF showed a cytoplasmic pattern with accentuation of the fluor
escence intensity in the area between the nuclear lobes. Slides were read by two 
independent observers, and a titer � 1 :32 was considered positive. 

Characterization of ANCA-specificities by Elisa 

An antigen capture Elisa, as previously described (18), was used to test sera for 
the presence of antibodies to either PR3, MPO, or elastase. Results by Elisa were 
considered positive when the value obtained exceeded the mean of 30 normal 
control sera by more than 3 SD. 
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Table I .  Characteristics of the patients (n= 17) at the moment of diagnosis of Wegener's granulo

matosis grouped according to extensive or limited disease actvity . 

male/female 

age in years· 

disease activity·· 1 

organ involvemant (%) 

ear, nose, throat 

lungs 

kidney 

eyes 

skin 

joints 

nervous system 

gastro-intestinal tract 

constitutional symptoms 

· median (range) 
1 scored as reported in ref. 16 

Isolation of granulocytes 

Extensive WG 

(n = lO) 

1 I 3 

61 (20-72) 

28.5 ( 1 7- 17) 

10  ( 100) 

8 (80) 

10 ( 100) 

6 (60) 

8 (80) 

10 ( 100) 

4 (40) 

2 (20) 

10 ( 100) 

Limited WG 

(n=7) 

5 I 2 

44 (35-70) 

10 (6- 1 6) 

7 ( 100) 

2 (29) 

4 (57) 

( 14) 

4 (57) 

4 (57) 

Peripheral blood from normal volunteers was drawn into vacutainer tubes 
containing 0.34 M EDTA. The blood was diluted 1 : 1 in 0.9 %  NaCl, and 
polymorphonuclear granulocytes were separated by centrifugation on a Lympho
prep density gradient (Nycomed Pharma AS, Oslo, Norway). Contaminating 
erythrocytes were removed by hypotonic lysis. Following two washsteps with 
icecold phosphate buffered saline (PBS), the granulocytes were suspended in 
Hanks Balanced Salt Solution (HBSS). Prior to the activation experiments the 
granulocytes were warmed gradually to 37 °C, and treated for 5 minutes with 
cytochalasin B, 5 µ,g/ml ( 18015, Serva, Heidelberg, Germany). Priming of the 
granulocytes was performed by incubation with recombinant TNFa (rTNFa, 
Genzyme, Cambridge, MA), 2 ng/ml for 15 minutes. 
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Figure 1 .  AOD 550 nm as a measure for the amount of superoxide production of normal donor 

PMNs induced by IgG fractions derived from sera from either controls (n=6),  patients with active 

WG and extensive (n= I0) or limited (n =7) disease activity, or patients with WG during disease 

remission (n = 17) .  The dotted line indicates the upper limit of the AOD 550 nm induced by the 6 

control sera (mean+3SD) . *, **, *** P< 0.05, P<0 .0 1 ,  and P < 0.001 compared to controls, 

respectively. 

Detection of superoxide production using the Jerri-cytochrome C reduction assay 

Superoxide production by granulocytes was determined by measuring the 
superoxide dismutase (SOD) (S9636, Sigma Chemical Co.) inhibitable reduction 
of ferri-cytochrome C, discontinuously, according to the method of Pick and 
Mize! ( 19) with minor modifications. In short, 96-well microtiter plates (F-form, 
Greiner BV, Alphen a/d Rijn, The Netherlands) were incubated with freshly 
purified granulocytes (1. 106 cells/ml) , 690 µ,M ferri-cytochrome C (C7752, 
Sigma Chemical Co), either 590 U/ml SOD or an equal volume HBSS, and 
stimulus. lgG preparations were added at a concentration of 80 µ,g/ml, fMLP was 
used at a concentration of 0. 1 µ,M. The plates were scanned repeatively at 550 
nm using a Titertek multiscan MCC 340 apparatus . Between the readings the 
plates were kept at 37 °C. Each test was performed in quadruplicate. Superoxide 
production of the neutrophils was ex.pressed as the difference in OD 550 nm 
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between the ferri-cytochrome c reduction in the absence and in the presence of 
superoxide dismutase; this LlOD is directly proportional to the amount of 
superoxide produced. 

IgG subclass detection of ANCA by Elisa 
IgG subclass detection of ANCA was performed as described previously (20). 
Since in previous studies we were unable to detect significant amounts of lgG2 
subclass of ANCA (9, 20), only levels of lgG l ,  lgG3, and IgG4 subclass of 
ANCA were analyzed. In brief, a crude granule extract was isolated by nitrogen 
cavitation of neutrophils as described by Borregaard et al (2 1). Microtiter plates 
were coated with the extract at a protein concentration of 20 1,tg/ml in 0.1 M car
bonate buffer, pH 9.6 for 1.5 hour at 37 °C. The plates were incubated with 
human sera for 1 hour at a dilution of 1 :  1 00 and subsequently with subclass 
specific monoclonal antibodies (anti-human IgGl clone MH161-1 ,  anti-human 
IgG3 clone MH163- 1-Mo5, anti-human lgG4 clone MH164-4, CLB, Amsterdam) 
at a dilution of 1 :250. Antibody binding was detected with alkaline phosphatase 
conjugated goat-anti-mouse IgG (A71 57 ,  Sigma Chemical Co.). Values were 
expressed in OD units after subtraction of blanks. 

Statistical analysis 
Data are given as mean ± SD unless stated otherwise. Statistical calculations 
were carried out with a MS-DOS computer using the InStat V 2.04 software 
package (GraphPad Software, San Diego, CA, USA). Statistical analysis was 
performed using the Mann-Whitney rank sum test or Student-t test when appro
priate. More than two groups were compared with ANOV A with the Tukey
Kramer multiple comparison test to correct for multiple comparisons. Correlation 
was studied by Spearman's rank correlation. 

RESULTS 

In vitro neutrophil activation and ANCA titer 
lgG fractions isolated from serum samples from 17 patients during active WG, IO 
with extensive and 7 with limited disease activity, and from 17 patients during 
remission of WG at 3 to 12 months after diagnosis, were assayed for their 
capacity to induce the respiratory burst using the superoxide dismutase 
inhibititable reduction of ferricytochrome c. As shown in figure 1, all but one of 
the samples induced the neutrophil respiratory burst in primed normal donor 
granulocytes as compared to normal control sera. Mean LlOD550 nm being a 
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Figure 2 .  AOD 5 5 0  nm as  a measure for the amount o f  superoxide production of  normal donor 

PMNs induced by IgG fractions derived from sera from patients during active disease ( • )  or disease 

remission (1:, )  in relation with the reciprocal titer of ANCA. 

measure for the amount of superoxide production induced by lgG fractions from 
patients with WG, was 0.078 ± 0.049 (n = 34) compared to 0.007 ± 0.003 
(n = 6) as induced by control lgG fractions (P < 0.0001). The capacity to induce 
the neutrophil respiratory burst was significantly related to the cANCA titer as 
determined in the corresponding serum sample (r=0.499, P=0.0027, n =34) 
(Figure 2). This correlation between cANCA titer and the capacity to induce the 
neutrophil respiratory burst was caused by the correlation derived from the 17 
samples taken during active disease (r=0.688, P=0.0023), while no significant 
correlation was found when evaluating the results from the 17 samples taken 
during disease remission (r=0.286). No significant correlation was observed 
between levels of total lgG, lgGl- ,  IgG3-, or lgG4-subclass of ANCA and the 
capacity to induce the neutrophil respiratory burst, neither when the results from 
all samples were evaluated nor when the evaluation was restricted to the samples 
taken at the moment of active disease only. 
PMN-activating capacity of cANCA positive sera as compared to control sera 
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L'--0D 550 nm 

0.25 P =0.0004 

0.20 

act ive disease disease remission 

Figure 3.  LI.OD 550 nm as a measure for the amount of superoxide production of normal donor 

PMNs induced by IgG fractions derived from paired sera taken during active disease and disease 

remission, respectively, in 1 3  patients. 

was observed both in patients with extensive disease activity of WG and in those 
with limited activity (Figure 1). The capacity of the lgG-fractions to induce the 
respiratory burst was found to be related to the extent of the disease activity. 
Samples from patients with extensive disease activity of WG showed statistically 
significantly higher levels of the respiratory burst than those from patients with 
limited disease activity or from patients in remission (P < 0.01 and P < 0.001, 
respectively) (Figure 1). The median cANCA titer at the moment of active 
disease (256, range 32-5 12) was higher than that at the moment of remission (64, 
range 0-5 12) although the difference was not statistically significant. However, as 
shown in figure 1, lgG fractions isolated from sera taken at the moment of active 
disease tended to induce a higher level of neutrophil respiratory burst than the 
lgG fractions from sera with an identical cANCA titer drawn during disease 
remission. 

In vitro neutrophil activation and lgG subclasses of cANCA 
ANCA induced neutrophil activation is dependent on Fc-y-receptors on the 
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Figure 4. Relative increase in activating capacity measured as LiOD 550 nm of 13 paired sera taken 

during active WG and disease remission related to relative increases in IgGI - (A), lgG3- (B), and · 

lgG4-subclass (C) of ANCA. 

neutrophil, in particular Fc-yRII (9). Since the various IgG subclasses have 
different affinities for the individual Fey-receptors, we studied the relation 
between cANCA IgG subclass distribution in the IgG fractions and their capacity 
to induce neutrophil respiratory burst from the 13 patients of whom paired sera 
from both active WG and disease remission were available. In this group of 13 
paired sera, a statistically highly significant difference was found between the 
sera taken at the moment of active disease as compared to the sera taken during 
disease remission (LiOD 0. 123 ± 0.045 vs.0.05 1 ± 0.025, P=0.0004) (figure 3). 
In these paired sera cANCA titer, and levels of total IgG- and IgGl -, IgG3-, and 
IgG4-subclass of ANCA were lower during disease remission as compared to the 
preceding active phase of WG in most patients, but differences failed to reach 
statistical significance. 
The changes in capacity to induce neutrophil respiratory burst between the 13 
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paired sera taken at the moment of active WG and during remission, respectively, 
did not correlate statistically significant with changes in either cANCA titer , or 
total IgG, IgGl-, lgG3, and lgG4 subclass of ANCA between the paired sera. 
However, a statistically significant correlation existed between the change in the 
13 paired samples in relative IgG3-subclass value of ANCA, i.e. the quantity of 
lgG3-subclass of ANCA divided by the amount of total IgG-ANCA, and the 
change in capacity to induce neutrophil respiratory burst (r=0 .687, P=0.0095),  

while this was not found for IgGl- and lgG4-subclass of ANCA (Figure 4). 

DISCUSSION 

In the present study we have demonstrated that lgG-fractions from cANCA 
positive serum samples at the moment of active WG induced higher levels of the 
respiratory burst than lgG-fractions from serum samples at remission. The 
amount of superoxide production appeared to be dependent on the amount of 
lgG-class of cANCA present as it correlated with cANCA titer. Furthermore, the 
amount of superoxide produced was related with the extent of disease activity: 
sera from patients with active extensive disease induced higher levels of the 
respiratory burst than sera from patients with active limited disease or from 
patients during disease remission. In addition we observed, comparing IgG 
fractions with identical cANCA titers , that IgG from active disease tended to 
induce the respiratory burst at higher levels, than IgG from inactive disease. The 
relative increase in activating capacity during the time of active disease correlated 
strongly with the increase in the relative amount of the lgG3-subclass of ANCA, 
but not with changes in the relative amounts of the lgG 1 and lgG4 subclasses of 
ANCA. 
A pathogenetic role for ANCA has been proposed by studies of Falk et al (7) in 
which ANCA were demonstrated to activate neutrophils that were pretreated 
( "primed") with low dosage TNFc:x to the production of reactive oxygen species 
and the release of lysosomal enzymes. The activation of neutrophils by ANCA is 
dependent on the expression of the ANCA antigens at the cell surface of primed 
granulocytes. Falk's original report suggests that activation can be induced by 
F(ab')2 fragments of ANCA. We and others recently demonstrated that the Fe
region of ANCA is , however, involved as well (9, 14). Blockade of Fc-y
receptors of the neutrophil , in particular Fc-yRII ,  inhibited neutrophil activation 
induced by ANCA. Sera with relatively high levels of lgG3 subclass of ANCA 
preferentially activated neutrophils. These data are in line with those of Huizinga 
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et al (22) who observed that human neutrophils bind lgG3-containing complexes 
approximately three times faster than complexed lgG 1, whereas complexed IgG2 
and lgG4 were not bound. Interestingly, it has been shown that renal exacerba
tions of WG are associated with increases of the lgG3 subclass of ANCA (20). In 
addition, Jayne et al. (23) demonstrated that ANCA of lgG3 subclass in patients 
with systemic vasculitis were relatively abundant during active disease. 
To study the relation between cANCA induced neutrophil activation and IgG 
subclass distribution of cANCA plasma samples from patients with WG drawn 
during active and inactive disease were included. All plasma samples were 
cANCA positive and were able to induce the respiratory burst in primed 
granulocytes. A significant correlation was observed between the amount of 
superoxide produced and the titer of the antibodies. This confirms data in our 
previous study that ANCA induced neutrophil activation is dose-dependent for 
individual sera. This correlation between the cANCA titer and the capacity to 
induce the neutrophil respiratory burst was caused by the correlation in the 17 
samples taken during active disease, while no significant correlation was found in 
the 17 samples during disease remission, even though disease remission sera had, 
in some cases, comparable ANCA titers. As a consequence, the capacity to 
induce neutrophil respiratory burst was not, at least not completely, related to the 
absolute amount of cANCA present as measured by IIF or antigen-specific Elisa. 
We hypothesized, that the higher capacity of cANCA to induce the respiratory 
burst during active disease irrespective of titer, could be either a result of 
changes in the affinity of cANCA, in the epitopes recognized, or in the subclass 
distribution of cANCA. Since all IgG subclasses have different affinities for the 
Fe receptors and Fe-receptors are involved in ANCA-induced neutrophil 
activation, we favored the latter hypothesis. To correct for overall changes in 
antibody quantities, the percentual increase in neutrophil activating capacity from 
inactive to active disease was related to the relative change of lgG subclasses of 
cANCA from inactive to active disease. The relative change of lgG subclasses 
was defined by the ratio of the relative values, i.e. the amount of cANCA of a 
particular lgG subclass divided by the total amount of lgG cANCA during active 
and inactive disease. Comparing paired plasma samples for 13 patients individual
ly, a strong correlation was observed between the percentual increase in 
neutrophil activating capacity and the relative change of IgG3-subclass of 
cANCA, but not with the relative changes in lgG 1- or lgG4-subclass of cANCA. 
These data strongly suggest that lgG3 cANCA facilitate granulocyte activation. 
Two observations subscribe the particular role of lgG3 cANCA in granulocyte 
activation. First, lgG3 antibody complexes bind to Fc-yll-receptors approximately 
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three times faster than lgG 1 antibodies, and far faster than IgG2 and IgG4 
antibodies (22). Secondly, the lgG3 molecule is the most flexible molecule of the 
IgG family, making it conceivable that immune complex formation at the surface 
of the granulocyte in which lgG3 molecules are involved, facilitates neutrophil 
activation. 
Whether or not changes in lgG3 subclass of cANCA and changes in cANCA titer 
are solely responsible for the fact that cANCA during active disease better 
induced the respiratory burst in primed neutrophils than cANCA in inactive 
disease cannot be deducted from this study. Different quality of the antibodies 
may be of importance for the pathogenesis of WG. Recently, Brouwer et al. (24) 
demonstrated that activated neutrophils, as assessed by their in situ H2O2 

production, are present in renal biopsies from patients with WG. They found a 
strong correlation between the extent of renal impairment and the numbers of 
activated neutrophils producing H2O2 , which suggests that activated PMN 
contribute to the pathogenesis of renal lesions in WG. However, they found no 
relation between the numbers of H2O2 producing cells present within the renal 
biopsy and the in vitro capacity of ANCA to activate primed granulocytes. This 
also suggests that other factors besides ANCA are probably important for the in 
vivo outcome. Dolman et al. (25) recently demonstrated in a small study that 
cANCA have an inhibitory effect on the complexation of proteinase 3 and its 
major physiologic inhibitor, cd-antitrypsin (a lAT), and, more importantly, that 
this inhibitory effect of cANCA correlated with clinical activity of WG but not 
with total cANCA levels. 
The PMN-activating capacity of cANCA was not related to renal impairment, 
and occurred in patients with generalized WG as well as in patients with limited 
WG. In this study we demonstrate that not only cANCA titers change in the 
course from active to inactive disease, but that the lgG subclass distribution of 
cANCA changes as well. The latter changes may be of pathophysiological 
importance, since the relative increase in lgG3-subclass of ANCA correlated 
strongly with the percentual increase in activating capacity of cANCA lgG. 
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Wegener 's granulomatosis: factors involved in disease activation 

SUMMARY 

Levels of soluble IL-2 receptor (slL-2R), soluble CD4 (sCD4) and CD8 (sCD8) were measured by 

sandwich ELISA as markers for T cell activation in serial serum samples from 16 patients showing 1 8  

histologically proven relapses o f  Wegener's granulomatosis (WG) . Levels o f  s1L-2R increased from 

1065 U/ml (median, range 373-2345 U/ml) 6 months before the relapse to 1684 U/ml (median, range 

486-3404 U/ml) at the moment of relapse for the whole group (P =0. 1 0) .  The eight major relapses 

showed a profound rise in slL-2R levels, from 1008 U/ml (median, range 686- 1553 U/ml) 6 months 

before the relapse, to I 994 U/ml (median, range 1469-3404 U/ml) at the moment of relapse 

(P< 0.0 1 ). The levels of slL-2R at the moment of relapse were significantly higher at the eight major 

relapses than at the time of the 10 minor relapses (P<0 .05). Minor relapses were not accompanied 

by a significant rise in slL-2R levels. Titres of anti-neutrophil cytoplasmic antibodies (ANCA) rose by 

two or more titresteps or from negative to positive in 1 5 / 18  patients during the 6 months period 

before the relapse. In all seven cases with both a rise of the ANCA titre and an 'at least 25 % increase 

in s1L-2R levels, the rise in ANCA preceded the rise in s1L-2R by at least I month. The level of slL-

2R at the moment of relapse correlated with the level of C-reactive protein (r=0.488, P<0.05) and 

with the disease activity score (r =0.824, P<0.002). There were no significant changes in levels of 

sCD4 or sCD8, although the levels of sCD4 tended to be higher at the time of major relapses. We 

conclude that major relapses of Wegener's granulomatosis are accompanied by systemic T cell 

activation. T cell activation, however, does not appear to precede the rise in ANCA titre. 

INTRODUCTION 

Wegener's granulomatosis (WG) is a systemic disease characterized by 
necrotizing granulomatous inflammation of the upper and lower airways and 
necrotizing vasculitis of small arteries and veins (1). Antineutrophil cytoplasmic 
antibodies (ANCA) directed against lysosomal enzymes of neutrophils and 
monocytes, in particular proteinase 3 and myeloperoxidase, have been found to 
be strongly associated with this disease and other forms of idiopathic necrotizing 
vasculitis and crescentic glomerulonephritis (2-6). Changes in levels of these 
antibodies correlate closely with disease activity, which may suggest a 
pathophysiological role for these autoantibodies (2 ,7,8). 
Apart from humoral mechanisms, cell-mediated immunity may also be involved 
in the pathogenesis of WG (9). A role for T cell involvement in WG is suggested 
by the presence of granulomas, which points to T cell-mediated delayed type 
hypersensitivity reactions to an as yet unknown stimulus. Activated T cells, 
especially of the CD4 subtype, are also found in biopsies from the upper and 
lower airways and the kidneys in necrotizing non-granulomatous lesions ( 10-12). 
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Also, elevated levels of cytokines such as IL-2 and interferon a (IFN-a.) have 
been reported in active vasculitis (13). The target antigens of these T cells remain 
unknown. However, preliminary data have been reported that show in vitro 
proliferative responses of peripheral blood mononuclear cells (PBMC) from 
patients with WG to neutrophil antigens (14). 
The IL-2 receptor (IL-2R) is expressed on and released by, predominantly, 
activated T cells (15). The level of soluble IL-2R (sIL-2R) in serum is considered 
an estimate for T cell activation and has been reported to be elevated in a variety 
of autoimmune diseases, e.g. rheumatic (16-19), vasculitic (20,21), and 
granulomatous disorders (22,23). Also, correlations between disease activity and 
levels of slL-2R have been reported in some of these diseases (16, 18,24-26). 
Levels of soluble CD4 (sCD4) and CD8 (sCD8) antigen in serum have also been 
reported to reflect T cell activation in several different clinical autoimmune 
conditions (27-30). 
Since clear rises in IgG-class ANCA levels, a B cell response probably driven by 
antigen(s), often precede clinical manifestations of relapsing disease activity 
(7 ,8,31), we tried to evaluate the possible role of T cell activation in the initiation 
and expression of disease activity of WG. For this purpose, stored consecutive 
serum samples of patients before and during a strictly defined relapse of WG 
were analysed for levels of sIL-2R, sCD4 and sCD8 antigen. Disease activity 
was evaluated by a clinical scoring system and by measuring C-reactive protein 
levels (32). 

PATIENTS AND METHODS 

Patients 
Patients were seen at the out-patient clinic at least every 3 months. Blood samples 
were taken every month and an aliquot was stored at -20° C. The diagnosis of 
WG was established according to clinical and histological criteria (33). Relapses 
were defined as previously described (8). Only relapses occurring without clinical 
and microbiological evidence of infection during the 6 months before relapse 
were analysed. 

Methods 
Disease activity was scored using a disease activity index and a distinction into 
major and minor relapses was made as described previously (34). Briefly, minor 
relapses were defined as active lesions of WG in the upper or lower airways 
generally without major vasculitic activity in other organs. Major relapses were 
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Table l .  Organ involvement at the moment of major and minor relapses in 1 6  patients with 

Wegener's granulomatosis .  

Nasal lesions 

Pulmonary lesions 

Progressive glomerulonephritis 

Mononeuritis multiplex 

Episcleritis 

Vasculitis with granulomatous 

inflammation of the skin 

Major relapses 

(n = 8) 

8 

4 

8 

3 

5 

2 

Minor relapses 

(n = 10) 

1 0  

2 

3 

defined by renal involvement with deteriorating renal function with erythrocyte 
casts or biopsy-proven necrotizing glomerulonephritis, pulmonary involvement 
with impending respiratory failure, definite cerebral vasculitis, or acute abdomen 
or massive gastrointestinal haemorrhage due to vasculitis. 
Samples taken at 6,3,2, and 1 month before and at the moment of relapse were 
analysed for levels of sIL-2R, sCD4 and sCD8 by sandwich ELISA according to 
the instructions of the manufacturer (T-cell Sciences, Cambridge, MA). In brief, 
microtitre plates were coated with a murine IgG MoAb antibody against one 
epitope on IL-2R, CD4, and CD8, respectively. After incubation of patient sera 
or standards, a horseradish peroxidase-conjugated murine JgG MoAb recognizing 
a .second epitope on IL-2R, CD4, and CD8, respectively, was added .. After 
colour reaction, the plates were read on an automated multiscanner. Normal 
values of IL-2R in our laboratory are below 650 arbitrary units/ml (U/ml). C
reactive protein (CRP) serum levels were measured by ELISA (35). ANCA were 
measured by indirect immunofluorescence on ethanol-fixed granulocytes (2). The 
cytoplasmic fluorescence pattern had to be granular with a decrease in 
fluorescence intensity towards the periphery of the cells. If the test was positive, 
serum titrations were performed in two-fold dilutions starting at 1: 16 to a 
maximal dilution of 1 :5 12. Slides were read independently by two observers. 

Statistical analysis 

Data are given as median values and range in parentheses. For comparison of 
variables within one group, Friedman's two-way ANOVA was used. For 
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CRP serum level (mg/ I)  

A l l  relapses 
(n= 1 8) 
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50 
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6. T r;:ell activation in Wegener 's granulomatosis 

Minor relapses 
(n= W) 

** 

=r�! 
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months before 

Major relapses 
(n=8) 
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�Qge 
-6 -3 -2 - 1  0 

relapse 

Figure 1 . Median C-reactive protein (CRP) serum levels with 25 %-75 % (box) and total range (error 

bars) from 6 months preceding the relapse until the moment of clinical relapse of Wegener's 

granulomatosis in 18 relapses. (-6, -3 , -2, -I denotes 6, 3, 2 and 1 months before the relapse; 0 

denotes moment of relapse) . · P <0.05 compared to -6, -3, -2, and - 1  in the same group. " P < 0.05 

compared to -6 and -3 in the same group . ... P <0.05 compared to -6, -3, and -2 in the same group . 

comparison between groups, Wilcoxon's test for unpaired data or Kruskal-Wallis 
ANOVA was used. Duncan's method was applied to correct for multiple 
comparisons (36). A two-tailed P value < 0.05 was considered significant. 
Correlations were studied by Spearman's rank test. 

RESULTS 

Eighteen relapses occurring in 16 patients were identified in the period from 1989 
to 1991. Eight were major relapses, all with renal involvement, and 10 were 
minor relapses.Patients with major relapses did not differ from those with minor 
relapses with respect to gender, age, time since diagnosis and number of previous 
relapses. Clinical manifestations of the relapses are shown in Table 1. 
CRP levels had risen significantly at the moment of relapse compared with values 
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ANCA t itre 
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-6 -3 -2 - 1  0 

Number of months before relapse 

Figure 2. Titres of antineutrophil cytoplasmic antibodies (ANCA) from 6 months before the relapse 

until the moment of clinical relapse of Wegener's granulomatosis in 18 relapses. Dots represent 

individual serum ANCA titres, horizontal lines represent median titres at the different points in time. 

(--6, --3, --2, -- 1  denotes 6, 3, 2 and 1 months before the relapse; 0 denotes moment of relapse). 

recorded before relapse (Fig. l ). Also, cANCA titres rose by more than two titre 
steps (four-fold) or from negative to positive in 15 of the 18 relapses in the 6 
months before the relapse. In two cases ANCA levels were persistently positive 
at the maximum of the serum dilution used in this study (Fig. 2). In nine cases 
the rise in cANCA occurred between 6 and 3 months before to the relapses, and 
in six cases between 3 months before the relapse and the moment of relapse. 
cANCA titres at the moment of relapse did not differ between the group with 
major and the group with minor relapses. 
Levels of serum sIL-2R at the moment of relapse were significantly higher in the 
group of major relapses compared with the group of minor relapses (P < 0.05 , 
Fig.3). Levels of serum sIL--2R at the moment of relapse correlated strongly with 
the disease activity scores at the moment of relapse for the whole group of 18 
relapses, as shown in Fig. 4 (r=0.824, P < 0.002). At the moment of relapse 
there was also a significant correlation between serum CRP levels and serum sIL-
2R levels (r = 0.488, P < 0.05), and between serum CRP levels and disease 
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sll -2R serum level (U/ml) 
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All relapses 
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* 
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Number of months before relapse 

Figure 3.  Median s lL-2R serum levels with 25 %-75 % (box) and total range (error bars) from "6 

months preceding the relapse until the moment of clinical relapse of Wegener's granulomatosis in 1 8  

relapses. (-6, -3, -2, - 1  denotes 6 ,  3 ,  2 and I months before the relapse; 0 denotes moment of 

relapse). · P<0 .05 compared with -6, -3, and -2 in the same group. • P <0.05 compared with the 

group with minor relapses at 0 .  

activity scores (r=0.691, P < 0.01). 
Serum levels of sIL-2R rose from 1065 U/ml (median, range 373-2345) 6 months 
before the relapse to 1684 Ulm! (median, range 486-3404) for the whole group of 
18 relapses (P=0. 10, Fig. 3). Serum s1L-2R levels in the group of 10 minor 
relapses did not rise. In contrast, the group of eight major relapses showed a 
profound rise in serum sIL-2R levels from 1006 U/ml (median, range 686-1553) 
6 months before the relapse to 1994 U/ml (median, range 1469-3404) at the 
moment of relapse (P < 0.05). Within the group of major relapses, seven out of 
eight patients showed an increase of at least 25 % in serum sIL-2R levels 
compared with only two out of the 10 patients with minor relapses. In one of the 
nine patients showing a ;;:,: 25 % increase in sIL-2R levels, the increase had 
occurred already 2 months before the moment of relapse. In the remaining eight 
patients it was first detected 1 month before (n=3) or at the moment of relapse 
(n=5). In seven out of the nine cases, both a rise of more than 25 % in sIL-2R 
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Serum sll -2R level (U/ml) 

4000 

3000 
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Disease act iv i ty score (points) 

Figure 4. Relation between serum s!L-2R level and disease activity scores at the moment of relapse 

in 18 relapses of Wegener's granulomatosis. A highly significant correlation is found (Spearman's 

rank correlation: r=0 .824, P <0.002). 

levels and a four-fold rise in ANCA titre were found before the relapse. In all 
those cases the rise in ANCA titre preceded the rise in sIL-2R levels by at least 1 
month. In all but two patients, levels of serum s1L-2R were persistently above the 
upper limit of normal of 650 U/ml. Both patients had a minor relapse and did not 
show an increase of sIL-2R at the moment of relapse. 
Analysis of the levels of serum sCD4 and sCD8 showed no significant changes 
inthe period from 6 months before the relapse to the moment of relapse (Fig. 5). 
Analysing the group with major relapses and the group with minor relapses 
separately did not change the results, although levels of serum sCD4 at the 
moment of relapse tended to be higher in the group with major relapses 
compared with the group with minor relapses (P < 0. 10 ). The ratio of serum 
sCD4 to serum sCD8 did not show significant changes either (data not shown). 

DISCUSSION 

Studying 18 relapses in 16 patients with WG, we found a significant rise in 
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Serum sCD4 (U/ml} Serum sCDB (U/ml} 

40 800 

30 600 

20 400 

1 0  200 

-6 -3 -2 - 1  0 -6 -3 -2 - 1  0 

Number of months before relapse 

Figure 5.  Median sCD4 (left) and sCD8 (right) serum levels with 25 %-75% (box) and total range 

(error bars) from 6 months preceding the relapse until the moment of clinical relapse of Wegener's 

granulomatosis in 18 relapses. (-6, -3, -2, -I denotes 6,  3, 2 and I months before the relapse; 0 

denotes moment of relapse). No significant changes are seen. 

serum sIL-2R levels in the group with major relapses (n=8) occurring within 2 
months before the relapse, whereas no significant change in sIL-2R levels 
occurred in the group with minor relapses (n= 10). Also, levels of sIL-2R 
correlated with disease activity scores at the moment of relapse. Recently ,  das 
Neves et al . also reported elevated levels of sIL-2R in serum samples from 
patients with different forms of renal vasculitis taken in the acute phase of the 
disease (37). In all but two patients (88 % ) serum levels of sIL-2R were above the 
upper limit of normal during the whole period of 6 months preceding the clinical 
diagnosis of relapse. 
These findings suggest involvement of T cell-mediated immunity in the process of 
active WG, as is also suggested by the abundant presence of activated T cells in 
granulomas and renal lesions of patients with WG (10-12). A significant rise of 
sIL-2R levels before or at the moment of relapse was found, however, in the 
group with major disease activity only. We cannot exclude the possibility that, 
given the probably limited half life of sIL-2R, intermittent transient changes in 
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sIL-2R could have occurred, since only monthly serum samples were available. 
Otherwise, the occurrence of rises of sIL-2R in patients with major disease 
activity only suggests that changes in serum slL-2R levels are rather insensitive 
as indicators for localized T cell activity .Significant increases of serum levels of 
slL-2R have, however, been reported in more or less localized granulomatous 
disorders as sarcoidosis and Crohn's disease, suggesting spill over of s1L-2R into 
the circulation occurs (22,23). Our data, thus, indicate that other immune effector 
cells, in particular polymorphonuclear granulocytes and/or monocytes, are 
probably more prominent in the effector phase of active WG. Although retention 
of slL-2R with impaired renal function has been suggested (38), our findings can 
not be explained as a result of progressive renal failure during major disease 
activity, since there was no correlation between sIL-2R levels in those patients 
and creatinine clearance (data not shown). Others also have suggested 
overproduction of slL-2R as a more important factor than metabolic retention to 
explain the observed high levels of sIL-2R in patients with renal vasculitis (37). 
Rises in titre of ANCA have been demonstrated to precede the occurrence of 
relapses of WG (7 ,8,31). The specific increase of these lgG-class antibodies 
suggests a T cell dependent B cell activation. We tried to elucidate a possible 
initiating effect of T cell activation in the production of ANCA by comparing 
changes over time of serum ANCA and slL-2R levels in the period preceding the 
relapse. Since rises in serum sIL-2R never preceded rises in ANCA in our 
patients, our results do not support an initiating role of T cell activation, as 
measured by serum sIL-2R levels, in the autoantibody response in WG. 
Comparable kinetics with respect to specific autoantibody response and serum 
sIL-2R levels have been reported in relapses of systemic lupus erythematosus 
(SLE) (26). The finding that rises in slL-2R are a rather late phenomenon in the 
process of disease activation and are closely related with the disease activity 
score and the acute phase response as measured by serum CRP levels, suggests 
that T cell activation is only a secondary and limited event in the activation of 
WG, and therefore may only be a reflection of a more general activation of the 
immune system. However, as in SLE (16,26), persistent elevated serum levels of 
sIL-2R without discernable disease activity have been found in most of our WG 
patients. This could indicate a low level of persistent T cell activation even in the 
absence of clinical disease activity. 
In order to gain some insight into the subsets of T cells involved, levels of sCD4 
and sCD8 were analysed. No discernible changes in those levels were found 
before the relapses. This is in contrast to recent findings in Sjogren's syndrome, 
SLE, scleroderma and rheumatoid arthritis (27-30). Both in primary Sjogren's 

96 



6. T cell activation in Wegener 's granulomatosis 

syndrome and active rheumatoid arthritis , elevated levels of sCD4 with 
concurrent decreased levels of sCD8 have been reported (27 ,29,30). In active 
SLE and scleroderma both elevated sCD4 and sCD8 levels were found (28,30). 
Our data, however, do not support a central role for either a CD4- or CD8-
positive subset of lymphocytes in initiating or maintaining active WG. However , 
lack of correlation between the presence of activated T cell subsets in the 
peripheral blood and the levels of sCD4 and sCD8 in serum has been reported 
(30 ,39). Otherwise, the elevated levels of sIL-2R in our study might not be 
derived from activated T cells, but from activated B cells and/or monocytes. 
Activated B cells can express IL-2R on their cell surface, but do so in amounts 
that are far less than on activated T cells (15). Also, B cell activation as 
manifested by increase in ANCA levels preceded the rise in levels of sIL-2R. 
This does not support a B cell origin for the elevated slL-2R levels as observed 
in our patients. Since we did not analyse activation of monocytes, we can not 
exclude the possibility that the elevated slL-2R levels are derived from these cells 
(40 ,41). In the future, studies using flowcytometric analysis of lymphocyte 
subsets and monocytes may give more insight into the origin of sIL-2R in active 
WG. 
Given the late occurrence of a discernible rise in sIL-2R levels in the induction of 
disease activity and its presence only in patients with major disease activity, 
clinical application of serial sIL-2R determination in the follow up of patients 
with WG is of limited value. Clinical usefulness is further hampered by the fact 
that elevation of sIL-2R is probably a non-specific phenomenon, and also occurs 
during acute and chronic infections (42,43) , the clinical conditions which often 
pose a diagnostic problem in patients with WG. 
In conclusion, elevated levels of sIL-2R in patients with WG suggest T cell 
activation. Rises in levels of sIL-2R occur during major relapses of the disease, 
and are probably a reflection of a more generalized immune activation. The 
clinical usefulness of serial measuring of serum sIL-2R seems to be restricted. 
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ABSTRACT 

Objective. To assess the value of measuring serum levels of soluble intercellular adhesion molecule l 

(s!CAM-1) ,  soluble vascular cell adhesion molecule 1 (sVCAM-1 ) ,  and sE-selectin for monitoring 

disease activity in Wegener's granulomatosis (WG). 

Methods. A sandwich enzyme-linked immunosorbent assay was used to measure levels of soluble 

adhesion molecules at the time of diagnosis in 22 consecutive patients with WG, in 12 WG patients 

studied serially prior to disease relapse relapse, at the time of upper airways infection in 18 patients 

with inactive WG, and in 57 controls. Disease activity was assessed by disease activity score and C

reactive protein levels. 

Results. At diagnosis of WG, slCAM-1  and sVCAM-1 levels were significantly elevated and 

correlated with disease activity . At the time of relapse, a significant increase in all 3 soluble adhesion 

molecules was found compared with levels at 6 months prior to relapse, but only sVCAM- 1  levels 

were significantly elevated compared with those in controls. Levels of soluble adhesion molecules at 

the time of relapse did not differ from those measured during an upper airways infection without 

disease activity. 

Co11c/11sio11. Elevated serum levels of s!CAM-1 and sVCAM-1 can be found in active WG and 

correlate with disease activity. However, their clinical relevance for followup is limited due to lack of 

sensitivity and specificity for WG disease activity. 

INTRODUCTION 

Adhesion molecules expressed on vascular endothelium and on circulating 
leukocytes play an important role in the inflammatory response by regulating 
adhesion of leukocytes to vascular endothelial cells, transmigration through 
endothelium, and cell-cell interactions in the immune response ( 1 ,2). Intercellular 
adhesion molecule- 1 (ICAM-1) has a very broad distribution, being expressed on 
lymphoid cells, endothelial cells, and other nonlymphoid cells ( 1,3,4). Like 
vascular cell adhesion molecule- 1 (VCAM-1), which is less widely distributed 
and is expressed by endothelium, dendritic cells, macrophages, and renal 
proximal tubules, ICAM-1 belongs to the immunoglobulin supergene family (1,5-
7). E-selectin ( or endothelial cell adhesion molecule-1) is a member of the 
selectin family of adhesion molecules and is expressed upon cytokine stimulation, 
both in vitro and in vivo, on endothelial cells only (8-12). 
Expression of these adhesion molecules is controlled by inflammatory cytokines, 
among other mechanisms ( 1,2,8,13-15). Recent in vitro and animal studies have 
suggested a differential endothelial expression of ICAM-1, VCAM-1, and E
selectin upon stimulation with different combinations of interleukin- lB ,  tumor 
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necrosis factor-a, and interleukin-4 ( 15 ,  16). In a rabbit model of pulmonary 
granulomatous vasculitis endothelial up-regulation of ICAM-1, and VCAM-1,  but 
not of E-selectin, was demonstrated (17, 18). This pattern of up-regulated ICAM-
1 and VCAM-1 without concomitant E-selectin expression was recently found 
also in renal biopsy specimens from patients with Wegener's granulomatosis 
(WG) (19). 
The occurrence of adhesion molecules that are in soluble form, consequently 
lacking the transmembrane and intracellular domain and consisting of the 
extramembranous part of the molecule only, was first described for ICAM-1 
(slCAM- 1), and later for VCAM-1 (sVCAM-1), and E-selectin (sE-selectin). 
These soluble adhesion molecules have been found both in vitro in supernatant of 
cultured cytokine-stimulated endothelial cells, and in vivo in human plasma or 
serum ( 12 ,20-23). Since they retain the capacity to bind to their ligands, it is 
thought that these soluble forms of adhesion molecules play a role in regulating 
the immune response. They are probably shed or cleaved from the cell membrane 
after expression, since no evidence for secretion or production of a spliced form 
by the activated cells has thus far been found (20,22,24). Several studies have 
demonstrated elevated levels of sICAM-1, sVCAM-1,  or sE-selectin in relation to 
disease activity in various acute and chronic inflammatory diseases (22-30), and 
some authors have advocated the use of these soluble adhesion molecules as 
markers for disease activity in autoimmune diseases and vasculitis (23 ,25-30). 
In this study we used a commercially available sandwich enzyme-linked 
immunosorbent assay (ELISA) to measure serum levels of sICAM-1, sVCAM-1, 
and sE-selectin in patients with Wegener's granulomatosis (WG), both at the time 
of diagnosis and during followup. Our goal was to evaluate whether levels of 
these soluble adhesion molecules (a) are elevated during active vasculitis, 
reflecting endothelial activation or damage, (b) reflect the selective up-regulation 
of these molecules as found in renal biopsy specimens from patients with WG, 
(c) can be used for evaluation of disease activity during followup, and (d) can 
help to discriminate between active vasculitis and intercurrent upper-airways 
infections, which often pose a diagnostic problem during followup. 

PATIENTS AND METHODS 

Patients. 
The patient group consisted of consecutive patients admitted to our hospital or 
seen at the outpatient clinic with a diagnosis of biopsy-proven WG. Serum 
samples obtained at the time of diagnosis were measured for levels of soluble 
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adhesion molecules. Clinical and laboratory data were retrieved from the patients' 
medical record. The diagnosis of WG was established according to clinical and 
histological criteria (3 1), and all patients fulfilled the American College of 
Rheumatology criteria for the classification of WG (32). 
During followup, all of the patients with WG were seen regularly at the 
outpatient clinic. Blood samples were obtained at least once every month during 
followup, and aliquots were stored at -20° C. Relapses were defined as 
previously described (33). Only relapses occurring without clinical and 
microbiological evidence of infection during the 6 months prior to relapse were 
analyzed. During followup in the patients with WG, periods of upper airways 
infections, confirmed by bacterial culture or by a � 4-fold rise in antibody titer 
against a respiratory virus, were identified. Only infections occurring without 
WG disease activity, for a period of 6 months before to 6 months after the 
infection, were analyzed in this study. 

Evaluation of disease activity 

WG disease activity was scored using a disease activity index, and a distinction 
between major and minor disease activity or relapse was made as described 
previously (34,35). Briefly, minor disease activity or minor relapse was defined 
as active lesions of WG in the upper or lower airways without evidence of 
vasculitic activity in other organs. Major disease activity or major relapse was 
defined as renal involvement with deteriorating renal function with red blood cell 
casts or biopsy-proven necrotizing glomerulonephritis, pulmonary involvement 
with impending respiratory failure, cerebral vasculitis, or acute abdomen or 
massive gastrointestinal haemorrhage due to vasculitis. 

ELISA . 

Samples obtained at diagnosis before institution of immunosuppressive treatment, 
samples obtained during followup at 6 months, 3 months ,2 months, and 1 month 
prior to and at the time of relapse, samples from patients with WG with 
documented upper airways infections, and samples from healthy control subjects 
were analyzed for levels of sICAM-1 ,  sVCAM-1, and sE-selectin by sandwich 
ELISA, according to the instructions of the manufacturer (British Bio-technology 
Products, Abingdon, UK). All measurements were performed with the same 
batch, and in duplicate. Briefly, microtiter plates were coated with a murine 
monoclonal lgG antibody against one epitope on sICAM-1, sVCAM-1, and sE
selectin, respectively. After incubation of patient sera or standards in appropriate 
dilution, a biotinylated murine monoclonal lgG antibody recognizing a second 
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epitope on sICAM-1, sVCAM-1, and sE-selectin, respectively, was added. After 
addition of streptavidin-horseradish peroxidase, the colour reaction was developed 
with tetramethylbenzidine, and the plates were read on an automated 
multiscanner. Interassay and intraassay coefficients of variation were - 8 % and 
- 6 % , respectively. 
Control serum samples were obtained from 57 healthy male and female blood 
donors age 18-65 (median 45) years. Their mean ( ± SD) values for sICAM-1, 
sVCAM-1, and sE-selectin were 328 ± 77.4 ng/ml, 588 ± 158.6 ng/ml, and 
42.7 ± 13.6 ng/ml, respectively. No influence of sex or age on levels of 
sICAM-1, sVCAM-1, and sE-selectin was found (r=0.148, r =-0.074, and 
r=0.013, respectively, by Spearman's rank test for age), confirming data from 
previous reported studies (23,24,26-28). Mean ± 2 SD values from this control 
group were considered to be the normal range. 

Other laborato,y studies. 
Serum C-reactive protein (CRP) levels were measured by ELISA (36). 
Cytoplasmic pattern antineutrophil cytoplasmic antibodies (cANCA) were 
measured by indirect immunofluorescence on ethanol fixed granulocytes (33); 
samples were considered to be positive when the cytoplasmic fluorescence pattern 
was granular with a decrease in fluorescence intensity towards the periphery of 
the cells. If the result was positive, serum titrations were performed in 2-fold 
dilutions starting at 1 :20. Slides were read independently by 2 observers. 
Antibody specificity for proteinase 3 was confirmed by ELISA (37). 

Statistical analysis 
Data presented are the median (range), unless otherwise stated. For comparison 
of within group variables Friedman's 2-way analysis of variance (ANOV A) was 
used. For comparison between groups, the Wilcoxon test for unpaired data or 
Kruskal Wallis ANOVA was used. Duncan's method was applied to correct for 
multiple comparisons (38). ?-values (2-tailed) less than 0.05 were considered 
significant. Correlations were assessed by Spearman's rank test. 

RESULTS 

Levels of soluble adhesion molecules at the time of diagnosis of Wegener 's 
granulomatosis. 
Serum samples obtained from 22 consecutive patients at the time of diagnosis of 
WG were analyzed for levels of soluble adhesion molecules. Thirteen patients 
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Table 1 .  Clinical characteristics at the time of diagnosis of Wegener's granulomatosis, in 22 

consecutive patients grouped according to major or minor disease activity" 

Males/Females 

Age, years 

C-reactive protein ,  mg/I 

Disease activity score 

Organ involvement 

Ear, nose, throat 

Eyes 

Lung 

Kidney 

Skin 

Joints 

Nervous system 

Gastro-intestinal 

Major disease activity 

n = l 3  

8 / 5 

67 .7 (20.2-80.8) 

107 (54-266)! 

24 ( 16-35)1 

13 ( 100) 

5 (38) 

12 (92) 

13 ( 100) 

9 (69) 

1 3  ( 100) 

8 (62) 

3 (23) 

Minor disease activity 

n= 9 

6 I 3 

46.3 (25.6-79.8) 

70 (6-160) 

7 (5- 15) 

8 (89) 

4 (44) 

3 (33) 

0 (0) 

3 (33) 

6 (67) 

( 1 1 )  

0 (0) 

• Age, C-reactive protein, and disease activity score values are the median (range); organ involvement 

values are the number (%)  of patients. A disease actvity score ;::: 5 reflects active disease. 

1, 1 P <0.05 and P<0 .00 1 compared to group with minor disease activity, respectively. 

had major disease activity; 9 had minor disease activity. All were cANCA 
po�itive, with antibody specificity for proteinase 3 confirmed by ELISA. Clinical 
characteristics are shown in Table 1. At the time of diagnosis of WG, serum 
levels of sICAM-1 (median 520 ng/ml [range 165-864]) and sVCAM-1 ( 1 1 19 
ng/ml [396 to 3029]) were higher in the patients than in controls (P < 0.002 and 
P < 0.0001, respectively), while sE-selectin levels (44.9 ng/ml [37.7 to 8 1.3]), 
were not significantly elevated (P< 0.l) (Figure 1). Levels of sICAM-1 ,  
s VCAM-1, and sE-selectin differed between patients with major disease activity 
and those with minor disease activity (Figure 2) . Patients with major disease 
activity had significantly higher levels of sICAM-1, sVCAM-1, and sE-selectin 
than controls (P < 0.0001 ,  P < 0 .0001, and P < 0.01 ,  respectively). Patients with 
minor disease activity did not differ from controls with respect to their levels of 
sICAM-1 or sE-selectin, but sVCAM-1 levels in this subgroup were significantly 
higher than those in controls (P < 0.03). 
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Figure 1. Box plots indicating the overall range (error bars), 25-75% range (boxes), and median 

value (horizontal lines) of serum levels of soluble intercellular adhesion molecule 1 (slCAM-1 ) ,  

soluble vascular cell adhesion molecule 1 (sVCAM-1 ), and sE-selectin, i n  22 consecutive Wegener's 

granulomatosis patients at the time of diagnosis and in 57 healthy controls. Levels of s!CAM- 1 and 

sVCAM-1 were significantly elevated in patients compared with controls. 

At the time of diagnosis of WG, serum levels of all 3 soluble adhesion molecules 
correlated significantly with CRP levels (r=0.73, P < 0.002 for sICAM-1;  
r =0.46, P < 0.05 for sVCAM-1; and r =0.47, P < 0.05 for sE-selectin ) .  Also, 
levels of all 3 soluble adhesion molecules correlated significantly with the disease 
activity score (r=0.78, P < 0.001, r =0.72, P < 0.002, and r =0.71 ,  P < 0.002, 

for slCAM-1, sVCAM-1, and sE-selectin, respectively). No correlation was 
found between cANCA titers and levels of soluble adhesion molecules, or 
between cANCA titers and disease activity scores or CRP levels (data not 
shown). 

Soluble adhesion molecules preceding a relapse 
Longitudinal data were collected on 12 additional, consecutive WG patients, who 
had biopsy-proven relapse of WG without infection. Six patients had major 
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Figure 2. Serum levels of s!CAM-1 ,  sVCAM-1 ,  and sE-selectin at the time of diagnosis in 22 

consecutive patients with Wegener's granulomatosis (WG), grouped according to disease activity. 

Broken lines indicate the upper and lower limits of the normal range; short horizontal lines represent 

the median. Levels of all 3 soluble adhesion molecules were significantly higher in patients with 

major disease activity compared with patients with minor disease activity. See Figure I for other 

definitions. 

relapses, all with renal involvement, and 6 had minor relapses, with disease 
activity limited to the upper airways along with mild constitutional symptoms. 
The median disease activity score at the time of relapse was significantly lower in 
this group of 12  patients than in the group of 22 patients studied at the time of 
diagnosis (9 [range 5-16] versus 20 [range 5-35] ;  P < 0.05). In 1 1  of the 12 
patients, cANCA levels rose by at least 2 titer dilutions (4-fold) in the 6 months 
preceding the relapse (data not shown). Serum CRP levels also rose in all 
patients. The increase in serum CRP levels was significant at 2 months prior to 
relapse, and rose further until the time of relapse (Figure 3). 
Compared with the values obtained in the group of controls, the only soluble 
adhesion molecule that was significantly elevated at the time of WG relapse was 
sVCAM-1 (P < 0.01). However, serum levels of sICAM-1 ,  sVCAM-1 ,  and sE-
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Figure 3 .  Box plots indicating the overall range (error bars), 25-75% range (boxes), and median 

value (horizontal lines) of serum C-reactive protein levels at 6 months, 3 months, 2 months, and I 

month prior to relapse and at the time of relapse, in 1 2  Wegener 's granulomatosis patients studied 

longitudinally. · P< 0.05 compared with levels at 6 months and 3 months prior to relapse; ·· P<0.05 

compared with levels I month prior to relapse and P < 0.01 compared with levels at 6 months, 3 

months, and 2 months prior to relapse. See Figure l for definitions. 

selectin had all risen at the time of relapse, and all were significantly higher at 
that time than at 6 months prior to relapse (Figure 4). Despite the increase in 
levels of soluble adhesion molecules at the time of relapse, only 3, 4, and 2 
patients, respectively, had levels of sICAM-1, sVCAM-1, and sE-selectin that 
were above the mean + 2SD in controls. Five, 3, and 2 patients, respectively, 
showed an increase of at least 50 % in these levels at the time of relapse 
compared with the period before relapse. At the time of relapse sICAM-1 levels 
correlated with CRP levels (r= 0.62, P < 0.05), while sVCAM-1 and sE-selectin 
levels did not. Levels of sE-selectin were found to correlate with the disease 
activity score at the time of relapse (r = 0.63, P < 0. 05), in contrast to slCAM-1 
and sVCAM-1 levels. Again, no correlation was found between cANCA levels at 
the time of relapse and either disease activity score, CRP levels, or levels of 
sICAM-1, sVCAM-1, or sE-selectin. 
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Figure 4. Box plots indicating the overall range (error bars), 25-75 % range (boxes), and median 

value (horizontal lines) of serum levels of slCAM-1 ,  sVCAM- 1 ,  and sE-selectin at 6 months, 3 

months, 2 months, and I month prior to relapse and at the time of relapse, in 1 2  patients with 

Wegener's  granulomatosis studied longitudinally. Dotted lines indicate the upper and lower limits of 

the normal range. · P < 0 .05 compared with levels at 6 months and 3 months prior to relapse; ·· 

P <0.05 compared with levels at 6 months prior to relapse; ··· P<0.01 compared with levels at 6 

months prior to relapse. See Figure I for definitions. 

Levels of soluble adhesion molecules during upper airways infection 
Serum levels of sICAM-1, sVCAM-1, and sE-selectin were also analyzed in 
samples from 17 additional patients with inactive WG, during 18 episodes of 
documented upper airways infection. Of these 18 episodes, 6 were of viral 
origin; most of the others were due to gram-positive bacteria in most of the 
cases. Ten episodes of infection occurred while the patient was receiving 
immunosuppressive medication. Levels of sVCAM-1 in these patients during 
infection (median 800 ng/ml [range 462-1651)) were significantly elevated 
compared with levels in normal controls (P < 0.0005), while levels of sICAM-1 
(315 ng/ml [ 170.5-594.1)) and sE-selectin (45.4 ng/ml [17.6-102.5)) were not. 
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Figure 5. Serum levels of s!CAM-1 , sVCAM-1 ,  and sE-selectin at the time of relapse in 1 2  

Wegener's granulomatosis (WG) patients studied longitudinally, during 1 8  episodes o f  documented 

upper airways infection in 17 patients with inactive WG. Broken lines indicate the upper and lower 

limits of the ncirmal range; short horizontal lines represent the median. No significant differences 

between the 2 groups were found. See Figure 1 for other definitions. 

No differences were found in serum levels of sICAM-1, sVCAM-1, or sE
selectin during the 18 episodes of upper airways infection compared with levels 
at the time of relapse of WG as measured in the 12 patients analyzed 
longitudinally (Figure 5). Serum levels of sICAM-1, sVCAM-1, or sE-selectin 
did not differ between patients with viral versus those with bacterial infection, or 
between patients who had versus those who did not have immunosuppressive 
treatment (data not shown). 

DISCUSSION 

In this study, we have measured levels of soluble adhesion molecules in serum 
samples from patients with WG, in order to relate those levels to clinical disease 
activity . It was hoped that, given the basic role played by adhesion molecules in 
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inflammatory reactions, levels of soluble adhesion molecules could be used for 
monitoring disease activity of WG during followup. Given the restricted 
expression of VCAM-1 and, especially, E-selectin, soluble levels of these 
adhesion molecules might be rather specific indicators of endothelial activation 
and damage, and could be expected to reflect vasculitic activity (6-15) .  
Our results show that in  patients with newly diagnosed, untreated WG, levels of 
sICAM-1 and sVCAM-1 are elevated compared with levels in healthy controls. 
Despite the statistically significant differences in levels of sICAMal and sVCAM-
1 between the WG patients and the controls, there is a considerable overlap, 
especially for the group of patients with minor WG disease activity. However, 
levels of sICAM-1, sVCAM-1, and sE-selectin correlated significantly with 
disease activity scores and with C-reactive protein levels (39). 
The source of these soluble adhesion molecules cannot be deduced from their 
presence in serum, especially since levels of the soluble forms of the more 
broadly expressed ICAM-1 and VCAM-1 were significantly elevated, whereas 
those of E-selectin, which is expressed on endothelial cells only, were not. 
However, this pattern of elevation seems to reflect the differential endothelial up
regulation of ICAM-1 and VCAM-1, but not of E-selectin, as recently 
demonstrated in a rabbit model of granulomatous vasculitis ( 17, 18). The same 
pattern of up-regulated endothelial expression of both ICAM-1 and VCAM-1, but 
not of E-selectin, was observed also in renal biopsy specimens from patients with 
active WG ( 19). Given the up-regulation of ICAM-1 and VCAM-1 on glomernlar 
endothelium as demonstrated histologically in patients with active WG, it is 
conceivable that at least part of the elevation of these soluble adhesion molecules 
is derived from activated endothelium. Our findings are therefore in accordance 
with those of other cross-sectional studies on groups of patients with different 
autoimmune diseases and vasculitis , and indicate that measurement of serum 
levels of these soluble adhesion molecules may have some potential as a marker 
of disease activity (23,26-29). 
The second part of our study addressed the relevance of serial measurement of 
soluble adhesion molecules for monitoring disease activity during followup of 
patients with WG. Previous studies of other autoimmune diseases based on cross
sectional data on patients with or without active disease have suggested that these 
soluble adhesion molecules could reflect disease activity (23,26-30). Longitudinal 
data obtained from careful followup of the same patients are lacking. Indeed, in 
the present study serum levels of slCAM-1, sVCAM-1, and sE-selectin rose 
compared with values obtained before the occurrence of a histologically 
diagnosed relapse. However, the number of patients showing at least a 50% 
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increase in the level of one of the soluble adhesion molecules was limited. 
Moreover, in only a minority of patients were levels of these soluble adhesion 
molecules above the normal range at the time of relapse. 
Compared with the group of patients studied at the time of diagnosis of WG, 
patients with a relapse during followup had lower disease activity scores and 
tended to have lower CRP values (data not shown), indicating that relapses were 
probably detected early, at a time of less extensive disease. Therefore, 
measurement of these soluble adhesion molecules during followup is not very 
likely to be a sensitive or early marker of disease activity. In this group of 12 
patients, serial measurement of  serum levels of CRP seemed more sensitive, with 
an increase in these levels associated with relapse in all patients. Also, serial 
measurement of cANCA titers identified the majority of patients with relapse, as 
we have shown before (33,40), although the sensitivity of serial cANCA 
measurement is debated by others (41) .  
In an attempt to address the question of whether measurement of soluble adhesion 
molecules could be helpful in distinguishing infectious episodes from disease 
activity of WG, serum levels of these molecules in patients with inactive WG at 
the time of proven upper airways infections were compared with the levels 
measured at the time of relapse in the 12 patients followed up longitudinally. No 
differences were found. In both groups, only sVCAM-1 was significantly 
elevated compared with normal controls, whereas sICAM-1 and sE-selectin were 
not elevated. ·This finding is in accordance with those of a recent study showing 
that sICAM-1 levels were not elevated in patients with WG who experienced an 
infection (42). Our data provide evidence against the notion that measurement of 
these soluble adhesion molecules can reveal specific patterns of elevation that can 
discriminate between immune activation during active vasculitis versus during 
infection with or without concomitant immunosuppressive treatment. 
In conclusion, our results in this study of patients with biopsy-proven WG studied 
cross-sectionally at the time of diagnosis show that significant elevations of 
soluble adhesion molecules sICAM-1 and sVCAM-1 ,  but not of sE-selectin, can 
be found. Moreover, the levels of these soluble adhesion molecules correlate with 
the clinical disease activity score and with CRP levels. Serial measurements of 
soluble adhesion molecules, however, are not likely to be helpful for monitoring 
disease activity, and are certainly not superior to serial measurements of levels of 
CRP and titers of cANCA, since they lacked both sensitivity and specificity for 
prediction of an impending relapse. 
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ABSTRACT 

Objec1ive: To examine possible risk factors for relapse, including chronic nasal carriage of 

S!aphylococc11s a11re11s and serial antineutrophil cytoplasmic antibody (ANCA) determinations in 

patients with Wegener granulomatosis. 

Design: Observational cohort study . 

Selling: Outpatient clinic at a university-affiliated hospital. 

Pa1ie11ts: Consecutive patients (11 = 7 1 )  with biopsy proven Wegener granulomatosis who were seen 

during follow-up at the outpatient clinic from January 1 988 to July 1 99 1 .  Fourteen patients were 

ineligible or dropped out; 57 patients were analyzed. 

Measurements: Serial ANCA determinations and swab cultures of both anterior nares for S. aureus 

taken at each visit every 4 to 6 weeks. Occurrence of infections and relapses of Wegener 

granulomatosis were identified according to strict , predefined criteria. 

Results: Thirty-six of the 57 patients (63%;  95% CI, 49% to 76%) were found to be chronic nasal 

carriers of S. aureus ( 2! 75 % of nasal cultures positive for S. aureus). Proportlonal-hazards 

regression analysis identified chronic nasal carriage of S. aureus (adjusted relative risk, 7 .  16;  CI, 

1 .63 to 31 .50), creatinine clearance above 60 mL·min• 1 (adjusted relative risk, 2.94; CI, 1 .27 to 

6.67), and a history of previous relapses of Wegener granulomatosis (adjusted relative risk, 1 .33; CI, 

0 .98 to 1 .78) as independent risk factors for relapse. Twenty-two of 33 patients persistently or 

intermittently positive for ANCA had a relapse as opposed to only 1 of 2 1  persistently negative 

patients. Relapses of Wegener granulomatosis were not related to diagnosed infections. 

Co11clusio11: Chronic nasal carriage of S. aureus identifies a subgroup of patients with Wegener 

granulomatosis who are more prone to relapses of the disease.suggesting a role for S. aureus in its 

pathophysiology and a possible clue for treatment. 

INTRODUCTION 

Wegener granulomatosis is a systemic disease characterized by necrotizing 
granulomatous inflammation of the upper and lower respiratory tract in 
combination with vasculitis and focal necrotizing crescentic glomerulonephritis 
( 1). Treatment with cyclophosphamide in combination with corticosteroids has 
proved highly successful, although side effects may be severe and sometimes 
lethal (2). After remission is achieved, the course of the disease is highly variable 
and unpredictable. Most patients have relapses at variable intervals requiring 
reinstitution of immunosuppressive therapy. Serial titration of antineutrophil 
cytoplasmic antibodies (ANCA) is helpful in predicting the occurrence of relapses 
(3-6). 
The pathogenesis of the disease is not well known. Several anecdotal reports have 
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noted beneficial results of sulphamethoxazole-trimethoprim in the treatment of 
refractory Wegener granulomatosis or limited Wegener granulomatosis localized 
to the respiratory tract (7-10). These findings have raised speculation regarding a 
possible role for infectious agents in the induction of disease activity in Wegener 
granulomatosis. Recently, it was noted that patients with Wegener granulomatosis 
frequently have symptoms of a respiratory tract infection at the time of ANCA 
titer elevation (4). Previous studies also found that many patients had respiratory 
tract infections either at the onset of the disease or before a relapse ( 1 1, 12) . 
Virtually every patient with Wegener granulomatosis has secondary infections of 
the paranasal tissues, predominantly with Staphylococcus aureus, and infections 
invariably respond to antistaphylococcal antibiotics (2). Nasal carriage of S. 
aureus is considered a risk factor for S. aureus infections (13-16). No prospective 
studies have been done on the frequency of these infections or the relation of 
nasal carriage rate of S. aureus to disease activity or levels of ANCA in patients 
with Wegener granulomatosis. We examined several possible risk factors for 
relapse of Wegener granulomatosis. 

METHODS 

All consecutive patients with biopsy-proven Wegener granulomatosis visiting our 
outpatient clinic from January 1988 to July 1991 entered the study. The diagnosis 
of Wegener granulomatosis was based on clinical and histologic criteria (2). At 
each visit, usually every 4 to 6 weeks, patients were evaluated for signs and 
symptoms attributable to active Wegener granulomatosis and infections; blood 
samples were obtained for ANCA determinations; a swab culture of the anterior 
nares was taken; and medication was noted, with special emphasis on current or 
recent use of antibiotics. Because antibiotics can influence the results of nasal 
cultures, results of cultures taken during or within 4 weeks after a course of 
antibiotics were disregarded, as were cultures taken during hospitalization 
because the carrier rate may be enhanced by hospital stay ( 13). No attempts were 
made to eliminate S. aureus carriage, although proven or suspected infections 
were treated with appropriate courses of antistaphylococcal antibiotics. 
Relapses of Wegener granulomatosis were treated, and immunosuppressive agents 
were tapered according to a protocol described previously (3). Briefly, patients 
were initially treated for active Wegener granulomatosis with cyclophosphamide, 
2 mg/kg body weight daily, and prednisolone, 1 mg/kg daily. Doses of 
cyclophosphamide were adjusted to maintain the leukocyte count above 4 .0 x 
109/L. In the absence of signs of active disease, the daily dose of 
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cyclophosphamide was tapered every 3 months by 25 mg. Daily prednisolone was 
tapered after 6 weeks by 10 mg every 2 weeks until the dose reached 30 mg and 
thereafter by 5 mg every 2 weeks. 
Given the possible beneficial influence of cotrimoxazole in Wegener 
granulomatosis, patients receiving prolonged continuous treatment with 
antibiotics, arbitrarily defined as more than 6 weeks, were excluded. To establish 
true stable nasal carriage of S. aureus, only patients with at least 1 year of 
follow-up were included in the analysis. 
Patients were considered to have relapsed when they satisfied one of the 
following criteria in which the manifestations in question had to be new or 
recurrent findings (4): 

1. Progressive glomerulonephritis ,  a decrease in renal function of 30% or 
more within 3 months in combination with (microscopic) hematuria or 
evidence of acute necrotizing lesions on renal biopsy. 

2. Pulmonary infiltrates with or without cavitation with rising C-reactive 
protein levels in the absence of infection or signs of malignancy. 

3. Sinusitis, otitis, ulceration of nasal mucosa, or proliferative mass, in 
combination with necrotizing granulomatous inflammation on biopsy. 

4. Miscellaneous (progressive mononeuritis multiplex, cranial nerve palsy, 
cerebral vasculitis , necrotizing scleritis , orbital pseudotumor, progressive 
tracheal stenosis with active disease on biopsy , peripheral gangrene, 
necrotizing vasculitis of medium-sized or small muscular arteries) .  

An upper-airway infection was considered present when patients had clinical 
signs involving the pharynx, trachea, nasal and paranasal tissues, and ear, in 
combination with a positive culture or serologic evidence, a_nd when patients had 
clinical signs suggesting infection, without microbiologic evidence but-with a 
prompt response to appropriate antibiotic treatment. Viral serologic tests were 
done only when clinically indicated, as were serologic tests for Mycoplasma, 

Chlamydia and Legionella species. Urinary tract infections were defined by 
leukocyturia in combination with bacterial concentrations of 105 colony-forming 
units per mL or greater. 
Patients were considered to be chronic nasal carriers when 75 % or more of their 
nasal cultures grew S. aureus (14) and nonchronic carriers when less than 75 % 
(or no) nasal cultures grew S. aureus . Patients were also grouped according to 
their ANCA status during the study. Patients were considered persistently 
positive for ANCA when all ANCA measurements were positive during the study 
and intermittently positive when periods with positive ANCA test results were 
interrupted by at least two consecutive negative readings. Patients were 
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considered persistently negative for ANCA when all consecutive ANCA 
measurements were negative from 6 months after the previous period with 
disease activity (6). Destructive nasal lesions were defined as visible perforations 
of the nasal septum or saddle-nose deformity. 
Nasal cultures were taken by firmly rotating a sterile cotton-tipped swab 
(Transwab; Amies Med Elpo, Italy) in each anterior naris. The swabs were 
inoculated on 5 % sheep-blood agar and salt mannitol agar (Oxoid; Basingstoke, 
England) for 48 hours at 35 °C. Isolates were identified as S. aureus by the 
typical appearance of the colonies that were coagulase positive by slide coagulase 
testing and the ability to cleave DNA. Antineutrophil cytoplasmic antibodies were 
measured by indirect imrnunofluorescence on ethanol-fixed granulocytes ( 17). 
Antineutrophil cytoplasmic antibodies were designated as c-ANCA when the 
fluorescence pattern was granular with a decrease in fluorescence intensity 
towards the periphery of the cells, and as p-ANCA when a perinuclear-to-nuclear 
pattern was observed. The specificity and sensitivity of c-ANCA determinations 
in our laboratory for active Wegener granulomatosis have been previously 
reported (3). In addition, the antigenic specificity of ANCA for either proteinase-
3 , myeloperoxidase and elastase was tested by ELISA as previously described 
( 18). 

Statistical analysis 

Differences in frequencies of categorical variables between groups were studied 
by the chi-square test. The continuous variables were tested with the Wilcoxon 
rank-sum test. Disease-free interval curves were calculated using the Kaplan
Meier method ( 19). The first relapse during the study period was counted from 
the most recent period of disease activity, either diagnosis or a prestudy relapse. 
Patients without relapse were censored at the end of the study. Differences 
between groups in disease-free interval were studied by the log-rank test (20). 
Confounding influences were tested by tests for trend and, when statistically 
significant, the log-rank test was done after stratification for the confounding 
variable (20). Stepwise Cox proportional-hazards regression analysis (BMDP 
statistical software, BMDP, Inc., Cork, Ireland) with disease-free interval as the 
dependent variable was used to adjust the observed effect of S. aureus carrier 
status for other potential prognostic factors and to determine the independent 
influence of these other factors on disease-free interval (2 1). Other variables 
included age, sex, disease-free interval before the start of the study, time since 
diagnosis, renal function measured as creatinine clearance (used as both a 
continuous and a categorical variable), nasal structure, number of documented 
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Table 1. Baseline characteristics at entry into the study of the patients (n = 57) grouped according to 

their nasal carrier status of Staphylococcus a11re11s . 

Median age (range), y 

Sex (male/female) 

Diagnosis before January 1988, 11 

median time since diagnosis· 

(range), 1110 

median time since latest period of 

disease activity", 1110 

use of imunosuppression·, 11(%) 

Chronic carriers 

n =36 

52.9 

(20 .2-77.5) 

23 / 1 3  

2 1  

79 

(4-1 85) 

44 

(4-137) 

13 (62) 

Non-chronic carriers 

n=2 1  

56.8 

(22.8-76.9) 

14 / 7 

1 2  

56 

(3-204) 

25 

(3- 1 65) 

9 (75) 

At the start of the study for the group with a diagnosis of Wegener granulomatosis 

before January 1988 (11 =33). 

infections during the study, history of previous relapses, and the time at which 
the patient was diagnosed as having Wegener granulomatosis (before or during 
the study). The termination of immunosuppressive therapy after the previous 
period of disease activity was included as a time-dependent covariate. Hazard 
ratios are reported as relative risks with 95 % Cls computed from the exponential 
in the regression model using only covariates whose coefficients had a P value ::; 
0. 10. Association of categorical variables was assessed by chi-square analysis, 
and associations were expressed by relative risk and its 95 % CI (22). A two
tailed P value < 0.05 was considered statistically significant. 

RESULTS 

Of 71  patients who entered the study, 57 were analyzed, including 33 with an 
established diagnosis of Wegener granulomatosis before January 1988. The 
excluded patients included 11 patients initially referred for diagnosis or treatment 
but who requested follow-up at the referral hospital, 1 patient who died from 
gram-negative septicemia and pneumonia 8 months after being diagnosed with 
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Table 2. Cumulative organ system involvement at study entry of the patients (n = 57) grouped 

according to their nasal carrier status of Staphylococcus a11re11s. 

Chronic carriers Non-chronic carriers 

(n = 36) (n =21)  

Organ s:rstem involvement ll (%) ll (%) 

Ear, nose, and/or throat 36 ( 100) 1 9  (90) 

Destructive nasal lesions 10 (28) 5 (24) 

Lungs 25 (69) II (52) 

Kidneys 28 (78) 17 (8 1 )  

Eyes 1 8  (50) IO (48) 

Skin 17  (47) 9 (43) 

Joints 28 (78) 1 8  (86) 

Nervous s:rstem 1 6  (442 9 (432 

• Defined as saddle-nose deformity and/or nasal septa! perforation .  

Wegener granulomatosis, and 2 patients who received long-term antibiotic 
treatment for recurrent urinary tract infection within a year of study entry. The 
excluded patients did not differ statistically from the patients analyzed with 
respect to clinical characteristics. 
A mean of 22.6 nasal cultures per patient (range, 10 to 3 1  cultures) were taken. 
Forty-two patients (74% ;  95 % CI, 60% to 84%) had one or more nasal cultures 
that grew S. aureus, and 36 (63 % ;  CI, 49 % to 76%) were chronic nasal carriers 
of S. aureus. The six patients with positive cultures who were not chronic nasal 
carriers had a low frequency of positive cultures (range, 4.5 %  to 15.0%). The 
mean rate of positive nasal cultures in chronic nasal carriers was 96.5 % (range, 
83. 3 %  to 100%). In 23 of the 36 chronic nasal carriers (64 % ;  CI, 46% to 79 %), 
all nasal cultures were positive for S. aureus. The number of cultures obtained 
from chronic nasal carriers and nonchronic carriers of S. aureus did not differ 
statisticaly (22.4 compared with 22.9, respectively; P > 0.50). Based on only 
the first eight nasal cultures taken per patient, all but 2 of the 36 chronic nasal 
carriers of S. aureus would have been classified correctly and none of the 
nonchronic carriers would have been misclassified. 
No statistical differences in clinical characteristics were found between the groups 
with and without chronic nasal carriage of S. aureus (Tables 1 and 2). Chronic 
nasal-carrier status for S. aureus was not associated with lower renal function 
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Table 3. Clinical features of 23 first relapses during the study period in 57 patients with Wegener 

Granulomatosis according to their nasal carrier status of Staphylococcus aureus. 

Number of patients with relapses 

Progressive glomerulonephritis 

Pulmonary lesions 

Nasal/upper airway lesions 

Miscellaneous 

Mononeuritis multiplex 

Episcleritis 

Tracheal stenosis 

Chronic nasal carriage 

11 =36 

2 1  

7 

12  

20 

4 

No chronic nasal carriage 

11 =2 1  

2 

2 

(relative risk, 1.53; CI, 0 .54 to 2.78), presence of previous relapses (relative 
risk, 1.08; CI, 0.70 to 1.65), occurrence of upper-airway infection during the 
study (relative risk, 1.20 ;  CI, 0.75 to 1.92), abnormal nasal structure (relative 
risk, 1.08 ; CI, 0.70 to 1.65), or use of immunosuppressive medication at the start 
of the study (relative risk, 0.84;  CI, 0.55 to 1.29). Long-term hemodialysis 
treatment and insulin-dependent diabetes mellitus, well-known risk factors for 
carriage of S. aureus, were present only in three patients and one patient, 
respectively . Chronic nasal carriers of S. aureus did not differ statistically from 
nonchronic carriers with respect to the number of previous relapses, duration of 
disease and latest disease-free interval, and use of immunosuppressive drugs in 
the 33 patients with Wegener granulomatosis at study entry, nor was chronic 
nasal carriage of S. aureus more frequent in this group (relative risk, 1.02; CI, 
0.68 to 1.52). 
Twenty-three of the 57 patients developed 32 relapses of Wegener granulomatosis 
during the study. Fifteen patients had one relapse, 7 had two relapses, and 1 
patient had three relapses. Of the 36 patients with chronic nasal carriage of S. 
aureus, 21 (58 % ;  CI, 41 % to 74%) had one or more relapses, whereas only 2 of 
21 patients (10 % ;  CI, 1 to 30 %) without chronic nasal carriage had a relapse (P 

< 0.001, Figure 1). Nasal upper-airway lesions, progressive glomerulonephritis, 
and pulmonary lesions were most frequently associated with relapse (Table 3). 
Renal function, arbitrarily classified as a creatinine clearance above or below 60 
mL min•1 , was an independent risk factor (P < 0.02). No such influence was 
observed for the other variables. In the group of 23 patients with relapses, 9 had 
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Figure 1. Disease-free interval and carrier status. Disease-free interval of 57 patients with Wegener 

granulomatosis grouped according to Staphylococcus aureus carrier status. The time of disease free

interval was counted from the beginning of the most recent period of disease activity (either initial 

diagnosis or relapse; P < 0.001 ) .  

a proven or clinically suspected period of upper-airway infection during the 6 
months preceding the relapse. Twelve patients had a relapse some time after 
withdrawal of immunosuppressive medication (median, 1 1  months; range, 2 to 96 
months), and 1 1  patients had a relapse during the period that the dose 
ofimmunosuppressive agents was being tapered according to the treatment 
protocol. 
Fifty-four of the 57 patients (95 % ) had c-ANCA with specificity for proteinase-3 
at some time. Of the remaining 3 patients, 2 had p-ANCA with specificity for 
myeloperoxidase, and 1 patient never had demonstrable ANCA. The median 
number of ANCA determinations per patient during the study was 29 (range, 1 1  
to 49). All but one relapse occurred in patients with persistently or intermittently 
positive c-ANCA determinations (Figure 2). Chronic nasal-carrier status for S. 
aureus was associated with persistent or intermittent c-ANCA positivity (relative 
risk, 1.84; CI, 1.04 to 3.26). Renal function with a creatinine clearance below 60 
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Figure 2 .  Disease-free interval and c-ANCA status. Disease-free interval according to  the course of  

c-ANCA during the study (11=54). The time of disease- free interval was counted from the beginning 

of the most recent period of disease activity (either initial diagnosis or relapse). (c-ANCA-negative 

versus intermitently and persistenly c-ANCA-positive, P <0.00 1 ) .  Dashed line=c-ANCA-negative 

(11 =2 1 ) ;  broad line = intermittently c-ANCA-positive (11 =2 1); thin solid line=persistently c-ANCA

positive (11 = 1 2) .  

mL-min- 1 was associated with persistent absence of c-ANCA (relative risk, 1.98 ; 
CI, 1. 15 to 3.41). 
Analysis of the disease-free interval with the proportional-hazards model 
identified chronic nasal carriage of S. aureus (P = 0.009), renal function 
classified by creatinine clearance above or below 60 mL min- 1 (P = 0 .01), and a 
history of previous relapses of Wegener granulomatosis (P = 0.06) as covariates 
whose coefficients had a P value :;; 0. 10. The relative risks for the occurrence of 
relapse of Wegener granulomatosis in the proportional-hazards regression model 
including these three variables were 7 . 16 (CI, 1.63 to 3 1.50) for chronic nasal 
carriage of S. aureus, 2.94 (Cl, 1.27 to 6.67) for a creatinine clearance above 60 
mL min- 1 , and 1.33 (Cl, 0.98 to 1.78) for a history of previous relapses. The 
inclusion of proven and clinically suspected upper-airway infections, either as a 
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categorical (absent or present) variable or as infection rate (number of infections 
per year), in the proportional-hazards regression model did not lead to a 
significant contribution (P > 0.50 for both), nor did upper-airway infections 
contribute significantly in any combination with one or more covariates. 

DISCUSSION 

An important role for an infectious agent or agents in the induction of Wegener 
granulomatosis was first suggested by Friedrich Wegener in 1936 in the original 
descriptions of the disease (29). He proposed that the disease is triggered by an 
infection of the upper respiratory tract and that all the ensuing sequelae are an 
allergic reaction to this infection. Others also have suggested a role for infection 
in triggering relapses of Wegener granulomatosis ( 12). In our study, chronic 
nasal carriage of S. aureus and not the occurrence of clinically apparent 
infections was associated with relapses of the disease. It is possible, however, 
that self-limiting viral or bacterial infections were missed in our study setting 
because they may not have been reported consistently by the patients. Also, serial 
viral serologic evaluation was done only when clinical signs of infection were 
observed or reported. 
The reported frequency of chronic or stable nasal carriage of S. aureus in a 
healthy population varies from 20 % to 35 % , depending on the criteria used and 
the population tested ( 13,23-27). Minor alterations in nasal structure may 
influence the propensity to carriage of S. aureus (28), so nasal carriage of S. 
aureus in patients with Wegener granulomatosis is possibly facilitated by 
underlying nasal damage or mucosa! alterations resulting from the disease. 
However, visible changes in nasal structure resulting from Wegener 
granulomatosis were equally found in nonchronic carriers and chronic carriers. 
Known risk factors for chronic nasal carriage of S. aureus such as diabetes 
mellitus or chronic hemodialysis treatment were only present in a few patients . 
We also looked for other factors that might predict the relapse rate of Wegener 
granulomatosis. In the group of patients with Wegener granulomatosis and a 
positive c-ANCA test at any time during the course of their disease (comprising 
95 % of the patients we studied), relapses were nearly totally confined to the 
group with persistent or intermittent presence of detectable c-ANCA in serial 
determinations. However, a substantial proportion of the patients with persistent 
or intermittent c-ANCA determinations did not have a relapse. The temporal 
relation between changes in c-ANCA and disease activity, which has been 
reported in several studies (3-6, 17), but not in others (30), might be an 
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epiphenomenon or may indicate a pathophysiologic relation between ANCA and 
disease activity. The association of chronic nasal carriage of S. aureus with 
intermittently or persistently positive c-ANCA test results and with relapse of 
Wegener granulomatosis suggests that S. aureus may have a role in the induction 
of disease activity, although it is possible that low-grade or subclinical disease 
activity of Wegener granulomatosis by inducing necrosis in the nasal tissues 
facilitates carriage of S. aureus. Theoretically, low-grade infection with S. aureus 

might prime neutrophils, resulting in the expression of proteinase-3 and 
myeloperoxidase, the target antigens of ANCA, on their cell surface. In the 
presence of ANCA, primed neutrophils may be further activated to release 
lysosomal enzymes and produce oxygen radicals leading to a more clinically 
apparent chronic inflammatory process (3 1,32). In six patients with re-activation 
of Wegener granulomatosis, bronchoalveolar lavage studies have shown 
neutrophilic alveolitis in the absence of infectious agents but in the presence of c
ANCA (33). 
Staphylococcus aureus possesses some features that suggest a more direct causal 
role in facilitating autoimmune phenomena. Several toxins of S. aureus have been 
shown to stimulate B cells and probably T cells in an unrestricted and T-helper 
cell-independent way (34-37). Cell-wall components of S. aureus, such as 
peptidoglycan, are effective B- cell mitogens and polyclonal activators, resulting 
in, among others, the activation of autoreactive B cells that may produce ANCA 
(38-40). Direct stimulation by S. aureus of neutrophils in vitro has also been 
documented (41). In addition, S. aureus produces proteinases with activity against 
human proteinase inhibitors like cx 1 -antiprotease (42). cx1-Antiprotease has been 
shown to be the main inhibitor of proteinase-3 ,and low levels may facilitate the 
interaction between proteinase-3 and proteinase-3-reactive lymphocytes as well as 
the proteolytic activity of proteinase-3 resulting in persistent inflammatory 
activity (43,44). This, again, might further trigger the occurrence of relapses. 
Whether these effects shown in vitro occur locally in the upper airways and 
contribute to the development of disease activity in Wegener granulomatosis by 
either S. aureus colonization or infection remains speculative. 
Decreased renal function was associated with fewer relapses of Wegener 
granulomatosis, independent of the nasal carrier status of S. aureus. Previous 
small series and case reports have produced conflicting findings (45-47), and 
prospective data regarding this issue are lacking. 
In conclusion, chronic nasal carriage of S. aureus in a group of 57 patients with 
histologically proven Wegener granulomatosis followed for 1 to 3.5 years 
identified a group more prone to relapse. The causal relation and mechanisms of 
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this association remain speculative. Studies aimed at eliminating S. aureus 

carriage are warranted to see if relapses may be prevented. 
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Wegener 's granulomatosis: factors involved in disease activation 

ABSTRACT 

Background: Wegener's granulomatosis is a frequently relapsing form of systemic vasculitis 

associated with the presence of anti-neutrophil cytoplasmic antibodies (ANCA). Infections are 

suggested to trigger disease activity, a view supported by observations reporting beneficial effects of 

treatment with trimethoprim-sulfamethoxazole (co-trimoxazole). However, prospective controlled 

studies on the efficacy of co-trimoxazole as a therapeutic or prophylactic agent in Wegener's 

granulomatosis are lacking. 

Methods: We conducted a prospective randomized placebo controlled study with co-trimoxazole 

800/ 160 mg b.i .d. during 24 months in 8 1  patients with Wegener's granulomatosis to assess the 

efficacy of co-trimoxazole in preventing relapses. Relapses were scored using predefined criteria . The 

number of infections was assessed and serial determination of serum anti-neutrophil cytoplasmic 

antibodies (cANCA) was performed. 

Results: In 8 of 41 patients ( 19%)  assigned to co-trimoxazole treatment had to be stopped prematurely 

due to side-effects. Seven of 41 patients assigned to co-trimoxazole treatment relapsed during 24 

months of follow-up as compared to 16 of 40 patients assigned to placebo (relative risk 0.40 [95 

percent confidence interval, 0 . 17 to 0 .98] , logrank test) . A reduction in the number of respiratory 

(P=0.0046) and non-respiratory infections (P=0.047) was found with co-trimoxazole treatment as 

compared to placebo. No significant differences in cANCA titers between the groups were found. 

Proportional-hazards regression analysis identified treatment with co-trimoxazole (adjusted relative 

risk 0.32 [95 % CI 0. 1 3  to 0.79]) and a positive cANCA test at the start of the study (adjusted relative 

risk 2.89 [95 % CJ 1 . 12 to 7 .45]) as independent risk factors for relapse. 

Co11c/usio11s: prolonged treatment with co-trimoxazole leads to a reduced incidence of relapses in 

patients with Wegener's granulomatosis in whom remission is induced with cyclophosphamide and 

prednisolone. 

INTRODUCTION 

Wegener's granulomatosis is a disease of presumed autoimmune origin clinically 
characterized by necrotizing granulomatous inflammation of the upper and lower 
airways in combination with necrotizing small vessel vasculitis especially 
involving the kidneys ( 1,2) . Left untreated the disease has a dismal prognosis 
with a mean survival of only 5 months and a one-year mortality of 82 % (3) . 
While corticosteroid therapy alone marginally improves survival (4), 
immunosuppressive therapy with the combination of daily oral cyclophosphamide 
(2 mg/kg) and prednisolone ( 1  mg/kg) has dramatically improved the prognosis 
of patients with Wegener's granulomatosis (5-7). A considerable number of 
patients, however, show relapses of Wegener's granulomatosis even after 
prolonged treatment, necessitating the reinstitution of immunosuppressive 
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treatment (7-1 1). Prolonged immunosuppressive therapy with cyclophosphamide 
and prednisolone is associated with severe and potentially lethal adverse effects 
(9, 12, 13). Therefore, strategies aimed at prevention of relapses are warranted. 
Active Wegener's granulomatosis is strongly associated with the presence of anti
neutrophil cytoplasmic autoantibodies (9, 11, 14-16). Titers of cANCA decline 
during treatment and become negative during remission in about 50% of the 
patients (8, 11 , 14, 16). Moreover, titers become positive again or rise preceding a 
relapse of disease activity in Wegener's granulomatosis (8, 17-20), although these 
data have been debated (2 1) .  Patients with Wegener's granulomatosis frequently 
have symptoms of a respiratory tract infection at the time of ANCA rise (20), or 
at the onset of the disease or preceding the occurrence of a relapse (22-24). 
Recently, we demonstrated an association between chronic nasal carriage of 
Staphylococcus aureus and an increased frequency of cANCA positivity and 
relapses during follow-up (1 1). A role for microbial organisms in the 
development of active Wegener's granulomatosis is further suggested by several 
reports describing beneficial results of trimethoprim-sulfamethoxazole (co
trimoxazole) in the treatment of refractory Wegener's granulomatosis or 
Wegener's granulomatosis localized to the respiratory tract (25-3 1). Controlled, 
prospective studies addressing the efficacy of co-trimoxazole in preventing or 
treating disease activity in Wegener's granulomatosis are , however, lacking. 
In view of the potential role of microbial agents in the induction of disease 
activity in Wegener's granulomatosis, we designed a double-blind, placebo 
controlled multi-center trial in order to assess the efficacy of co-trimoxazole in 
preventing the occurrence of relapses in patients with Wegener's granulomatosis. 
In addition to the possible influence of co-trimoxazole on the number of relapses, 
we analyzed the influence of co-trimoxazole on the number of infections and the 
course of cANCA titers during follow-up. 

METHODS 

Patients 

The study was designed as a multi-center trial in which all physicians in the 
Netherlands treating patients with Wegener's granulomatosis were invited to 
participate (See Appendix for participating centers). Inclusion of patients started 
September 1990 . The following patients were eligible for this study. Group I :  
Patients with focal segmental pauci-immune necrotizing and/or crescentic 
glomerulonephritis on renal biopsy and manifestations compatible with Wegener's 
granulomatosis in the airways with or without characteristic histological findings. 

135 



Wegener 's granulomatosis: factors involved in disease activation 

Group II: Patients with limited Wegener's granulomatosis, i.e. extrarenal 
manifestations of Wegener's granulomatosis only, which may be limited to the 
airways. The diagnosis in these patients had to be made on characteristic 
histological findings. Group III: Patients with symptoms/manifestations 
compatible with Wegener's granulomatosis and a positive cANCA test in the 
active phase of their illness not satisfying the criteria of group I or II. 
Excluded from inclusion were patients with any adverse reaction(s) to co
trimoxazole or one of it's components in the past, impaired renal function with a 
creatinine clearance less than 30 ml/min as measured by 24 hour urine collection, 
currently receiving long-term therapy ( > 6 weeks) with antibiotics, or treatment 
with co-trimoxazole in a period of 6 weeks before inclusion in the study. 
Patients could be included in the study at any moment either when their illness 
was in remission with or without treatment with corticosteroids and/or 
cyclophosphamide or when their illness still was active. The study protocol was 
approved by the Medical Ethical Committee of the University Hospital 
Groningen; written informed consent was obtained from each participant. 

Study protocol 
After stratification for the group of inclusion (I,II, or III), patients were assigned 
in sequential order of enrollment to receive co-trimoxazole 800/160 mg b.i.d. or 
matching placebo for 24 months in addition to their normal medication. The 
randomization in blocks of four consecutive numbers and the delivery of the 
medication was done by the Pharmacy Department of the University Hospital 
Groningen. The treatment assigned was not known to the investigators, patients, 
or their physicians. Medication was given in 8 numbered bottles containing 180 
ta\:Jlets each. Compliance was assessed by tablet counts. The study medication 
was prematurely stopped in case the patient withdrew informed consent, 
experienced side-effects necessitating the withdrawal of the study medication, or 
in case the creatinine clearance fell persistently below 30 ml/min. In case of an 
infection concomitant anti-microbial therapy was allowed within the protocol for 
no more than 6 consecutive weeks with the exception of co-trimoxazole -or one of 
its components. In case of an infection that had to be treated with co-trimoxazole 
or one of its components, or another clinical necessity to withdraw the study 
medication, temporal withdrawal for no more than 28 consecutive days was 
allowed. 
Treatment of Wegener's granulomatosis and tapering of immunosuppressives 
were performed according to a protocol described previously (8). Briefly, patients 
were treated for active Wegener's granulomatosis with 2 mg/kg 
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cyclophosphamide and prednisolone 1 mg/kg daily. Dose adjustments for 
cyclophosphamide were made to maintain the white blood cell count above 4.0 x 
109/L. In the absence of signs of active disease the daily dosage of 
cyclophosphamide was tapered every 3 months with 25 mg. Daily prednisolone· 
was tapered after 6 weeks with 10 mg every 2 weeks until 30 mg and thereafter 
with 5 mg every 2 weeks. 
All patients were seen (at least) once every three months during the study follow
up. On every visit the patient was evaluated according to a protocol for signs of 
disease activity, compliance with the study medication, side effects of therapy 
and the occurrence of infections according to predefined criteria (listed below). 
These findings together with data on the laboratory results of the patient were 
reported on a standard follow-up form which was sent to the study coordinator. A 
blood sample was drawn once every three months and sent to the Laboratory of 
the Department of Clinical Immunology of the University Hospital Groningen for 
determination of cANCA-titer by the standard indirect immunofluorescence 
technique on ethanol fixed granulocytes (14,32). cANCA titration was performed 
in two-fold dilutions of serum starting at 1 :20 with a maximal dilution of 1 :640. 
Regarding the occurrence of infections the patients were instructed to contact 
their physician when they suspected an infection. The physician was instructed to 
document the presence or absence of an infection as well as possible by 
appropriate techniques (cultures, serologic or radiologic evidence). 

Definitions 

Patients were considered to have relapsed when they satisfied one of the 
following criteria in which the manifestations in question had to be new or 
recurrent findings (20,33): 
a. Active glomerulonephritis, as evident from a decrease in renal function by 

at least 30% in combination with (microscopic) .hematuria with 
erythrocytic cell casts or evidence of acute necrotizing lesions on renal 
biopsy. 

b. Pulmonary infiltrates with or without cavitation with rising C-reactive 
protein levels in the absence of infection or malignancy. 

c. Sinusitis, otitis, ulceration of nasal mucosa, or proliferative mass, in 
combination with necrotizing granulomatous inflammation on biopsy. 

d. Miscellaneous (progressive mononeuritis multiplex, cranial nerve palsy, 
cerebral vasculitis, necrotizing scleritis, orbital pseudotumor, progressive 
tracheal stenos is with active disease on biopsy, peripheral gangrene, 
necrotizing vasculitis of medium-sized or small muscular arteries). 
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Complete remission was defined as the absence of signs or symptoms attributable 
to active vasculi_tic disease in combination with a normal C-reactive protein level. 
A significant rise in cANCA titer was defined as a two-titer step rise (fourfold) in 
titer between two consecutive serum samples taken 3 months apart. 
A respiratory infection was considered present in case of clinical signs involving 
the lung, pharynx, trachea, nasal and paranasal tissues, or ear, in combination 
with a positive culture or serological evidence, and in case of clinical signs 
suggestive of infection without microbiologic evidence but with a prompt 
response to appropriate antibiotic treatment (11). Urinary tract infections were 
defined by leucocyturia in combination with � 105 colony forming units per mL. 
Other infections were considered present according to the evaluation made by the 
physician responsible for the patient. 
Side effects were defined as any signs, symptoms,. or biochemical abnormalities 
possibly related to the study medication. Preferably, these events were confirmed 
by rechallenge after temporarily stopping the study medication. 

Statistical analysis 

Differences in frequencies of categorical variables between groups were studied 
by Fisher's exact test. The continuous variables were tested with the paired or 
unpaired Wilcoxon's rank sum test. For comparison of more than 2 variables 
within one group Friedman's two-way ANOV A was used with Dunn's correction 
for multiple comparisons (InStat V 2.04, GraphPad Software, San Diego, CA, 
USA). Values are given as median value (range). Disease free interval curves 
regarding the first relapse during the study period were calculated using the 
Kaplan-Meier method (34). Patients without relapse were censored at the end of 
the study period. Differences between groups in disease free interval were studied 
by the logrank test (35). Confounding influences were tested by test for trend. 
Stepwise Cox proportional-hazards regression analysis (BMDP Statistical 
Software, BMDP Inc., Cork, Ireland) with disease free interval as dependent 
variable was used to adjust the observed effect of the study medication for other 
potential independent prognostic factors (36) . Variables other than study. 
medication included in the analysis are age, gender, disease free interval before 
the start of the study, use of prednisolone or cyclophosphamide at the start of the 
study, positivity for cANCA at the start of the study, renal function measured as 
creatinine clearance, and the number of respiratory and non-respiratory infections 
during the study period. Hazard ratios are reported as relative risks (RR) with 
95 % CI computed from the exponential in the regression model with inclusion of 
only the covariates whose coefficients had a P-value ::; 0.10. A two-tailed P-
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Table l. Baseline characteristics at entry into the study of 8 1  patients with Wegener's granulomatosis 

grouped according to the allocated treatment. 

Gender (male/female) 

Age (yearsr 

Time since diagnosis (months)° 

Time since active disease (monthsr 

cANCA positive at baseline 

creatinine clearance at baseline (ml/minr 

use of cyclophosphamide at baseline 

use of prednisolone at baseline 

duration of follow-up (months)" 

· median (range) 

•· P=0.0734 compared to placebo group 

Co-trimoxazole group 

(n =4 1) 

30 / 1 1  

56.4 (20. 9-82.2) 

30.2 ( 1 .3-230.7) 

1 3 .7 ( 1 .2-96.9) 

28 

78 (32- 1 60) 

2 1  

23 

43 .9 (18 .2-5 1 .6) 

value < 0.05 was considered statistically significant. 

RESULTS 

Placebo group 

(n=40) 

28 / 12  

57 .4  (25 .2-82.8) 

30.4 ( 1 .0-177.6) 

1 3 .7  ( 1 .0-98 .7) 

1 9·· 

72 (32-125) 

20 

1 9  

44.9 (2.5-5 1 .4) 

From September 1990 to June 1993 84 patients were referred for participation in 
the study. Eighty-one patients are analyzed; two patients were excluded with a 
creatinine clearance < 30 ml/min and one patient withdrew informed consent 
before starting the allocated treatment. Follow-up was complete for all patients 
until December 1994. The baseline characteristics of the patients are given in 
table 1. All patients were in complete remission upon entering the study. No 
statistically significant difference between patients allocated to placebo or co
trimoxazole were found, although more patients assigned to receive co
trimoxazole tended to test positive for cANCA at the start of the study. 
In 8 of the 41  patients receiving co-trimoxazole ( 19 % ) the drug had to be stopped 
after a median time of 43 days (range 6 to 125) due to side effects. These side 
effects were anorexia and nausea (n=4), skin rash (n= 2), presumed interstitial 
nephritis with fever and eosinophilia (n= 1), and asymptomatic hepatotoxicity 
(n= 1). All side-effects were fully reversible after stopping the study medication. 
In one patient receiving co-trimoxazole a macrocytic anemia developed, which 
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Figure l .  Disease free interval (vertical axis) counted from the start of  the study medication in 

patients with Wegener's granulomatosis treated with co-trimoxazole <• n =4 1 )  or placebo (0 n =40) 

during 24 months. The difference in disease free interval of patients allocated to co-trimoxazole as 

compared to placebo is statistically significant by log rank test at 24 months (relative risk 0.40, 95 

percent confidence interval, 0. 17  to 0.98), but not at 36 months (relative risk 0.55, 95 percent 

confidence interval, 0 .27 to 1 . 14) and 48 months (relative risk 0.63, 95 percent confidence interval, 

0.32 to 1 .24). The numbers above the horizontal axis indicate the number of patients disease free at 

risk at 12 ,  24, 36, and 48 months in the group allocated to co-trimoxazole (upper number) and 

placebo (lower number). 

responded to therapy with folic acid (5 mg daily) and did not necessitate 
termination of the study medication . In the placebo group 2 patients (5 %) 
discontinued the study medication due to prolonged antibiotic therapy for 
recurrent urinary tract infections (n= 1) and withdrawal of informed consent 
(n = 1). All patients who prematurely stopped the study medication did have a 
complete follow-up and were included in the analysis . One patient in the placebo 
group died 2.5 months after the start of the study due to myocardial infarction. 
At necropsy no signs of active Wegener's granulomatosis were found. 
Compliance with the study medication was 98. 5 %  (median, range 8 1. 7  to 100%)  
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Table 2. Clinical characteristics at the time of relapse of Wegener's granulomatosis.' 

Progressive glomerulonephritis 

Pulmonary lesions 

Nasal or upper airway lesions 

Miscellaneous 

(Epi-)scleritis 

Mononeuritis multiplex 

Dermal granulomatous vasculitis 

Co-trimoxazole group 

n= 7 

4 

3 

2 

2 

Definitions of clinical features are given in the text 

" P= 0.0272 as compared with co-trimoxazole group (Fisher's exact test) 

Placebo group 

n = 1 6  

7 

2 

1 1 " 

4 

0 

4 

and 97. 7 % (82. 7 to 99. 8 % ) for patients in the co-trimoxazole and placebo group, 
respectively. 
During the first 24 months of follow-up 7 patients in the co-trimoxazole group 
and 16  patients in the placebo group were diagnosed with a relapse of Wegener's 
granulomatosis (relative risk 0.40, 95 percent confidence interval, 0. 17  to 0.98) 
(figure 1). The results remained unchanged when the 10 patients, who terminated 
the study medication prematurely, were censored at the time the study medication 
was stopped. As shown in table 2, the reduction of disease activity was especially 
evident with regard to relapses involving the upper airways region. The 
difference between the number of relapses in the co-trimoxazole group as 
compared with the placebo group was no longer statistically significant at 36 
months (relative risk 0.55 , 95 percent confidence interval, 0.27 to 1. 14) and 48 
months (relative risk 0.63, 95 percent confidence interval, 0.32 to 1.24) (Figure 
1 ). At 24 months of follow-up test for trend only identified cANCA positivity 
(P=0.047) at the start of the study as a factor associated with the risk for 
relapse. The relative risk for developing a relapse stratified for the cANCA status 
at the start of the study was 0.36 (95 percent confidence interval, 0. 15 to 0.89). 
The annual incidence of infectious episodes per patient during the period of study 
medication was reduced in the group of patients receiving co-trimoxazole as 
compared to placebo (median 0. 0 [ range 0. 0 to 3 .  0] versus 1. 0 [0. 0 to 3. 7 5] , 
respectively; P=0.0003). Respiratory infections accounted for 86% and 76% of 
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Figure 2. Box plots indicating median (thick horizontal line), 25 and 75 percent interquartile range 

(box), and range (error bars) of anti-neutrophil cytoplasmic antibody titers (cANCA) in patients with 

Wegener's granulomatosis allocated to receive co-trimoxazole (n =38, left panel) or placebo (n =37, 

right panel) with at least 24 months of follow-up. * P <0.05 as compared with cANCA titers at 

baseline (0). 

all infectious episodes in the co-trimoxazole group and the placebo group, 
respectively. Reduction of the number of infectious episodes in the co
trimoxazole group as compared to the group receiving placebo occurred both 
with respect to upper- and lower airway infections (P=0.0046) and non
respiratory infections (P=0.047). In only 28 % of all respiratory and non
respiratory infections the micro organism involved was identified by culture or 
serological testing. Seven relapses in the placebo group (44%)  and 4 in the co
trimoxazole group (57%) were preceded by a respiratory tract infection in the 6 
months prior to relapse. 
Analysis of disease free interval with the proportional-hazards model identified 
the use of co-trimoxazole (P=0.018) and cANCA status at the start of the study 
(P=0.037) as covariates whose coefficients had a P-value � 0. 10. The relative 
risks for the occurrence of relapse of Wegener's granulomatosis in the 
proportional-hazards regression model including these two variables are 0.32 (95 
percent confidence interval, 0.13 to 0.79) for use of co-trimoxazole· and 2.89 (95 
percent confidence interval, 1.12 to 7.45) for a positive cANCA test at the start 
of the study. The inclusion of respiratory infections, either as categorical variable 
(absent or present) or as infection rate (number of infections per year), in the 
proportional-hazards regression model did not lead to a significant contribution , 
nor did respiratory infections contribute significantly in any combination with one 
or more other covariates. 
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During follow-up, cANCA titers tended to rise in both groups (Figure 2). At no 
time point was there a statistically significant difference in cANCA titer, or in the 
proportion of patients being cANCA negative between the placebo group and the 
co-trimoxazole group. 
The patients in the co-trimoxazole group who used the medication for at least 3 
months (n = 35) showed an increase in serum creatinine after 3 months of 17 % 
(median, range -10% to 23 % ;  P=0.0003). The serum creatinine remained 
elevated as compared to the baseline level in the patients who used co
trimoxazole for 24 months without a relapse of Wegener's granulomatosis with 
renal involvement (n = 26) during the whole period, but returned to baseline 
levels 3 months after discontinuation of the study medication (103 (66 to 299) 
/,lmol/1 at baseline vs. 103 (64 to 329) /,lmol/1 at 27 months; P=0.91). In the 
placebo group no changes in serum creatinine were found in the patients without 
a relapse of Wegener's granulomatosis with renal involvement at any time point. 
The use of co-trimoxazole led to a small but statistically significant decrease in 
hemoglobin level at 3 months (134 (104 to 164) g/1 at baseline vs. 13 1 ( 10 1-159) 
g/1 at 3 months; P=0.027) ,  but not thereafter . Also, the mean corpuscular 
volume (MCV) of erythrocytes showed a small but statistically significant 
increase at 3, 6, 9, and 12 months as compared to baseline, but not thereafter 
(data not shown). No changes in hemoglobin level or MCV were found in the 
placebo group at any time point. No changed were noted in the platelet levels or 
white blood cell count within either group at any point. 

DISCUSSION 

The results of this study suggest that prolonged prophylactic treatment with co
trimoxazole is effective in reducing the number of relapses of Wegener's 
granulomatosis once remission is induced by conventional immunosuppressive 
treatment with prednisolone and cyclophosphamide . This reduction seems 
especially evident in relapses of Wegener's granulomatosis involving the upper 
airways region. These findings are in accordance with several uncontrolled 
observations of the beneficial effect of co-trimoxazole in locoregional or resistant 
cases of Wegener's granulomatosis (25-3 1). How co-trimoxazole exerts its 
beneficial effect and whether this protective effect on disease activity of 
Wegener's granulomatosis can also be obtained with one of the 2 components 
alone or with other anti-microbial agents is presently unclear. 
Friedrich Wegener suggested in 1936, in the first description of the particular 
vasculitic disease later given his name, that the disease is triggered by an 
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infection of the respiratory tract and that all ensuing sequelae are a reaction to 
this infection ( 1). We, indeed, observed a statistically significant reduction in the 
number of respiratory and non-respiratory infections in patients treated with co
trimoxazole as compared with placebo. However, in Jin(, with a previous study 
(11), a respiratory infection in the 6 months preceding the relapse was only 
observed in about half of the patients . Furthermore, no relation was found 
between the number of infections and the occurrence of relapses of Wegener's 
granulomatosis. Since the microorganism involved was identified in only 28 % of 
all infectious episodes, analysis of a possible relation between specific infections 
and relapse of Wegener's granulomatosis is not achievable. Also, it is not 
possible to evaluate whether a reduction in specific infections occurred in the 
group treated with co-trimoxazole. However, Staphylococcus aureus has been 
found the predominant microorganism involved in infections of the paranasal 
structures in Wegener's granulomatosis (9). Given the association between nasal 
carriage of S. aureus and an increased risk for relapse of Wegener's 
granulomatosis, it is tempting to postulate that co-trimoxazole treatment reduces 
the frequency of relapses by eliminating or suppressing the presence of S. aureus 

in the upper airways ( 1 1). The latter hypothesis would explain why co
trimoxazole is reported to be effective as single therapy in locoregional 
Wegener's granulomatosis confined to the upper airways (25,29). The noticeable 
absence, as compared with the placebo group, of disease activity in the upper 
airways in the 7 patients who relapsed in the co-trimoxazole group may be in . 
accordance with this view. 
Some authors have postulated that co-trimoxazole exerts antiinflamrnatory effects 
through interference with the formation of specific oxygen derived radicals by 
activated neutrophils similar to diafenylsulfon and sulfapyridine (37). Activated 
and superoxide producing neutrophils are thought to mediate tissue destruction in 
Wegener's granulomatosis (38,39). On the other hand, co-trimoxazole by it's 
antagonism of folic acid metaboUsm or by other as yet unknown mechanisms may 
display imrnunosuppressive properties. Although a small and transient effect of 
co-trimoxazole treatment on the hemoglobin level was noted, we were unable to 
detect any changes in white blood cell counts in the co-trimoxazole group in 
accordance with data suggesting that proliferation of mammalian cells is not 
affected by those concentrations of trimethoprim-sulfamethoxazole that inhibit 
growth of microbes ( 40). 
During treatment with co-trimoxazole a dissociation was noted between the 
course of the cANCA titer during follow-up and the occurrence of relapses of 
Wegener's granulomatosis. Prolonged treatment with co-trimoxazole did not 
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result in a discernible decrease in cANCA titer, but did reduce the number of 
relapses. This observation suggests that co-trimoxazole influences one or more as 
yet unidentified factors that are involved in triggering disease activity of 
Wegener's granulomatosis. 
For a long-term prophylactic drug treatment therapeutic safety and tolerability are 
essential. Short-term co-trimoxazole treatment is generally well tolerated with an 
incidence of, mostly non-severe, adverse effects comparable to most other anti 
microbial agents (41,42). Prolonged treatment as is used in Pneumocystis carinii 

prophylaxis in patients with immunodeficiency is, however, associated with a 
high incidence of adverse effects leading to discontinuation of treatment (43). In 
our study 19% of the patients assigned to receive co-trimoxazole prematurely 
stopped treatment due to side effects. These side effects were generally mild with 
the exception of one patient who experienced an episode of presumed interstitial 
nephritis. As expected, the serum creatinine increased during the entire 24 
months of co-trimoxazole treatment, but this effect was fully reversible once co
trimoxazole treatment was stopped (44). Prolonged treatment with co-trimoxazole 
was associated with a statistically significant but clinically irrelevant decrease in 
hemoglobin level with a concomitant increase in MCV. Only one patient 
developed frank macrocytic anemia responding to folic acid supplementation. No 
cases of granulocytopenia or thrombocytopenia due to co-trimoxazole were 
encountered in this group. It therefore seems that, in patients who initially 
tolerate high-dose co-trimoxazole, prolonged treatment for a period of 24 months 
is safe. 
In conclusion, our study provides evidence that prolonged treatment for 24 
months with co-trimoxazole 800/160 mg b.i.d. in patients with Wegener's 
granulomatosis reduces the number of relapses of Wegener's granulomatosis. In a 
considerable number of patients (19%) treatment with co-trimoxazole was not 
tolerated due to side effects occurring in the first few months. In those patients 
receiving co-trimoxazole for the entire period of 24 months no adverse events 
were noted. Therefore, in patients with Wegener's granulomatosis who tolerate 
co-trimoxazole, prolonged treatment could lead to a reduction in the cumulative 
dose of immunosuppressive therapy. Although the number of infections was 
reduced in patients during treatment with co-trimoxazole, the mechanisms by 
which co-trimoxazole exerts it's beneficial effect on the course of Wegener's 
granulomatosis are not known. Whether the beneficial effect on the relapse rate 
of Wegener's granulomatosis noted with co-trimoxazole is specific for this drug 
or is shared by other antimicrobial drugs is unknown. Further studies upon the 
possible role of microbial agents in the pathogenesis of Wegener's granulomatosis 
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should answer these questions. 

Appendix. List of participating hospitals and physicians involved in the cotrimoxazol-study (number of 

patients included in the study) . 

Academisch Medisch Centrum Amsterdam, Department of Nephrology (7) :  prof.ctr. J .M .  Wilmink, 

dr. M .G .  Koopman, dr. M . H .  Godfried; Ziekenhuis Maarschalkbos Baarn, Depai;tment of Medicine 

( l ) : dr. E .  Jansen; Medisch Centrum Den Bosch, Department of Rheumatology ( ! ) ;  dr. P .L .M.  van 

Oijen; Scheper Ziekenhuis Emmen, Department of Medicine ( ! ) :  W. Haanstra; Medisch Spectrum 

Twente Enschede, Department of Medicine (7) : dr. J .G .M.  Jordans, R .M.L .  Brouwer; Martini 

Ziekenhuis Groningen, Department of Medicine (3) :  dr. J .D .M.  Giikemeijer, W. Geerlings; 

University Hospital Groningen, Department of Nephrology (4 1 ) :  dr. J .W. Cohen Tervaert; C .A .  

Stegeman; University Hospital Leiden, Department of Nephrology (4): dr .  F .J .  van der Woude, C .  

Hagen, dr. C . J .  Doorenbos; University Hospital Maastricht, Department of Nephrology (2): dr .  C .A .  

Gaillaard; St. Antonius Ziekenhuis Nieuwegein, Department of Rheumatology ( 1 ) :  dr .  E.J .  ter Borg; 

University Hospital Nijmegen, Department of Nephrology (5) :  prof.ctr. J .H .M .  Berden, L . J .M.  

Reichert , dr .  R .G .W.L. Tiggeler; University Hospital Utrecht, Department of Immunology (7): dr. 

R . J .  Hern!; Sophia Ziekenhuis Zwolle, Department of Medicine ( l ) :  dr. T. Tjabbes 
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INTRODUCTION 

Wegener's granulomatosis in its classic form is characterized by necrotizing 
granulomatous inflammation of especially nasal and paranasal structures and 
lungs in combination with pauci-immune necrotizing glomerulonephritis and small 
vessel vasculitis ( 1 ,2). Although a clinical presentation in its classical form is not 
uncommon, a patient with Wegener's granulomatosis may present with a wide 
variety of clinical problems, even without some or even all classic features (3). In 
patients with a less typical presentation the physician can easily be mislead and a 
long diagnostic delay can occur (4,5). In addition, Wegener's granulomatosis is a 
rare disease with a yearly incidence of only a few new cases per million people 
(6). Therefore, most physicians will not encounter more than a few patients in 
their medical career. The discovery of anti-neutrophil cytoplasmic antibodies 
(ANCA) which proved both sensitive and specific for this disease has provided 
the clinician with a helpful tool in the diagnostic work-up of patients with 
systemic vasculitis (7). Moreover, the discovery of these antibodies has probably 
increased the awareness of Wegener's granulomatosis and related disorders 
among physicians (6) and has boosted research into both the pathophysiology and 
the treatment of these diseases. 
For the studies presented in this thesis patients with Wegener's  granulomatosis 
were studied in an attempt to elucidate immunological and other mechanisms that 
play a role in the development of disease activity of this relapsing disease. In 
addition to a search for pathophysiological phenomena per se, these phenomena 
are assessed in terms of monitoring or predicting disease activity or influencing 
the course of the disease. As an introduction to the specific items explored in the 
subsequent chapters, chapter 1 gives an outline of the several proposed 
pathophysiological mechanisms that may play a role in ANCA-associated 
vasculitis. The hypothesis put forward to explain the development of disease 
activity in ANCA-associated vasculitis is that different mechanisms involving 
ANCA, T-cell reactivity, and microbial agents, either alone or in combination, 
under certain conditions can cause a vicious circle leading to ongoing neutrophil 
activation with extensive tissue destruction. Central issues in this hypothesis are 
that ANCA can stimulate neutrophils and can influence the function of its target 
antigen. 
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ANTINEUTROPHIL CYTOPLASMIC ANTIBODIES (ANCA): A CLASS 
OF DIFFERENT ANTIBODIES 

In the 10 years since the discovery of the relation between active Wegener's 
granulomatosis and antibodies producing a characteristic fine granular 
cytoplasmic staining pattern by indirect immunofluorescence on ethanol fixed 
granulocytes, knowledge on these autoantibodies has expanded enormously. We 
now know that the originally described ANCA, called cANCA, represent 
antibodies directed against proteinase 3, a serine protease from the azurophilic 
granules of neutrophils. It has also been established that ANCA are found in 
patients with a variety of vasculitic and other autoimmune diseases directed 
towards other antigens present in neutrophils. In chapter 2 a review is given of 
the current knowledge on ANCA with respect to target antigens, detection 
procedures, and value and limitations of these antibodies in clinical practise. 
Antibodies directed against proteinase 3 (cANCA) have been found highly 
specific and sensitive for Wegener 's  granulomatosis or closely related disorders 
and are a valuable aid in the diagnostic process. These antibodies decline or 
disappear during treatment and tend to reappear or increase in the months 
preceding a relapse of disease activity. Although the value of the presence of 
these antibodies during follow-up in monitoring disease activity is accepted by 
most, it is disputed by some authors. Antibodies against myeloperoxidase, 
another enzyme present in the azurophilic granules of neutrophils, are found in 
sera of patients with idiopathic necrotizing crescentic glomerulonephritis and 
different forms of small vessel vasculitis. These latter antibodies generally 
produce a perinuclear fluorescence pattern by indirect immunofluorescence 
(pANCA). Since not all sera that produce a pANCA pattern by indirect 
immunofluorescence contain anti-myeloperoxidase antibodies, it is a dangerous 
misconception to interpret pANCA as equivalent to anti-myeloperoxidase 
antibodies. ANCA with other antigenic specificities producing a perinuclear or 
atypical cytoplasmic pattern by indirect immunofluorescence have been identified 
in patients with non-vasculitic diseases. It is therefore mandatory to confirm or 
exclude the presence of specific autoantibodies in sera producing a pANCA or 
atypical cytoplasmic pattern by using antigen-specific assays. Given the wide 
range of different antigens that have been identified, and the lack of specificity of 
the pANCA or atypical ANCA pattern for a particular antigen, it is wise to 
abandon the terms cANCA or pANCA. Instead, the names indicating the 
antigenic specificities of the antibodies should be used such as anti-proteinase 3 
antibodies or PR3-ANCA, and anti-myeloperoxidase antibodies or MPO-ANCA. 
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ANTI-PROTEINASE 3 ANTIBODIES IN RELATION TO DISEASE 
ACTIVITY 

Several longitudinal studies have shown that anti-proteinase 3 antibodies 
measured as cANCA titer by indirect immunofluorescence often rise preceding a 
relapse of Wegener's granulomatosis (4,7-12). The correlation between cANCA 
titer and disease activity of Wegener's granulomatosis is, however, not perfect. 
The interval between rises in cANCA titer and the occurrence of a clinical 
relapse can vary from a few days to more than one year ( 12). In addition, not all 
rises in cANCA titer are followed by a relapse, nor are all relapses preceded by 
a rise in cANCA titer (4, 12-14). Therefore, i t  is conceivable that not only 
quantitative changes but also qualitative changes in anti-proteinase 3 antibodies 
are related to disease activity in Wegener's granulomatosis. 
In chapter 3 a study is presented on the relation between cANCA titer, IgG 
subclass distribution of these anti-proteinase 3 antibodies, and disease activity at 
diagnosis and during follow-up in a cohort of 38 patients with Wegener's 
granulomatosis followed for at least 24 months. At the time of diagnosis, cANCA 
titers, IgG3- and IgG4-anti-proteinase 3 antibody levels were higher in patients 
with more extensive disease activity. The response on treatment of the cANCA 
titer was shown to have prognostic value for future relapses. Patients still positive 
for cANCA at 12 months after diagnosis showed a significantly increased risk for 

. experiencing a relapse within the ensuing 4 years as compared to patients who 
were cANCA negative at 12 months (relative risk 4.37, 95 % confidence interval 
1.49 to 12.77). During follow-up 18 relapses occurred in 15 patients. A 
significant rise of cANCA titer consisting of at least two titer step (fourfold) on 
two consecutive monthly blood samples was found in 10 episodes (56 % ) in the 6 
month period before relapse. All 10 episodes showed a concomitant doubling of 
IgG3-anti-proteinase 3 antibody levels at the moment of cANCA rise. Out of the 
remaining 8 relapses not preceded by a significant rise in cANCA titer, 6 were 
preceded by a 100% increase in IgG3-anti-proteinase 3 antibody levels in the 6 
months prior to relapse. In all, 16 of the 18 relapses (89 %) were preceded by a 
100 % increase in IgG3-anti-proteinase 3 antibody levels. In this group of 38 
patients 13 episodes of a significant rise in cANCA titer within one month were 
found which were not followed by a relapse within 6 months. IgG3-anti
proteinase 3 levels doubled in only 1 of these 13 episodes. A significant rise in 
cANCA titer combined with a concomitant doubling of IgG3- anti-proteinase 3 
levels thus had a positive predictive value of 0.9 1  (95 % confidence interval, 0.59 
to 1.00) for a relapse within 6 months compared to a value of 0 .43 (95 % 
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confidence interval, 0.23 to 0.65) for a rise of cANCA titer alone. None of the 
episodes of a rise in cANCA titer without concomitant doubling of IgG3-anti
proteinase 3 levels was followed by a relapse within 6 months. From these data it 
is concluded that levels of IgG3-anti-proteinase 3 antibodies and changes in these 
levels are closely related to disease activity in Wegener 's granulomatosis. 
In vitro studies have shown that binding of anti-proteinase 3 antibodies to 
proteinase 3 inhibits the irreversible inactivation of the enzyme by a- 1 -antitrypsin, 
its natural inhibitor ( 15). In a longitudinal study in 8 patients (chapter 4) it was 
shown that the in vitro inhibitory activity of the serum on proteinase 3-a-

1
-

antitrypsin complexation increased preceding a relapse of Wegener ' s  
granulomatosis, while the inhibitory capacity a t  the moment of relapse was 
clearly elevated compared to 8 control patients in remission with comparable 
cANCA titers. Moreover, the inhibitory capacity rather than the cANCA titer at 
the moment of relapse correlated with disease activity. This suggests that the 
functional capacity of anti-proteinase 3 antibodies to prevent the enzyme from 
being inactivated may contribute to the inflammatory process. Although most 
anti-proteinase 3 positive sera not only inhibit inactivation of proteinase 3 but 
also, at least partly, its enzymatic activity (1 5), the reversible antigen-antibody 
binding may be dissolved at the site of inflammation allowing the enzyme to 
display lytic activity. Indirect support for the view that enzymatic activity of 
proteinase 3 plays a role in the pathogenesis of Wegener's granulomatosis is 
rendered by the observation of an increased prevalence of phenotypes partly or 
severely deficient for a- 1-antitrypsin in patients with Wegener 's granulomatosis 
( 16, 17). 
Neutrophil activation is thought to play an essential role in the pathogenesis of 
Wegener ' s  granulomatosis ( 18-20). In vitro ANCA both with specificity for 
proteinase 3 and myeloperoxidase are capable of activating primed neutrophils 
(2 1-24). The data presented in chapter 5 show that lgG isolated from sera from 
17 patients with active Wegener's granulomatosis have a higher capacity for 
stimulating primed neutrophils than 17 sera taken during disease remission. 
Moreover, IgG from patients with extended disease activity (n= 10) produced 
higher neutrophil stimulation than IgG from patients with limited (locoregional) 
Wegener ' s  granulomatosis (n=7). The neutrophil activating capacity of sera 
correlated with the cANCA titer at the moment of active disease, but not during 
remission. Furthermore, a significant correlation was found between changes in 
the relative amount of anti-proteinase 3 antibodies of the IgG3 subclass and 
changes in neutrophil activating capacity of paired sera taken during active 
disease and subsequent remission in the same patient. These data suggest that the 
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capacity of anti-proteinase 3 antibodies to stimulate neutrophils is related to 
disease activity of Wegener' s  granulomatosis , and that especially IgG3-anti
proteinase 3 antibodies may be involved. 

NON-AN CA MEDIATED IMMUNE MECHANISMS INVOLVED IN 
DISEASE ACTIVATION 

T cell reactivity in Wegener 's granulomatosis 

A role for T cell involvement in Wegener's granulomatosis is suggested by large 
mononuclear infiltrates containing activated T cells in active lesions (25-28). The 
predominance of CD4 positive T cells in these lesions and the formation of 
granulomas suggest a delayed type hypersensitivity reaction to as yet unidentified 
antigen(s). Autoreactive T cells responding in vitro to proteinase 3 have been 
found in the peripheral blood of patients with Wegener's  granulomatosis, but 
whether these T cells play a role in disease activation is unclear (29). Data in an 
animal model of necrotizing glomerulonephritis associated with anti
myeloperoxidase antibodies fail to show an important role for T cell mediated 
immunity (30,31). 
In an attempt to elucidate a possible role of T cell activation in the development 
of disease activity in Wegener 's granulomatosis, we measured soluble IL-2 
receptor, soluble CD4, and soluble CD8 in serial samples of 18 patients 
developing a relapse of Wegener' s  granulomatosis. These soluble antigens are 
released upon T cell activation and serum levels of these antigens are thought to 
reflect overall T cell activation. At the time of relapse serum levels of soluble IL-
2 receptor were elevated in patients with a major relapse (n=8) , and .correlated 
both with disease activity as assessed by disease activity score and with C
reactive protein levels in the whole group (chapter 6) .  In only 9 of the 18 
patients an increase of at least 25 % in serum levels of soluble IL-2 receptor 
levels was found prior to (n=4) or at the time of relapse (n=5) .  In none of the 
patients did a rise in soluble IL-2 receptor level precede a rise in cANCA titer. 
However, 16 of the 18 patients had soluble IL-2 receptor levels above the normal 
range during the whole period of 6 months preceding a relapse. Levels of soluble 
CD4 and soluble CD8 did not change preceding or at the time of relapse. These 
data suggest a low level of persistent T cell activation even without clinical 
disease activity in most patients with Wegener's granulomatosis as has also been 
demonstrated in patients with systemic lupus erythematosus (32,33). Although a 
relation with disease activity at the time of relapse is found these data fail to 
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support a major role for T cell activation in the development of disease activity 
given the late occurrence of a discernible rise in soluble IL-2 receptor level 
occurring in only half of the patients. These facts also severely limit the clinical 
application of measurement of soluble IL-2 receptor in the follow-up of patients 
with Wegener's granulomatosis. 

The role of adhesion molecules in vasculitic inflammation 

Inflammation involves the recruitment and transmigration of cells such as 
granulocytes, monocytes, and lymphocytes to sites of injury or infection. This 
process of adherence and transmigration is governed by the interactions of 
specific adhesion molecules on both endothelial cells and circulating 
immunocompetent cells (34-36). The initial step in neutrophil adherence to the 
endothelial surface is an interaction between leukocyte L-selectin and 
carbohydrate ligands with endothelial P-selectin and E-selectin; both endothelial 
selectins are expressed upon stimulation with cytokines such as tumor necrosis 
factor ex. and interleukin- 113. Once activated, neutrophils express /32-integrins 
(CDI la, CDl lb, CDl lc, CD18) which are ligands to intercellular adhesion 
molecule (!CAM) 1, 2, and 3 expressed on endothelial cells. The importance of 
these interactions is underscored by the severe immunodeficiency demonstrated 
by patients who have an inherited defect in their /3

2
-integrin (37). Monocytes, 

which are often present in lesions in patients with Wegener's granulomatosis (25-
27), adhere to vascular cell adhesion molecule 1 (VCAM-1) expressed on 
activated endothelium. 
In renal biopsy specimens from patients with Wegener's granulomatosis and from 
rats with anti-myeloperoxidase antibody associated necrotizing glomerulonephritis 
an association between the expression of ICAM-1 and the number of infiltrating 
neutrophils has been found (38,39). Furthermore, in vitro data suggest an 
important role for adhesion molecules in endothelial cell lysis mediated by 
ANCA-activated neutrophils (40,41). Blocking of CD18 on the neutrophils by 
monoclonal antibodies completely prevents lysis of endothelial cells in this setting 
(41). Expression and upregulation of some of the adhesion molecules can not 
only be studied by immunohistological techniques, but is also possible by 
measuring soluble forms of these adhesion molecules in serum, since ICAM-1, 
VCAM-1, and E-selectin are shed from the membrane after expression (42). In 
the study presented in chapter 7 measurements of serum levels of soluble ICAM-
1, soluble VCAM-1, and soluble E-selectin were performed in patients with 
Wegener's granulomatosis, both at the time of diagnosis and during follow-up. 
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The goals of the study were to evaluate whether levels of these soluble adhesion 
molecules reflect endothelial activation or damage during active vasculitis and 
whether they can be used for evaluation of disease activity during follow-up. 
At the time of diagnosis in 22 patients with Wegener's granulomatosis, soluble 
ICAM-1 and soluble VCAM-1 levels were significantly elevated compared with 
controls and correlated with disease activity. In 12 patients studied serially a 
significant increase in all 3 soluble adhesion molecules was found at the time of 
relapse compared with levels at 6 months prior to relapse, but only soluble 
VCAM-1 levels were significantly elevated compared with those in controls. 
Again, correlations were found between disease activity and levels of soluble 
ICAM-1 and E-selectin. Levels of soluble adhesion molecules at the time of 
relapse did not differ from those measured in 18 patients during an upper airway 
infection without disease activity of Wegener's granulomatosis. From these data 
it can be concluded that ICAM-1, VCAM-1 and probably E-selectin are involved 
in active Wegener's granulomatosis. However, their expression, as assessed by 
measurement of soluble levels of these adhesion molecules, occurs only at the 
time of active disease. The clinical relevance for assessing disease activity during 
follow-up by measuring levels of these soluble adhesion molecules is further 
limited by the lack of specificity for disease activity of Wegener's 
granulomatosis. 

INFECTIOUS AGENTS AND DISEASE ACTIVATION IN WEGENER'S 
GRANULOMATOSIS 

In many patients infections, especially of the upper respiratory tract, precede the 
development of disease activity in Wegener's granulomatosis (12,43 ,44). 
Infections are thought to trigger one or more mechanisms involved in active 
Wegener's granulomatosis. It is at present unclear which mechanisms are 
involved, or whether disease activity is provoked by certain specific 
microorganisms. A role for infectious agents in the induction of disease activity 
in this disease is also suggested by reported beneficial effects of trimethoprim
sulfamethoxazole in the treatment of Wegener's granulomatosis (45�47). 
In a considerable number of patients recurrent infections of the paranasal sinuses 
and other paranasal structures occur during follow-up, predominantly caused by 
Staphylococcus aureus (3,5). In order to evaluate the possible relation between 
upper airway infections and the role of S. aureus in the development of disease 
activity of Wegener's granulomatosis, we studied a cohort of 57 patients with 
Wegener's granulomatosis with respect to the occurrence of infections and nasal 
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carriage of S. aureus (chapter 8). The majority of patients (63 % ) was found to 
be chronic nasal carrier of S. aureus. During a follow-up ranging from 12 to 42 
months 23 patients (40%) developed a relapse of Wegener's granulomatosis. 
Only 9 of the 23 patients (39 % ) had a proven or clinically suspected episode of 
upper airway infection during the 6 months preceding the relapse. However, 21 
of 36 patients (58 % ) who had chronic nasal carriage of S. aureus relapsed as 
compared with only 2 of 2 1  patients ( 10%)  with nasal cultures negative for S. 
aureus (P < 0.001 ). Not surprisingly, chronic nasal carriage of S. aureus was 
associated with persistent or intermittent cANCA positivity during follow-up. 
Other factors found to influence the risk for relapse of Wegener's granulomatosis 
were renal function and a history of previous relapse of Wegener's 
granulomatosis. Proportional-hazards regression analysis including these factors 
revealed an adjusted relative risk of 7. 16  (95 % confidence interval, 1.63 to 
31.50) for chronic nasal carriage of S. aureus. These data suggest that, even 
without apparent infection, the presence of S. aureus in the upper airways is 
associated with disease activity in Wegener's granulomatosis. As discussed in 
chapter 8 this microorganism possesses some features with respect to activation 
of B and T lymphocytes and neutrophils that may explain a more causal role in 
initiating disease activity in Wegener's granulomatosis, a role that is still entirely 
speculative. 
Uncontrolled data have suggested that monotherapy with co-trimoxazole 
(trimethoprim-sulfamethoxazole) is effective in the treatment of active 
locoregional Wegener's granulomatosis confined to the airways and maintains 
remission (45-47). However, no prospective studies on the efficacy of co
trimoxazole treatment in Wegener's granulomatosis are available. Given the 
toxicity of conventional treatment with cyclophosphamide and corticosteroids, a 
non-toxic treatment able to reduce the number of relapses of Wegener's 
granulomatosis would be welcomed (5,48). In order to assess the efficacy of 
prophylactic treatment with co-trimoxazole, we conducted a randomized placebo 
controlled multicenter study in 81 patients with Wegener's granulomatosis 
(chapter 9). Co-trimoxazole treatment during 24 months significantly reduced the 
number of relapses of Wegener's granulomatosis as compared with patients 
receiving placebo. This reduction was especially evident in the number of 
relapses of Wegener's granulomatosis involving the upper airway region. The 
relative risk for relapse of Wegener's granulomatosis, adjusted for cANCA 
positivity at the start of the study, was O. 32 (95 % confidence interval, 0 . 1 3 to 
0.79) for patients with co-trimoxazole treatment as compared with p lacebo. 
Treatment with co-trimoxazole also significantly reduced the number of 
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respiratory and non-respiratory infections . However, comparable with the results 
from a previous study (chapter 8), only about 50 % of the patients experienced a 
respiratory infection in the 6 months preceding the relapse, and no correlation 
between the number of infections and the occurrence of relapse was found. 
Treatment with co-trimoxazole did not result in a discernible decrease in cANCA 
titer, while reducing the number of relapses. How co-trimoxazole exerts its 
beneficial effect on the course of Wegener's granulomatosis is at present unclear. 
It has been suggested that co-trimoxazole exhibits anti-inflammatory effects 
through interference with the formation of specific oxygen derived radicals by 
activated neutrophils similar to diafenylsulfon and sulfapyridine (49). On the 
other hand, given the association found between nasal carriage of S. aureus and 
the increased risk for relapse of Wegener's  granulomatosis, it is tempting to 
speculate on the possibility that co-trimoxazole is effective through eliminating or 
suppressing the presence of S. aureus in the upper airways. However, no data on 
the nasal S. aureus status are available in these patients. A hypothesis explaining 
the relation between S. aureus and disease activation of Wegener's 
granulomatosis is that the presence of or a low grade infection with this 
microorganism in the upper airways induces so called "priming" of neutrophils, 
which identifies astate of pre-activation not yet resulting in degranulation. These 
partially activated neutrophils have been shown to express proteinase 3 on their 
membrane (21,50). Anti-proteinase 3 antibodies (cANCA) have been shown in 

vivo to be able to further activate these primed neutrophils and to induce 
degranulation (21-24). Release of proteinase 3 by degranulation could lead to 
stimulation of specific B- and possibly T-lymphocytes (Chapter 1, figure 1, page 
7). By merely stimulating neutrophils, even without apparent infection, S. aureus 

could trigger the development of a vicious circle in the presence of cANCA. The 
hypothesis could explain why co-trimoxazole is effective as single therapy in 
locoregional Wegener's granulomatosis and why there is a noticeable absence as 
compared with the placebo group of disease activity especially in the upper 
airways in patients treated with co-trimoxazole. 

CONCLUSIONS 

In the present thesis mechanisms possibly involved in the disease activation of 
Wegener's  granulomatosis have been explored. Although we are still a long way 
from understanding the pathophysiology of Wegener's  granulomatosis, some 
pieces of the puzzle become visible. 
First of all, not only the amount of anti-proteinase 3 antibodies (cANCA), but 
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also qualitative or functional aspects of these antibodies as assessed in vitro 

appear to be related to disease activity in Wegener's granulomatosis. Disease 
activity is particularly related to the presence of anti-proteinase 3 antibodies of 
the IgG3 subclass (chapter 3). Functionally, anti-proteinase 3 antibodies of the 
lgG3 subclass seem to determine the capacity to stimulate neutrophils in vitro, 

which was also found to be related to disease activity (chapter 5). Another aspect 
of anti-proteinase 3 antibodies related to disease activity is the capacity of these 
antibodies to interfere with the irreversible complexation and inhibition of the 
enzymatic activity of proteinase 3 with 0' 1-antitrypsin (chapter 4). 
Secondly, the data on soluble markers of T cell activation (chapter 6) do not 
support an initiating role of T cells in the development of disease activity of 
Wegener's granulomatosis, although the antigen-specific ANCA response by B 
lymphocytes is probably T cell dependent. In addition, no discernible rise in 
soluble adhesion molecules was found preceding a relapse (chapter 7) . These 2 
mechanisms are, however, clearly involved in the active phase of the disease as 
shown by the correlation of both the levels of soluble IL2-receptor and of soluble 
ICAM-1, VCAM-1, and E-selectin with clinical disease activity. 
Last but not least, a role for microbial agents in the development of disease 
activity in Wegener's granulomatosis is supported by the data presented in 
chapter 8 and 9. Although, in contrast to previous findings, no relation between 
clinically apparent infections and relapses were found, a strong association 
between chronic nasal carriage of S. aureus and an increased risk for relapses of 
Wegener's granulomatosis was established (chapter 8). At present one can only 
speculate on the possible causal role of S. aureus in the development of disease 
activity in Wegener's granulomatosis. Prolonged therapy with co-trimoxazole is 
able to reduce the number of relapses of Wegener's granulomatosis. Since there 
are no firm data supporting an immunosuppressive or anti-inflammatory effect of 
co-trimoxazole in humans, the efficacy of this antimicrobial agent further 
suggests a role for microbial agents in the development of active Wegener's 
granulomatosis. 

FUTURE PERSPECTIVES 

Pathophysiology of ANCA-associated vasculitis 

An aspect not addressed in this thesis is the induction of antibodies directed 
against neutrophil antigens such as proteinase 3 and myeloperoxidase. Why do 
some patients develop these autoantibodies? Although in the past weak 
associations of Wegener's granulomatosis and ANCA-associated vasculitis with 
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HLA class II DR2 and DQ7 antigens have been described (51 ,52), a recent 
Dutch collaborative study involving over 200 patients with Wegener's 
granulomatosis and other ANCA-associated vasculitides failed to show an 
association with specific HLA class I and II antigens (manuscript submitted). 
Studies on possible exogenous antigens that show epitopes with cross reactivity to 
proteinase 3 or myeloperoxidase are not available. Given the association found 
between cANCA, active Wegener's granulomatosis, and S. aureus, antigens of 
this microorganism are obvious candidates to look for (53). The fact that co
trimoxazole treatment reduces the number of relapses but does not seem to lower 
cANCA titers argues somewhat against this possibility. Other possibilities are the 
polyclonal stimulation of B or T cells by exogenous bacterial superantigens (54) 
or disturbances in B and T cell regulation caused by viral infections such as 
Parvo B 19 virus (55). 
At present evidence for a direct pathogenetic role of ANCA is only 
circumstantial. As long as we do not have an experimental model for ANCA 
mediated vasculitis in which single items can be manipulated to address their 
significance, progress will be slow. The absence of such a model will not only 
limit the possibilities to study specific functional aspects of ANCA in the 
pathogenesis of vasculitis, but also of other mechanisms such as T cell activation, 
interactions between endothelium and neutrophils, and microbial agents. 

Monitoring of disease activity in ANCA-associated vasculitis 
The discovery of ANCA has provided the clinician with a specific and sensitive 
aid in the diagnostic process of certain forms of primary vasculitis. However, 
during follow-up of patients with ANCA-associated vasculitis, even in Wegener's 
granulomatosis, the relation between changes in ANCA levels and the 
development of disease activity is at present not firm enough to enable pre
emptive immunosuppressive treatment on changes in ANCA titer routinely 
( 12, 13). Increasing the predictive value for disease activity by monitoring certain 
qualitative aspects of these antibodies as suggested in this thesis, can possibly 
overcome this problem. The techniques as used for assessing certain functional 
aspects of ANCA in this thesis are not suited for routine use. Measurement of 
IgG subclasses of ANCA could be a possibility. In addition, a recent study 
demonstrated a restricted number of epitopes on proteinase 3 to which anti
proteinase 3 antibodies were directed (56). ELISA systems using small peptide 
fragments of proteinase 3 confined to one or a few epitopes may replace the more 
cumbersome assays analyzing a certain functional aspect of ANCA. Prospective 
studies addressing these issue are clearly warranted. 
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Treatment 
As long as the pathophysiology of AN CA-associated vasculitis is unclear, specific 
treatment will remain an illusion. On more empirical or theoretical grounds some 
new therapeutic strategies are or will be evaluated in controlled multicenter trials 
in a collaborative effort (57): 
1. Removal of ANCA: given the suspected role of ANCA in the 

pathophysiology of vasculitis removal by plasmapheresis or extracorporal 
immuneadsorption may be an option. Results in patients with pauci-immune 
necrotizing glomerulonephritis do suggest some improvement with the 
addition of plasmapheresis to immunosuppressive therapy with 
cyclophosphamide and prednisolone (58). 

2. Inhibition and/or down-regulation of ANCA: an uncontrolled and small 
study with intravenous gammaglobulin (0.4 g/kg/day for 5 days) has shown 
beneficial results in patients with ANCA-associated vasculitis (59). 
Preparations of pooled gammaglobulin have been shown to contain anti
idiotypic antibodies directed to ANCA (60). 

3 .  Suppression of T lymphocytes : therapy with cyclosporin A, anti-thymocyte 
globulin, or with monoclonal antibodies directed to CD4 have been used in 
a small number of patients (57). As yet, no data are available to assess the 
efficacy of these forms of treatment. 

4. Antimicrobial treatment: prolonged treatment with co-trimoxazole has been 
effective in reducing the number of relapses of Wegener's granulomatosis in 
patients treated with cyclophosphamide and prednisolone. The efficacy of 
co-trimoxazole monotherapy in active locoregional Wegener's 
granulomatosis of the airways is, however, not established. Furthermore, 
the question remains whether the efficacy of co-trimoxazole in reducing the 
number of relapses is due to some as yet unknown immunosuppressive or 
anti-inflammatory effect or due to its antimicrobial activity. In the latter 
case, other antimicrobial agents, probably as long as they are effective 
against S. aureus, may be effective as well. 
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INLEIDING 

De ziekte van Wegener is een ernstige ziekte die gekenrnerkt wordt door 
ontstekingen van kleine bloedvaatjes (vasculitis) leidend tot versterf van weefsels 
en organen. Tevens treden vrij karakteristieke ophopingen van ontstekingscellen 
op, met name in de neus en longen (granulomen). Aangezien bloedvaten overal in 
het lichaam voorkomen kan de ziekte zich eigenlijk in ieder orgaan manifesteren. 
Bij een karakteristiek beloop treedt de ziekte op in de neusregio in combinatie 
met verschijnselen van algeheel onwelbevinden, koorts en gewrichtsklachten, 
vaak later gevolgd door ontstekingen in de longen en de nieren al dan niet in 
combinatie met andere verschijnselen. De ziekte hoeft dit patroon echter beslist 
niet te volgen en kan zelfs optreden zonder dat een van de hierboven genoemde 
voorkeursplaatsen is aangedaan. Aangezien het bovendien een relatief zeldzame 
ziekte betreft met minder dan 10 nieuwe pa ti en ten per 1 miljoen inwoners per 
jaar, is het niet verwonderlijk dat het stellen van de diagnose moeilijk kan zijn. 
Een ander opvallend kenrnerk van de ziekte is dat de ziekte na behandeling met 
afweer-remmende middelen na verloop van soms vele jaren weer actief wordt bij 
een aanzienlijk deel van de patienten. 
Algemeen wordt aangenomen dat de ziekte van Wegener een zogenaamde 
autoimmuunziekte is, dat wil zeggen een ziekte waarbij het afweersysteem van 
het Iichaam een of meer lichaamseigen structuren ten onrechte aanvalt. Deze 
opvatting wordt gesteund door het feit dat van der Woude in 1985 het voorkomen 
beschreef van antistoffen in het bloed van patienten met de ziekte van Wegener 
gericht tegen bestanddelen van de eigen witte bloedlichaampjes (neutrofiele 
granulocyten). De aanwezigheid in het bloed van deze antistoffen, genaamd 
ANCA (Anti-Neutrofiel rytoplasmatische Antistoffen), blijkt zeer kenrnerkend 
voor de ziekte van Wegener. Hoewel verondersteld wordt dat ANCA een actieve 
rol spelen in het ziekteproces, is dit tot op heden niet bewezen. 
De in dit proefschrift beschreven onderzoeken zijn gericht op het opsporen van 
factoren die bij patienten leiden tot het actief worden van de ziekte van Wegener. 
In hoofdstuk 1 is, als inleiding, weergegeven hoe de aanwezigheid van ANCA al 
dan niet in combinatie met andere factoren in theorie kan leiden tot actieve 
vasculitis. In deze theorie staat centraal dat ANCA ten eerste kan leiden tot 
activatie van neutrofiele granulocyten en ten tweede dat binding van ANCA aan 
zijn doeleiwit, het enzym genaamd protei"nase 3 aanwezig in neutrofiele 
granulocyten, de functies van dit enzym kan bei"nvloeden. Deze beide fenomenen 
zijn in het laboratorium gevonden bij experimenten met ANCA gei"soleerd uit het 
bloed van patienten. 
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ANTI-NEUTROFIEL CYTOPLASMATISCHE ANTISTOFFEN (ANCA) : 
EEN F AMILIE VAN VERSCHILLENDE ANTISTOFFEN 

In de 10 jaar sinds de ontdekking van de relatie tussen ANCA en de ziekte van 
Wegener, is de kennis rond deze antistoffen enorm gegroeid. We weten 
inmiddels dat, naast de oorspronkelijk beschreven ANCA welke gericht zijn tegen 
protei'nase 3, ANCA gericht tegen andere bestanddelen van neutrofiele 
granulocyten voorkomen bij een aantal verschillende autoimmuun ziekten. 
Antistoffen gericht tegen 8 verschillende eiwitten van neutrofiele granulocyten 
zijn inmiddels bekend. Van deze 8 zijn er slechts 2, te weten van belang. 
Antistoffen gericht tegen 2 van deze 8 eiwitten, te weten tegen het al eerder 
genoemde prote'inase 3 en tegen het myeloperoxidase (een ander enzym), komen 
frequent voor bij patienten met de ziekte van Wegener of nauw verwante vormen 
van vasculitis . Het aantonen van deze antistoffen in het bloed van patienten kan 
helpen om tot de juiste diagnose te komen. In hoofdstuk 2 wordt een overzicht 
gegeven van de bruikbaarheid en beperkingen in de dagelijkse praktijk van de 
bepaling van deze antistoffen, en worden de verschillende technieken besproken 
die worden gebruikt in het laboratorium om deze antistoffen in het bloed van 
patienten aan te tonen. 

DE RELATIE TUSSEN ANCA GERICHT TEGEN PROTEINASE 3 EN 
ZIEKTE-ACTIVITEIT VAN DE ZIEKTE VAN WEGENER 

Verschillende studies hebben laten zien dat de hoeveelheid ANCA aanwezig in 
het bloed van patienten stijgt voorafgaande aan het weer actief worden van de 
ziekte van Wegener. Deze relatie tussen de hoogte van de antistoffen en de 
activiteit van de ziekte van Wegener is echter niet absoluut. De tijd die verloopt 
tussen het optreden van de stijging in de antistoffen en het waarneembaar worden 
van actieve ziekte is meestal enkele maanden, maar kan varieren van enkele 
dagen tot meer dan een jaar. Tevens worden niet alle stijgingen in ANCA 
gevolgd door een opvlamming van de ziekte van Wegener, en worden weliswaar 
de meeste maar niet alle opvlammingen van de ziekte van Wegener voorafgegaan 
door een stijging van de antistoffen. Als deze antistoffen bijdragen tot het actief 
worden van de ziekte van Wegener betekent dit dat niet alleen kwantitatieve maar 
ook kwalitatieve aspecten van deze antistoffen een rol spelen. 
ANCA zijn voornamelijk van de IgG klasse, een van de vijf verschillende 
menselijke antistofklassen . De lgG klasse kan op zijn beurt worden onderverdeeld 
in een viertal verschillende subklassen (lgG 1 t/m 4), die onderling verschillen in 
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bepaalde eigenschappen . In hoofdstuk 3 wordt beschreven dat met name ANCA 
gericht tegen protei'nase 3 van de IgG3 subklasse gerelateerd lijken aan de ziekte
activiteit van de ziekte van Wegener. Een mogelijke verklaring voor de relatie 
tussen ziekte-activiteit van de ziekte van Wegener en de hoeveelheid ANCA 
gericht tegen protei'nase 3 van de IgG3 subklasse wordt gegeven door resultaten 
beschreven in hoofdstuk 5. Het vermogen van ANCA om onder laboratorium 
condities neutrofiele granulocyten te activeren is eveneens gerelateerd aan de 
ziekte-activiteit van de ziekte van Wegener. Verschillen in dit activerend 
vermogen tussen bloedmonsters van een patient genomen op verschillende 
tijdstippen blijken samen te hangen met verschillen in het gehalte aan ANCA van 
de IgG3 subklasse. 
In het laboratorium blijken ANCA gericht tegen protei'nase 3 door aan prote'inase 
3 te binden in staat de functie van dit enzym te gedeeltelijk te remmen. De 
natuurlijke inactivatie van dit enzym door in het bloed voorkomende remmers 
wordt echter eveneens verstoord. Aangezien prote'inase 3 eiwitten kan atbreken 
die belangrijk zijn voor de structuur van bloedvaten en bindweefsel , kan 
voortdurende enzym activiteit leiden tot versterf van bloedvaten en omliggende 
weefsels . De binding van ANCA aan het protei'nase 3 zorgt er dan voor dat de 
enzym activiteit niet kan warden geremd. Inderdaad kan een relatie warden 
aangetoond tussen de mate waarin bloedmonsters van patienten met de ziekte van 
Wegener in staat zijn de inactivatie van prote'inase 3 te blokkeren en de ziekte
activiteit (hoofdstuk 4). 

DE BIJDRAGE VAN NIET DOOR ANTISTOFFEN VEROORZAAKTE 
EFFECTEN 

De menselijke afweer kent naast de vorming van antistoffen, oak we! humorale 
immuniteit genaamd, oak andere mechanismen. Een van deze mechanismen is de 
zogenaamde cellulaire immuniteit die gevormd wordt door gespecialiseerde witte 
bloedcellen (T-lymfocyten) die niet lichaamseigen structuren herkennen en 
opruimen. Bij microscopisch onderzoek van weefsels van patienten met .actieve 
ziekte van Wegener blijken deze T-lymfocyten in geactiveerde vorm aanwezig te 
zijn in ontstoken bloedvaten. Dit suggereert dat oak deze vorm van afweer een 
rol speelt bij actieve ziekte van Wegener. T-lymfocyten zijn moeilijk toegankelijk 
voor direct onderzoek maar produceren wanneer ze geactiveerd warden bepaalde 
in het bloed meetbare eiwitten. In een groep patienten met de ziekte van Wegener 
hebben we onderzocht of via meting van deze eiwitten, in de maanden 
voorafgaande aan een recidief, argumenten voor een actieve rol voor T-
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lymfocyten kan worden gevonden (hoofdstuk 6). Alleen op het moment van 
actieve ziekte blijkt bij patienten met de meest uitgesproken ziekte-activiteit 
sprake van een toename van een van deze eiwitten. Wei is bij een groot dee! van 
de patienten sprake van een continue geringe verhoging, suggererend dat T
lymfocyten voortdurend iets worden gestimuleerd. Een duidelijke rol voor T
lymfocyten bij de ontwikkeling van ziekteactviteit van de ziekte van Wegener kan 
met deze gegevens echter niet warden bevestigd. 
De binnenkant van bloedvaten bestaat uit speciale cellen (endotheel) die een 
belangrijke rol spelen bij het op gang komen van een ontstekingsreactie. Deze 
endotheelcellen zijn, wanneer ze worden geactiveerd door bepaalde 
ontstekingsbevorderende stoffen, in staat eiwitten (adhesie moleculen) aan hun 
oppervlak te presenteren die er voor zorgen dat in het bloed circulerende 
ontstekingscellen zich ter plekke hechten en de weefsels rond het bloedvat ingaan. 
Deze eiwitten worden, na enige tijd op het oppervlak aanwezig te zijn geweest, 
losgelaten en zijn dan in het bloed aantoonbaar. Het gehalte in het bloed van deze 
adhesie moleculen is mogelijk een weerspiegeling van de mate van activatie van 
het endotheel. Bij 22 patienten werden verhoogde gehaltes van deze adhesie 
moleculen gevonden op het moment van diagnose en de hoogte was gerelateerd 
aan de mate van ziekte-activiteit (hoofdstuk 7). In de periode voorafgaande aan 
een recidief kon echter slechts bij enkele patienten een geringe verhoging van 
deze adhesie moleculen warden vastgesteld. Hoewel op het moment van actieve 
ziekte er een rol lijkt weggelegd voor activatie van endotheelcellen gemeten aan 
de hand van gehaltes van adhesie moleculen, lijkt het geen vroeg fenomeen. Het 
bepalen van het gehalte van deze adhesie moleculen is dan ook niet geschikt om 
een dreigend recidief op het spoor te komen. 

DE ROL VAN INFECTIES BIJ DE ZIEKTE VAN WEGENER 

Bij veel patienten wordt een periode van actieve ziekte van Wegener 
voorafgegaan door verschijnselen van een infectie met name van de 
neusbijholten. Het vermoeden dat infecties ziekte-activiteit van de ziekte van 
Wegener kunnen uitlokken wordt versterkt door de bevinding dat bij sommige 
patienten behandeling met antibiotica verbetering van de ziekte kan geven. Bij 
patienten met de ziekte van Wegener warden infecties van de neusbijholten vaak 
veroorzaakt door een bepaalde bacterie (Staphylococcus aureus). Deze bacterie 
komt bij circa 10 tot 20% van de bevolking voor in de neus, maar blijkt bij 
patienten met de ziekte van Wegener veel vaker voor te komen (ca. 65 % ) . 
Tijdens een studie bij 57 patienten met de ziekte van Wegener, die gedurende 1 
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tot bijna 4 jaar werden gevolgd, bleek dat patienten die deze bacterie in hun neus 
dragen een ca. 7-voudige kans hebben op het krijgen van een recidief van de 
ziekte ten opzichte van de patienten die deze bacterie niet dragen (hoofdstuk 8). 
Opvallend was dat er geen relatie kon worden aangetoond tussen het aantal 
infecties en het optreden van recidieven van de ziekte van Wegener. Deze 
bevindingen suggereren een rol voor Staphylococcus aureus bij het actief worden 
van de ziekte van Wegener, waarbij aanwezigheid van deze bacterie zonder 
evidente infectie al voldoende lijkt. Hoe deze bacterie aanleiding geeft tot ziekte 
activatie is momenteel niet duidelijk en verdient verdere studie. 
De rol van antibiotische behandeling op het verloop van de ziekte van Wegener 
hebben wij in samenwerking met een aantal andere nederlandse ziekenhuizen 
onderzocht. In deze studie zijn patienten met de ziekte van Wegener gedurende 2 
jaar ofwel met het antibioticum co-trimoxazol behandeld (41 patienten) dan we] 
met een placebo (40 patienten). Uit de resultaten van deze studie blijkt dat 
gedurende behandeling met co-trimoxazol het risico voor het krijgen van een 
recidief van de ziekte van Wegener tot ongeveer 40% wordt gereduceerd ten 
opzichte van de niet behandelde patienten (lwofdstuk 9). Helaas moet bij ca. 
20 % van de patienten die behandeld worden met co-trimoxazol de therapie 
voortijdig gestaakt worden in verband met niet ernstige maar wel lastige 
bijwerkingen. Opvallend is dat er geen verschillen zijn gevonden in de hoogte 
van de ANCA spiegels tussen de wel en niet antibiotische behandelde patienten. 
Deze bevinding kan verklaard worden door te veronderstellen dat voor het actief 
worden van de ziekte van Wegener naast de aanwezigheid van ANCA een of 
meer andere factoren aanwezig moeten zijn die de afweer en met name de 
neutrofiele granulocyten stimuleren. Mogelijk dat de aanwezigheid van 
S(aphylococcus aureus in de neus een van deze factoren is. 

CONCLUSIES EN TOEKOMST 

Hoe de ziekte van Wegener ontstaat en actief wordt blijft tot op heden 
onduidelijk. Wei lijken enkele stukjes van de puzzel nu te passen, echter vele 
vragen blijven of ontstaan. 
Allereerst lijken niet alleen de hoeveelheid ANCA maar oak bepaalde 
kwalitatieve aspecten van deze antistoffen gerelateerd te zijn aan ziekte-activiteit 
van de ziekte van Wegener. Dit werpt mogelijk een licht op de rol van deze 
antistoffen in het ontstaan van actieve vasculitis. Anderzijds kan het bepalen van 
deze kwalitatieve aspecten van ANCA de nauwkeurigheid waarmee het beloop 
van de ziekte kan worden voorspeld vergroten. Verder onderzoek op grotere 

170 



Samenvatting 

schaal zal dit moeten uitwijzen, eventueel gevolgd door studies die moeten 
aangeven of het nemen van medische beslissingen (we! of niet preventief 
behandelen bij een dreigend recidiet) op grond van deze kwalitatieve parameters 
mogelijk is. 
De in dit proefschrift beschreven onderzoeken geven geen positieve argumenten 
voor een belangrijk initierende rol bij het actief worden van de ziekte van 
Wegener voor de cellulaire immuniteit via T-lymfocyten, dan wel voor endotheel 
activatie. Beide processen zijn echter wel actief op het moment dat er actieve 
ziekte van Wegener bestaat. Het bepalen van eiwitten in het bloed die activatie 
van T-lymfocyten dan we! endotheel weergeven lijkt evenmin een bijdrage te 
kunnen leveren in het vervolgen van patienten met de ziekte van Wegener. 
De mogelijke rol die bacterien en infecties spelen in de activatie van de ziekte 
van Wegener is intrigerend. De gegevens gepresenteerd in dit proefschrift 
suggereren met name een rol voor de Staphylococcus aureus. Hoe deze rol tot 
stand komt is niet duidelijk, maar dit gegeven nodigt uit tot verder onderzoek. 
Tevens lijkt antibiotische behandeling met co-trimoxazol in staat het aantal 
recidieven te verminderen. Met name voor patienten met frequente recidieven 
kan dit een groot voordeel blijken, waarbij het aantal behandelingen voor actieve 
ziekte van Wegener met de meer risicovolle afweer-remmende medicijnen kan 
worden gereduceerd. Of het gunstige effect van co-trimoxazol wordt veroorzaakt 
door een onderdrukking van Staphylococcus aureus of via andere mechanismen 
verloopt is niet duidelijk. Aangezien ca. 20% van de patienten op den duur de 
behandeling met co-trimoxazol niet verdraagt, is het essentieel om te onderzoeken 
of andere, met name tegen Staphylococcus aureus gerichte antibiotica, een zelfde 
gunstig effect hebben. 
Het is lastig puzzelen indien er stukjes ontbreken. Hoewel verschillende stukjes 
van de puzzel die de ziekte van Wegener vormt aanwezig zijn en misschien zelfs 
passen, moeten er nog verscheidene belangrijke stukjes worden ontdekt. 
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DANKWOORD 

Het is een ernstige misvatting te den.ken dat een proefschrift alleen het werk van 
de auteur is. Vele mensen dragen bij in de uitvoering van onderzoek of zijn 
onmisbaar voor de begeleiding vanaf de eerste wankele stapjes met vallen en 
opstaan tot aan het voorlopig einde van de tocht . Allen die op hun wijze hebben 
bijgedragen tot het tot stand komen van het voor U liggende resultaat wit ik dan 
ook hartelijk danken. Met nadruk dient de ondersteuning door de Nierstichting 
Nederland vermeld te worden voor het financieel mogelijk maken van het 
onderzoek. 
Het in dit proefschrift beschreven onderzoek vond grotendeels plaats binnen de 
muren van de lnterne Kliniek van het Academisch Ziekenhuis Groningen (hoofd: 
Prof.dr. G.K. van der Hem) en in het bijzonder binnen de onderafdelingen 
Klinische lmmunologie (hoofd: Prof.dr. T.H. The) en Nefrologie (hoofd: 
Prof.dr. P.E. de Jong). Zonder de rol van anderen tekort te willen doen, wil ik 
enkele mensen in het bijzonder danken voor hun bijdrage. 
Prof.dr. C.G.M. Kallenberg ben ik zeer erkentelijk voor het feit dat hij de 
mogelijkheden tot het verrichten van onderzoek heeft geboden en daarvoor de 
nodige ideeen en initiatieven heeft geleverd. De weg van een idee tot een 
uitvoerbaar protocol werd mede door zijn toedoen vaak gevonden. Tevens heeft 
hij ervoor zorg gedragen dat mijn gebrekkige kennis van immunologische 
fysiologie en pathofysiologie tot een hopelijk dragelijk niveau is bijgespijkerd. 
Prof.dr. P.E. de Jong heeft gezorgd voor de mogelijkheden tot het doen van 
onderzoek binnen de afdeling Nefrologie,  alsmede voor mijn opleiding tot 
internist-nefroloog. Zijn heldere en zakelijke kijk op met name de interpretatie en 
presentatie van onderzoeksgegevens zijn voor mij een grote steun geweest . Het 
onderzoek was niet mogelijk geweest zonder het voorafgaande werk en de daaruit 
voortvloeiende ideeen en hulp van Dr. J.W. Cohen Tervaert. Zijn steun en 
stuwende ideeen zijn van onmisbaar belang gebleken bij de uitvoering en 
voortgang van het onderzoek. Tevens heeft hij mij de kneepjes bijgebracht van 
het diagnostiseren en behandelen van patienten met vasculitis. Het sinds kort 
bestaande fenomeen van een "vasculitis-poli " ,  hetgeen voor zowel patientenzorg 
als (toekomstig) onderzoek van belang kan zijn, is vooral aan hem te danken. 
Ik dank de leden van de beoordelingscommissie, Prof.dr. L. Kater, Prof.dr. W. 
Timens en Prof.dr. E. Ritz voor hun snelle beoordeling van het proefschrift. 
Vee) werk voortvloeiend uit het beschreven onderzoek werd verricht op het 
Laboratorium voor Klinische Immunologie. Mw. M.G. Huitema bleek 
onovertroffen in bet snel en precies uitvoeren van allerlei door ons bedacht 
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onderzoek. In alle tumult hield zij steeds het hoofd koel en liet zich door ons 
gedram niet van de wijs brengen. De begeleiding van het laboratorium onderzoek 
door Dr. M. van der Giessen en Dr. P.C. Limburg was eveneens onmisbaar. 
Alie laboranten die onder aanvoering van Mw. H. de Vries-Huiges in de loop der 
jaren het routine ANCA programma kwalitatief hoogstaand draaiende hebben 
gehouden verdienen alle !of. Ondanks alle nieuwlichterij van antigeen specifieke 
testen blijft een goede interpretatie van de indirecte immuuntluorescentie test op 
ethanol gefixeerde granulocyten een belangrijke bijdrage leveren in de tijdige 
diagnostiek van primaire vasculitis. Met onvolprezen hulp op administratief en 
organiserend gebied en als alleswetende vraagbaak is Mw. K. Bugter (afdeling 
Klinische Immunologie) inmiddels een begrip bij velen die onderzoek verrichten. 
De samenwerking met Dr. A.H.L. Mulder (AZG), Dr. E. Brouwer (AZG), en 
Dr. K.M. Dolman (CLB Amsterdam) heeft geleid tot vruchtbaar onderzoek op 
het raakvlak van kliniek en pathofysiologie van ANCA gerelateerde vasculitis. 
Hetzelfde geldt voor de samenwerking met Dr. W. Manson (afdeling Medische 
Microbiologie AZG). Mogelijk blijkt de Staphylococcus aureus inderdaad van 
goud. Tevens wil ik de belangrijke rol die collega's binnen en buiten het AZG 
hebben gespeeld in het insluiten en vervolgen van patienten voor de co
trimoxazol studie (hoofdstuk 9) noemen. 
Het mobiliseren van klinische informatie of laboratorium uitslagen kan in een 
groot ziekenhuis een probleem zijn. Wat dat betreft is het Academisch Ziekenhuis 
Groningen soms zeer groot. Onmisbare hulp kreeg ik van Mw. C.A.J. Wiersma 
(afdeling A2), en van Mw. G. Bloem-Bolhuis, Mw. J. Huttinga-Schonewille en 
Mw. D. Homan-van Kammen (poli nefrologie), die met soms verbluffende 
snelheid de benodigde gegevens tevoorschijn wisten te toveren. Gegevens zijn 
niets zonder de juiste en verantwoorde bewerking daarvan. Ondersteuning op het 
statistische vlak kreeg ik van Dr. W.J. Sluiter (afdeling Endocrinologie) en van 
Dr. J .  Hermans (afdeling Medische Statistiek, RU Leiden). 
Klinisch onderzoek valt of staat met de cooperatie van patienten. Last but not 
least wil ik dan ook alle patienten danken die al of niet in het kader van 
onderzoeksprotocollen hebben bijgedragen tot het slagen van het onderzoek. 
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