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Aim and introduction to the thesis 
 
 
 
 
 
 
 



Chapter 1 

Introduction 
 

ANCA-associated vasculitis 
 

Vasculitis is an inflammatory process of blood vessels, 
histopathologically characterized by vessel wall destruction and occlusion of 
the vascular lumen. Vasculitis is classified based on the site of the blood 
vessels involved, the histopathology of the lesions, and clinical findings [1]. 
Withinin the group of small vessel vasculitides, Wegener’s granulomatosis 
(WG), microscopic polyangiitis (MPA), Churg-Strauss syndrome (CSS) and 
renal-limited vasculitis (RLV) are acknowledged to be associated with anti-
neutrophil cytoplasmic autoantibodies (ANCA). They are designated as 
ANCA-associated vasculitis (AAV). ANCA are predominantly IgG class 
autoantibodies directed against constituents of granules of neutrophils and 
lysosomes of monocytes. By indirect immunofluorescence (IIF) on ethanol-
fixed neutrophils, two fluorescence patterns of ANCA are distinguished, the 
cytoplasmic staining pattern (cANCA) and the perinuclear staining pattern 
(pANCA). Most patients with a cANCA pattern obtained by IIF have ANCA 
directed against proteinase-3 (PR3), as determined by antigen-specific 
ELISA. Patients with pANCA have ANCA directed against a variety of 
antigens, but in the primary small vessel vasculitides, the target antigen is 
almost invariably myeloperoxidase (MPO). The combinations of a cANCA 
pattern by IIF with PR3-ANCA by ELISA and a pANCA pattern by IIF with 
MPO-ANCA by ELISA are very specific for AAV [2]. 
 
ANCA-associated vasculitis and activation of the complement system  
 

The pathogenesis of AAV has not yet been fully elucidated. There is 
increasing clinical, in vitro and in vivo experimental evidence for a 
pathogenic role of ANCA in the pathogenesis of ANCA-associated 
vasculitis. For example, in vitro studies have shown that ANCA are able to 
stimulate neutrophils which are primed by cytokines, like TNFα, to 
degranulate their granules and induce a respiratory burst with the release of 
toxic oxygen radicals and lysosomal enzymes, leading to tissue damage [3-
6]. In vivo experimental studies demonstrate that passive transfer of anti-
MPO IgG into mice can induce pauci-immune focal necrotizing and 
crescentic glomerulonephritis whereas some mice also develop systemic 
small vessel vasculitis [7]. Both the innate and the adaptive immune system 
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Aim and introduction to the thesis 

are involved in the pathogenesis of AAV but the precise pathway along 
which lesions develop is still open for discussion. 

AAV is characterized by pauci-immune necrotizing crescentic 
glomerulonephritis (NCGN). "Pauci-immune" in renal histology indicates the 
relative lack of immunoglobulin and complement deposition within the 
kidney by routine direct immunofluorescence (IF) and the lack of electron-
dense deposits by electron microscopy (EM) [8]. Therefore, it has generally 
been assumed that the complement system is not involved in the 
pathogenesis of AAV, mainly because there is a paucity of immunoglobulin 
or complement deposition in vessel walls in AAV as compared to the 
substantial immunoglobulin and complement deposition that is observed in 
immune complex mediated glomerulonephritis and anti-glomerular 
basement membrane disease. However, recent observations in the anti-
MPO induced vasculitis mouse model mentioned before suggest a critical 
role of complement activation in disease pathogenesis. In this model either 
anti-MPO IgG or splenocytes from MPO-deficient mice that are immunized 
with mouse MPO are passively transferred in syngeneic naive mice. This 
resulted in the development of pauci-immune crescentic glomerulonephritis 
and vasculitis [7]. Xiao et al. found that induction of glomerulonephritis with 
anti-MPO-IgG or anti-MPO splenocytes required activation of the alternative 
complement pathway. Complement depletion with cobra venom factor 
completely blocked the development of glomerulonephritis and vasculitis by 
injection of MPO IgG or transfer of anti-MPO splenocytes. Subsequently, the 
role of specific complement activation pathways was studied using mice 
deficient for the common pathway component C5, classical and lectin 
pathway component C4, and alternative pathway component factor B. 
These studies revealed that anti-MPO IgG induced NCGN is dependent on 
an intact alternative pathway. Whereas C4-deficient mice developed NCGN 
comparable to wild type mice, transgenic mice deficient for C5 or factor B 
were completely protected from disease induction. The authors also 
hypothesized that activation of neutrophils by ANCA-IgG causes the release 
of factors that activate complement [9]. Huugen et al. further demonstrated 
that inhibition of C5 activation attenuated disease development in the 
mouse model of anti-MPO-IgG-induced glomerulonephritis described before 
[10]. Schreiber et al. further found that recombinant C5a dosage-
dependently primed neutrophils for ANCA-induced respiratory burst; C5a 

 11 



Chapter 1 

and the neutrophil C5a receptor may compose an amplification loop for 
ANCA-mediated neutrophil activation [11]. It remains inconclusive whether 
the complement system plays a role in the development of human AAV. 
 
Clinical aspects of AAV and pauci-immune crescentic 
glomerulonephritis 
 

ANCA-associated vasculitis is one of the multi-system autoimmune 
diseases in Caucasian populations. The annual incidence and point 
prevalence of renal vasculitis in Europe is 10-20/million/year and 150-
200/million, respectively [12, 13]. Although individuals at all age can be 
affected by AAV, older people are more susceptible [14, 15]. Constitutional 
symptoms and signs of AAV include fever, fatigue, significant weight loss, 
myalgias and arthralgias. A variety of organs and systems can be involved 
in AAV, including respiratory tract, kidneys, gastrointestinal tract, nervous 
system, and ear-nose-throat (ENT). Kidneys and lungs are the two most 
vulnerable organs [16]. WG and MPA share many histological features, 
including NCGN that often leads to rapidly progressive glomerulonephritis. 
The classic triad of WG includes granulomatous inflammation of the 
respiratory tract systemic vasculitis, and NCGN. MPA has a similar 
spectrum of disease manifestations but there is an absence of 
granulomatous inflammation. RLV is characterized by the absence of extra-
renal organ involvement. In CSS, three phases can be distinguished: 
allergic rhinitis and asthma, eosinophilic infiltrative disease, and systemic 
small vessel vasculitis.   

As mentioned above, renal lesions in AAV are characterized by 
pauci-immune crescentic glomerulonephritis (CrGN). "Pauci-immune" in 
renal histology indicates the relative lack of immunoglobulin and 
complement deposition within the kidney by routine immunofluorescence 
(IF) and the lack of electron-dense deposits by electron microscopy (EM). 
Pauci-immune CrGN is the most common cause of rapidly progressive 
glomerulonephritis in adults and elderly patients [17]. Most cases of pauci-
immune CrGN can be attributed to AAV [18]. However, a subgroup of 
patients with pauci-immune CrGN is persistently negative for ANCA. Studies 
on ANCA-negative pauci-immune CrGN have not provided sufficient data 
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due to the limited number of patients [19-25]. The pathogenesis of ANCA-
negative pauci-immune CrGN has been rarely explored. 

Survival of untreated AAV is dismal. For example, pulmonary 
involvement can lead to life-threatening pulmonary hemorrhage; renal 
involvement can lead to rapid loss of renal function. The cornerstone of 
treatment for ANCA vasculitis includes induction therapy with corticosteroids 
and intravenous (IV) or daily oral cyclophosphamide [26-29]. The majority of 
patients respond well to this therapy; remission is achieved in 85% of 
patients [28, 30-32]. Unfortunately, many patients (up to 50%) experience a 
relapse within five years [33]. Even after patients progress to end-stage 
renal disease (ESRD), severe relapse of AAV, though not very common, 
can still occur [34]. Relapses, although often responding to therapy, 
contribute to mortality and end-organ damage of the patients [30]. 
Predictors of relapse include PR3-ANCA positivity, lung involvement, and 
upper respiratory tract involvement [30, 35].  

 ANCA are specific serological markers for AAV. As mentioned 
above, the combinations of a cANCA pattern by IIF with PR3-ANCA by 
ELISA and a pANCA pattern by IIF with MPO-ANCA by ELISA are very 
specific for AAV. PR3-ANCA are most frequent in patients with WG and 
MPO-ANCA in patients with MPA and RLV, although it is not always the 
case in different ethnicities [36]. However, the relationship between changes 
of ANCA level and relapse of AAV remains controversial. Many patients 
show decrease or disappearance of ANCA titers during periods of 
quiescence [37, 38]. A subsequent rise in ANCA titer or reappearance of 
ANCA has been suggested as being predictive of clinical relapse [39], 
suggesting that monitoring of changes in ANCA titer might be helpful in 
predicting relapses [40]. However, a recent multi-centre prospective cohort 
study with 156 patients with active Wegener’s granulomatosis showed that 
decreases in PR3-ANCA levels are not associated with shorter time to 
remission, and increases are not associated with relapse [41]. 

Biomarkers for assessing disease activity of patients with anti-
neutrophil cytoplasmic autoantibody (ANCA)-associated vasculitis (AAV) 
could be important for identifying relapse and guiding treatment. Although 
the exact pathogenesis of AAV has not been fully elucidated, it is well-
known that neutrophils play an important role. In vitro studies have shown 
that ANCA could stimulate neutrophils to undergo a respiratory burst and 
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release free oxygen radicals and various proteases, which play a direct 
pathogenic role in vasculitic lesions [3-7]. In an anti-MPO antibody-induced 
mouse vasculitis model, it was suggested that neutrophils were necessary in 
the initiation of glomerulonephritis [42]. Therefore, it is reasonable to 
speculate that biomarkers of neutrophil degranulation might be associated 
with disease activity of AAV. 

 
 

Aim of the thesis 
 

This thesis consists of two parts. Part I focuses on the role of 
complement activation in the pathogenesis of ANCA-associated 
vasculitides. Part II focuses on clinical aspects of ANCA-associated 
vasculitides.  

In chapter 2, we focus on advances in the understanding of the 
pathogenesis of ANCA-associated vasculitides. 

Recent studies in animal models suggest that complement 
activation via the alternative pathway is one of the important contributing 
factors in the development of anti-MPO antibody-associated systemic 
vasculitis in mice [9, 10]. In part I of this thesis, the role of the complement 
system plays in human AAV is explored. In chapter 3, we discuss the 
updated evidence for activation of the complement system in ANCA-
associated vasculitides and propose a working model that links ANCA, 
neutrophils and complement activation in causing an inflammatory 
amplification loop that may explain the severe leukocytoclastic inflammation 
that is typical for AAV. In chapter 4, we investigate C3c and C1q deposition 
by direct immunofluorescence in renal biopsy specimens from 112 patients 
with ANCA-associated pauci-immune glomerulonephritis. In chapter 5, we 
investigate the evidence for complement activation in renal biopsy 
specimens of patients with MPO-ANCA-associated pauci-immune 
glomerulonephritis by immunohistochemistry. It has been reported that the 
p38-mitogen-activated protein kinases (p38-MAPK) pathway controls the 
translocation of ANCA antigens to the cell surface during TNFα-mediated 
priming of neutrophils enabling subsequent ANCA-induced respiratory burst 
[11]. In chapter 6, we investigated the role of p38-MAPK pathway in C5a-
mediated neutrophil activation in the pathogenesis of AAV. 
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Part II of this thesis investigates clinical aspects as well as biomarkers 
of ANCA-associated vasculitides. AAV is characterized by pauci-immune 
crescentic glomerulonephritis (CrGN). Most cases of pauci-immune CrGN 
can be attributed to AAV. However, a subgroup of patients with pauci-
immune CrGN is persistently negative for ANCA. Chapter 7 reviews 
updated information on ANCA-negative pauci-immune CrGN, including 
prevalence, clinical manifestations, renal histopathology, outcome, and 
pathogenesis, in comparison with ANCA-positive pauci-immune CrGN. 
Chapter 8 and chapter 9 focus on clinical aspects of relapses of AAV. 
Relapses of AAV still are a challenge to physicians. Even after patients 
progress to end-stage renal disease (ESRD), severe relapse of AAV, 
though not very common, can still occur. In chapter 8, we describe 5 
patients with ESRD who suffered from relapses of AAV, manifested as 
severe pulmonary hemorrhage, suggesting that disease activity and 
relapses of AAV should be monitored rigorously, even after patients 
progress to ESRD. Since relapses of AAV contribute to mortality and end-
organ damage, early awareness and identification of relapses is crucial for 
improving prognosis. In chapter 9, we investigate the characteristics of 
organ involvement during relapses of AAV and find that relapses of AAV are 
likely to begin with the same organ as initial onset. It facilitates early 
recognition of relapses, both for physicians and patients. Chapter 10 and 
chapter 11 investigate biomarkers of disease activity of AAV. In chapter 10, 
we investigate whether neutrophil gelatinase associated lipocalin (NGAL), 
which is a 25kDa protein in secondary granules of neutrophils and a special 
biomarker of neutrophil degranulation [43-45], could be a useful biomarker 
for assessing disease activity of patients with AAV. In chapter 11, we 
investigate changes of avidity and titer of MPO-ANCA in sequential serum 
samples from some patients with AAV in an active phase of the disease, 
either at presentation or at the time of relapse, in comparision with 
remission. 

In chapter 12, the data are summarized, and conclusions are drawn 
and discussed. 
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Chapter 2 

Abstract 
 

Anti-neutrophil cytoplasmic antibody (ANCA)-associated 
vasculitides (AAV) are a group of autoimmune disorders including 
Wegener’s granulomatosis (WG), microscopic polyangiitis (MPA), Churg-
Strauss syndrome (CSS) and renal-limited vasculitis (RLV). This paper 
reviews updated information on the pathogenesis of AAV. Additional clinical 
evidence for a pathogenic role of ANCA comes from the observation that 
patients with severe acute renal failure treated with plasma exchange had a 
lower risk for progression to end-stage renal disease than patients who 
received intravenous methylprednisolone therapy, both in addition to 
standard treatment. Recent data also suggest that antibodies to 
complementary proteinase-3 (cPR3), probably cross-reacting with 
plasminogen, may induce PR3-ANCA. Furthermore, a new ANCA, directed 
against human lysosome membrane protein-2 (LAMP-2), concurrent with 
PR3-ANCA or MPO-ANCA, was described as a sensitive and specific 
marker for renal AAV. In vitro, ANCA can further activate primed neutrophils 
to release reactive oxygen species and lytic enzymes, and, in conjunction 
with neutrophils, damage and lyse endothelial cells. In vivo, transfer of 
splenocytes from myeloperoxidase-deficient mice immunized with mouse 
myeloperoxidase into wild-type mice resulted in pauci-immune systemic 
vasculitis. A similar experiment in PR3-deficient mice did not cause 
significant vasculitic lesions. In the anti-MPO induced vasculitis mouse 
model, a critical role of complement activation was suggested. The anti- 
LAMP-2 antibody can also induce pauci-immune necrotizing crescentic 
glomerulonephritis in rats. Rats developed both cross-reactive antibodies to 
LAMP-2 and crescentic glomerulonephritis when immunized with FimH, an 
adhesin from Gram-negative bacteria which has strong homology with 
human LAMP-2. Together, clinical, in vitro and in vivo data support a 
pathogenic role for ANCA in AAV, although this role is more evident for 
myeloperoxidase-ANCA than for PR3-ANCA. The role of anti- LAMP-2 
requires further studies. 
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Introduction 
 

Anti-neutrophil cytoplasmic antibody (ANCA)-associated 
vasculitides (AAV) comprise Wegener’s granulomatosis (WG), microscopic 
polyangiitis (MPA), Churg-Strauss syndrome (CSS) and renal-limited 
vasculitis (RLV). These disorders are characterized by necrotizing small-
vessel vasculitis, frequently including the kidneys [1, 2]. ANCA are 
serological hallmarks for the above mentioned small vessel vasculitides. 
ANCA are predominantly IgG class autoantibodies directed against 
constituents of granules of neutrophils and lysosomes of monocytes. By 
indirect immunofluorescence (IIF) on ethanol-fixed neutrophils, two 
fluorescence patterns of ANCA are distinguished, the cytoplasmic staining 
pattern (cANCA) and the perinuclear staining pattern (pANCA). Most 
patients with a cANCA pattern obtained by IIF have ANCA directed against 
proteinase-3 (PR3), as determined by antigen-specific ELISA. Patients with 
pANCA mostly have ANCA directed against one of a variety of antigens, but 
in primary small vessel vasculitis, the target antigen is almost invariably 
myeloperoxidase (MPO). The combinations of a cANCA pattern by IIF with 
PR3-ANCA by ELISA and a pANCA pattern by IIF with MPO-ANCA by 
ELISA are very specific for AAV [3]. PR3-ANCA are most frequent in 
patients with Wegener's granulomatosis and MPO-ANCA in patients with 
microscopic polyangiitis and renal-limited vasculitis [1]. However, these 
associations differ between races as MPO-ANCA predominate, even in 
patients with WG, in Asian populations and PR3-ANCA in northern 
Caucasian populations [4-6]. Recently, Kain et al. found that individuals with 
AAV and renal involvement also produce ANCA directed against human 
lysosomal membrane protein-2 (LAMP-2) —a heavily glycosylated 
membrane protein [7]. 

Although the pathogenesis of ANCA-associated vasculitides has not 
yet been fully elucidated, major advances have been made over 20 years 
since the discovery of ANCAs [8, 9]. This review will focus on advances in 
the understanding of the pathogenesis of AAV. 
 
 
 
 

 21 



Chapter 2 

Evidence from clinical studies for a pathogenic role for ANCA 
 

The most direct clinical evidence that ANCA are pathogenic comes 
from the observation of the development of glomerulonephritis and 
pulmonary hemorrhage in a neonate shortly after birth from a mother with 
MPO-ANCA-associated microscopic polyangiitis, apparently caused by 
transplacental transfer of ANCA IgG [10, 11]. 

Furthermore, clinical observations on patients with AAV support a 
pathogenic role for ANCA. Two recent papers on the value of plasma 
exchange in AAV from the European Vasculitis Study Group described the 
value of plasma exchange in AAV. Patients with a new diagnosis of ANCA-
associated systemic vasculitis and serum creatinine >500 μmol/L were 
randomly assigned to receive plasma exchange or intravenous 
methylprednisolone in addition to standard treatment with oral 
cyclophosphamide and prednisolone. Patients treated with plasma 
exchange had a lower risk for progression to end-stage renal disease at one 
year than patients who did not receive plasma exchange [12]. A companion 
paper suggested that even with ominous histologic findings, the chance of 
renal recovery exceeds the chance of therapy-related death when these 
patients are treated with plasma exchange as adjunctive therapy [13]. The 
beneficial effect of plasma exchange in AAV supports a pathogenic role for 
circulating ANCA IgG. 

Although debate is still ongoing whether ANCA levels parallel the 
clinical and histological activity of the disease, many patients show 
decrease or disappearance of ANCA titers during periods of quiescence [14, 
15]. A subsequent rise in ANCA titer or reappearance of ANCA has been 
suggested as being predictive of clinical relapse [16], suggesting that 
monitoring of changes in ANCA titer might be helpful in predicting relapses 
[17]. However, the consistency between ANCA levels and disease activity 
remains a controversy [18]. A recent multi-centre prospective cohort study 
with 156 patients with active Wegener’s granulomatosis showed that 
decreases in PR3-ANCA levels are not associated with shorter time to 
remission, and increases are not associated with relapse. These findings 
suggest that ANCA levels cannot be used to guide immunosuppressive 
therapy [19]. 
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As mentioned, Kain et al. found that human LAMP-2 is a novel class 
of autoantigens of ANCA in necrotizing and crescentic glomerulonephritis 
(NCGN). Specific reactivity of  anti-LAMP-2 antibody was detected in  about 
90% of cases with active phases of NCGN, frequently also in combination 
with autoantibodies specific for PR3 or MPO. The anti-LAMP-2 antibodies 
seemed to disappear during quiescent disease [7]. 

Since the observation in 2004 that some patients with PR3-ANCA 
also have antibodies against a protein coded by the antisense strand of the 
PR3 cDNA (designated as complementary PR3, cPR3) [20], further 
progress on the immune response against cPR3 has been made by the 
Chapel Hill group. Bautz et al. investigated potential endogenous targets of 
anti-cPR3 antibodies. Unexpectedly, plasminogen was identified as a target 
of anti-cPR3. Of a cohort of patients with PR3-ANCA, nine had documented 
deep venous thrombotic events, five of whom were positive for 
antiplasminogen antibodies [21], suggesting that the antibodies might play a 
role in the occurrence of thrombo-embolic events which are frequently seen 
in patients with PR3-ANCA [22]. Furthermore, about half of the patients with 
PR3-ANCA had CD4+TH1 memory cells responsive to the cPR3138-169-
peptide, and a significant number of patients had T cells simultaneously 
responsive to this peptide and to heat-inactivated PR3 protein as 
manifested by proliferation and/or secretion of IFN-γ. There was a significant 
likelihood that anti-cPR3 antibodies and cPR3-specific T cells coexist in 
individuals, consistent with an immunological history of encounter with a 
PR3-complementary protein [23]. 
 

 

Evidence from in vitro studies for a pathogenic role for ANCA 
 

ANCA-induced neutrophil activation 
 

In vitro studies suggest that in neutrophils stimulated by pro-
inflammatory cytokines, such as tumor necrosis factor (TNF)-α or IL-18, 
target antigens of ANCA translocate to the neutrophil surface, thereby 
allowing binding by circulating autoantibodies. When exposed to ANCA IgG, 
neutrophils could undergo a respiratory burst and release free oxygen 
radicals and various proteases, which could play a direct pathogenic role in 
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vasculitic lesions [24, 25]. ANCA IgG cause neutrophil activation by ligation 
of Fc receptors [26, 27] as well as by interaction of their antigen binding 
sites with ANCA antigens on the cell surface [28]. A schematic model is 
given in Figure 1. 

 
Interaction between ANCA and their target antigens 
 

The interaction between ANCA and their target antigens has been 
suggested to play a role in the pathogenesis of AAV. Guilpain et al. found 
that MPO-ANCA positive sera could activate MPO in vitro to generate 
hypochlorous acid. The byproducts of MPO activation exerted a strong 
cytolytic activity on endothelial cells in culture. Both HOCl production and 
endothelial lysis were abrogated by N-acetylcysteine (NAC), an antioxidant 
molecule. The authors suggest that MPO-ANCA could play a pathogenic 
role in vivo by triggering an oxidative burst, leading to severe endothelial 
damage [29]. However, in propylthiouracil-induced AAV, Zhang et al. found 
that MPO-ANCA-positive IgG preparations from most patients could inhibit 
MPO activity in a dose-dependent manner [30]. These results indicate 
different mechanisms between drug-induced AAV and primary AAV.  

 
Membrane expression of PR3 and MPO 
 

Presence of membrane-bound PR3 (mPR3) is a prerequisite for 
ANCA-binding and ANCA-mediated vessel damage. Even without priming, 
PR3 can be detected on the membrane of isolated neutrophils. It has been 
found by Schreiber et al. that mPR3 expression is genetically determined 
[31]. However, increased expression of mPR3 on neutrophils has been 
observed in several clinical conditions. Neutrophils from patients with PR3-
ANCA associated vasculitis and some other chronic inflammatory diseases 
show higher levels of mPR3 expression than those from healthy controls 
[32, 33], and the presence of a high proportion of mPR3 expressing 
neutrophils is associated with more frequent relapse of WG [34]. These 
observations suggest that abnormally expressed mPR3 is involved in the 
development and severity of WG.  It was found that PR3 membrane 
expression on neutrophils is mediated by CD177, which is coexpressed with 
PR3 on a subset of neutrophils [35, 36]. We recently observed that 
membrane expression of CD177 on circulating neutrophils is increased in 
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patients with AAV; however, primed neutrophils from CD177-negative 
individuals also express mPR3 and are susceptible to anti-PR3-mediated 
oxidative burst, suggesting that recruitment of CD177-independent mPR3 is 
involved in anti-PR3-induced neutrophil activation [37]. 

Whether MPO-ANCA-mediated neutrophil activation involves MPO 
translocation to the surface of primed neutrophils has yet to be resolved. 
Hess et al. have shown that resting human neutrophils exposed to 
supernatants from degranulated autologous neutrophils express MPO, but 
not PR3, on their cell surface and become responsive to anti-MPO 
autoantibody [38]. 
 

 
 
Figure 1.  Schematic representation of the neutrophil responses that are putatively 
involved in the pathogenesis of ANCA-associated small vessel vasculitis 
(A) Proinflammatory cytokines and chemokines (e.g. tumor necrosis factor) that are released as a result of 
local or systemic infection cause upregulation of the expression of endothelial adhesion molecules (e.g. 
selectins, intercellular adhesion molecule 1 and vascular cell adhesion molecule 1), and prime neutrophils. 
(B) Neutrophil priming causes upregulation of the expression of neutrophil adhesion molecules (CD11b) and 
translocation of the ANCA antigens from their lysosomal compartments to the cell surface. (C) Engagement 
of dimers of the antigen-binding portion of ANCA with ANCA antigens on the cell surface, and interaction of 
the Fc part of the antibody with Fc receptors, activates neutrophils and causes increased transmigration and 
adherence of neutrophils to vessel walls. (D) ANCA-mediated neutrophil activation also triggers production of 
reactive oxygen radicals and possibly causes neutrophil degranulation. The consequent release of proteolytic 
enzymes leads to vasculitis. Reproduced with permission from reference [62]. 
Abbreviations: ANCA, antineutrophil cytoplasmic autoantibodies; CD11b, a β2-integrin cell-surface adhesion 
molecule involved in neutrophil adherence to and migration through vascular endothelial cells; ICAM-1, 
intercellular adhesion molecule 1; O2  oxygen radicals. 
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Role of T cells 
 

Most studies on cell-mediated immunity in AAV have focused on T-cell 
phenotypes in patients with WG since T cells probably participate in 
granuloma formation in WG. The Th1/Th2 balance is considered to play a 
key role in disease development and progression of WG. Analysis of nasal 
granulomatous lesions from WG revealed a relative increase of cells 
expressing Th1-associated markers in patients with localized disease, 
whereas Th2-associated markers dominated in generalized disease, which 
suggests a shift towards a Th2 response during systemic involvement [39, 
40]. Recent data have shown that IL-17-producing CD4+ T cells, termed 
Th17 cells, are probably the main subset implicated in pathogenesis. 
Abdulahad et al. recently found a significant increase in the percentages of 
Th17 cells in in vitro stimulated peripheral blood cells from WG patients as 
compared with healthy controls, and a relative increase in PR3-specific 
Th17 cells in ANCA-positive WG patients in comparison with ANCA-
negative WG patients and controls[41]. Other studies suggest that 
peptidoglycans as well as superantigens from S.aureus might have an 
immunomodulatory effect on dendritic cells by imprinting a strong Th17-
polarizing capacity [42, 43]. Memory CD4+ T cells with the effector cytotoxic 
phenotype (CD4+ TEM) have also been demonstrated to constitute a major 
effector pathway of tissue injury in patients with WG [44]. 

 

 

Evidence from in vivo experimental studies for a pathogenic 
role for ANCA 
 

Animal models for ANCA-associated vasculitis 
 

The most direct evidence of the pathogenicity of ANCA comes from 
studies on mice. Xiao et al. induced lesions in mice very similar to those in 
human AAV. Anti-MPO IgG or MPO-reacting splenocytes were obtained 
from MPO knockout mice immunized with purified mouse MPO, and 
transferred into recipient mice. In the anti-MPO IgG transfer model, all 
recipient mice developed pauci-immune focal necrotizing and crescentic 
glomerulonephritis after 6 days whereas some mice also developed 
systemic small vessel vasculitis. Mice that received a large dose of anti-
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MPO splenocytes developed severe necrotizing and crescentic 
glomerulonephritis and systemic necrotizing vasculitis [45]. Depletion of 
neutrophils in the recipient mice could ameliorate anti-MPO antibody-
induced mouse glomerular vasculitic lesions [46], suggesting that neutrophil 
activation is involved in the pathogenesis of AAV. Moreover, disease 
severity could be markedly aggravated by the addition of bacterial 
lipopolysaccharide (LPS) as a proinflammatory stimulus; the disease 
enhancing effects of LPS could be attenuated, but not fully prevented, by 
pretreatment of the animals with anti-TNF-α treatment [47]. Schreiber et al. 
recently observed that bone marrow (BM)-derived cells containing MPO are 
sufficient to cause anti-MPO-induced lesions in the absence of MPO in 
other cell types, demonstrating that leukocytes are the target of MPO-ANCA 
[48]. Little et al. induced focal segmental pauci-immune glomerulonephritis 
and focal pulmonary capillaritis in rats by immunization with human MPO, 
which leads to the generation of antibodies against human MPO cross-
reacting with rat MPO [49].  

The above described animal models all pertain to MPO-ANCA driven 
disease. Passive transfer of mouse or rat antibodies to PR3 in mice or rats 
did not result in a relevant animal model of PR3-ANCA-associated disease, 
i.e. Wegener’s granulomatosis [50, 51]. Immunization of mice deficient for 
PR3 and neutrophil elastase with murine PR3 led to the generation of 
antibodies to murine PR3, and subsequent transfer of anti-PR3 positive sera 
to wild type mice significantly aggravated a local inflammatory response 
elicited by TNF-α administration in the skin. However, this approach did not 
induce vasculitis or glomerulonephritis, even not when mice were pretreated 
with lipopolysaccharide as a proinflammatory stimulus. The discrepancy 
between the murine model of anti-MPO-IgG-induced necrotizing and 
crescentic glomerulonephritis and its anti-PR3 equivalent is as yet 
unexplained, but may indicate functional differences in pathogenic potential 
between PR3-ANCA and MPO-ANCA. 

 
ANCA-mediated interaction between neutrophils and endothelial cells 
 

In vitro studies have shown that the presence of ANCA could induce 
interaction between neutrophils and endothelial cells. For example, in the 
presence of ANCA, incubation with neutrophils resulted in detachment and 
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lysis of endothelial cells [52]. In an endothelial-cell-coated flow system, 
ANCA could convert rolling neutrophils into neutrophils that stably adhered 
to the endothelial layer [53]. ANCA-mediated interaction between 
neutrophils and endothelial cells has been further investigated in a recent in 
vivo study.  Nolan et al. observed, by using intravital microscopy, that in the 
presence of pro-inflammatory cytokines such as TNF-α, anti-MPO 
antibodies induced leukocyte adhesion and transmigration across the 
endothelium. Administration of anti-MPO also led to the recruitment of 
leukocytes preferentially to the kidney and lung, sites that are often affected 
in human ANCA-associated vasculitis. Furthermore, their data suggest that 
Fcγ receptors and β2 integrins mediate these enhanced leukocyte-
endothelial interactions [54]. 

 

 
 
Figure 2. Human LAMP-2 induces glomerular endothelial injury. 
Infection with fimbriated bacteria induces generation of antibodies to an epitope shared by the bacterial 
adhesion FimH and human LAMP-2. Autoantibodies to LAMP-2 bind neutrophils and activate these cells, 
causing shape changes and degranulation. In addition, autoantibodies to LAMP-2 bind glomerular 
endothelial cells, resulting in upregulation of E-selectin and eventually causing endothelial cell apoptosis. 
Ultimately, these processes lead to glomerular capillary injury progressing to focal necrotizing 
glomerulonephritis. Reproduced with permission from reference [56]. 

 
Anti-LAMP2 autoantibodies 

Anti-LAMP2 autoantibodies can activate neutrophils and cause 
apoptosis of endothelial cells in vitro. When injected into rats, the antibodies 
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induced pauci-immune necrotizing crescentic glomerulonephritis. More 
importantly, the authors showed that a major epitope of human LAMP-2 
recognized by the autoantibodies has strong homology with FimH, a 
bacterial adhesin of common Gram-negative bacteria. When rats were 
immunized with FimH, most developed both cross-reactive antibodies to 
LAMP-2 and crescentic glomerulonephritis, which is the renal histological 
hallmark of AAV [55, 56] (Figure 2). 

 
ANCA and complement 
 

Recent observations in the anti-MPO induced vasculitis mouse model 
suggested a critical role of complement activation in ANCA-associated 
disease. Complement depletion with cobra venom factor completely blocked 
the development of glomerulonephritis and vasculitis induced by injection of 
MPO IgG or transfer of anti-MPO splenocytes [57]. Subsequently, the role of 
specific complement activation pathways was studied using mice deficient 
for the common pathway component C5, the classical and lectin pathway 
component C4, and the alternative pathway component factor B. These 
studies revealed that anti-MPO IgG induced NCGN is dependent on an 
intact alternative pathway. Whereas C4-deficient mice developed NCGN 
comparable to wild type mice, transgenic mice deficient for C5 or factor B 
were completely protected from disease induction [57]. Further support for 
the role of complement in this model of ANCA disease was reported by 
Huugen et al. [58] who investigated the effects of  a C5 inhibiting antibody. 
Mice received anti-C5 antibody 8hrs before or one day after disease 
induction with anti-MPO IgG and LPS. None of the mice that received anti-
C5 antibody before disease induction developed glomerulonephritis, and 
anti-C5 antibody administration one day after disease induction also 
resulted in an 80% reduction in glomerular crescent formation. Schreiber et 
al. investigated the role of C5a in AAV. Supernatants from ANCA-activated 
neutrophils activated the complement cascade in normal serum resulting in 
the production of C5a. This conditioned serum primed neutrophils for the 
ANCA-induced respiratory burst; neutrophil C5a-receptor (C5aR) blockade 
abrogated this priming. Furthermore, recombinant C5a dosage-dependently 
primed neutrophils for the ANCA-induced respiratory burst. C5aR-deficient 
mice could be protected from developing NCGN. This study indicates that 
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C5a and the neutrophil C5aR may compose an amplification loop for ANCA-
mediated neutrophil activation [59]. Overall, these mouse studies support a 
crucial role for the alternative pathway of complement activation in AAV 
(Figure 3). 

Two recent studies on renal histopathology also suggested that the 
complement system, especially the alternative pathway, is involved in renal 
damage in human AAV [60, 61]. 
 
Conclusion 
 

Since ANCA were described in the early 1980s, the association 
between ANCA and pauci-immune small vessel vasculitides has been well 
established. There is increasing clinical, in vitro and in vivo evidence that 
supports a pathogenic role for ANCA in the pathogenesis of ANCA- 
associated vasculitis. As our understanding of pathogenic mechanisms 
becomes clearer, new strategies for more effective and less toxic treatment 
modalities will hopefully emerge. 

 

 
Figure 3. Diagram depicting hypothetical events in the pathogenesis of ANCA-
associated vasculitis that have been observed in vitro and are supported by animal 
models 
Beginning in the upper left and moving to the right, cytokines or other priming factors induce neutrophils to 
express more ANCA antigens at the cell surface where they are available for binding to ANCAs, which 
activate neutrophils by both Fc receptor engagement and direct F(ab’)2 binding to antigen. Neutrophils that 
have been activated by ANCAs interact with endothelial cells via adhesion molecules and release toxic 
factors that cause apoptosis and necrosis. Neutrophils that have been activated by ANCAs also release 
factors that activate the alternative complement pathway, which generates factors, such as C5a and C3a, 
which amplify the intensity of ANCA-induced inflammation. Reproduced with permission from reference [57]. 
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Chapter 3 

Abstract 
 

Small vessel vasculitides associated with anti-neutrophil cytoplasmic auto-
antibodies (ANCA) are severe systemic diseases that may affect any organ. 
Increasing clinical and experimental evidence indicates that ANCA are 
causally involved in disease pathogenesis mainly through activation of 
neutrophils resulting in endothelial cell injury. Recent studies suggest a 
previously unsuspected but crucial role for alternative pathway complement 
activation in ANCA disease pathogenesis. In this brief review, we will 
discuss the evidence for complement system activation in ANCA associated 
vasculitides and propose a working model that links ANCA, neutrophils and 
complement activation in causing an inflammatory amplification loop that 
may explain the severe leukocytoclastic inflammation that is typical for 
ANCA associated vasculitis. 
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Anti-neutrophil cytoplasmic autoantibodies (ANCA) asscociated 
vasculitides 
 

Anti-neutrophil cytoplasmic auto-antibodies (ANCA) are associated with 
small vessel necrotizing vasculitis that is characterized 
immunopathologically by a paucity of immunoglobulin deposits in vessel 
walls. ANCA-associated vasculitides (AAV) can cause organ-limited 
disease, such as renal limited vasculitis with pauci-immune necrotizing and 
crescentic glomerulonephritis (NCGN), or systemic vasculitis, including 
Wegener’s granulomatosis, microscopic polyangiitis, and Churg-Strauss 
syndrome [1]. Approximately 90% of patients with active, untreated disease 
have circulating ANCA. The primary antigenic targets of ANCA are the 
lysosomal enzymes myeloperoxidase (MPO-ANCA) and proteinase-3 (PR3-
ANCA) of neutrophil granulocytes and monocytes [2]. Increasing clinical and 
experimental evidence indicates that ANCA IgG cause AAV.  
 
ANCA are pathogenic: Evidence from human studies 
 

There is no evidence on the presence of ANCA IgG before clinical 
expression of the associated diseases occurs. However, a strong correlation 
exists between the presence of ANCA IgG and ANCA-associated diseases, 
therefore ANCA IgG is a useful and widely used tool in the diagnosis of AAV 
[3]. Although there has been debate on whether ANCA levels parallel the 
clinical and histological activity of the disease, many patients show 
decreased or absent ANCA titers during periods of quiescence [4,5]. A 
subsequent rise in ANCA titer from low titer has been suggested as 
predictive of clinical relapse. For example, a prospective study by Boomsma 
et al [6] has shown that rising levels of ANCA IgG preceded the onset of 
clinical relapse of AAV in about 90% of the cases. Surveillance of the 
alterations in ANCA titers is therefore considered to be helpful in the 
prediction of disease relapse [7]. A pathogenic role for ANCA is also 
supported by the effectiveness of immunosuppressive therapy, the 
effectiveness of plasma exchange, and the presence of ANCA antigens 
within glomeruli and crescents in NCGN [3]. The most direct clinical 
evidence that ANCA are pathogenic is the development of 
glomerulonephritis and pulmonary haemorrhage in a neonate shortly after 
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birth from a mother with MPO-ANCA associated microscopic polyangiitis, 
apparently caused by transplacental transfer of ANCA IgG [8,9].  
Taken together, data from these clinical studies suggest, but of course do 
not prove, that ANCA are directly pathogenic in AAV. 
 
ANCA are pathogenic: Evidence from in vitro studies 
 

Various in vitro observations support a pathogenic role for circulating ANCA. 
Sera or purified IgG from ANCA-positive patients, as well as monoclonal 
antibodies directed against MPO or PR3, can induce degranulation and an 
oxidative burst in healthy human neutrophils that are pretreated with 
inflammatory cytokines, such as TNF-α [10,11] and IL-18 [12]. This 
pretreatment, or priming, of neutrophils leads to translocation of both MPO 
and PR3 to the neutrophil surface, where they are available for ANCA 
binding. ANCA IgG bind the surface-expressed antigens via their F(ab’)2 
portions and trigger neutrophil activation by ligation of constitutively 
expressed Fcγ receptors, FcγRIIa and FcγIIIb [13-15]. 
ANCA-activated PMNs are capable of damaging cultured human umbilical 
vein endothelial cells (HUVECs) [16], and firm adhesion of PMNs to a 
monolayer of TNF-α treated HUVECs is greatly increased after ANCA-IgG 
pretreatment [17], thus providing a link between ANCAs and vascular 
disease. Indeed, it was shown that neutrophils from patients with ANCA-
associated vasculitis exist in a primed state, with increased surface 
expression of PR3, and that spontaneous superoxide production in these 
neutrophils is significantly higher than in neutrophils from normal controls 
[18].  
 
ANCA are pathogenic: Evidence from in vivo studies 
 

The pathogenic role of ANCA IgG in the development of AAV is supported 
by different animal models of AAV and glomerulonephritis that have been 
developed in the last decade. Xiao et al [19] induced disease that is 
remarkably similar to human ANCA disease by intravenous injection of 
mouse anti-MPO IgG or anti-MPO lymphocytes into mice. The anti-MPO 
IgG or anti-MPO lymphocytes were obtained from MPO knockout mice 
immunized with purified mouse MPO. In the anti-MPO IgG transfer model, 
all mice developed pauci-immune focal necrotizing and crescentic 
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glomerulonephritis after 6 days whereas some mice also developed 
systemic small vessel vasculitis. In a subsequent study it was shown that 
induction of glomerulonephritis by anti-MPO IgG is enhanced by bacterial 
lipopolysaccharide most likely through priming of circulating neutrophils, and 
thus increased availability of MPO at the surface of circulating neutrophils, 
and by activating the endothelium making it more susceptible for interaction 
with activated neutrophils [20]. Furthermore, it was shown that disease 
induction requires neutrophils as the main effector cells. Pretreatment of 
recipient mice with a rat mAb (NIMP-R14) that depletes mouse neutrophils 
completely blocked the induction of glomerulonephritis in this model [21].  
Little et al [22] immunized Wistar-Kyoto rats with human MPO, which leads 
to the generation of antibodies against human MPO, that cross react with rat 
neutrophils. After 8 weeks MPO-immunized rats displayed mild pauci-
immune crescentic glomerulonephritis and focal pulmonary capillaritis. In 
addition, Little et al investigated the early effects of MPO-ANCA on 
leukocyte-endothelial interactions employing intravital microscopy on 
mesenteric venules. Although no evidence was found for increased 
leukocyte-endothelial interactions under basal conditions, leukocyte firm 
adhesion and transmigration were significantly enhanced in MPO-
immunized rats after topical application of the pro-inflammatory stimulus 
CXCL1. To confirm that these effects were due to circulating MPO-ANCA, 
Ig’s purified from sera from MPO-immunized rats were intravenously 
injected into naïve Wistar-Kyoto rats. These experiments showed that MPO-
ANCA Ig on its own induced leukocyte firm adhesion and greatly enhanced 
leukocyte firm adhesion and transmigration elicited by topical CXCL1. Of 
particular interest are the observations that the MPO-ANCA enhanced 
leukocyte-vessel wall interactions led to microvascular injury. In MPO-
immunized rats as well as in naïve rats that had received MPO-ANCA Ig, 
prominent post-capillary venular haemorrhage was observed after 
superfusion with CXCL1 indicating severe endothelial cell injury. 
Recently, enhanced leukocyte-endothelial interactions induced by MPO-
ANCA IgG have also been demonstrated in mice employing intravital 
microscopy of the cremasteric microvasculature. In these experiments, 
systemic injection of anti-MPO IgG decreased leukocyte rolling in favor of 
increased adhesion to and transmigration across the endothelium after local 
treatment of the cremaster muscle with various proinflammatory stimuli 
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(TNF-α, IL-1β and, keratinocyte chemokine). Furthermore, the anti-MPO 
mediated effects were blocked by co-administration of anti-CD18 antibodies 
and absent in Fc receptor γ chain deficient mice emphasizing the critical 
roles of β2 integrins and Fc receptors [23].  
Schreiber et al [24] recently described a novel mouse model of anti-MPO-
induced disease. MPO knockout mice (Mpo-/-) were immunized with mouse 
MPO, irradiated and then transferred with bone marrow cells from either 
Mpo-/- or Mpo+/+ wild type mice. Engraftment of Mpo+/+ cells in Mpo-/- 
mice with circulating anti-MPO resulted in pauci-immune focal necrotizing 
and crescentic glomerulonephritis in all mice. In addition, transfer of Mpo+/+ 
bone marrow cells into irradiated Mpo-/- mice lead to disease induction, 
while transfer of Mpo-/- bone marrow cells into irradiated Mpo+/+ mice did 
not, demonstrating that Mpo+/+ bone marrow-derived cells are required 
pathogenic targets for anti-MPO IgG to cause disease. 
The above described animal models all pertain to MPO-ANCA driven 
disease. Using a similar strategy as described by Xiao et al, Pfister et al [25] 
investigated whether a model of PR3-ANCA associated disease could be 
established. Immunization of mice deficient for PR3 and neutrophil elastase 
with murine PR3 led to the generation of antibodies to murine PR3, whereas 
subsequent transfer of mPR3 positive sera to wildtype mice significantly 
aggravated the inflammatory response elicited by local TNF-α 
administration. However, this approach did not induce vasculitis or 
glomerulonephritis, even when mice were pretreated with 
lipopolysaccharide as a proinflammatory stimulus. The discrepancy between 
the murine model of anti-MPO IgG-induced NCGN and its PR3 equivalent is 
as yet unexplained, but may indicate functional differences in pathogenic 
potential between PR3-ANCA and MPO-ANCA. Clearly, more research 
needs to be done and the search for an animal model of anti-PR3 induced 
NCGN is still ongoing.  
 
 
Complement system: three activating pathways 
 

The complement system is a central component of innate and humoral 
immunity. The main functions of the complement system are: defence 
against bacterial infection, bridging innate and adaptive immunity, and 

 42 



 Review - Pathogenic role of complement in AAV  

disposing of immune complexes and the products of inflammatory injury 
[26,27]. The complement system comprises of more than 30 plasma and 
membrane-bound proteins. Depending on the activation trigger, the 
complement cascade follows one of three pathways: the classical, lectin or 
alternative pathway (Figure 1). All three pathways are activated in a 
sequential manner, with activation of one component leading to the 
activation of the next. These pathways converge at the central component 
of the complement system, C3. Sufficient activation of C3 leads to the 
formation of the membrane attack complex (MAC) on complement activating 
surfaces.  
 

 
Figure 1: Overview of the complement activation pathways. 

 
Activation of the classical pathway is initiated via binding of its recognition 
molecule C1q to antibody complexes on the surface of pathogens. This 
leads to conformational changes that result in the activation of the 
associated serine proteases C1r and C1s. C1s activate C4 and C2 leading 
to the formation of the C4bC2a complex, the classical pathway C3 
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convertase. This convertase leads to activation of the central complement 
component C3. 
Activation of the lectin pathway occurs in response to recognition of 
mannose-binding lectin (MBL) and ficolins of various carbohydrate ligands 
on the surface of microorganisms. This results in activation of the MBL-
associated serine proteases (MASP-1, MASP-2 and MASP-3). MASP-2 
cleaves C4 and subsequently C2 leading to the formation of the same C3 
convertase as the classical pathway, C4bC2a. 
Activation of the alternative pathway depends on spontaneous hydrolysis of 
C3 in plasma leading to the formation of C3(H2O) which binds to factor B. 
Subsequent activation by factor D results in the formation of C3(H2O)Bb. 
This complex constantly cleaves additional C3 to C3a and C3b at a low rate. 
In the presence of an activating surface (e.g. a bacterial wall), C3b is 
protected from inactivation by regulatory proteins like factor I and H. As a 
result the more active alternative pathway C3 convertase C3bBb is formed, 
which is further stabilized by properdin. 
Recent evidence indicates the existence of a fourth pathway of complement 
activation. In this pathway, direct C3 activation by either the classical or 
lectin pathway occurs without the involvement of C2 or C4 [28,29]. 
The early activation steps of the classical, lectin and alternative route of 
complement activation converge in a common terminal pathway. The 
addition of a further C3b molecule to the C3 convertase complex leads to 
the formation of C3bBbC3b (alternative pathway) or C4bC2aC3b (classical 
and lectin pathways). These C5 convertases initiate the assembly of the 
MAC by cleavage of C5 to C5a and C5b. C5a functions as a potent 
anaphylotoxin. C5b forms a tri-molecular complex with C6 and C7, which 
after inserting into a cell membrane, binds C8 and multiple C9 molecules. 
This results in the completion of the pore-forming MAC (C5b-9) on the target 
cell, and leads to cell lysis. 
 
Complement in human disease 
 

Traditionally, the major function of the complement system has been 
thought to be recognition and elimination of pathogens through direct killing 
and/or stimulation of phagocytosis [30,31]. In recent years, also 
immunoregulatory roles of the complement system have become clear [32]. 
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These include, enhancement of humoral immunity, modification of T cell 
immunity [33], shaping the development of the antibody repertoire [34], and 
regulation of tolerance to nuclear self-antigens [35,36]. In addition to 
important roles in normal host responses to self and foreign antigens, the 
complement system has been shown to be causally involved in tissue injury 
during ischemic, inflammatory, autoimmune, neurodegenerative and 
infectious diseases. The involvement of complement is usually complex and 
may include both an inappropriate initiation of the cascade and deficiencies 
in specific components or regulators. Table 1 shows an overview of human 
diseases in which complement system activation has been implicated. For 
more detailed information the reader is referred to some excellent recent 
reviews on this topic [37,38].  
 

Table 1: Evidence for complement activation involvement in human disease 
Human disease Type of study  Authors 
Rheumatoid arthritis Animal models 

Human studies 
Review 

Hietala et al [58], Banda et al [59], Ji et al [60] 
Neuman et al [61] 
Mizuno et al [62] 

Antiphospholipid antibody 
syndrome 

Animal models 
Review 

Holers et al [63], Girardi et al [64] 
Salmon et al [65] 

Systemic Lupus Erythematosus Animal models 
Human studies 
Review 

Wang et al [66], Watanebe et al [67], Elliot et al 
[68] 
Holers et al [69] 
Bao et al [70] 

Asthma Animal models 
Human studies 
Review 

Humbles et al [71], Taube et al [72] 
Krug et al [73] 
Kohl et al [74] 

Ischemia-reperfusion injury Animal models 
Human studies 

Rehrig et al [75], Jordan et al [76], Chan et al [77] 
Thurman et al [78] 

Atypical haemolytic uremic 
syndrome 

Review Kavanagh et al [79] 

Membranoproliferative 
glomerulonephritis 

Review De Cordoba et al [80] 

Age-related macular 
degeneration 

Review De Cordoba et al [80] 

Multiple Sclerosis Animal models 
Review 

Boos et al [81], Szalai et al [82], Nataf et al [83] 
Rus et al [84] 

Glomerulonephritis Animal models 
Human studies 

Berger et al [85], Quigg et al [86] 
Wilson et al [87] 

Neurodegenerative diseases Animal models 
Human studies 
Review 

Maier et al [88] 
Yasojima et al [89] 
Bonifati et al [90] 

 
 
The Complement system in ANCA-associated vasculitis 
 

It has generally been assumed that the complement system is not involved 
in the pathogenesis of AAV, mainly because there is a paucity of 
immunoglobulin or complement deposition in vessel walls in AAV as 
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compared to the substantial immunoglobulin and complement deposition 
that is observed in immune complex disease and anti-glomerular basement 
membrane disease. However, several studies did find a certain degree of 
immune complex deposition in skin lesions [39] as well as in early lesions in 
renal biopsies [40,41] from patients with AAV (see Table 2). The largest 
series came from a study at John-Hopkins University, in which 126 patients 
with ANCA-associated glomerulonephritis were investigated. It was found 
that 73/126 (57.9%) patients and 10/126 (7.9%) patients had C3 and C1q 
deposition in renal histopathology, respectively. In addition, Persson and 
colleagues [42] have reported skewed expression of C3 and C4 gene 
polymorphisms in AAV patients. In these studies the gene frequency of C3F 
was increased compared with controls in the PR3-ANCA positive subgroup 
whereas the frequency of C4A3 was increased in the whole group of 
patients with AAV. Collectively, these data suggest a role for the 
complement system in the pathogenesis of AAV. 
It also has to be realized that an important mediator of vascular 
inflammation does not necessarily have to be present in high concentrations 
in vessel walls. For example, there is a paucity of IgG in the vascular lesions 
of AAV, yet increasing evidence indicates that IgG is the primary pathogenic 
factor causing these inflammatory lesions [43].  
ANCA disease is not associated with hypocomplementemia. However, this 
is not a sensitive indicator of complement involvement because certain 
forms of glomerulonephritis and vasculitis - such as Henoch-Schönlein 
purpura and anti-GBM disease - that have substantial vascular deposits of 
complement do not have hypocomplementemia [44]. In a variety of 
diseases, described earlier in this review, complement activation has been 
identified as a major mediator of injury and inflammation although there is 
little or no complement localization at the site of injury. 
 
Evidence from in vitro studies 
As previously described, various in vitro studies indicate that ANCA IgG can 
fully activate TNF-α primed neutrophils and cause them to release lytic and 
toxic granule enzymes and reactive oxygen species. Among the mediators 
that are released by activated neutrophils are also factors that can activate 
complement. Shingu et al [45] demonstrated that the oxygen radicals 
released from activated neutrophils can activate C3 and C5 in normal 

 46 



 Review - Pathogenic role of complement in AAV  

serum. Vogt et al [46] showed that the myeloperoxidase products released 
from activated human PMNs can activate C5 and ultimately lead to 
formation of the MAC. Venge et al [47] and Johnson et al [48] demonstrated 
that proteases derived from human PMNs are able to convert C3 and/or C5. 
Recently, Xiao et al [43] showed that the activation of human neutrophils by 
human MPO-ANCA or PR3-ANCA IgG releases factors that activate 
complement with the generation of C3a. Although this study does not 
identify what factor or what factors are responsible for complement 
activation and which complement activating pathway is involved in the C3a 
generation, this is the subject of ongoing studies. Clearly, these in vitro 
studies support a link between ANCA, neutrophils and complement 
activation. 
 

Table 2: Evidence for complement deposition in AAV. 
 
Authors Year  No. of cases Disease  Complement deposition 

(complement components 
(number of patients)) 

Hu et al. [91] 1977 1 WG C3 (1) 
Ronco et al. [92] 1983 11 WG C3 (6) 
Pinching et al. [93] 1983 13 WG C3 (8) 
Lanham et al. [94] 1984 5 CSS C3 (3) 
Grotz et al. [95] 1991 11 WG C3 (10) 
Andrassy et al. [96] 1992 20 WG C3c (4) and C3d 
Brouwer et al. [97] 1994 20 WG C3 (10) 
Allmaras et al. [98] 1997 3 RLV and IgA 

nephropathy  
C3c (3) and C3d 

Haas et al. [99] 2000 6 AAV (with IgA 
deposits) 

C3 (6) 

Neumann et al. [100] 2003 45 AAV C3 (2), C1q (7) 
Vizjak et al. [101] 2003 135 AAV C3 (119), C1q (33) 
Haas et al. [40] 2004 126 AAV C3 (71), C1q (10) 
Abbreviations: WG = Wegener’s granulomatosis; RLV = renal limited vasculitis; AAV = ANCA-associated 
vasculitis 
 
 
Evidence from in vivo studies 
 

Recent observations in the anti-MPO induced NCGN mouse model suggest 
a critical role of complement activation in ANCA associated disease. 
Complement depletion with cobra venom factor completely blocked the 
development of glomerulonephritis and vasculitis by injection of MPO IgG or 
transfer of anti-MPO splenocytes [43]. Subsequently, the role of specific 
complement activation pathways was studied using mice deficient for the 
common pathway component C5, classical and lectin pathway component 
C4, and alternative pathway component factor B. These studies revealed 
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that anti-MPO IgG induced NCGN is dependent on an intact alternative 
pathway. Whereas C4-deficient mice developed NCGN comparable to wild 
type mice, transgenic mice deficient for C5 or factor B were completely 
protected from disease induction [43]. Further support for the role of 
complement in this model of ANCA disease was reported by Huugen et al 
[49] who investigated the effects of  a C5 inhibiting antibody. Mice received 
anti-C5 8h before or one day after disease induction with anti-MPO IgG and 
LPS. None of the mice that received anti-C5 before disease induction 
developed glomerulonephritis, and anti-C5 administration 1 day after 
disease induction also resulted in an 80% reduction in glomerular crescent 
formation. Overall, these mouse studies support a crucial role for alternative 
pathway complement activation in ANCA-associated NCGN. 
 
Linking ANCA, neutrophils, and complement activation 
 

In addition to complement activating factors, neutrophils are also a source of 
various complement factors including C3 [50] and components that are 
unique to the alternative pathway, factor B and properdin [51,52]. Thus, at 
sites of neutrophilic inflammation all necessary components of the 
alternative pathway C3 and C5 convertases complexes are present. 
Properdin is, unlike most other complement components, not synthesized in 
the liver. Properdin mRNa has, amongst others, been detected in peripheral 
blood monocytes, T cells, and neutrophils, as well as in different bone-
marrow progenitor cell lines. In neutrophils, properdin is stored in secondary 
granules that are released on activation [53]. Various inflammatory 
mediators including LPS and C5a stimulate properdin release from 
neutrophils [51]. As properdin is the essential positive regulatory component 
of the alternative complement pathway, it is tempting to speculate that 
ANCA activation of neutrophils can initiate a cycle of properdin release with 
C5a generation that in turn causes more neutrophil recruitment, activation, 
and properdin release to perpetuate the cycle.  
Although it is unknown whether neutrophils also express factor D, a serine 
protease required for the cleavage of factor B, this relatively small enzyme 
(23 kD) can easily diffuse throughout the extravascular fluid [54]. Moreover, 
neutrophils contain several serine proteases, including elastase and 
kallikrein, that share considerable homology with factor D and could replace 
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its function [55]. For example, similar to factor D, kallikrein can cleave factor 
B and can activate the alternative pathway C3 convertase [56]. 
Interestingly, neutrophils can also secrete the complement components C6 
and C7 [57], allowing the cells to induce the formation of the final 
complement activation product, the C5b-9 MAC. 
 
Working model for ANCA mediated vascular inflammation through 
alternative pathway activation 
 

From the studies described above a working model for the pathogenesis of 
AAV can be deduced in which three key-players act together to generate 
full-blown vasculitis. (Figure 2) The first players are the neutrophils being the 
most prominent source of the ANCA antigens, MPO and PR3. Secondly, a 
proinflammatory environment, in vitro created by addition of TNF-α, is 
required to “pre-activate” the neutrophils causing increased availability of 
the ANCA antigens on the outer membrane of circulating neutrophils and 
monocytes. In addition, this local proinflammatory environment leads to 
upregulation of adhesion molecules on the endothelium to which primed 
neutrophils adhere. Finally, ANCA bind to their antigenic targets on adhered 
neutrophils and monocytes, resulting in their activation and the release of 
lytic granule constituents and reactive oxygen radicals that are injurious to 
the endothelium. 
We hypothesize that an additional effect of ANCA mediated neutrophil 
activation is the release of factors that activate the complement system, 

thereby initiating an inflammatory amplification cascade that ultimately 
results in the symptomatology that is clinically observed. The fact that 
neutrophils contain various components of the alternative but not of the 
classical pathway implies that upon neutrophil activation by ANCA the 
alternative pathway dominates over the classical activation pathway.  
We propose that this mechanism underlies the severe necrotic inflammation 
that is observed in AAV. However, direct evidence for the involvement of 
complement activation, and in particular activation of the alternative 
pathway, in human ANCA-associated disease is lacking and requires more 
research. Such studies are needed, not only to validate the results from the 
animal studies but also to establish whether targeting the complement 
system is a potential therapeutic option in these severe diseases.   
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Figure 2: Proposed working model for ANCA mediated vascular inflammation through 
alternative pathway complement activation.  
Neutrophils are primed by cytokines to express ANCA antigens (MPO and PR3) at the cell surface. Primed 
neutrophils adhere to susceptible endothelium and ANCA antibodies interact with the ANCA antigens, 
resulting in neutrophil activation. The ANCA-activated neutrophils release factors (e.g. properdin, factor B, 
proteases, oxygen radicals, and MPO) that can directly damage the endothelium but also activate the 
alternative complement pathway with the generation of the powerful neutrophil chemoattractant C5a. This 
complement activation amplifies neutrophil influx and activation eventually culminating in the severe 
necrotizing inflammation of the vessel wall as observed in ANCA disease. 
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Abstract 
 

[Background] The pathogenesis of ANCA-associated pauci-immune 
glomerulonephritis has not been fully elucidated. Several studies had 
suggested that complements deposition could be detected in renal 
histopathology. The current study investigated the clinical and pathological 
significance of complements deposition in renal histopathology of patients 
with ANCA-associated pauci-immune glomerulonephritis. 
[Methods] Renal biopsy specimens from 112 patients with ANCA-
associated pauci-immune glomerulonephritis were investigated using direct 
immunofluorescence, light and electron microscopy. For direct 
immunofluorescence, IgG, IgA, IgM, C3c and C1q staining on fresh frozen 
renal tissue were routinely performed immediately after renal biopsy. 
Complement deposition was defined as the presence of C3c or C1q for at 
least 1+ in a 0~4+ scale. Clinical and histopathological data between 
patients with and without complement deposition were compared. 
[Results] In direct immunofluorescence microscopy, C3c and C1q could be 
detected in glomerular capillary wall and/or mesangium in the specimens of 
37/112 (33.0%), 7/112 (6.3%) patients, respectively. Compared with 
patients without C3c deposition, patients with C3c deposition had higher 
level of urinary protein (P<0.01) and poorer initial renal function (P<0.05). 
[Conclusion] Complement deposition was not rare in renal histopathology 
of human ANCA-associated pauci-immune glomerulonephritis, which was 
associated with more severe renal injury. 
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Introduction 
 

Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis 
(AAV) is a group of autoimmune disorders, including Wegener’s 
granulomatosis (WG), microscopic polyangiitis (MPA), Churg-Strauss 
syndrome (CSS) and renal-limited vasculitis (RLV), characterized by 
necrotizing small-vessel vasculitis with autoantibodies directed against 
neutrophil cytoplasmic constituents, in particular proteinase 3 (PR3) and 
myeloperoxidase (MPO). Kidney is one of the most vulnerable organs. The 
histopathological hallmark of ANCA-associated glomerulonephritis is “pauci-
immune” necrotizing crescentic glomerulonephritis, characterized by little or 
no glomerular staining for immunoglobulins in renal histology by 
immunofluorescence microscopy examination. 

Though the pathogenesis of ANCA-associated glomerulonephritis 
has not been fully elucidated, recent studies in animal models suggested 
that complement activation via alternative pathway was one of the important 
contributing factors in the development of anti-MPO antibody-associated 
systemic vasculitis in mice [1, 2]. In human ANCA-associated 
glomerulonephritis, several studies had suggested that complements 
deposition could be detected in renal histopathology [3-13]. For instance, 
Brouwer et al. suggested that in patients with WG, complement was found in 
70% patients with more severe forms of glomerulonephritis and in 30% 
patients with mild/moderate glomerulonephritis [9]. Therefore, it would be of 
interest to further investigate the clinical and pathological significance of 
complements deposition in renal histopathology of patients with ANCA-
associated pauci-immune glomerulonephritis. 

 
 

Methods 
 

Patients 
 

Patients with ANCA-associated pauci-immune glomerulonephritis, 
diagnosed from 1997 to 2007 in the Renal Division and Institute of 
Nephrology, Peking University First Hospital, were enrolled in this 
retrospective study. Renal biopsy was performed at the time of diagnosis. 
“Pauci-immune” was defined as “the intensity of glomerular immunoglobulin 
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(including IgG, IgA and IgM) staining by direct immunofluorescence assay in 
renal sections was negative to 1+ staining on a scale of 0~4+”. All the 
patients met the criteria of Chapel Hill Consensus Conference definition for 
ANCA-associated vasculitis [14]. Patients with anti-glomerular basement 
membrane (anti-GBM) disease, post-infectious glomerulonephritis, other 
underlying diseases that cause secondary vasculitis, such as systemic lupus 
erythematosus, rheumatoid arthritis, Sjogren’s syndrome, malignancy, drug 
induced vasculitis and Behςet’s disease, were excluded clinically. Clinical 
and pathological data were extracted for analysis. No repeat biopsies were 
included. Inform consent was obtained from each patient when renal biopsy 
was performed. The research was in compliance of the Declaration of 
Helsinki. 

 
Detection of ANCA and anti-GBM antibodies 
 

All the sera were tested for ANCA and anti-GBM antibodies at the 
time of presentation before immunosuppressive treatment was instituted. 
ANCA tests were performed by both indirect immunofluorescence (IIF) 
assay and antigen-specific ELISAs. Standard IIF assay were performed 
according to the manufacturer (EUROIMMUN, Lübeck, Germany). In 
antigen-specific ELISAs, two highly purified known ANCA antigens, PR3 
and MPO, purified as previously reported [15], were used as solid phase 
ligands. Anti-GBM antibodies were detected by ELISA using highly purified 
bovine the non-collagenous NC1 domain of α3 chains of type IV collagen 
[α3 (IV) NC1] as solid phase ligands as previous reported [16]. 
 
Renal histopathology 

Renal specimens were evaluated using direct immunofluorescence, 
light and electron microscopy.  

For direct immunofluorescence, the specimens were embedded on 
OCT compound (Miles Laboratories, Elkhart, Ind., USA) and frozen in an 
acetone-dry ice mixture. The frozen sections were cut into 2 to 3 μm on a 
cryostat and stored at -80°C until use. These sections were rinsed in 0.01 
mol/l phosphate-buffered saline (PBS), pH 7.4, fixed in absolute acetone for 
10 min, and incubated for 30 min at room temperature with fluorescein-
isothiocyanate-conjugated rabbit antihuman IgG, IgA, IgM, C1q, C3c, or 
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fibrinogen antisera (Dakopatts, Copenhagen, Denmark). The stained 
sections were rinsed by PBS and examined under a fluorescence 
photomicroscope (Zeiss Axiophot, Oberkochen, Germany). 

For light microscopy, paraffin sections were stained with silver, 
periodic acid-Schiff (PAS), hematoxylin & eosin (H&E), and trichrome, and 
were forwarded to two pathologists. Both pathologists scored the biopsies 
separately, blinded to patients’ data and the scores of the other observer, 
according to a previously standardized protocol for scoring renal biopsies of 
patients with ANCA-associated vasculitis [17-19]. In short, each glomerulus 
was scored separately on the presence of fibrinoid necrosis, crescents 
(cellular/fibrous and segmental/circumferential), glomerulosclerosis 
(local/segmental/global), granulomatous reactions, as well as a number of 
other lesions. The presence of glomerular lesions was calculated as the 
percentage of the total number of glomeruli in a biopsy. Interstitial and 
tubular lesions were scored semiquantitatively on the basis of the 
percentage of the tubulointerstitial compartment that was affected: interstitial 
infiltrates (“-” for 0%, “+” for 0-20%, “++” for 20-50%, and “+++” for >50%), 
interstitial fibrosis  (“-” for 0%, “+” for 0-50%, “++” for >50%) and tubular 
atrophy  (“-” for 0%, “+” for 0-50%, “++” for >50%). Vascular lesions were 
scored as presence or absence. Furthermore, all the kidney biopsies were 
also scored according to an activity index (AI) and chronicity index (CI) as 
previously described [20]. All specific histologic lesions were 
semiquantatively graded on a scale of 0-3 (absent, mild, moderate and 
severe, respectively). Necrosis, cellular crescents and fibrous crescents 
were weighed by a factor of 2. The maximum possible scores for AI and CI 
were 24 and 18, respectively. Differences in scoring between the two 
pathologists were resolved by re-reviewing the biopsies and coming to a 
consensus. 
 
Statistics 
 

Differences of quantitative parameters between groups were assessed 
using the t test (for data that were normally distributed) or non-parametric 
test (for data that were not normally distributed). Differences of 
semiquantitative results were tested using the Mann-Whitney U test. 
Differences of qualitative results were compared using Chi-square test. It 
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was considered significant difference if the P value was less than 0.05. 
Analysis was performed with SPSS statistical software package (version 
11.0, Chicago, Ill, USA). 

 
 
Results 
 

Demographic features 
 

There were totally 165 patients with ANCA-associated 
glomerulonephritis. Eighteen of them were excluded because they were 
diagnosed as drug-induced ANCA-associated glomerulonephritis. Among 
the rest 147 patients, 35 were excluded because the intensity of glomerular 
immunoglobulin staining by direct immunofluorescence assay in renal 
sections was equal to or more than 2+ (including 20 patients whose IgM 
staining was equal to or more than 2+ in renal sections). So there were 
totally one hundred and twelve patients were diagnosed as ANCA-
associated pauci-immune glomerulonephritis. None was serum anti-GBM 
antibodies positive. Sixty patients were male and 52 patients were female, 
with an average age of 58.1±13.6 years. Ninety-four of the 112 patients 
(83.9%) were pANCA positive and all the sera could recognize MPO. 
Eighteen patients (16.1%) were cANCA positive and all the sera could 
recognize PR3. Of the 112 patients with AAV, 39, 64, 1 and 8 patients were 
classified as WG, MPA, CSS and RLV respectively. 
Complements deposition in renal histopathology 

In direct immunofluorescence microscopy, C3c could be detected in 
the specimens of 37/112 (33.0%) patients. Fifteen (15/37, 40.5%), 
seventeen (17/37, 45.9%) and five (5/37, 13.5%) were graded as 1+, 2+ and 
3+ of C3c staining on a scale of 0~4+, respectively. C3c deposition was 
found in glomerular capillary wall, mesangium and arterioles in 32/37, 28/37 
and 1/37, respectively. However, C1q could be detected in the specimens of 
7/112 (6.3%) patients only. Five (5/7, 71.4%), one (14.3%) and one (14.3%) 
were graded as 1+, 2+ and 3+ of C1q staining on a scale of 0~4+, 
respectively. C1q deposition was found in glomerular capillary wall and 
mesangium in 7/37 and 5/37, respectively. Among the 7 patients with C1q 
deposition, C3c could also be detected. In direct immunofluorescence assay 
in renal sections of these 7 patients, IgG, IgA and IgM staining were all 
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negative in 2 patients; IgG, IgM and IgA were staining for 1+ were in 2, 1 
and 3 patients, respectively. Electron microscopy assay showed that 
specimen in 5 patients were absent of electron-dense deposits and the 
other two had very mild electron-dense deposits. 
 
Renal manifestations 
 

Of the 37 cases (37/112, 33.0%) with C3c deposition in renal 
histopathology, all had hematuria. The median level of urinary protein was 
1.8 (range 0.0~10.0) g/24hr. The level of initial serum creatinine at 
presentation was 491.2±305.9μmol/L (range 77.0-1167.7μmol/L). The 
median level of estimated glomerular filtration rate (eGFR) was 9.9 (range 
2.70-101.6) ml/min/1.73m2. Eighteen cases (18/37, 48.6%) were dialysis-
dependent on diagnosis. 

Of the 7 cases (7/112, 6.25%) with C1q deposition in renal 
histology, all had hematuria. The median level of urinary protein was 2.58 
(range 0.72~6.65) g/24hr. The level of initial serum creatinine at 
presentation was 518.0±221.0μmol/L (range 170.0-700.0μmol/L). The 
median level of eGFR was 6.5 (range 5.1-30.9) ml/min/1.73m2. Five cases 
(5/7, 71.4%) were dialysis-dependent on diagnosis.  

Compared with the 75 patients without C3c deposition in renal 
histopathology, patients with C3c deposition had higher levels of urinary 
protein [median and range, 1.8 (0, 10.0) g/24hr vs. 0.93 (0, 13.4) g/24hr, 
P<0.01], higher initial serum creatinine (491.2±305.9μmol/L vs. 
354.8±320.8, P<0.05) and lower eGFR at presentation [median and range, 
9.9 (2.70-101.6) ml/min/1.73m2 vs. 24.1 (1.87, 153.6) ml/min/1.73m2, 
P<0.05]. The proportion of dialysis-dependence at presentation was also 
significantly higher in patients with C3c deposition than that in those without 
(48.6% vs. 28.0%, P<0.05). There was no significant difference on renal 
manifestations between patients with and without C1q deposition in renal 
histopathology (Table 1).  
 
Renal histopathology 
 

An average of 24.4±13.0 glomeruli was obtained in the 112 renal 
biopsies. 
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Of the 37 cases with C3c deposition in renal histopathology, 
25.5%±26.0% (0%~90.9%) of the glomeruli were normal, 63.7%±27.2% 
(0%~100%) of the glomeruli had crescents formation. The mean and 
median percentage of global sclerosis was 4.3% and 0.0% (range 
0%~34.9%), respectively. All the 37 patients had interstitial infiltrates, 8/37 
(21.6%), 19/37 (51.4%) and 10/37 (27.0%) scored as mild (+), dense (++) 
and very dense (+++), respectively. Twenty-four of the 37 (64.9%) patients 
had interstitial fibrosis, 2/37 (5.4%) and 22/37 (59.5%) scored as focal (+) 
and diffuse (++), respectively. Tubular atrophy was present in 34/37 (91.9%) 
biopsies, 4/37 (10.8%) and 30/37 (81.1%) scored as focal (+) and diffuse 
(++), respectively.  

 
Table 1. Comparison of clinical and laboratory features of patients with and without C3c 
or C1q deposition in renal histology 
 With C3c deposition 

(n=37) 
Without C3c 

deposition (n=75) 
With C1q 

deposition (n=7) 
Without C1q 
deposition 
(n=105) 

Male/female 23/14 37/38 3/4 57/48 
Age (years) 56.1±14.7 59.1±13.1 54.1±11.7 58.4±13.8 
MPO-ANCA/PR3-ANCA 33/4 61/14 7/0 87/18 
WG/MPS/CSS/RLV 13/17/1/6 26/47/0/2 3/3/0/1 36/61/1/7 
Fever 24 (64.9%) 49 (65.3%) 4 (57.1%) 69 (65.7%) 
Fatigue 25 (67.6%) 43 (57.3%) 6 (85.7%) 62 (59.0%) 
Weight loss 20 (54.1%) 30 (40.0%) 4 (57.1%) 46 (43.8%) 
Muscle pain 10 (27.0%) 25 (33.3%) 2 (28.6%) 33 (31.4%) 
Arthragia 15 (40.5%) 31 (41.3%) 4 (57.1%) 42 (40.0%) 
Skin rash 6 (16.2%) 16 (21.3%) 2 (28.6%) 20 (19.0%) 
Pulmonary involvement 23 (62.1%) 48 (64.0%) 2 (28.6%) 69 (65.7%) 
Ophthalmic 10 (27.0%) 18 (24.0%) 2 (28.6%) 26 (24.8%) 
Otic 17 (45.9%) 27 (36.0%) 5 (71.4%) 39 (37.1%) 
Upper respiratory tract 10 (27.0%) 18 (24.0%) 3 (42.9%) 25 (23.8%) 
Nervous system 7 (18.9%) 12 (16.0%) 2 (28.6%) 17 (16.2%) 
Urinary protein (g/24hr) 
(median and range) 

1.8 (0, 10.0) 0.93 (0, 13.4)** 2.58 (0.72, 6.65) 1.30 (0.0, 13.4) 

Initial Scr (μmol/L) 491.2±305.9 354.8±320.8* 518.0±221.0 391.4±326.0 
eGFR (ml/min/1.73m2) 
(median and range)#

9.9 (2.70, 101.6) 24.1 (1.87, 
153.6)* 

6.5 (5.1, 30.9) 20.8 (1.87, 
153.6) 

Dialysis-dependent at 
presentation 

18 (48.6%) 21 (28.0%)* 5 (71.4%) 34 (32.3%) 

Low serum C3 2(5.4%) 5(6.7%) 2(28.6%) 5(4.8%) 
BVAS 21.4±5.39 20.3±5.26 19.4±5.59 20.7±5.30 
# eGFR (ml/min per 1.73 m2)=175 (plasma creatinine) -1.234 age -0.179 0.79 (if female) [28] 

*P<0.05, **P<0.01, compared with the “with C3c deposition” group 

 
Compared with the 75 patients without C3c deposition in renal 

histopathology, patients with C3c deposition had a significantly lower 
percentage of normal glomeruli (25.5%±26.0% vs. 43.7%±32.2%, P<0.01) 
and a significantly higher percentage of crescent formation (63.7%±27.2% 
vs. 44.4%±30.9%, P<0.01) (Table 2). Interstitial infiltrates and tubular 
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atrophy were more prevalent and severe in patients with C3c deposition 
than that in those without (P<0.01, P<0.05, respectively) (Figure 1). 

 
 
Figure 1. Differences of tubulointerstitial lesions between patients with AAV with and 
without C3c deposition 
*P<0.05, **P<0.01, compared with the “with C3c” group  

 
Parameters of renal histopathology of patients with and without C1q 

deposition were listed in Table 2 and Figure 1. There was no significant 
difference between the two groups. 
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The activity index (AI) and chronicity index (CI) were not significantly 
different between patients with C3c deposition and those without (AI: 
6.03±2.75 vs. 5.65±3.07, CI: 5.88±3.22 vs. 5.29±3.13, respectively), nor 
between patients with C1q deposition and those without (AI: 3.80±2.17 vs. 
5.89±2.97, CI: 4.60±3.44 vs. 5.55±3.16, respectively). 

 
Table 2. The percentages of various glomerular lesions 

 With C3c 
deposition 

(n=37) 

Without C3c 
deposition (n=75) 

With C1q 
deposition (n=7) 

Without C1q 
deposition (n=105) 

Normal 
glomeruli 

25.5±26.0 43.7±32.2* 8.6 (0, 81.0) 33.3 (0, 100) 

Crescent 63.7±27.2 44.4±30.9* 71.4(19.0, 94.3) 53.9 (0, 100) 
   Cellular# 43.3±32.8 45.4±38.6 32.6 (6.1, 61.5) 50.0 (1.6, 100) 
   Fibrous# 26.9±29.1 31.6±35.8 40.0 (0, 87.9) 10.6 (0, 96.2) 
Glomerular 
sclerosis 

0.0(0, 34.9) 0.0(0, 37.5) 0 (0, 12.5) 0(0,37.5) 

#The “intermediate” type of crescents (fibro-cellular crescents) were not included for statistics. 
*P<0.01, compared with the “with C3c deposition” group 

 
Extra-renal manifestations 

Extra-renal manifestations at presentation were listed in Table 1. 
There was no significant difference between patients with and without C3c 
deposition, or patients with and without C1q deposition. Among the 112 
patients, there were 7 patients (7/112, 6.25%) had slightly low serum C3. 
The level of serum C3 among these 7 patients was 0.55±0.04g/L (normal 
range, 0.60-1.50g/L). 

 
 
Discussion 

Recently, it has been suggested in an animal model that 
complement activation was involved in the pathogenesis of ANCA-
associated pauci-immune glomerulonephritis [1, 2]. In human AAV, several 
studies had suggested that complement deposition in kidney was not rare, 
as reviewed in Table 3. However, the relationship between complement 
deposits and the clinical or pathological findings had not been fully 
investigated. 

In the current study, C3c and C1q deposition were detected in renal 
histology of some patients with ANCA-associated pauci-immune 
glomerulonephritis. It is to date one of the largest studies to investigate 
complements deposition in kidneys. The possible clinical and histological 
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significance of complements deposition was also systemically analyzed. It 
was found that about one-third of the renal biopsy specimen had glomerular 
complements deposition in routine direct immunofluorescence. This 
proportion fell into the ranges of previous studies [3-13]. However, since 
renal complement deposition is not rare in patients with ANCA-associated 
glomerulonephritis with immune complex deposits [12, 13], patients with 
AAV recruited in the current study were limited in those with the feature of 
“pauci-immune”. 
 
Table 3. Reports in literatures of patients with AAV with complement deposition in renal 
histopathology 

Authors Year  No. of 
cases 

Disease  Complement deposition 
(No. of patients and 
complement components) 

Hu et al.[3] 1977 1 WG 1C3 
Ronco et al.[4] 1983 11 WG 6C3 
Pinching et al. [5] 1983 13 WG 8C3 
Lanham et al. [6] 1984 5 CSS 3C3 
Grotz et al. [7] 1991 11 WG 10C3 
Andrassy et al. [8] 1992 20 WG 4C3c and C3d 
Brouwers et al. [9] 1994 20 WG 10C3 
Allmaras et al. [10] 1997 3 RLV and IgA nephropathy  3C3c and C3d 
Haas et al. [11] 2000 6 AAV(with IgA depostis) 6C3 
Neumann et al. [12] 2003 45 AAV 2C3, 7C1q 
Haas et al. [13] 2004 126 AAV 71C3, 10C1q 

 
Among the human complement system, C3 plays a central role and 

is the most abundant complement protein in serum. C3 supports the 
activation of all the three pathways of complement activation, i.e. the 
classical, alternative and lectin pathway, resulting in the conversion of C3 to 
C3a and C3b [21]. C3c localization in glomerular indicates ongoing immune 
deposit formation and complement activation [22]. C1q deposition indicates 
the activation of classical pathway. 

The current study suggested that patients with C3c deposition had 
more severe renal lesions than those without C3c deposition. In laboratory 
tests, patients with C3c deposition had higher levels of urinary protein and 
poorer initial renal function than those without. In renal histopathology, 
patients with C3c deposition had higher percentage of crescent formation 
and more severe interstitial infiltrate and tubular atrophy than those without, 
though the total AI or CI were not significantly different. Since C3c 
localization in glomeruli indicates ongoing complement activation, it might 
also suggest ongoing glomerular inflammation and thus contribute to severe 
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renal lesions. It was hypothesized that complement activation amplified 
neutrophil influx, neutrophil activation, and vessel damage, resulting in the 
aggressive necrotizing inflammation of ANCA-associated vasculitis [1].  

The proportion of patients with C1q deposition was relatively low. 
Interestingly however, all the 7 patients with C1q deposition were MPO-
ANCA positive and these C1q depositions were not related to the presence 
of immune complexes. It indicated that classical pathway of complement 
activation might also occur, at least in some patients with MPO-ANCA-
associated pauci-immune glomerulonephritis. Activation of classical 
pathway is initiated by immune complex. However, there was little immune 
complex in these renal specimen of human ASV. In experimental animal 
models, immune complex deposition could be detected in renal vasculature 
at the early stage of ANCA-associated glomerulonephritis. After the 
inflammatory reaction was initiated, complements as well as immune 
complex was degraded rapidly by some enzymes released from 
polymorphonuclear leukocytes [23-25]. These finding might explained the 
lack of immune complex in these patients. Whether the classical pathway 
activation of complement system plays a role in human ANCA-associated 
glomerulonephritis remains further investigation. 

Previous studies have found that IgM and/or C3 could be commonly 
found in sclerotic lesion [26, 27]. In the current study, the relatively lower 
proportion of IgM and C3 deposition might result from that the proportion of 
sclerotic lesion in our patients is not high. 

Although a number of the renal biopsy specimen in the current study 
had glomerular complements deposition, whether complements is trapped 
or de novo produced in kidneys is not yet clear.  

In conclusion, complement deposition was not rare in renal 
histopathology of human ANCA-associated pauci-immune 
glomerulonephritis, which was associated with more severe renal injury. The 
role of complement played in human AAV needs further investigation. 
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Abstract 
 

[Objective] This study was to investigate the evidence for complement 
activation in renal biopsy specimens of patients with MPO-ANCA-associated 
pauci-immune vasculitis. 
[Methods] Renal biopsy specimens from seven patients with MPO-ANCA 
positive pauci-immune necrotizing crescentic glomerulonephritis (NCGN) 
were used to detect the staining of membrane attack complex (MAC), C3d, 
C4d, mannose-binding lectin (MBL), factor B and factor P using 
immunohistochemistry and immunofluorescence. Renal tissue from seven 
patients with minimal change disease (MCD) and two normal renal tissues 
were used as controls. 
[Results] MAC, C3d, factor B and factor P could be detected in glomeruli 
and small blood vessels with active vasculitis of patients with pauci-immune 
AAV, but not or scarcely in patients with MCD and in normal renal tissues. 
C3d and factor B co-localized with MAC, factor P colocalized with C3d. MBL 
and C4d were not detected in patients with AAV. 
[Conclusion] The alternative pathway of the complement system is 
involved in renal damage of human pauci-immune AAV.  
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Introduction 
 

Antineutrophil cytoplasmic autoantibody (ANCA)-associated vasculitis 
(AAV) is characterized by pauci-immune necrotizing crescentic 
glomerulonephritis (NCGN). "Pauci-immune" in renal histology indicates the 
relative lack of immunoglobulin and complement deposition within the 
kidney by routine immunofluorescence (IF) and no electron-dense deposits 
by electron microscopy (EM) [1]. However, substantial evidence suggests 
that ANCA play a crucial role in the pathogenesis of AAV. Following 
immunization of MPO-knockout (Mpo-/-) mice with mouse myeloperoxidase 
(MPO), the direct pathogenic effect of anti-MPO IgG in AAV has been 
convincingly demonstrated by adoptive transfer of anti-MPO positive 
splenocytes into Rag2-/- mice and passive transfer of anti-MPO IgG alone 
into wild type mice [2]. Recent studies in the same animal model provided 
strong evidence that the complement system is involved in the pathogenesis 
of AAV. Xiao et al demonstrated that induction of glomerulonephritis with 
anti-MPO IgG or anti-MPO splenocytes requires activation of the alternative 
pathway of complement but not the classic or the lectin pathway [3]. Huugen 
et al further showed that treatment with C5 inhibiting antibodies could 
markedly attenuate anti-MPO IgG/lipopolysaccaride-induced NCGN [4].  

Although human AAV is characterized by paucity of immune deposits, 
complement activation is actively involved in the majority of human 
glomerulonephritides [5, 6]. Hinglais et al [7] already found�over two 
decades ago when ANCA serology was not routinely used, deposition of 
MAC and C3d in renal sections of various glomerulonephritides including 
diffuse crescentic glomerulonephritis without anti-GBM antibodies. In 2004, 
Haas et al studied renal sections of 126 cases of ANCA-associated 
glomerulonephritis by immunofluorescence (IF) and electron microscopy 
(EM). They found some patients had deposits of immunoglobulins or 
complement, either by IF or EM [8]. Recent studies from Neumann et al [9] 
in patients with primary AAV and Yu et al [10] in patients with 
propylthiouracil-induced AAV also demonstrated deposits of 
immunoglobulins or complement in renal biopsy specimens, either by IF or 
EM. These data indicate that, in human pauci-immune AAV, complement 
activation might be involved in active vasculitis. However, in a considerable 
number of patients with AAV, deposits of immunoglobulins or complement 
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can not be found by routine IF or EM. Therefore, it remains inconclusive 
whether the complement system plays a role in the development of human 
AAV. In this study we investigated complement activation in renal biopsy 
specimens of patients with MPO-ANCA-associated crescentic 
glomerulonephritis without immune deposits by routine IF and EM.  
 
 

Materials and methods  
 

Patients 
Consecutive renal biopsies (n=7) showing pauci-immune NCGN 

were selected from patients with AAV. “Pauci-immune” was defined as 
absence of deposition of IgG, IgA, IgM, C3c and C1q by routine direct 
immunofluorescence as assessed on a scale of 0 to 4+ [1], and absence of 
electron dense-deposits by electron microscopy. All the seven patients had 
a positive test for perinuclear ANCA (P-ANCA) by indirect 
immunofluorescence and MPO-ANCA by antigen-specific ELISA. Patients 
with secondary vasculitis or with any other coexisting renal disease were 
excluded. As complement activation has been considered not to be involved 
in minimal change disease (MCD) [5, 11], renal biopsy specimens from 
seven patients with MCD were used as disease controls. Patients with MCD 
was negative on routine direct immunofluorescence for IgG, IgA, IgM, C3c 
and C1q and no electron-dense deposits found by electron microscopy. 
Renal tissue, obtained from the normal part of a nephrectomized kidney due 
to renal carcinoma and a 13-year-old girl investigated for episodes of 
macroscopic hematuria, was used as normal control. Their renal tissue was 
considered normal by light microscopy, immunofluorescence and electron 
microscopy.  

 

Routine renal histopathology  
    Staining for IgG, IgA, IgM, C3c and C1q on fresh frozen renal 

tissue was routinely performed immediately after the renal biopsy was taken 
using corresponding FITC-conjugated antibodies (Dako A/S, Copenhagen, 
Denmark). For light microscopy, renal paraffin sections were routinely 
stained with hematoxylin & eosin, periodic acid-Schiff, Masson trichrome 
and periodic acid-silver methenamine. Sections were evaluated by 
experienced pathologists, not informed about the clinical data.   

 74 



Complement activation in renal damage of human AAV 

Detection of renal deposition of complement components by 
immunohistochemistry 

To study complement activation, immunohistochemical staining was 
performed for C3d,  MBL,C4d on 4μm deparaffinized sections of 
formaldehyde-fixed renal tissue using rabbit anti-human polyclonal antibody 
C3d (Dako A/S, Copenhagen, Denmark), mouse anti-human monoclonal 
antibody MBL (Abcam, Cambridge, UK) and rabbit anti-human polyclonal 
antibody C4d (Abcam, Cambridge, UK) as primary antibodies. Optimal 
antibody dilutions were pre-determined by means of titration on renal 
sections from patients with immune complex mediated crescentic 
glomerulonephritis or lupus nephritis. The optimal incubation time and 
temperature for detecting different complement components were also pre-
determined. Antibodies against C3d, MBL, and C4d were used in dilutions 
of 1:2000, 1:500 and 1:40, respectively, in 0.01 mol/L phosphate buffered 
saline (PBS), pH 7.4. Sections were deparaffinized in xylene-ethanol at 
room temperature and rehydrated in PBS immediately before protease 
treatment. The sections were then treated with 0.4% pepsin (Zhongshan 
Golden Bridge Biotechnology, Beijing, China) for 40min respectively. 
Digestion was terminated by repeated washings in PBS. Sections were 
immersed into freshly prepared 3% hydrogen peroxide in methanol solution 
for 10min at room temperature to quench endogenous peroxidase activity. 
To block non-specific staining, sections were incubated with 1% BSA in PBS 
at 37°C for 30min. The primary antibodies were added on each section 
directly. Antibodies against C3d, MBL, and C4d were incubated overnight at 
4°C. The detection system used, Dako EnVision HRP (Dako A/S, 
Copenhagen, Denmark), was an avidin-free two-step indirect method with 
goat anti-rabbit and goat anti-mouse immunoglobulins conjugated with 
horse-radish peroxidase (HRP) as secondary antibodies. The secondary 
antibodies were incubated for 30min at 37°C. Next, sections were 
developed in fresh hydrogen peroxide plus 3-3-diaminobenzidine 
tetrahydrochloride solution for 2min respectively. Finally, in order to clearly 
visualize the location of deposited complement components, sections were 
counterstained with Periodic acid-Schiff (PAS) and Mayer’s hematoxylin. As 
negative controls, primary antibodies were replaced by normal rabbit IgG or 
normal mouse IgG.  
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The terminal product of complement activation, C5b-9, also 
designated as membrane attack complex (MAC), was detected on 5μm 
frozen renal tissue sections by immunohistochemistry. The primary 
antibody, mouse anti-human MAC (Dako A/S, Copenhagen, Denmark), was 
diluted 1:50 in PBS and incubated for 60min at room temperature. The 
detection system was identical to that described above. Sections were 
developed in fresh hydrogen peroxide plus 3-3-diaminobenzidine 
tetrahydrochloride solution for 2min. Sections were counterstained with 
hematoxylin. Renal sections from a patient with lupus nephritis were used 
as positive controls. Negative controls were performed by replacing the 
primary antibodies with normal mouse IgG. 

 
Detection of renal deposition of complement components by 
immunofluorescence using laser scanning confocal microscopy  

Sections cut at a thickness of 5μm from frozen renal biopsy tissue 
were air-dried at room temperature for 30 min and fixed in iced acetone for 
10min. Endogenous peroxidase activity was blocked by immersion of the 
sections into freshly prepared 3% hydrogen peroxidase-blocking solution for 
10min at room temperature. Between stages, the sections were washed 
three times with PBS for 10min. To block non-specific staining, sections 
were incubated in 1% BSA in PBS at 37°C for 30min. Sheep anti-human 
factor B (Serotec, Oxford, UK dilution 1:25 in PBS), mouse anti-human 
factor P (Abcam, Cambridge, UK, dilution 1:25), rabbit anti-human C4d 
(dilution 1:20), and rabbit anti-human C3d (dilution 1:2000) were incubated 
at 4°C overnight as primary antibodies, respectively. FITC-labeled rabbit 
anti-sheep IgG (Southernbiotech, Birmingham, USA, dilution 1:200), FITC-
labeled goat anti-mouse IgG and goat anti-rabbit IgG (Zhongshan Golden 
Bridge Biotechnology, Beijing, China, both diluted 1:100), were used as 
secondary antibodies at 37°C for 30min respectively. Then, mouse anti-
human MAC (Dako A/S, Copenhagen, Denmark, dilution 1:50) was added 
to the sections with factor B and C3d, or rabbit anti-human C3d was added 
to the sections with factor P for 60min at 37°C. TRITC-labeled goat anti-
mouse IgG or TRITC-labeled goat anti-rabbit IgG (Zhongshan Golden 
Bridge Biotechnology, Beijing, China, both diluted 1:100) was used as 
secondary antibody for 30min at 37°C. Sections were stored shortly at 4°C 
before being scored using a confocal microscope (Olympus viewer 1000, 
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Japan). Sections of renal tissue from patients with lupus nephritis and IgA 
nephropathy were used as positive controls. Negative controls were 
performed by omitting or replacing the primary antibodies. 
 
Criteria for semiquantitative scoring 
Renal histopathology 

In a previously standardized protocol for scoring renal biopsies of 
patients with ANCA-associated vasculitis [12, 13], the number of glomeruli 
with lesions was expressed as a percentage of the total number of glomeruli 
in a biopsy. 

All sections were evaluated by two pathologists. Both pathologists 
scored the biopsies separately, blinded to patients’ data and the scores of 
the other observer, according to the standardized protocol for scoring renal 
biopsies. Each glomerulus was scored separately for the presence of 
fibrinoid necrosis, crescents (cellular/fibrocellular/fibrous), glomerular 
sclerosis and granulomatous reactions. Differences in scoring between the 
two pathologists were resolved by re-reviewing the sections and coming to a 
consensus. 
Renal immunohistochemistry 

The extent of glomerular staining for C3d and MAC was evaluated 
at 400X magnification and scored semiquantitatively: 0, no staining; 1, weak 
and spotty intraglomerular staining; 2, moderate and segmental 
intraglomerular staining; and 3, strong and diffuse (involving more than 50% 
of the glomerular surface area) intra-glomerular staining. 
Renal immunofluorescence 

The intensity of immunofluorescence staining of complement 
components in glomeruli was graded on a scale of 0 to 4+ [1]: 0, no staining; 
1, mild staining; 2, moderate staining; 3, moderate-high staining; 4, high 
staining on a high-power field. 

Co-localization of different complement components was judged by 
merging of the green fluorescence of FITC and the red fluorescence of 
TRITC. 

 
 

Statistical analysis  
Differences in quantitative parameters between groups were 

assessed using Student t-test (for data normally distributed) or 
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nonparametric test (for data not normally distributed). Differences in 
semiquantitative data were tested using Kruskal Wallis H one-way analysis 
and Mann-Whitney U test. Spearman’s correlation was used to measure the 
relationship between two non-parametric variables or one non-parametric 
variable with one parametric variable. Differences in qualitative data were 
compared using the Chi square test. A p-value of less than 0.05 was 
considered statistically significant. Analysis was performed with SPSS 
statistical software package (version 11.0; Chicago, IL). 

 
 

Results 
 

Routine renal histopathology 
Renal biopsy specimens from the seven patients with MPO-ANCA-

associated vasculitis did not show any staining for IgA, IgG, IgM, C3c and 
C1q by routinely performed direct immunofluorescence. No electron dense 
deposit was observed by electron microscopy. 

Clinical data of patients with AAV and MCD are listed in Table 1. 
 
Table1. Clinical characteristics of patients with AAV and MCD at the time of renal biopsy 
 

Features AAV (N=7) MCD (N=7) 
Age (median and range) 67; 51-75 29;14-54 
Sex (male/female) 5/2 3/4 
Urinary protein (g/24h;normal range:0-0.15) 1.46±1.33 4.48±3.89 
Serum C3 (g/L; normal range: 0.85-1.93) 0.89±0.27 1.04±0.14 
Serum C4 (g/L; normal range: 0.12-0.36) 0.19±0.06 0.21±0.04 

 
Deposition of complement components by immunohistochemistry and 
their association with renal histopathology 

Renal histological parameters of the 7 patients with MPO-ANCA 
associated glomerulonephritis are listed in Table 2. 
MAC 

MAC represents the terminal product of complement activation. The 
number of glomeruli scored per biopsy of frozen sections for MAC in 
patients with AAV was 3.43±1.72 (range 2-7). MAC was detected clearly 
along the glomerular capillary wall and mesangial area of crescentic 
glomeruli of patients with AAV in a granular pattern (Figure 1A), but was 
scarcely found in renal biopsy specimens from patients with MCD or in 
normal control renal tissue. In patients with AAV, 24/24 (100%) glomeruli in 
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frozen sections were positive for deposition of MAC, the intensity of which 
was scored as 1 (5/24 glomeruli), 2 (4/24 glomeruli), and 3 (15/24 glomeruli) 
(Table 2). In patients with MCD, only 2/28 (7.14%) glomeruli were positive 
and only scored as 1 (1/28 glomeruli) and 3 (1/28 glomeruli). The extent of 
MAC staining in glomeruli was negatively correlated with the percentage of 
glomeruli with normal histology and mild mesangial proliferation in patients 
with AAV (r=-0.767, P<0.05). Compared with the deposition of MAC in 
glomeruli in patients with MCD, the deposition of MAC in patients with AAV 
was significantly stronger (χ2=44.57, P<0.01; by Mann-Whitney U test, mean 
rank 39.71 vs. 15.18, P<0.01).  

In addition, patients with AAV had granular staining of MAC in small 
arteries (Figure 1B).   

No deposit of MAC was observed in frozen sections from the 2 
normal control renal tissues (total 8 glomeruli).  

 
Table 2. Renal parameters and histology in 7 patients with MPO-ANCA associated 
glomerulonephritis 
patient Scr 

at the  
time of  
renal 
biopsy  
(µmol/L)  
 

M/N 
(%) 
 

CC 
(%) 
 

C3d  in 
M/N on 
IHC 
 

C3d  
in CC 
on 
IHC 
 

MAC in 
glomeruli 
of  frozen 
sections 
on IHC 
 

Factor B in 
glomeruli 
on IF 
 

Factor P in 
glomeruli 
on IF 
 

1 801 0  13.
3 

 2(1) 
3(1) 

3(2) 0(1) 
1(1) 
2(1) 

0(1) 
1(1) 
2(1) 

2 762 48.8  26.8  0(16) 
1(4) 

0(1) 
1(10) 

3(3) 0(2) 1(1) 
2(2) 

3 392 57.1  4.76  0(5)  
1(7) 

2(1) 1(1) 
2(1) 
3(1) 

0(1) 
2(1) 

0(1) 
1(1) 

4 306 50.0  5.56  0(1) 
1(7) 

2(1) 1(1) 
2(1) 
3(1) 

0(2) 
2(1) 

0(1) 
1(1) 
2(1) 

5 217 0  15.4   3(2) 3(7) 0(1) 
1(1) 
3(1) 

1(1) 
2(2) 

6 169 25.0  25.0  1(2) 3(2) 2(1) 
3(1) 

2(1) 
3(1) 

1(1) 
2(1) 

7 97 67.6  18.9  0(18)  
1(7) 

1(5) 
2(2) 

1(3) 
2(1) 

2(2) 0(1) 
1(1) 

M/N: mild mesangial proliferation and/or normal glomeruli; CC: cellular crescent; IHC: 
immunohistochemistry; IF: immunofluorescence. The number out of the parenthesis is the score at 
the scale of 0-3. The number in the parenthesis is the number of glomeruli at the corresponding 
score. 
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Figure. 1 MAC and C3d staining. A) and B) Frozen sections for MAC by immunohistochemistry; C)-F) 
Paraffin sections for C3d by immunohistochemistry, from the same patient with AAV; G)-I) Frozen sections 
for co-localization of C3d and MAC by immunofluorescence. A)Positive staining of MAC is showed in the 
whole glomerulus with cellular crescent of a patient with AAV, and a capillary tuft near the crescent is clearly 
demonstrated positive (indicated by arrow). B)Positive staining of MAC in the arteriole wall of a patient with 
AAV. C)No C3d staining in a normal glomerulus of a patient with AAV. D)Positive staining of C3d at the site 
of fibrinoid necrosis (indicated by arrow). E)Positive staining of C3d along the wall of a small artery with 
fibrinoid necrosis. F)Granular positive staining of C3d along the glomerular capillary wall near cellular 
crescent (indicated by arrows). G)Granular positive staining of C3d by immunofluorescence along the 
glomerular capillary wall and mesangial area in a patient with AAV. H)Granular positive staining of MAC by 
immunofluorescence along the glomerular capillary wall and mesangial area in the same section with Figure 
1G. I) C3d and MAC co-localized completely along the glomerular capillary wall and mesangial area, merged 
in yellow. (A and E: Original magnification×200; B-D and F: Original magnification×400; G-I: Oiginal 
magnification×600)  
 
C3d 

The number of glomeruli scored for C3d per biopsy of paraffinized 
sections in patients with AAV was 21.9±12.4 (range 8-41).  

No positive staining of C3d was found in normal glomeruli from renal 
specimen of patients with AAV (Figure 1C), while only scanty positive 
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staining was found in glomeruli with mild mesangial proliferation. Positive 
staining of C3d was detected at the area of glomerular fibrinoid necrosis 
(Figure 1D) and was also found in small arteries and arterioles with fibrinoid 
necrotic lesions (Figure 1E). Granular positive staining of C3d was mainly 
along the glomerular capillary wall near cellular crescents (Figure 1F) and 
mesangial area in cellular crescents from patients with AAV. 

C3d staining can be found in glomeruli with cellular, fibrocellular, 
fibrous crescents and glomerular sclerosis. Because it has less specificity 
for C3d staining in scarred area, we focused on C3d staining at active 
lesions such as cellular crescents (Table 2). The extent of positive staining 
of C3d in cellular crescents was much stronger than those with mild 
mesangial proliferation and/or normal glomeruli (M/N) in AAV and those with 
MCD. Among the 3 groups, by Kruskal Wallis test, χ2=62.8, P<0.001; by 
Mann-Whitney U test, the extent of positive staining of C3d in glomeruli with 
cellular crescents versus that in M/N, P<0.001; versus that in MCD, 
P<0.001, respectively (Figure 2). 

The extent of C3d staining in glomeruli was negatively correlated 
with the percentage of glomeruli with normal histology and/or mild 
mesangial proliferation in patients with AAV (r=-0.883, P<0.01).  

In patients with MCD, C3d staining was scarcely observed in 
glomeruli. No staining of C3d (total 27 glomeruli in paraffin section) was 
observed in the 2 normal renal tissues. 
MBL 

The number of glomeruli scored for MBL per biopsy of paraffinized 
sections in patients with AAV was 18.3±14.1 (range 8-41).  

Deposition of MBL was not observed in glomeruli of normal controls, 
patients with MCD and patients with AAV (Figure 3A). Positive staining 
could be detected in a renal specimen from a patient with IgA nephropathy 
with mesangial proliferation and sclerosis in the absence of C1q staining, 
which was used as a positive control (Figure 3B). 
C4d 

The number of glomeruli scored for C4d per biopsy of paraffinized 
sections in patients with AAV was 20.3±13.5 (range 8-46).  

Deposition of C4d was scanty in glomeruli of normal controls, 
patients with MCD and patients with AAV (Figure 3C). However, positive 
staining could be detected strongly in a renal biopsy specimen from a 
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patient with immune complex mediated crescentic glomerulonephritis, which 
was used as a positive control (Figure 3D). 
 
 

        
Figure. 2  
Distribution of C3d staining in glomeruli with MCD, M/N and cellular crescents of patients with AAV as 
assessed on a score of 0 to 3. MCD: minimal change disease. M/N: glomeruli with mesangial proliferation 
and/or normal glomeruli. Numbers marked in each bar indicate the number of glomeruli at its corresponding 
score of C3d deposition. For C3d staining, among the 3 groups, by Kruskal Wallis test, χ2=62.8, P<0.001; by 
Mann-Whitney U test, the extent of C3d staining in glomeruli with cellular crescent versus that in MCD, 
P<�0.001;versus that in M/N, P<0.001, respectively  
 
 

 
 
Figure. 3 
MBL, C4d, factor B (fB) and factor P(fP) staining. A)-D) Paraffin sections for MBL and C4d by 
immunohistochemistry; E)-G) Frozen sections for co-localization of fB and MAC by immunofluorescence. H)-
I) Frozen sections for co-localization of fP and C3d by immunofluorescence.A) No staining of MBL in a 
glomerulus with cellular crescent of a patient with AAV. B) As positive control, MBL is strongly positive in the 
mesangial area of a glomerulus of patient with IgA nephropathy. C) No staining of C4d in a glomerulus with 
cellular crescent of a patient with AAV. D) As positive control, C4d is strongly granular positive along the 
capillary wall and mesangial area in a glomerulus of a patient with immune complex mediated crescentic 
glomerulonephritis. E) Granular positive staining of fB by immunofluorescence along the glomerular capillary 
wall and mesangial area in a patient with AAV. F) Granular positive staining of MAC by immunofluorescence 
along the glomerular capillary wall and mesangial area in the same section with Figure 3E. G) Factor B and 
MAC co-localized almost completely along the glomerular capillary wall and mesangial area, merged in 
yellow. H) Granular positive staining of factor P by immunofluorescence along the glomerular capillary wall 
and mesangial area in a patient with AAV. I) Granular positive staining of C3d by immunofluorescence along 
the glomerular capillary wall and mesangial area in the same section with Figure 3H. J) Facor P and C3d co-
localized along the glomerular capillary wall and mesangial area, merged in yellow. (A-C: Original 
magnification ×200; D: Original magnification ×400; E-J: Original magnification×600)  
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Co-localization of complement components by immunofluorescence 
By immunofluorescence and laser scanning confocal microscopy 

(LSCM), positive staining of MAC, C3d, factor B and factor P in glomeruli of 
patients with AAV were further confirmed, but C4d was not detected. 
Furthermore, both C3d and factor B co-localized with MAC, and factor P co-
localized with C3d along the capillary wall and mesangial area in glomeruli 
of patients with AAV (Figures 1, G-I; Figure3, E-G). The detailed staining 
scales of factor B and factor P in glomeruli were shown in Table 2. In 
patients with MCD and the 2 normal controls, factor B and factor P staining 
was not detected. 
 
 
Discussion 

Although a few reports have described glomerular complement 
deposition in crescentic glomerulonephritis [7] and in patients with ANCA-
associated vasculitis [8-10], solid evidence for involvement of complement 
activation in human AAV is lacking.  

To demonstrate involvement of complement activation in the 
pathophysiology of human AAV, it is crucial to find evidence for complement 
activation in patients with AAV showing strict pauci-immune nature of their 
lesions. Therefore, in the current study, the seven patients with AAV were 
selected based on the absence of any detectable IgA, IgG, IgM, C3c and 
C1q by routine direct immunofluorescence and no electron-dense deposit 
by electron microscopy. 

Activation of the classic, lectin and alternative complement 
pathways results in the conversion of C3 to C3a and C3b. The three 
pathways converge at the activation of C5 to form a potent chemo-attractant 
C5a and the membrane attack complex C5b-9 (MAC). C3b, which binds to 
an acceptor molecule on membrane, is inactivated to iC3b by factor I and a 
cofactor. iC3b is further degraded by factor I and CR1 to C3c and C3dg. 
C3dg is trimmed by plasma proteases to C3d, which binds covalently via 
thiolester bond to its acceptor molecule at the activated site [14]. It has been 
suggested that C3d could be detected not only at active lesions at the time 
of ongoing complement activation, but also at lesions after complement 
activation. C3c is in the free state and only indicates ongoing complement 
activation [15]. In renal tissue of patients with AAV, the lack of C3c 
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deposition is quite common just as this group of patients showed. Whether 
on earth the complement system had been activated or not during renal 
damage process of AAV was not determined. 

In the present study, the presence of MAC, the final product of 
complement activation in glomeruli, arterioles and small arteries provided 
solid evidence for the overall complement activation. MAC may directly 
damage resident cellular components such as endothelium of glomerular 
capillaries and arterioles and glomerular mesangial cells, and through its 
direct effects on membranes resulting in cell lyses. A recent study revealed 
that MAC can up-regulate endothelial expression of leukocyte adhesion 
molecules which might be even more important in the generation of a 
neutrophilic inflammatory response than C5a [16]. Since the pathogenesis 
of AAV is thought to depend on activation of neutrophils [3, 17], MAC 
mediated neutrophil accumulation may also be an important pathogenic 
event in AAV as well. As a relative durable biomarker of local complement 
activation, positive staining for C3d in renal specimens of AAV provided 
further evidence for complement activation. More importantly, C3d could be 
detected at active lesions showing focal segmental fibrinoid necrosis and 
cellular crescents of glomeruli, but no or scanty staining was observed in 
normal glomeruli and in the glomeruli of mild mesangial proliferation. 
Furthermore, by laser scanning confocal microscopy, co-localization of MAC 
with C3d was observed in glomeruli of patients with AAV. These data 
demonstrate that complement activation directly involves in the pathogenic 
process of renal vasculitis. 

As the percentage of normal glomeruli in patients with AAV has 
been demonstrated to be the best predictor for renal outcome [12], the 
negative correlation between the percentage of normal glomeruli and those 
with mild mesangial proliferation with the extent of C3d and MAC staining in 
glomeruli of patients with AAV might indirectly imply the involvement of 
complement activation in the process of renal damage.  

Both classic and lectin pathways require activation of C4. C4d is a 
fragment of C4, produced during activation and binds covalently via internal 
thiolester bond to tissue elements at the site of activation. Therefore, it is a 
durable biomarker of the classic pathway activation [18]. The detection of 
C4d deposition in the peritubular capillaries of allografts is currently the best 
single biomarker of complement-fixing circulating antibodies to the 
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endothelium [19]. Glomerular C4d staining is commonly present in 
glomerular immune complex diseases [19]. Mannose-binding lectin (MBL) is 
a key molecule in the activation of the lectin pathway of complement by 
binding to carbohydrate ligands and then the activation of MBL-associated 
serine proteases (MASP) [20]. Deposition of MBL in association with IgA in 
the glomeruli, as a marker for lectin pathway activation, has been reported 
in a subpopulation of patients with IgAN [21, 22]. It cannot be excluded that 
MBL binds to a glycosylated molecule that is associated with polymeric IgA 
and present in the mesangial deposits of patients with IgAN [22]. Factor B 
and factor P are unique factors needed in the alternative complement 
pathway.  

By immunohistochemistry techniques, we did not observe deposits 
of C4d and MBL in this subgroup of renal specimens of patients with AAV. 
Combined with the lack of staining of C1q, our study did not support the 
involvement of both classical pathway and lectin pathway activation of 
complement. On the contrary, granular factor B and factor P deposits could 
be detected along the glomerular capillary wall and mesangial area. 
Furthermore, factor B and MAC, factor P and C3d co-localized well along 
the glomerular capillary wall and mesangial area in the glomeruli of patients 
with AAV. This demonstrates the activation of the alternative pathway. 

 Intravital microscopy studies have confirmed that MPO-ANCA is 
capable of inducing glomerular accumulation of neutrophils and MPO 
deposition in vivo [23]. Importantly, activation of human neutrophils by 
human MPO-ANCA IgG induces the release of factors that activate 
complement resulting in the generation of C3a [3]. Increasing evidence 
indicates that neutrophils are a source of various complement factors 
including C3a and components that are unique to the alternative pathway, 
such as properdin [24]. It has also suggested that local neutrophil activation 
may result in disturbance of regulatory proteins of the complement system in 
necrotic cells or in injured regions of glomeruli [25-27], which play an 
important role in the inhibition of the complement activation. Therefore, in 
patients with renal damage with AAV, the vicious cycle of complement 
activation via the alternative pathway could be promoted and continued. 
Antibodies or immune complexes usually activate the classical pathway of 
complement. However, the possibility of initial seeding of C3b in glomeruli 
from the classical pathway activation in serum followed by activation of the 
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amplification loop of the alternative pathway could not be completely ruled 
out.  

In AAV, renal specimens with active lesions will have neutrophils in 
capillary lumens adjacent to the foci of segmental necrosis in the initial 
stage of renal damage [28]. A similar clustering of neutrophils at sites of 
glomerular necrosis has been observed in a mouse model of pauci-immune 
crescentic glomerulonephritis caused by anti-myeloperoxidase ANCA [17]. 
The disappearance of C3c, which exists in a free stage after the 
complement activation, might be degraded by the proteinases released by 
the infiltrated neutrophils or phagocyted by neutrophils rapidly after the 
alternative pathway activation.  

In conclusion, the present study demonstrates primarily that 
activation of the complement system via the alternative pathway has been 
involved in the development of human MPO-ANCA-associated vasculitis. 
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Abstract 
 

[Background] The pathogenesis of antineutrophil cytoplasmic autoantibody 
(ANCA)-associated vasculitides (AAV) has not been fully elucidated. Recent 
studies have suggested that complement activation via the alternative 
pathway is one of the important contributing factors in the development of 
AAV. Complement component 5a (C5a) can dose-dependently prime 
neutrophils for ANCA-induced respiratory burst; C5a and the neutrophil C5a 
receptor may compose an amplification loop for ANCA-mediated neutrophil 
activation. The current study further investigates the signal transduction 
pathway of C5a-dependent ANCA-mediated neutrophil activation. 
[Methods] Neutrophils were isolated from healthy donors and incubated 
with C5a and membrane expression of ANCA target antigens was 
investigated. The effects of C5a priming on ANCA-induced production of 
reactive oxygen species were assessed using oxidation of 
dihydrorhodamine (DHR) to rhodamine. The effect of the p38-MAPK 
inhibitor, AR447, was tested on the respiratory burst of C5a-primed 
neutrophils activated with ANCA, as well as on C5a-induced increase in 
membrane expression of PR3 (mPR3) on neutrophils.  
[Results] C5a dose-dependently increased membrane expression of PR3 
on neutrophils. Priming of neutrophils with C5a enhanced both proteinase 3 
(PR3)-ANCA and myeloperoxidase (MPO)-ANCA-induced oxygen radical 
production. Preincubation with AR447 decreased the respiratory burst in 
C5a-primed neutrophils stimulated by patient derived PR3-ANCA and MPO-
ANCA. Inhibition rates were 85.6±14.9% and 76.5±17.9%, respectively. 
AR447 inhibited C5a-induced increase in mPR3 on neutrophils. The 
inhibition rate was 71.6±25.7%.  
[Conclusions] C5a-C5aR interaction plays an important role in ANCA-
mediated neutrophil activation. This effect is partially mediated by activation 
of the p38-MAPK signal transduction pathway. 
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Introduction 
Antineutrophil cytoplasmic autoantibody (ANCA)-associated 

vasculitides (AAV) comprise a group of autoimmune disorders, including 
Wegener’s granulomatosis (WG), microscopic polyangiitis (MPA), Churg-
Strauss syndrome (CSS) and renal-limited vasculitis (RLV). These diseases 
are characterized by necrotizing small-vessel vasculitis. ANCA are the 
serological hallmarks for the above mentioned primary small vessel 
vasculitides. ANCA are predominantly IgG class autoantibodies directed 
against neutrophil cytoplasmic constituents, in particular proteinase 3 (PR3) 
and myeloperoxidase (MPO).  

The pathogenesis of AAV has not been fully elucidated. Many in 
vitro and in vivo experimental data suggest that ANCA-induced neutrophil 
activation and degranulation play an important role in the pathogenesis of 
AAV. In vitro, ANCA activate primed neutrophils to undergo a respiratory 
burst and release various proteases, which may play a direct pathogenic 
role in vasculitic lesion development [1-5]. In an anti-MPO antibody-induced 
mouse vasculitis model, ANCA and neutrophils are necessary for the 
initiation of glomerulonephritis [6, 7].  

Recent studies in this mouse model of anti-MPO IgG-mediated 
glomerulonephritis suggest that complement activation via the alternative 
pathway is one of the important contributing factors in disease development 
[8, 9]. Schreiber et al. further found that recombinant C5a dose-dependently 
primes neutrophils for the ANCA-induced respiratory burst. As such, C5a 
and the neutrophil C5a receptor (C5aR) may compose an amplification loop 
for ANCA-mediated neutrophil recruitment and activation [10]. It has been 
reported that the p38-mitogen-activated protein kinases (p38-MAPK) 
pathway controls the translocation of ANCA antigens to the cell surface for 
TNFα-mediated priming of neutrophils enabling the subsequent ANCA-
induced respiratory burst [11]. The current study investigates pathways 
involved in C5a-dependent ANCA-mediated neutrophil activation with 
special attention given to the role of the p38-MAPK pathway.  
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Methods 
Preparation of IgG 

Normal IgG and ANCA-IgG were prepared from plasma of normal 
volunteers and patients with active MPO-ANCA- or active PR3-ANCA-
positive vasculitis using a High-Trap-protein G column on an Akta-FPLC 
system (both from GE Healthcare) [12]. 
Neutrophil isolation 

Neutrophils from 10 healthy individuals were isolated from 
heparinized blood by density gradient centrifugation on Lymphoprep 
(Nycomed, Oslo, Norway) as previously described [13] with minor 
modification. Briefly, erythrocytes were removed twice by hypotonic lysis 
with ice-cold ammonium chloride. Thereafter, cells were washed with ice-
cold Hanks balanced salt solution (HBSS) without Ca2+ and Mg2+ (Life 
Technologies, Breda, The Netherlands), and resuspended in HBSS with 
Ca2+ and Mg2+ (2.5 106/ml).  
Membrane expression of ANCA target antigens on neutrophils after 
priming 

Membrane expression of PR3 and MPO were assessed using flow 
cytometry as previously described [14], with minor modifications. All steps 
were performed on ice. Briefly, samples containing 2.5 106 neutrophils/ml 
HBSS were incubated with 2ng/mL tumor necrosis factor α (TNFα) or 
different concentrations of C5a (1, 10, 100 and 1000ng/ml) for 15 minutes at 
37°C, then washed with HBSS/1% BSA by centrifugation at 1800 g, 4°C for 
5 min, and incubated with 0.5mg/ml heat-aggregated goat IgG (Sigma) for 
15 min to saturate Fcγ receptors. Next, cells were stained with a saturating 
dose of mouse monoclonal IgG1 antibody directed against human PR3 or 
MPO (IQProducts, Groningen, The Netherlands) [15] or with an irrelevant 
IgG1 control antibody (MCG1; IQProducts, Groningen, The Netherlands) for 
30 min. Next, non-bound antibodies were washed off with PBS/1% BSA. 
This step was followed by 30 min incubation with phycoerythrin (PE)-
conjugated goat anti-mouse antibody (Southern Biotechnology Associates, 
Birmingham, AL USA) in the presence of 0.5-mg/ml heat-aggregated goat 
IgG and a subsequent washing step. Fluorescence intensity was analysed 
on a Calibur flow cytometer (Becton Dickinson Immunocytometry Systems, 
Mountain View, CA, USA). The level of PR3- or MPO-expression was 
calculated as mean fluorescence intensity (MFI) of specific binding 
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corrected for non-specific binding of the isotype control antibody [14]. For 
the inhibition test, neutrophils were incubated with AR447, a p38-MAPK 
inhibitor, at a concentration of 10μM or its vehicle, DMSO, as control, for 30 
min at 37°C before TNFα or C5a was added. The inhibition rate was 
calculated according to the following formula:   
Inhibition rate=[(MFIDMSO-MFIblank control)-(MFIAR447-MFIblank control)]/(MFIDMSO-
MFIblank control). 
Measurement of respiratory burst by oxidation of dihydrorhodamine 
(DHR) to rhodamine 

We assessed the generation of reactive oxygen radicals using DHR 
as described previously [11], with minor modifications. This method is based 
on the fact that reactive oxygen radicals cause oxidation of the 
nonfluorescent DHR to the green fluorescent rhodamine. In brief, 
neutrophils (2.5 106/ml HBSS) were incubated with cytochalasin B (5µg/ml, 
Sigma) for 5 min at 37°C to enhance the oxygen radical production. Then, 
neutrophils were loaded with 0.05 mM DHR (Eugene, OR) and 2 mM 
sodium azide (NaN3) at 37°C.  Next, neutrophils were primed with TNFα 
(2ng/ml) or C5a (100ng/ml) for 15 min at 37°C.  ANCA (IgG from patients or 
monoclonal IgG1 antibody, the final concentration was 0.2mg/ml) were 
added, and the reaction was stopped after another 60 min by addition of 3ml 
of ice-cold HBSS/1% BSA. We analyzed samples using a Calibur flow 
cytometer (Becton Dickinson). Data were collected from 10,000 cells per 
sample. The shift of green fluorescence in the FL-1 mode was determined. 
For each condition, the MFI, representing the amount of generated oxygen 
radicals, was reported. For the inhibition test, neutrophils were incubated 
with AR447 (at a concentration of 10μM), or its vehicle, DMSO, as control, 
for 30 min at 37°C before TNFα or C5a was added. The inhibition rate was 
calculated according to the following formula:   
Inhibition rate=[(MFIDMSO-MFIblank control)-(MFIAR447-MFIblank control)]/(MFIDMSO-
MFIblank control). 
Statistics 

Differences of quantitative parameters between groups were 
assessed using the t test (for data that were normally distributed) or non-
parametric test (for data that were not normally distributed). A P value less 
than 0.05 was considered significant. Analysis was performed with SPSS 
statistical software package (version 11.0, Chicago, Ill, USA). 
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Results 
C5a increases membrane expression of PR3 (mPR3) on neutrophils 

We analysed mPR3 expression on neutrophils of healthy donors 
(n=10) before and after incubation with different concentrations of C5a (1, 
10, 100 and 1000ng/ml). TNFα (2 ng/ml) was employed as the positive 
control. Before incubation with C5a or TNFα, the level of mPR3 expression 
(MFI) was 262.6±100.9. Upon incubation with C5a, the level of mPR3 
expression on neutrophils increased dose dependently (mPR3 expression 
on neutrophils (MFI):  287.4±117.7, 280.91±19.9, 368.9±146.3 and 
464.5±180.2 for 1, 10, 100 and 1000ng/ml C5a, respectively) (Figure 1 and 
2). After incubation with TNFα, the level of mPR3 expression on neutrophils 
(MFI) was 516.7±183.1. Compared to non-primed neutrophils, the level of 
mPR3 expression was significantly higher on neutrophils primed with C5a at 
concentrations of 100 and 1000ng/ml as well as with TNFα (P<0.01, P<0.01 
and P<0.001, respectively). However, no significant increase of membrane 
expression of MPO was observed on neutrophils after incubation with C5a 
irrespective of the dose (data not shown).  

 

 
Figure 1. mPR3 expression on neutrophils incubated with different concentrations of C5a (1, 10, 100 
and 1000ng/ml).   *P<0.01, compared to “before priming” 
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Figure 2.  A typical histogram of mPR3 expression on neutrophils primed with C5a 
The dashed curve represents mPR3 expression on neutrophils incubated with isotype control antibody and 
without priming. The thin solid curve represents mPR3 expression on neutrophils incubated with anti-PR3 
Moabs and without priming. The bold solid curve represents mPR3 expression on neutrophils after priming 
with TNFα (2ng/ml). The shadowed curve represents mPR3 expression after priming with C5a (100ng/ml) 
 
 
C5a primes neutrophils for ANCA-induced respiratory burst 

ANCA-IgG were prepared from 5 patients with active MPO-ANCA-
positive vasculitis and 5 patients with active PR3-ANCA-positive vasculitis, 
respectively. We next tested whether C5a primes neutrophils for ANCA-
induced respiratory burst. Based on the observation described above that 
C5a at a concentration of 100ng/ml significantly increased mPR3 
expression on neutrophils, this concentration of C5a was employed for 
testing the ANCA-induced respiratory burst. After incubation with C5a, PR3-
ANCA-IgG from patients induced a respiratory burst as evidenced by a 
significant increase in MFI compared to the non-primed neutrophils 
incubated with PR3-ANCA-IgG (200.5±29.8 vs. 86.3±27.8, P<0.001) (Figure 
3a). Similarly, after incubation with C5a, MPO-ANCA-IgG from patients 
induced a respiratory burst as demonstrated by a significantly higher MFI 
compared to neutrophils incubated with MPO-ANCA IgG alone (219.6± 
130.0 vs. 82.3±43.4, P<0.05) (Figure 3b).  
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Figure 3. C5a primes neutrophils for ANCA-induced respiratory burst 
ANCA-IgG were prepared from 5 patients with MPO-ANCA-positive vasculitis with active disease and 5 
patients with PR3-ANCA-positive vasculitis with active disease, respectively. The bars represent mean±SD 
A. C5a primes neutrophils for PR3-ANCA-induced respiratory burst 
C5a-PR3-ANCA: neutrophils incubated with PR3-ANCA-IgG (0.2mg/ml) from patients after priming with C5a 
C5a-IgG: neutrophils incubated with IgG (0.2mg/ml) from normal donors after priming with C5a 
Blank-PR3-ANCA: neutrophils incubated with PR3-ANCA-IgG (0.2mg/ml) from patients without C5a priming 
Blank-IgG: neutrophils incubated with IgG (0.2mg/ml) from normal donors without C5a priming 
B. C5a primes neutrophils for MPO-ANCA-induced respiratory burst 
C5a-MPO-ANCA: neutrophils incubated with MPO-ANCA-IgG (0.2mg/ml) from patients after priming with 
C5a 
C5a-IgG: neutrophils incubated with IgG (0.2mg/ml) from normal donors after priming with C5a 
Blank-MPO-ANCA: neutrophils incubated with MPO-ANCA-IgG (0.2mg/ml) from patients without C5a priming 
Blank-IgG: neutrophils incubated with IgG (0.2mg/ml) from normal donors without C5a priming 
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P38-MAPK inhibition blocks C5a-primed neutrophils for ANCA-induced 
respiratory burst 

 

ANCA-IgG were prepared from 5 patients with active MPO-ANCA-
positive vasculitis and 5 patients with active PR3-ANCA-positive vasculitis, 
respectively. We next tested whether C5a-priming of neutrophils for ANCA-
induced respiratory burst was dependent on activation of the p38-MAPK 
pathway. Using the DHR test, the effect of AR447, a p38-MAPK inhibitor, on 
the respiratory burst of C5a-primed neutrophils activated with monoclonal 
antibodies (Moab) directed against MPO or PR3 and ANCA IgG from 
patients, was assessed in parallel. Preincubation of neutrophils with AR447 
(at a concentration of 10 µM) decreased oxygen radical production in C5a-
primed neutrophils induced by anti-PR3 and anti-MPO Moabs and ANCA 
IgG from patients. For PR3-ANCA IgG, the MFI value was 200.5±29.8 in 
C5a-primed neutrophils, which decreased to 81.7±14.2 upon preincubation 
with AR447 (P<0.01, inhibition 85.6±14.9%). A typical experiment is shown 
in Figure 4a. For anti-PR3 Moab, the MFI value decreased from 
196.6±103.4 to 88.3±45.6 (P<0.05) upon preincubation with AR447 
(inhibition rate of 84.4±20.3%). For MPO-ANCA IgG, the MFI value was 
219.6±130.0 in C5a-primed neutrophils and decreased to 81.2±37.8 upon 
preincubation with AR447 (P<0.05, inhibition 76.5±17.9%). A typical 
experiment is shown in Figure 4b. For the anti-MPO Moab, the MFI value 
decreased from 160.6±80.0 to 96.5±58.1 (P<0.05) upon preincubation with 
AR447 (inhibition rate of 60.0±22.6%).  
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Figure 4. P38-MAPK inhibitor (AR447) inhibits ANCA-induced oxygen radical production 
(ROS) in C5a primed neutrophils. 
A. Example of AR447 mediated inhibition of PR3-ANCA-IgG-induced respiratory burst in C5a primed 
neutrophils 
B. Example of AR447 mediated inhibition of MPO-ANCA-IgG -induced respiratory burst in C5a primed 
neutrophils  
The shadowed curve represents ANCA induced ROS production without the p38-MAPK inhibitor (AR447). 
The solid curve represents ANCA induced ROS production after preincubation with the p38-MAPK inhibitor 
(AR447). The dashed curve represents baseline ROS production. 
 
 
P38-MAPK inhibition blocks C5a-increased mPR3 on neutrophils 

Finally, we investigated a possible mechanism by which the p38-
MAPK pathway may control ANCA-stimulated respiratory burst in C5a-
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primed neutrophils. Since we previously found no significant increase of 
membrane expression of MPO on neutrophils after incubation with C5a, we 
only explored the hypothesis that p38-MAPK controls the C5a-mediated 
translocation of PR3 from the intracellular granules to the cell surface. Using 
flow cytometry, we observed that inhibiting p38-MAPK with AR447 (at a 
concentration of 10 µM) resulted in a decreased C5a-induced translocation 
of PR3. Untreated cells showed a mean MFI for mPR3 of 98.3 ± 21.8, which 
increased to 622.3 ± 587.1 upon C5a (100 ng/ml) priming. This C5a induced 
translocation of PR3 was partially inhibited by pretreating the cells with 
AR447 (mean MFI 444.6±416.1, P<0.05). The inhibition rate was 
71.6±25.7%. A typical experiment is shown in Figure 5. 
 

 
 
Figure 5.  AR447 inhibits the increase in  mPR3 expression on neutrophils induced by 
C5a (100ng/ml) 
The shadowed curve represents mPR3 expression on neutrophils after priming with C5a and without 
preincubation of AR447.  
The bold solid curve represents mPR3 expression on neutrophils after priming with C5a and with 
preincubation of AR447.   
The thin solid curve represents mPR3 expression on neutrophils incubated with isotype control antibody and 
without priming. 
The dashed curve represents mPR3 expression on neutrophils incubated with anti-PR3 Moabs antibody and 
without priming. 
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Discussion 
Recent observations in the anti-MPO IgG-induced crescentic 

glomerulonephritis mouse model suggest a critical role for complement 
activation in disease development. Xiao et al. found that induction of 
glomerulonephritis with anti-MPO-IgG or anti-MPO splenocytes required 
activation of the alternative complement pathway. The authors also 
hypothesized that activation of neutrophils by ANCA-IgG causes the release 
of factors that activate complement [8]. Huugen et al. further demonstrated 
that inhibition of C5 activation attenuated disease development in the 
mouse model of anti-MPO-IgG-induced glomerulonephritis [9]. Two recent 
studies on renal biopsies also suggest that the complement system, 
especially the alternative pathway, is involved in renal damage of human 
AAV [16, 17].   

Among the complement activation products, C5a is one of the most 
potent inflammatory peptides, with a broad spectrum of functions. C5a is a 
strong chemoattractant for neutrophils and also has chemotactic activity for 
monocytes and macrophages (reviewed in Guo et al. [18]). C5a exerts its 
effects through the high-affinity C5a receptor. Recent investigations by 
Schreiber et al. demonstrated that ANCA-stimulated neutrophils activate 
complement and generate C5a. In turn, C5a was found to prime neutrophils 
dose-dependently for ANCA-induced respiratory burst [10] indicating a 
pivotal role of C5a and its receptor on neutrophils in disease induction. The 
current study confirms and extends these observations. 

Schreiber et al. reported that C5a-conditioned serum could increase 
neutrophil PR3 membrane expression [10]. Our study confirmed this 
observation by demonstrating that purified recombinant C5a dose-
dependently increases neutrophil PR3 membrane expression. Interestingly, 
however, both studies demonstrate that after incubation with C5a (or C5a-
conditioned serum), increases in membrane-MPO expression are much 
lower than membrane PR3 expression. Similar results have been reported 
previously by Hess et al [19]. These authors suggest that in AAV, soluble 
MPO released by activated neutrophils may bind to unstimulated 
neutrophils, thereby rendering them susceptible for MPO-ANCA mediated 
activation. 

We found that ANCA-mediated oxygen radical production is 
enhanced after neutrophils are incubated with C5a, whereas C5a itself did 
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not induce ROS production significantly.  The most important finding in the 
current study is that p38-MAPK inhibition blocked C5a-dependent ANCA-
mediated neutrophil activation. The p38-MAPK inhibitor blocked C5a-primed 
neutrophils for PR3-ANCA-induced respiratory burst probably via inhibition 
of PR3 translocation as the inhibitor decreased C5a-induced membrane 
expression of PR3. Since in the current study, no significant increase of 
membrane expression of MPO was observed on neutrophils after incubation 
with C5a, we did not further investigate whether the p38-MAPK inhibitor has 
effect on membrane expression of MPO. The mechanism of p38-MAPK 
inhibition on C5a-dependent MPO-ANCA-mediated neutrophil respiratory 
burst requires further study. It has been reported that several signal 
tranduction pathways are involved in C5a induced priming of neutrophils 
and monocytes, including p38-MAPK, ERK1/2 and PKC signaling pathways 
[20]. Whether other signaling pathways also participate in C5a-priming of 
neutrophils for ANCA-induced respiratory burst requires further 
investigation.  

In conclusion, C5a primes neutrophils for an enhanced ANCA-
mediated neutrophil activation. This effect is to a large extent dependent on 
activation of the p38-MAPK pathway. Together with the observations in 
animal studies, these results indicate a prominent role for C5a-C5aR 
interactions in the pathogenesis of AAV.  
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Abstract 
 

Crescentic glomerulonephritis is a severe form of glomerular injury 
that is characterized by disruption of the glomerular basement membrane, 
cellular proliferation within Bowman's space, and (often) fibrinoid necrosis. 
Pauci-immune crescentic glomerulonephritis, which is so called because it 
involves little or no glomerular immunoglobulin deposition, is one of the 
most common causes of rapidly progressive glomerulonephritis. In the 
majority of patients, pauci-immune crescentic glomerulonephritis is a 
manifestation of antineutrophil cytoplasmic antibody (ANCA)-associated 
vasculitis. However, some patients with pauci-immune crescentic 
glomerulonephritis lack ANCA. This Review compares the prevalence, 
clinical manifestations, histopathology, and outcomes of ANCA-negative 
pauci-immune crescentic glomerulonephritis with that of ANCA-positive 
disease. We also discuss the possible pathogenesis of ANCA-negative 
pauci-immune crescentic glomerulonephritis, paying particular attention to 
the mechanisms and role of neutrophil activation.  
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Introduction  
Crescentic glomerulonephritis is a severe form of glomerular injury 

that is characterized by disruption of the glomerular basement membrane 
(GBM); this disruption leads to cellular proliferation within Bowman’s space 
and is often accompanied by fibrinoid necrosis. The disruption of glomerular 
capillaries allows inflammatory mediators and leukocytes to enter Bowman’s 
space where they induce epithelial cell proliferation and macrophage 
maturation, which leads to the formation of cellular crescents [1, 2]. Patients 
with crescentic glomerulonephritis often experience rapid loss of renal 
function, accompanied by oliguria and anuria; typical features of 
glomerulonephritis, including proteinuria and dysmorphic hematuria, are 
commonly present. Crescentic glomerulonephritis must be diagnosed 
promptly and precisely to facilitate timely treatment. Delay in diagnosis and 
treatment can have a major negative impact on prognosis. 

Crescentic glomerulonephritis is classified into three main 
categories on the basis of direct immunofluorescence microscopy. Anti-
GBM crescentic glomerulonephritis is characterized by the presence of 
circulating antibodies to GBM and linear deposition of IgG along the GBM; 
immune-complex-mediated crescentic glomerulonephritis— the most 
common cause of rapidly progressive glomerulonephritis in children [3]—is 
characterized by the deposition of immune complexes in the glomeruli; and 
pauci-immune crescentic glomerulonephritis presents as focal necrotizing 
glomerulonephritis with little or no glomerular staining for immunoglobulins. 
Pauci-imune crescentic glomerulonephritis is the most common cause of 
rapidly progressive glomerulonephritis in adults and elderly patients [3]. 

Most cases of pauci-immune crescentic glomerulonephritis can be 
attributed to systemic small-vessel vasculitides, including Wegener’s 
granulomatosis, microscopic polyangiitis and Churg-Strauss syndrome, 
although some cases involve only the kidneys (so-called renal-limited 
vasculitis) [4]. These primary small-vessel vasculitides are collectively 
known as antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis, 
in reference to their serological hallmark. However, a subgroup of patients 
with pauci-immune crescentic glomerulonephritis is persistently negative for 
ANCA.  
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Prevalence  
Table 1 Studies that compared patients with ANCA-negative or ANCA-positive pauci-
immune crescentic glomerulonephritis 
Study Location 

and design 
Number of 
patients (% of 
pauci-
immune 
crescentic 
GN) 

Age and 
gender of 
ANCA-
negative vs. 
ANCA-
positive 
patients  

Extrarenal 
manifestations of 
ANCA-negative vs. 
ANCA-positive 
patients 

Renal 
manifestations 
of ANCA-
negative versus 
ANCA-positive 
patients 

Outcomes of 
ANCA-
negative vs. 
ANCA-
positive 
patients 

Hedger 
et al. [8] 

UK, 
population-
based 

35 (27) Comparable  Less upper-airway 
involvement  

Comparable  Comparable  

Eisenb
erger et 
al [9], a 

France, 
three-center 

20 (unknown) Unknown  Less ear-nose-
throat involvement  

Chronic lesions 
were more 
severe   

Comparable 

Chen et 
al.[10]  

China, 
single-
center 

28 (33) Younger  Less constitutional  
symptoms  and 
involvement lungs, 
eyes and ear-nose-
throat  

Higher level of 
proteinuria, 
more severe 
glomerular 
lesions  

Poorer renal 
outcome 

Hung et 
al.[11]  

China 
(Taiwan), 
single-
center 

15 (38) Younger  Less systemic 
involvement  

Less acute 
glomerular 
lesions and 
higher 
prevalence of 
chronic 
glomerular 
lesions  

Marginally 
poorer renal 
outcome 

aPatients with ANCA were not from the same centers as those without ANCA. Abbreviation: ANCA, 
antineutrophil cytoplasmic antibody. 

 
Limited data are available on ANCA-negative pauci-immune 

crescentic glomerulonephritis [5-11]. To our knowledge, four series that 
focus on the clinical spectrum of affected patients, including one study by 
our group that was conducted in China, have been published (Table 1) [8-
11]. The only population-based study of pauci-immune rapidly progressive 
glomerulonephritis was conducted by Hedger et al [8]. in the UK. This 10-
year retrospective analysis found that the annual average incidence rate of 
the condition was 3.9 patients per million (range 3.3-4.7 patients per 
million). Overall, 27% of affected patients (35 of 128) lacked ANCA. A study 
conducted by Hung et al [11]. in Taiwan suggested that 38% (15 of 40) of 
patients with pauci-immune crescentic glomerulonephritis were ANCA-
negative [11]. The lack of unified definitions for ‘crescentic’ and ‘pauci-
immune’, (i.e. the varying cut-off levels used to define the presence of 
crescents and the intensity of immunoglobulin staining in renal biopsy 
specimens) limits the comparability of these results. In our study, both terms 
were strictly defined as “over 50% of glomeruli having crescent formation in 
the renal specimen” and as “intensity of glomerular immunoglobulin staining 
by direct immunofluorescence assay in renal sections being 0 to 1+ on a 
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scale of 0 to 4+”, respectively [10]. Patients without ANCA constituted 33% 
(28 of 85) of patients with pauci-immune crescentic glomerulonephritis in our 
cohort.  

The inclusion of only small numbers of patients in the above studies 
precludes the exclusion of selection bias. In studies conducted by the 
European Vasculitis Study Group, 10-20% of patients with Wegener’s 
granulomatosis, microscopic polyangiitis, Churg-Strauss syndrome or 
idiopathic rapidly progressive glomerulonephritis were reported to be ANCA-
negative [12]. In a large cohort of 213 patients with crescentic 
glomerulonephritis who were studied by the Chapel Hill group in the US, the 
likelihood of ANCA negativity was approximately 10-20% and 20-30% when 
the intensity of staining for immunoglobulins was 0 and 1+, respectively (on 
a scale of 0 to 4+) [13]. Taken together, the above data imply that around 
10-30% of patients with pauci-immune crescentic glomerulonephritis lack 
ANCA. 

 
 

Clinical and pathological characteristics  
We found that patients with ANCA-negative pauci-immune 

crescentic glomerulonephritis presented at a much younger age than those 
with ANCA-positive disease [10]. Hung et al. reported similar results in their 
Chinese patients [11]. However, the UK study found no major differences in 
the ages of the two groups at presentation [8]. This discrepancy indicates 
that variations in disease susceptibility with age might differ between 
patients of different ethnicities. 

Two studies compared the extrarenal manifestations of patients with 
ANCA-negative pauci-immune crescentic glomerulonephritis and their 
ANCA-positive counterparts in more detail. Hedger et al [8]. found that 
patients who were ANCA-negative had fewer respiratory symptoms than 
those who were ANCA-positive. Our data showed that patients without 
ANCA had much fewer constitutional symptoms (including fever, weight 
loss, myosalgia and arthragia) and much less extrarenal (including lung, eye 
and ear-nose-throat) involvement than patients with ANCA (Table 2) [10]. 
ANCA could be a marker of generalized vasculitis in patients with pauci-
immune crescentic glomerulonephritis. 
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Table 2 Clinical features of patients with pauci-immune crescentic glomerulonephritis 
with and without ANCA in our study [10]  
 

 Without ANCA (n=28) With ANCA (n=57) P 
Age of onset of disease 

(mean±SD) 
39.7±17.0 57.6±14.0 <0.001 

Fever 6 (21.4%) 38 (66.7%) <0.001 
Weight loss 2 (7.1%) 20 (35.1%) <0.01 
Muscle pain 2 (7.1%) 15 (26.3%) <0.05 
Arthralgia 2 (7.1%) 23 (40.4%) <0.01 

Pulmonary involvement 3 (10.7%) 21 (36.8%) <0.05 
Ophthalmic involvement  1 (3.6%) 14 (24.6%) <0.05 

Otic involvement  0  18 (31.6%) <0.001 
Nasal involvement  0  10 (17.5%) <0.05 

BVAS 45 13.9±2.4 20.1±5.0 <0.001 
Abbreviations: ANCA, antineutrophil cytoplasmic antibody; BVAS, Birmingham vasculitis activity score.  
 
 

We found that patients who were ANCA-negative had a greater 
degree of proteinuria (5.47±3.32 g/24hr vs. 2.23±2.27 g/24hr, P<0.001) and 
a higher prevalence of nephrotic syndrome (46.4% vs. 8.8%, P<0.001) than 
patients who were ANCA-positive [10]. Patients who lacked ANCA had 
slightly more-severe glomerular lesions than their ANCA-positive 
counterparts [10]. Eisenberger et al [9]. found that chronic lesions, including 
interstitial fibrosis and glomerulosclerosis, were particularly severe in 
patients without ANCA. Similar results were also reported by Hung et al.[11]; 
however, this finding might be attributable to the delay in diagnosis caused 
by the absence of ANCA.  

 
Pathogenesis  

The pathogenesis of ANCA-negative pauci-immune crescentic 
glomerulonephritis is unclear, because studies of pauci-immune crescentic 
glomerulonephritis have focused mainly on patients with ANCA. Substantial 
in vitro and in vivo evidence suggests that ANCA have an important role in 
the pathogenesis of vasculitis in these individuals, and are not simply a 
serologic marker of the disease. Cytokines such as tumor necrosis factor or 
interleukin (IL)-18 stimulate neutrophils to express ANCA target antigens at 
their surface. When exposed to ANCA, these cells undergo a respiratory 
burst to release free oxygen radicals and proteases, which are thought to 
have direct pathogenic roles in vasculitis [14-18]. Anti-myeloperoxidase 
antibodies (a common form of ANCA [12] induce lesions in mice that 
resemble those of ANCA-associated vasculitis [19]. The most direct clinical 
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evidence that ANCA are pathogenic was the development of 
glomerulonephritis and pulmonary hemorrhage shortly after birth in a 
neonate whose mother had microscopic polyangiitis; these complications 
were apparently caused by the transplacental transfer of anti-
myeloperoxidase ANCA [20, 21]. Furthermore, patients with new diagnoses 
of ANCA-associated vasculitis and serum creatinine levels >500 μmol/l who 
were treated with plasma exchange had a lower risk of progression to end-
stage renal disease at one year than those who received 
methylprednisolone pulses, supporting a pathogenic role for ANCA [22].  

 

The role of neutrophils  
Neutrophils are major effector cells in crescentic glomerulonephritis. 

Activated neutrophils that generate reactive oxygen species are present in 
the glomeruli of patients with ANCA-positive crescentic glomerulonephritis 
[23]. Neutrophils were necessary for the induction of ANCA-positive pauci-
immune crescentic glomerulonephritis in mice by injection of anti-
myeloperoxidase autoantibodies [19]. Depletion of neutrophils in the mice 
prevented the development of vasculitis following the administration of anti-
myeloperoxidase antibody [24]. Neutrophil accumulation in the glomerular 
lesions is not unique to pauci-immune crescentic glomerulonephritis but is a 
common feature of many forms of proliferative and crescentic 
glomerulonephritis. Neutrophils are involved in the pathogenesis of 
glomerulonephritis at several levels, as reviewed by Kitching et al. [25] and 
Couser [26]. For example, neutrophil recruitment, via FcγRIII and 
complement, is essential for the development of anti-GBM nephritis [27, 28].  

Neutrophils are also thought to be major effector cells in ANCA-
negative pauci-immune crescentic glomerulonephritis. Eisenberger et al [9] 
observed that neutrophil infiltration was prominent in the glomerular lesions 
of individuals with this disease. Two studies conducted by our group are 
relevant in this respect. One study, as yet unpublished, analyzed neutrophil 
infiltration in pauci-immune crescentic glomerulonephritis, by using two 
neutrophil markers, CD15 and myeloperoxidase. Immunohistochemical 
staining for these markers was much more prominent in active lesions than 
in inactive lesions, especially cellular crescents. In the glomeruli and 
interstitium, the degree of neutrophil infiltration was greater than that in 
ANCA-positive crescentic glomerulonephritis (Xing GQ, et al. unpublished 
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data). The second study [29] analysed neutrophil degranulation by 
measuring serum levels of neutrophil gelatinase-associated lipocalin and 
lactoferrin. Neutrophil gelatinase-associated lipocalin, a 25kDa protein, is 
found in the secondary granules of neutrophils, and is secreted more readily 
by neutrophils than is any other protein; it is considered a specific marker of 
neutrophil degranulation [30]. Lactoferrin, an 80kDa iron-binding 
glycoprotein that belongs to the transferrin family, is another major 
constituent of the secondary granules of neutrophils [31, 32]. Serum 
lactoferrin is predominantly neutrophil-derived; thus it is also considered to 
be a biomarker of neutrophil activation and degranulation. We found that 
serum levels of neutrophil gelatinase-associated lipocalin and lactoferrin 
were significantly higher in patients with ANCA-negative pauci-immune 
crescentic glomerulonephritis than in patients with ANCA-positive disease 
[29]. This finding indicates that neutrophil activation and degranulation 
occurs in patients with pauci-immune crescentic glomerulonephritis in the 
absence of ANCA, and might be even more prominent than that which 
occurs in the presence of ANCA. The resultant release of oxygen radicals, 
lytic enzymes, and inflammatory cytokines could be responsible for the 
damage to glomerular endothelial cells [33, 34].  

 

Mechanisms of neutrophil activation  
Neutrophils could become activated in two ways. Firstly, via 

antibodies other than ANCA, such as anti-endothelial cell antibodies 
(AECA). AECA have been detected in various autoimmune and vasculitic 
diseases, and they might have a pathogenic role in ANCA-associated 
vasculitis [35, 36]. We observed that more than 50% of patients (10 of 19) 
with ANCA-negative pauci-immune crescentic glomerulonephritis had AECA 
in their serum, although the prevalence of these antibodies was significantly 
lower than that in patients with ANCA (88%; 23 of 26) [37]. It was 
speculated that AECA bind to endothelial cells, which facilitates the 
interaction of neutrophils with these cells via neutrophils’ Fc and C3b 
receptors [38]. 

Kain et al.[39,40] found that autoantibodies to human lysosomal 
membrane protein-2 (LAMP-2) are present in over 90% of individuals with 
active pauci-immune focal necrotizing glomerulonephritis. These antibodies 
can activate neutrophils and cause apoptosis of endothelial cells in vitro. 
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When injected into rats, the antibodies induced pauci-immune necrotizing 
crescentic glomerulonephritis. More importantly, the investigators showed 
that a major epitope of human LAMP-2 recognized by the autoantibodies 
has strong homology with FimH, an adhesin commonly found in Gram-
negative bacteria. When they immunized rats with FimH, most animals 
developed both cross-reactive antibodies to LAMP-2 and pauci-immune 
crescentic glomerulonephritis. These data collectively suggest that bacterial 
infection in a susceptible person might induce autoantibodies that result in 
pauci-immune crescentic glomerulonephritis [40, 41]. However, almost all 
the patients with anti-LAMP-2 antibodies also had anti-myeloperoxidase or 
anti-proteinase-3 antibodies [39]. Whether patients without ANCA have 
antibodies to LAMP-2 is presently not clear. In addition, anti-LAMP-2 
produce neutrophil staining by indirect immunofluorescence; thus, patients 
with these antibodies are not categorized as ANCA-negative when the 
absence of neutrophil staining by indirect immunofluorescence, rather than 
just the absence of anti-proteinase-3 or anti-myeloperoxidase ANCA, is 
used as a criterion for this term. The role of anti-LAMP-2 antibodies in the 
pathogenesis of ANCA-negative pauci-immune crescentic 
glomerulonephritis needs further investigation. 

Secondly, cell-mediated immunity could lead to neutrophil 
activation. The production of IL-8 by neutrophils within the intravascular 
compartment might encourage intravascular stasis of these cells, and 
contribute to bystander damage of glomerular endothelial cells [42]. The IL-
17-producing T helper cell lineage is involved in the pathogenesis of 
Wegener’s granulomatosis [43], and Laan et al. [44] showed that IL-17 can 
specifically and selectively recruit neutrophils via the release of IL-8. The 
exact role of such cell-mediated immunity in ANCA-negative pauci-immune 
crescentic glomerulonephritis has not been studied, but is an important 
subject for further investigation. 

In summary, neutrophils are likely to have a major role in ANCA-
negative pauci-immune crescentic glomerulonephritis. Neutrophil activation 
in this setting could be accomplished by autoantibodies other than ANCA or 
by cell-mediated immune mechanisms. 
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Treatment and outcomes  
No controlled prospective studies have been conducted of the 

treatment of patients with ANCA-negative pauci-immune crescentic 
glomerulonephritis. Treatment protocols are, therefore, usually based on 
those for patients who are ANCA-positive [8-11]. 

We observed that patients with ANCA-negative pauci-immune 
crescentic glomerulonephritis had poorer renal outcomes than their ANCA-
positive counterparts (Figure 1) [10]. Similar data were reported by Hung et 
al.[11], despite the fact that their ANCA-negative patients had relatively mild 
lesions at presentation. Renal outcomes were comparable between the two 
groups in the Hedger and Eisenberger studies [8, 9]. However, the survival 
of patients without ANCA did not differ from that of individuals with ANCA in 
any of the three studies that reported this data [8-10]. 

 

 
Figure 1. Renal survival of patients in our study with pauci-immune crescentic glomerulonephritis with and 
without ANCA [10].  
The solid line represents ANCA-negative patients; the dashed line represents ANCA-positive patients. 
Abbreviation: ANCA, antineutrophil cytoplasmic antibody.  
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Conclusions  

The proportion of patients with pauci-immune crescentic 
glomerulonephritis who lack ANCA is not inconsiderable, and the existence 
of these individuals has important implications for the understanding of 
crescentic glomerulonephritis. Patients who have ANCA-negative pauci-
immune crescentic glomerulonephritis present a different clinical spectrum 
to those with ANCA-negative disease, with fewer constitutional and 
extrarenal symptoms. These differences might be a consequence of the 
absence of ANCA. ANCA negativity seems to be associated with increased 
severity of glomerular lesions and poor renal outcomes; therefore, when 
prognosticating or treating patients with pauci-immune crescentic 
glomerulonephritis, ANCA negativity should be taken into account. Although 
the pathogenesis of ANCA-negative pauci-immune crescentic 
glomerulonephritis is unclear, neutrophils are thought to have a major role. 
Ongoing studies on ANCA-negative pauci-immune crescentic 
glomerulonephritis are being carried out on the factors leading to neutrophil 
activation.  
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Abstract 
 

[Background] It has been reported that, after patients with ANCA-
associated vasculitis (AAV) progress to end-stage renal disease (ESRD), 
they are less likely to experience relapse of vasculitis. However, we 
encountered a few patients with ESRD suffering severe pulmonary 
hemorrhage due to relapse of AAV. The current study presents our 
observation on these patients. 
[Methods] Of 198 consecutive patients with AAV with follow-up data in our 
center, 66 progressed to ESRD during follow-up. Clinical and laboratory 
data were collected and retrospectively analyzed. 
[Results] Among the 66 patients with ESRD, 5 experienced severe 
pulmonary hemorrhage. They had positive serum perinuclear ANCA and 
myeloperoxidase-ANCA and were diagnosed as microscopic polyangiitis. All 
5 patients achieved remission after initial induction therapy. The average 
duration of follow-up was 47.0 (range 8.0-98.0) months. After progressing to 
ESRD and starting hemodialysis, these patients experienced severe 
pulmonary hemorrhage within 9.0 (range 2.0-23.0) months. After 
immunosuppressive therapy, pulmonary hemorrhage ceased in 4 patients, 
and the other died of respiratory failure. 
[Conclusions] Severe pulmonary hemorrhage can occur in ESRD patients 
with AAV. Disease activity and relapses of AAV should be monitored even 
after patients progress to ESRD. 
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Introduction 
Antineutrophil cytoplasmic autoantibody (ANCA)-associated 

vasculitis (AAV) comprises a group of autoimmune disorders, including 
Wegener’s granulomatosis, microscopic polyangiitis, Churg-Strauss 
syndrome and renal-limited vasculitis (ANCA-associated 
glomerulonephritis), characterized by necrotizing small-vessel vasculitis with 
autoantibodies directed against neutrophil cytoplasmic constituents, in 
particular proteinase 3 and myeloperoxidase. It was reported that over 20% 
of patients with AAV will develop end-stage renal disease (ESRD) during 
their lifetime [1-4].  

The survival of untreated AAV is dismal. The introduction of 
corticosteroids in combination with cyclophosphamide improved the 
prognosis of AAV dramatically and converted the disease to a chronic 
relapsing condition. It was reported that patients with AAV who progressed 
to ESRD were less likely to experience relapse of vasculitis than before 
dialysis therapy [5]. Therefore, when patients progressed to ESRD, 
nephrologists may focus more on renal replacement therapy than on the 
primary cause of ESRD, i.e. AAV per se. In our clinical practice, we 
encountered 5 patients with ESRD who suffered from relapses of AAV, 
manifested as severe pulmonary hemorrhage. The current study presents 
our observation on these patients. 

 
 

Patients and methods 
We evaluated 198 consecutive patients presenting to the Renal 

Division, Peking University First Hospital from 1998-2007, with a diagnosis 
of AAV according to the Chapel Hill Consensus Conference definition [6]. 
Other diseases causing serum-positive ANCA were excluded clinically, 
including systemic lupus erythematosus, rheumatoid arthritis, drug-induced 
vasculitis and Behςet’s disease. During an average follow-up duration of 
21.7 (1-180) months, 66 patients progressed to ESRD. Among the 66 
patients, those experiencing severe pulmonary hemorrhage during follow-up 
were recruited for analysis. Other factors causing pulmonary hemorrhage 
including infection, malignancy, complications of ESRD and overdose of 
anticoagulant during hemodialysis were excluded. Follow-up visits were 
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scheduled for every 1 or 2 months. Clinical and laboratory data were 
collected and analyzed. Relapse was defined as appearance of organ 
involvement attributable to vasculitis and requiring an increase or re-
introduction in immunosuppression [7]. The vasculitic disease activity was 
measured by the Birmingham Vasculitis Activity Score [8]. This research 
was in compliance of the Declaration of Helsinki and was approved by the 
ethic committee of the local hospital. Informed consent was obtained from 
each patient. 
Detection of ANCA 
 

ANCA was detected by an indirect immunofluorescence assay and 
antigen-specific ELISAs. Standard indirect immunofluorescence assay were 
performed according to the manufacturer (EUROIMMUN, Lübeck, 
Germany). In antigen-specific ELISAs, 2 highly purified known ANCA 
antigens, proteinase 3 and myeloperoxidase, purified as previously reported 
[9], were used as solid phase ligands. The results of ELISA were expressed 
as percentage of a known positive control. 

 
 

Results 
Among the 66 patients progressing to ESRD, 5 experienced severe 

pulmonary hemorrhage during follow-up.  
Demographic features and ANCA specificities 

Among the 5 patients, 3 were male and 2 were female, with an 
average of 60.0 (range 17-78) years at diagnosis. All the 5 patients had 
positive perinuclear ANCA and myeloperoxidase-ANCA and were 
diagnosed as microscopic polyangiitis. The mean interval between onset of 
the disease and diagnosis was 4.8 (range 1.0-10) months. 
Clinical manifestations at presentation 

The clinical and pathological manifestations of the 5 patients at 
presentation are listed in Table 1. 
Initial Treatment and pre-dialysis follow-up 

All 5 patients received corticosteroids together with 
cyclophosphamide. Three patients received additional intravenous 
methylprednisolone pulse therapy (7-15 mg/kg/day) (Table 1). After 
induction therapy, all 5 patients achieved remission within a mean duration 
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of 4 months. During maintenance therapy, intravenous cyclophosphamide 
every 3 months or daily oral azathioprine was administrated. 

Data of pre-dialysis follow-up of the patients are listed in Table 2. 
 

Table 1. Clinical and pathological details of the five ESRD patients with severe 
pulmonary hemorrhage 
 Age 

/sex 
Organ 
involved*  

Initial 
Scr  

BVAS*  Renal 
histology 

Initial 
therapy 

Duration 
from 
diagnosis 
to ESRD 
(mon) 

Duration 
from 
ESRD to 
PH 
(mon) 

Therapy 
for PH 

Outcomes  

1 17/
M 

Con, 
R/S, L 

189 
μmol/L 

12/8 PI-
CrGN 

MP, 
P+C 

82 2 PE, 
MP, 
P+C 

PH was 
controlled 

2 64/
F 

Con, L, 
R/Con, 
L 

300 
μmol/L 

23/7 Not 
done 

P+C 15 23 PE, 
MP, 
MV 

PH was 
controlled, 
but the 
patient 
died of 
secondary 
infection 

3 68/
M 

Con, L, 
NS, E, 
R/L  

645 
μmol/L 

36/6 PI-
CrGN 

MP, 
P+C 

36 2 MP, 
MV 

Died of 
late 
referral 

4 78/
M 

E, R/L 776 
μmol/L 

18/6 Not 
done 

P+C 1 6 P+C PH was 
controlled 

5 73/
F 

Con, E, 
R/Con, 
L 

597 
μmol/L 

15/8 Not 
done 

MP, 
P+C 

43 12 MP, 
P+C 

PH was 
controlled 

*Above the division sign (“/”) represents the result at presentation, below the division sign (“/”) represents the 
the result at the time of pulmonary hemorrhage. 
[Abbreviations] BVAS: Birmingham Vasculitis Activity Score; C: cyclophosphamide; Con: constitutional 
symptoms; E: ear, L: lung; NS: nervous system; S: skin; R: Renal; MP: methylprednisolone pulse therapy; 
MV: mechanical ventilation; P: prednisone; PH: pulmonary hemorrhage; PI-CrGN: pauci-immune crescentic 
glomerulonephritis 
 
 
Table 2. Data of the patients during pre-dialysis follow-up 
Patient 
No. 

Clinical spectrum and renal function Urinary sediment 
after IT 

ESR and 
CRP after IT 

ANCA 
level after 
IT 

1 After IT, Scr decreased from 189 to 
150μmol/L. Thereafter, the renal function 
deteriorated slowly and progressed to 
ESRD 82 months later. 

Remained 
negative. 

Remained 
normal. 

Dropped.  

2 After IT, Scr decreased from 300 to 
230μmol/L. 15 months later, a relapse 
brought her into ESRD though reinstitution 
of IT relieved extra-renal manifestations. 

Remained 
negative except 
for the relapse. 

Remained 
normal 
except for the 
relapse. 

Did not 
drop. 

3 After IT, Scr decreased from 645 to 
220μmol/L. Thereafter, the renal function 
deteriorated slowly and progressed to 
ESRD 36 months later. 

Remained 
negative. 

Remained 
normal 
except for the 
relapse. 

Dropped.  

4 Manifested as ESRD at presentation. IT 
relieved extra-renal involvement and he 
began chronic hemodialysis 1 month after 
diagnosis. 

Remained 
negative. 

Remained 
normal. 

Turned 
negative. 

5 After IT, Scr decreased from 597 to 
400μmol/L. Thereafter, the renal function 
deteriorated slowly and progressed to 
ESRD 43 months later. 

Remained 
negative. 

Remained 
normal. 

Dropped.  

[Abbreviations] IT: induction therapy 
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Pulmonary hemorrhage and outcomes 
The average duration of follow-up for the 5 patients was 47.0 (range 

8.0-98.0) months. The average duration of progressing to ESRD was 35.4 
(range 1.0-82.0) months after diagnosis. After receiving chronic 
hemodialysis, these patients experienced severe pulmonary hemorrhage 
within 9.0 (range 2.0-23.0) months (Figure 1). ANCA levels were elevated in 
4 patients (No. 1, 2, 4 and 5). Arterial oxygen tension decreased in 4 of 5 
patients, and 2 of them developed respiratory failure.  

 

 
 

Figure 1. Chest radiography of a patient (No. 2) with AAV and ESRD 
A. Before pulmonary hemorrhage; B. Pulmonary hemorrhage 

 
Upon pulmonary hemorrhage, 4 patients were treated with 

intravenous methylprednisolone pulse therapy (7-15 mg/kg/day) and the 
other received oral prednisone (60 mg/day); 2 patients received additional 
plasma exchange therapy; 2 patients received mechanical ventilation. After 
the above treatment, pulmonary hemorrhage was controlled in 4 patients 
and the other 1 died of respiratory failure due to late referral. One patient 
died of secondary infection though the pulmonary hemorrhage was 
controlled (Table 1). 

The rate of pulmonary hemorrhage in AAV patients on dialysis 
tended to be lower than that in AAV patients not on dialysis [0.045 (CI, 
0.037 to 0.053) vs. 0.083 (CI, 0.081 to 0.085) events/patient-year, P=0.17]. 
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Discussion 
ANCA-associated vasculitis is a group of multi-system autoimmune 

diseases. Kidney and lung are the 2 most vulnerable organs. Pulmonary 
hemorrhage is one of the most common and fatal manifestations of patients 
with AAV. Although the introduction of corticosteroids and 
cyclophosphamide has dramatically improved the outcome of patients with 
AAV and most patients could achieve remission, relapses are still 
challenges to physicians. It was found by Hogan et al. that relapses are 
associated with subsequent progression to ESRD [10]. However, it was 
reported that, after patients had progressed to ESRD, the relapse rate is 
relatively low [5, 11], though this remains controversial [12]. In the current 
study, we reported 5 patients who, though on chronic hemodialysis therapy, 
experienced life-threatening pulmonary hemorrhage due to relapses of AAV. 

Among the 5 patients with pulmonary hemorrhage, other factors 
causing pulmonary hemorrhage including infection, malignancy, 
complications of ESRD and overdose of anticoagulant during hemodialysis 
were excluded clinically. Except for one patient who died of respiratory 
failure due to late referral, pulmonary hemorrhage responded to 
immunosuppressive therapy, indicating that the pulmonary hemorrhage was 
truly caused by relapse of AAV. 

The percentage of pulmonary hemorrhage in AAV patients with 
ESRD was only 7.6% (5/66) in the current study. In contrast our previous 
studies suggested that, among the 137 patients achieving remission and 
dialysis independence after induction therapy [13, 14], the percentage of 
relapse manifesting as pulmonary hemorrhage was 12.4% (17/137). In the 
current study, the rate of pulmonary hemorrhage in AAV patients on dialysis 
also tended to be lower than that in AAV patients not on dialysis. This 
indicates that, after patients had progressed to ESRD, relapses including 
pulmonary hemorrhage were less likely to occur. The impairment of immune 
response, especially cell-mediated response, in patients with ESRD might 
contribute to the decreased relapse rate of AAV [5]. 

Our study raises 2 clinical issues. Firstly, relapses of AAV can 
happen even in those who already progressed to ESRD; some relapses 
could be fatal though not very common. On the other hand, when chronic 
dialysis commences, physicians especially nephrologists sometimes tend to 
focus on the management of dialysis therapy including adequacy of dialysis, 
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hemoglobin level and calcium-phosphate product, and neglect the primary 
cause of ESRD, i.e. AAV per se. Therefore, disease activity and relapses of 
AAV should be monitored rigorously, even after patients progress to ESRD. 
Integrating laboratory and clinical profiles, including erythrocyte 
sedimentation rate, C-reactive protein, and change of ANCA levels as well 
as manifestations of organ involvement [14], is helpful for the diagnosis of 
relapses. Secondly, whether patients with AAV during hemodialysis benefit 
from immunosuppressive therapy to reduce the risk of relapse remains a 
controversial issue. It was suggested that a therapeutic strategy to maintain 
long-term remission was needed in patients with ESRD due to AAV [12]. 
However, since patients with AAV and ESRD had a high rate of infections 
[5], how to safely and effectively adjust treatment needs further 
investigation.  

In conclusion, though not very common, severe pulmonary 
hemorrhage caused by relapses of AAV in patients with ESRD can occur. 
Disease activity and relapses of AAV should be monitored rigorously, even 
after patients progress to ESRD. 
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Abstract 
 

[Backgrounds] The introduction of corticosteroid and immunosuppressant 
had greatly improved the prognosis of patients with antineutrophil 
cytoplasmic autoantibody (ANCA)-associated vasculitis (AAV). However, 
relapses, contributing to mortality and worsening end-organ damage of 
patients with AAV, constituted a clinically challenge despite initial good 
control and sometimes might be difficult to differentiate from infections. The 
purpose of the study was to investigate whether patients with relapses 
shared the same initial organ involvement. 
[Methods] Thirty-eight patients with AAV who relapsed during follow-up in 
our single center were recruited. Clinical and laboratory data, especially the 
initial symptoms, at both relapses and initial onset were collected and 
compared.  
[Results] Among the 38 patients, there were totally 55 relapse events. The 
mean duration from the initiation of immunosuppressive therapy to the first 
relapse was 23.5 (2~126) months. For those with more than one relapses, 
the mean duration to the next relapse was 16.2 (3~49) months. Among the 
55 relapse events, 39 (39/55, 70.9%) had the same initial organ involvement 
as initial onset of disease. 
[Conclusions] Relapse events in patients with AAV were more likely to 
begin with the same organ as initial onset, which might facilitate early 
recognition of relapse of AAV.  
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Introduction 
The prognosis of untreated antineutrophil cytoplasmic autoantibody 

(ANCA)-associated vasculitis(AAV) is very poor. Although introduction of 
corticosteroid and cyclophosphamide(CTX) improved the outcome 
dramatically [1], many patients experienced relapses despite long-term 
immunosuppressive therapy. Therefore, early recognition of relapses might 
be crucial for improving the prognosis of AAV.  

Although many organs could be involved in relapses, we had an 
impression, in our clinical practice, that those with relapses tended to have 
the same first organ involved as the initial onset. To address this issue, we 
retrospectively analyzed patients with AAV who experienced relapses, and 
a comparison was made in each patient between initial onset and relapse. 
 
 
Methods 
Patients 

160 consecutive patients with AAV, diagnosed from 1998 to 2006 in 
our hospital were recruited in this study. All patients met the Chapel Hill 
Consensus Conference (CHCC) definition for AAV [2]. Clinical and 
laboratory data were analyzed with inform consents. ANCA were tested by 
both indirect immunofluorescence and antigen-specific ELISAs. During 
follow-up, patients were seen once a month. 
Treatment and disease activity states 

Treatment protocols including induction and maintenance therapy 
were described previously [3]. Disease activity states were defined 
according to the EULAR guidelines on conducting clinical trials [4]. 
“Remission” was defined as “absence of disease activity attributable to active 
disease qualified by the need for ongoing stable maintenance 
immunosuppressive therapy”. “Response” was defined as “50% reduction of 
disease activity score and absence of new manifestations”. “Major relapse” 
was defined as “recurrence or new onset of potentially organ- or life-
threatening disease attributable to active vasculitis”. “Minor relapse” was 
defined as “recurrence or new onset of disease attributable to active vasculitis 
that is neither potentially organ nor life threatening”. 
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Statistics 
Differences of quantitative and qualitative parameters and were 

assessed using t-test and Chi-square test, respectively. Kaplan-Meier 
curves were used to analyze patients’ outcomes. Analysis was performed 
with SPSS software (Chicago, Ill, USA). 
 
 
Results 
Demographic features and ANCA specificity 

38/160(23.8%) patients with AAV experienced relapse during a 
median follow-up duration of 24.0(8-192) months. Among those with 
relapses, 5/38 sera were cytoplasmic ANCA (cANCA) positive and all 
recognized PR3. 33/38 sera were perinuclear ANCA (pANCA) positive, 
32/33 recognized MPO only and one recognized both MPO and PR3. 14/38 
and 24/38 patients were diagnosed as Wegener’s granulomatosis (WG) and 
microscopic polyangiitis (MPA) according to the CHCC definition [2], 
respectively (table 1). 
 

Table 1. Clinical manifestations of the patients  
 Patients with relapse (n=38) 
 First onset  Relapse  

Patients without relapse 
(n=122) 

Age 55.2±15.7  56.1±15.1 
Male/female 14/24  58/64 
cANCA/pANCA 5/33  12/110 
Kidney  29(76.3%) 24(63.1%) 116(95.1%) 
Lung  26(68.4%) 18(47.4%) 69(56.6%) 
Upper respiratory tract 10(26.3%) 4(10.5%) 21(17.2%) 
Nerve  4(10.5%) 5(13.2%) 25(20.4%) 
Eye  9(23.7%) 4(10.5%) 34(27.9%) 
Ear  14(36.8%) 5(13.2%) 43(35.2%) 
Skin  8(21.1%) 1(2.6%)# 17(13.9%) 
Joint and muscle 14(36.8%) 8(21.1%) 58(47.5%) 
Fever 22(57.9%) 16(42.1%) 77(63.1%) 
Fatigue 13(34.2%) 7(18.4%) 74(60.1%) 
Weight loss 11(28.9%) 9(23.7%) 54(44.2%) 
BVAS 17.8±7.1 11.9±7.1* 20.6±6.0 
 

#P<0.05, *P<0.01, compared to “first onset”. 
 
 
Manifestations of initial onset of AAV 

Manifestations of initial onset were listed in table 1.  
All the patients received corticosteroid and CTX therapy. After 

induction therapy of a mean duration of 5.53 months, 20 patients achieved 
“remission” and 18 patients got “response”; the levels of serum ANCA 
declined in 28/38 patients, including 14 patients whose ANCA turned 
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negative. The positive percentage of PR3-ANCA and MPO-ANCA dropped 
from 67.8%±6.7% to 30.6%±17.7% (P<0.01) and from 89.3%±25.0% to 
35.2%±42.2% (P<0.01), respectively. The level of Birmingham Vasculitis 
Activity Score (BVAS) [5] dropped from 17.8±7.1 to 2.73±3.73 (P<0.001). 
Characteristics of relapses 

During follow-up, there were 55 relapse events, 35 and 20 were 
“major relapse” and “minor relapse”, respectively. 29/38, 5/38, 2/38, 1/38 
and 1/38 patients experienced one, two, three, four and six relapse events 
respectively. 48/55 relapse events were occurring between visits and the 
other 7/55 were recognized during clinic visits. 

The mean duration from the initiation of immunosuppressive therapy 
to the first relapse was of 23.5(2~126) months. Among those who relapsed 
more than once, the mean duration to the next relapse was 16.2(3~49) 
months.  

At the time of relapse, all patients had elevated ESR and/or CRP. 
The ANCA levels were elevated in 23/51 (45.1%) relapse events. The 
positive percentage of PR3-ANCA and MPO-ANCA increased from 
17.0%±20.4% to 21.1%±29.1% (P>0.05) and from 37.8%±45.0% to 
54.4%±48.3% (P<0.01), respectively. 

Most patients experienced relapse got remission or response again 
by increasing the dosage of corticosteroid or reinstitution of induction 
therapy, except for four patients died of late referral. 

Among the 122 patients without relapse during follow-up, 90 were 
well, 27 died and 5 had grumbling disease (Figure 1). 
Consistency of initial organ involved between relapses and first onset 

Among the 55 relapse events, 39 (70.9%) had the same initial organ 
involved as the first onset. The prevalence of relapse events with the same 
initial organ involved as first onset was significantly higher than that without 
(70.9% vs. 29.1%, χ2=19.2, P<0.001). Among the 38 events of the first 
relapse, 29 (76.3%) had the same initial organ involved as the first onset. 
Among the 17 events of multiple relapses, 10 (58.8%) had the same initial 
organ involved as the first onset (Table 2). There were no significant 
differences of the consistent rates between patients with WG and MPA or 
between patients with PR3-ANCA and MPO-ANCA. 
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Figure 1. Relapse and survival of the patients.    

Solid line: survival; broken line: relapses. 
 
 
Table 2. Consistency of initial organ involved between relapses and the first onset 
 

First onset Relapse 
Initial organ 
involved  

No. of 
patients 

No. of relapse 
events 

Initial organ 
involved 

No. of relapse 
events 

No. of relapse events 
with the same initial 
organ involved as first 
onset 

Lung  19 
Kidney 2 
Peripheral 
nerve 

2 

ENT 1 

Lung  19 25 

Joint and 
muscle 

1 

19/25(76.0%) 

Kidney 3 Kidney 5 5 
Lung  2 

3/5(60.0%) 

ENT 5 
Kidney 1 

ENT 5 9 

Lung  3 

5/9(55.6%) 

Joint and 
muscle 

9 

ENT 1 

Joint and 
muscle 

5 11 

CNS 1 

9/11(81.8%) 

Skin 1 1 Skin 1 1/1(100%) 
Eye 1 1 Eye 1 1/1(100%) 
Testicle 1 1 Kidney 1 0/1(0%) 

Cons. 
(fever) 

1 Cons. 
(fever) 

1 2 

CNS 1 

1/2(50.0%) 

Total 38 55   39/55(70.9%) 
[Abbreviations] ENT: ear, nose and throat; CNS: central nervous system; Cons: constitutional symptoms  
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Discussion 
Relapses of AAV, associated with subsequent progression to end-

stage renal disease [6], are still a challenge to physicians despite successful 
initial treatment [7-13]. However, early identification of relapse is not easy. 

The current study suggested that most relapse events of AAV 
began with the same organ as initial onset, which would greatly facilitate the 
early awareness of relapses. Although the mechanisms were not clear, it 
was speculated that the pathogenesis of relapses and initial onset of the 
disease might be the same. The current therapy might just provide 
immunosuppression rather than a clearance of etiology despite the 
impressive initial response. Localized subclinical disease might persist 
during an apparent remission and progress to fulminant active disease after 
remission. Especially in WG, it seemed that relapse was generally related to 
the existence of granuloma since the current immunosuppressive therapy 
had less effect on granulomatous inflammations than on vasculitis. It might 
resolve and then develop again or persist in a subclinical and inactive 
condition. Thus, the persistent granuloma might be the root of relapses of 
WG [14].  

In summary, the current study provided a useful tool for physicians 
to recognize relapses of AAV. Patients should also be educated to pay 
special attention to the first organs involved at initial onset for early 
awareness of relapses. 
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Abstract 
 

[Objectives] Biomarkers for assessing disease activity of patients with anti-
neutrophil cytoplasmic autoantibody (ANCA)-associated vasculitis (AAV) are 
important in identifying relapse and guiding treatment. ANCA-induced 
neutrophil activation and degranulation played an important role in the 
pathogenesis of AAV and neutrophil gelatinase associated lipocalin (NGAL) 
is a biomarker of neutrophil degranulation. The purpose of the current study 
is to investigate whether NGAL is a useful biomarker for assessing disease 
activity of patients with AAV. 
[Methods] Sequential sera from 19 patients with AAV at initial onset, 
remission and relapse were collected. Serum NGAL was detected using 
commercial ELISA kits. The association between serum NGAL and the 
Birmingham Vasculitis Activity Score (BVAS), ESR, CRP as well as serum 
ANCA was further investigated. 
[Results] The 19 patients had 19 relapses. The levels of serum NGAL in 
patients at initial onset and relapse were both significantly higher than that 
at remission (285.5±65.5ng/ml vs. 96.7±22.2ng/ml, P<0.05; 430.3±98.7 
ng/ml vs. 96.7±22.2ng/ml, P<0.05, respectively). It was still the case after 
adjusting for renal function. The levels of serum NGAL closely correlated 
with BVAS as well as the level of ESR, CRP and ANCA. Moreover, serum 
NGAL level had a closer correlation with BVAS than ESR, CRP and ANCA 
did. 
[Conclusion] Circulating NGAL could be used as a useful biomarker for 
assessing disease activity of patients with AAV. 
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Introduction 
Antineutrophil cytoplasmic autoantibody (ANCA)-associated 

vasculitis comprises a group of disorders characterized by necrotizing small-
vessel vasculitis with autoantibodies directed against neutrophil cytoplasmic 
constituents, in particular proteinase 3 (PR3) and myeloperoxidase (MPO). 
ANCA-associated vasculitis (AAV) includes Wegener’s granulomatosis 
(WG), microscopic polyangiitis (MPA), Churg-Strauss syndrome (CSS) and 
renal-limited vasculitis (RLV). Although corticosteroid and 
cyclophosphamide improved the outcome substantially, many patients 
experienced relapses despite long-term immunosuppressive therapy. 
Biomarkers for assessing disease activity are important in identifying 
relapse and guiding treatment.  

The pathogenesis of AAV has not been fully elucidated. Increasing 
evidence suggested that ANCA-induced neutrophil activation and 
degranulation plays an important role in the pathogenesis of AAV. ANCA 
could stimulate neutrophils to undergo a respiratory burst and release free 
oxygen radicals and various proteases, which played a direct pathogenic 
role in vasculitic lesions [1-4]. In an anti-MPO antibody-induced mouse 
vasculitis model, it was suggested that neutrophils were necessary in 
initiation of glomerulonephritis [5].  

Neutrophil gelatinase associated lipocalin (NGAL) is a 25kDa 
protein in secondary granules of neutrophils. NGAL is secreted more readily 
from neutrophils than any other proteins and is considered as a special 
biomarker of neutrophil degranulation [6-8]. Therefore, it is of special 
interests to investigate whether it is a good biomarker for assessing disease 
activity of AAV. 

 
 

Material and methods  
Patients and sera  

Nineteen patients with AAV diagnosed in our hospital were recruited 
as the disease group in this study. All the patients met the criteria of the 
Chapel Hill Consensus Conference definition for AAV [9]. For each patient, 
three sera were collected respectively: (1) active phase of initial onset 
before initiation of immunosuppressive therapy, (2) remission stage after 
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immunosuppressive therapy, and (3) active phase of relapse. “Remission” 
was defined as “absence of disease activity attributable to active disease 
qualified by the need for ongoing stable maintenance immunosuppressive 
therapy”. “Major relapse” is defined as “recurrence or new onset of potentially 
organ- or life-threatening disease attributable to active vasculitis”. “Minor 
relapse” is defined as “recurrence or new onset of disease attributable to 
active vasculitis that is neither potentially organ- nor life-threatening” [10]. 
None of them was suffering from clinical evident bacterial or viral infections. 
Treatment protocols of AAV including induction and maintenance therapy 
were described previously [11]. Sera from all subjects were obtained in 
EDTA and kept in -30°C until use. Disease activity was assessed in 
accordance with the Birmingham Vasculitis Activity Score (BVAS) [12]. 
Since all the 19 patients with AAV in the disease group had renal damage, 
sera from another 10 AAV patients in active stage and without renal 
damage (BVAS 5-13, mean 7.3) were employed as disease control. Another 
disease control group was 15 patients with lupus nephritis, with an 
estimated glomerular filtration rate (eGFR) [13] of 74.6±63.9ml/min/1.73m2. 
Sera from 10 healthy blood donors were collected as normal controls. The 
research was in compliance of the declaration of Helsinki and approved by 
the ethic committee of the local hospital. Inform consent was obtained from 
each patient.  
Detection of ANCA 

ANCA tests were performed by both indirect immunofluorescence 
(IIF) assay and antigen-specific ELISAs. Standard IIF assay were performed 
according to the manufacturer [EUROIMMUN, Lübeck, Germany]. Two 
highly purified known ANCA antigens, proteinase 3 (PR3) and 
myeloperoxidase (MPO), purified as previously reported [14], were used as 
solid phase ligands in ELISA. The results of ELISA were expressed as 
percentage of a known positive control. 
Measurement of serum NGAL  

Serum NGAL was measured according to the instruction of NGAL 
ELISA kit (ANTIBODYSHOP, DK-2820 Gentofte, Denmark). Sera were 
diluted in 1:2000. Each calibrator, diluted specimens and normal controls 
were pipetted into the corresponding positions in the microwell plates. The 
volumes of this step and subsequent steps were 100 μl. All incubations 
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were carried out at room temperature for 1hr on a shaking platform at 200 
waves/min, and the plates were washed three times with 300μl diluted 
Wash Solution between stages. The binding was detected using 
Biotinylated NGAL Antibody and HRP-Streptavidin Conjugate. The reaction 
was revealed using TMB Substrate in dark and was stopped with 100μl Stop 
Solution. The color intensity was read at 450nm in an ELISA reader. The 
results of the calibrators were used to construct a calibration curve from 
which the concentrations of NGAL in the test specimens were read. 

 
Table 1. Clinical data of the 19 patients with AAV at initial onset, remission and relapse 

BVAS 
No Age sex ANCA Diagnosis Organ Involved initial 

onset 
remission relapse 

1 63 M C/PR3 WG con,  eye, ENT,  sk, j,  ki, l 23 0 18 

2 47 F C/PR3 WG eye, ENT, sk, ki, j 12 0 16 

3 69 F P/MPO WG eye, sk, ki, l, con 16 0 12 

4 57 M P/MPO MPA eye, j, ki, l, ner, con 23 0 12 

5 63 F P/MPO MPA ki, l, eye 12 0 13 

6 52 M P/MPO MPA ki, con 12 2 15 

7 68 F P/MPO MPA ki, l, con, j, ner 19 2 23 

8 50 F C/PR3 WG ki, l, j, ENT 17 0 18 

9 64 F P/MPO MPA ner, ki, l 20 2 16 

10 67 F P/MPO MPA ner, sk, ki, l, con 14 2 30 

11 66 M P/MPO MPA eye, con, sk, j, ki, l 15 2 15 

12 61 F P/MPO MPA con, ki, l, eye 13 1 11 

13 48 F P/MPO WG skin, ki, l 14 1 10 

14 55 F P/MPO WG con, ENT, ki 15 0 7 

15 68 M P/MPO WG ENT, j, ki, l 24 0 22 

16 83 M P/MPO MPA eye, ki, l, ner 23 2 22 

17 51 F P/MPO MPA ki, con, l, eye, j, ner 19 2 30 

18 73 F P/MPO MPA con, ki, l, sk, j 21 2 17 

19 68 M P/MPO MPA con, ENT, ki, l, j, ner 22 2 29 
[Abbreviations] con: constitutional symptoms, ENT: ear, nose and throat, j: joint, ki: kidney, l: lung, ner: nerve, 
sk: skin 

 
Statistical analysis 

Student’s t-test was used to compare means as appropriate. 
Pearson test was used for correlation analysis. An analysis of covariance 
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model (ANCOVA) was used for adjust: the model regarded the 
concentration of NGAL as a dependent variable, group as a factor while Scr 
and eGFR value as covariate respectively. It was considered significant 
difference if the P value was less than 0.05. The statistical analysis was 
performed in SPSS statistical software package (version 11, Chicago, Ill, 
USA). 
 
 
Results 
General data of the patients 

Among the 19 patients with AAV in the disease group, 7 were male 
and 12 were female, with an average of 61.7 (range 47-83) years old at the 
time of initial onset. Three patients were cytoplasmic ANCA (cANCA) 
positive and all the sera recognized PR3; the other 16 patients were 
perinuclear ANCA (pANCA) positive and all the sera recognized MPO. 
Seven and twelve patients were classified as WG and MPA, respectively 
(Table 1). 
NGAL levels of patients in different phases 

In the disease group, the concentration of serum NGAL in the 19 
patients at initial onset was 285.5±65.5 (range 48.7-1165.2) ng/ml, while 
those at remission and relapse were 96.7±22.2 (range 15.9-345.2) ng/ml 
and 430.3±98.7 (range 30.3-1405.3) ng/ml, respectively. The level of serum 
NGAL in normal controls was 17.6±14.6 (range 1.8-44.8) ng/ml. The levels 
of NGAL in the 19 patients with AAV at initial onset, remission and relapse 
were all significantly higher than that in normal controls (P<0.001, 
respectively). The levels of NGAL in patients at initial onset and relapse 
were both significantly higher than that at remission (P<0.05, P<0.05, 
respectively). For every patient, the level of serum NGAL in remission was 
lower than that in initial onset and relapse (Figure 1). After adjusting for the 
eGFR value, the levels of serum NGAL in patients at initial onset and 
relapse were still significantly higher than that at remission (346.3±65.5 
ng/ml vs. 112.8±65.6 ng/ml, P<0.05; 448.1±65.5 ng/ml vs. 112.8±65.6 
ng/ml, P<0.05, respectively). After adjusting for the Scr value, the levels of 
serum NGAL in patients at initial onset and relapse were also significantly 
higher than that at remission (319.7±65.7 ng/ml vs. 143.8±66.2ng/ml, 
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P<0.05; 443.8±64.5 ng/ml vs. 143.8±66.2ng/ml, P<0.05, respectively). The 
level of serum NGAL in AAV patients without renal involvement was 
67.1±53.4 ng/ml, which was significantly higher than that in normal controls 
(P<0.05). The level of serum NGAL in patients with lupus nephritis was 
74.6±63.9 ng/ml. It is significantly lower than that in AAV patients at initial 
onset and it is also the case after adjusted for renal function. 

 
 

Figure 1. The serum concentrations of NGAL in patients at initial onset, remission and 
relapse phase. 

 
 

 
Figure 2. The correlation of serum level of NGAL and BVAS in patients with AAV. 
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The correlation between serum level of NGAL and BVAS 
Correlation analysis showed that the levels of serum NGAL closely 

correlated with the level of BVAS (r=0.726, P<0.001) (Figure 2); while the 
correlations between ESR and BVAS, CRP and BVAS, ANCA and BVAS 
were r=0.450, P<0.01; r=0.266, P<0.05; and r=0.387, P<0.05, respectively. 
The correlation between serum level of NGAL and ESR 

Correlation analysis showed that the levels of serum NGAL 
correlated with ESR value (r=0.341, P<0.01) (Figure 3). 
The correlation between serum level of NGAL and the level of ANCA 

Since there were only three patients with positive PR3-ANCA, only 
the correlation between serum level of NGAL and the level of MPO-ANCA 
was investigated. Correlation analysis showed that the levels of serum 
NGAL correlated with the levels of ANCA (r=0.435, P<0.01) (Figure 4). 
The correlation between serum level of NGAL and CRP 

Correlation analysis showed that the levels of serum NGAL 
correlated with CRP value (r=0.306, P<0.05) (Figure 5). 

 
 

Figure 3. The correlation of serum level of NGAL and ESR in patients with AAV. 
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Figure 4. The correlation of serum level of NGAL and level of ANCA in patients with AAV 

 
 

 
Figure 5. The correlation of serum level of NGAL and CRP in patients with AAV. 

 
 

Discussion 
ANCA-associated vasculitis (AAV) is a group of relapsing-remitting 

diseases. Relapses are associated with subsequent progression to end-
stage renal disease [15] and the number of relapse is a strong predictor of 
damage during follow-up [16]. In this context, biomarkers of assessing 
disease activity have become necessary for guiding appropriate treatment. 
Since neutrophil activation and degranulation played an important role in 
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the pathogenesis of AAV and NGAL is regarded as a special biomarker of 
neutrophil degranulation, it is reasonable to speculate that serum level of 
NGAL is associated with disease activity of AAV. 

For patients with AAV in the current study, serum levels of NGAL 
were detected in sequential serum samples at different stages of the 
disease, i.e. initial onset, remission and relapse. Since the increase of 
serum NGAL has also been reported in several diseases (reviewed by 
Bolignano D, et al. [17] and Devarajan P [18]) especially bacterial infections 
[19] and acute renal tubular injury [20-25], these circumstances were 
excluded clinically in the current study. It was found that serum levels of 
NGAL were significantly higher in active stage of AAV (initial onset and 
relapse) than in remission stage. It was reported that decrease of renal 
function also influence the serum level of NGAL [8, 26] and serum NGAL 
significantly correlated with eGFR [26]. Therefore, serum levels of NGAL 
were adjusted for renal function in the current study. After such adjustment, 
serum NGAL was still significantly higher in active stage of disease than in 
remission stage. These results further confirmed that neutrophil activation 
and degranulation played an important role in the pathogenesis of ANCA-
associated vasculitis. It was also found in the current study that serum levels 
of NGAL correlated well with levels of disease activity biomarkers including 
ESR, CRP and ANCA, suggesting that serum NGAL is a useful biomarker 
for assessing disease activity of AAV. 

BVAS is a widely accepted standard assessment tool for scoring 
disease activity in systemic vasculitis. It serves as a precise record of the 
extent of disease activity [27, 28]. However, disease assessment scores do 
not obviate the need for looking for biomarkers of the disease activity. 
Among these currently available biomarkers, ESR, CRP and ANCA were 
the prototypes (reviewed by Tse WY, et al. [29]). Interestingly, it was found 
in this study that the level of serum NGAL closely correlated with BVAS. 
Moreover, serum NGAL levels had a closer correlation with BVAS than 
ESR, CRP and ANCA did, indicating that serum NGAL might be a more 
accurate and sensitive biomarker for assessing disease activity of AAV. 

There are some limitations for circulating NGAL in assessing 
disease activity of AAV. Serum NGAL could be affected by several other 
factors, the most important of which is infection especially bacterial 
infection [7], since neutrophil activation also participates in these entities. 
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On the other hand, distinguishing infection from active AAV is also 
sometimes difficult simply by some laboratory tests including ESR and 
CRP. In such circumstance, integrating clinical profiles is crucial for 
identifying relapse [30]. Nevertheless, serum NGAL provided another 
useful biomarker to reflect disease activity of AAV.  

In conclusion, circulating NGAL is a useful and alternative biomarker 
for assessing disease activity of ANCA-associated vasculitis. A large 
prospective study is required to confirm these findings. 
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Abstract  
[Background] Antineutrophil cytoplasmic antibodies (ANCA) is an important 
serologic marker for ANCA-associated vasculitis (AAV). Our previous 
studies in propylthiouracil (PTU)-induced AAV demonstrated that withdrawal 
of PTU resulted in clinical remission and significant decrease of avidity of 
PTU-induced anti-myeloperoxidase (MPO) antibodies. This study 
investigated the changes in avidity and titer of MPO-ANCA in sequential 
sera from some patients with primary AAV with different disease activities. 
[Methods] Sequential sera samples of seven patients with MPO-ANCA-
positive vasculitis at their initial onset, remission and relapse were collected. 

The avidity of MPO-ANCA was assessed by antigen-inhibition ELISA. The 
titer of anti-MPO antibodies was determined by a two-fold dilution of sera in 
MPO specific ELISA.  
[Results] The avidity of MPO-ANCA in active phase is not significantly 
different from that in remission (724.9±828.4L/mol vs. 353.4±551.7L/mol, 
P=0.303). No significant difference could be found between initial onset and 
remission (P=0.492). No significant correlation could be found between aK 
and BVAS level, times of relapse, the number of organ involvement, serum 
creatinine, or CRP except for the duration of remission (P=0.036) and ESR 
(P=0.032). The titer of anti-MPO antibodies was not significantly different 
between initial onset and in remission. 
[Conclusion] Avidity and titer of MPO-ANCA did not decreased significantly 
during remission in AAV and there is a negative correlation between avidity 
and the duration of remission, indicating the chronic repeated antigen 
stimulation was not removed, which might be the reason for recurrent 
relapses. 
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Introduction 
Antineutrophil cytoplasmic antibodies (ANCA) are important 

serological markers for certain kinds of primary systemic vasculitis, including 
Wegener’s granulomatosis (WG), microscopic polyangiitis (MPA), Churg-
Strauss syndrome (CSS) and their localized variants (renal limited vasculitis, 
RLV), called ANCA-associated vasculitis (AAV) [1]. 

The pathogenesis of AAV has not been fully elucidated, but 
increasing evidence suggested that ANCA play an important role [2-7]. The 
prognosis of untreated AAV is dismal. Since the employment of 
corticosteroids and cyclophosphamide, remission can be achieved in most 
of the patients [8]. However, up to 50% of individuals in remission will 
relapse within 5 years [9]. The relationship between changes of ANCA level 
and relapse of AAV remained controversial [10, 11]. Our previous studies on 
proprythiouracil (PTU)-induced vasculitis showed that once remission is 
achieved by withdrawal of PTU and employment of immunosuppressive 
therapy, relapses seldom occur [12]. Further investigation suggested that 
both the avidity and titer of myeloperoxidase (MPO)-ANCA decreased 
significantly after remission; and the avidity decreased much more quickly 
than the titer did [13]. Therefore, we speculate that the chronic relapses in 
primary AAV might be associated with the persistently high avidity of MPO-
ANCA. Moreover, our previous studies suggested that in Chinese, about 80-
90% of the patients with AAV are MPO-ANCA positive [14-18]. It indicated 
that MPO is the most important ANCA target antigen for Chinese patients 
with AAV. Therefore, the current study aimed to detect changes of avidity 
and titer of MPO-ANCA in sequential sera samples from some patients with 
AAV in active phase of initial onset and relapse as well as in remission. 

 
 

Patients and methods 
Patients and Sera 

Patients in our hospital fulfilled the following criteria were recruited 
in the current study: (1) fulfilled the 1994 Chapel Hill Consensus Conference 
definition for AAV [19] and with positive serum perinuclear ANCA (p-ANCA) 
and MPO-ANCA; (2) complete clinical data on diagnosis and during follow-
up; (3) sequential serum samples of initial onset and relapse before the 
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immunosuppressive therapy was initiated as well as remission; and (4) a 
relatively higher level of MPO-ANCA in all the three sera samples (above 
50% of the positive control). Treatment protocols of AAV including induction 
and maintenance therapy were described previously [17]. All the sera were 
stored at -20ºC until use. Informed consent was obtained for blood 
sampling. The research was in compliance of the Declaration of Helsinki 
and approved by the ethic committee of the local hospital. 
Assessment of Disease Activity 

The vasculitic disease activity was measured by the Birmingham 
Vasculitis Activity Score (BVAS) [20]. “Remission” was defined as “absence 
of disease activity attributable to active disease qualified by the need for 
ongoing stable maintenance immunosuppressive therapy” (complete 
remission), or “50% reduction of disease activity score and absence of new 
manifestations” (partial remission). “Relapse” is defined as “recurrence or 
new onset of potentially organ- or life-threatening disease attributable to 
active vasculitis” (major relapse), or “recurrence or new onset of disease 
attributable to active vasculitis that are neither potentially organ- nor life-
threatening” (minor relapse) [21]. 
Detection of Titers of MPO-ANCA 

All sera were screened for ANCA by indirect immunofluorescence 
using precooled ethanol-fixed normal peripheral neutrophils as substrate 
according to the manufacturer (Euroimmun, Lübeck, Germany) and MPO-
ANCA were measured by enzyme-linked immunosorbent assay (ELISA) as 
described. In brief, highly purified human native MPO was coated to the 
wells of a Costar microtitre plate (Data Packaging Corporation, MA, USA) at 
2.0mg/l in coating buffer (0.05mol/l bicarbonate buffer, pH 9.6). The volume 
in each well was 100μl in all steps and every sample was added in 
duplication, all incubations were carried out at 37ºC for 1 h, and the plates 
were washed three times with phosphate buffered saline (PBS) containing 
0.1% Tween-20 (PBST) (Chemical reagents, Beijing, China) between 
stages. Sera were diluted at 1:50 with PBST and every plate contained 
positive, negative and blank controls (PBST). Binding was detected with a 
horseradish peroxidase-conjugated antihuman IgG (Gibco BRL, Carlsbad, 
CA, USA) at a dilution of 1:5000. The peroxidase substrate o-
phenylenediamine was used at 0.4g/l in 0.1M citrate buffer (pH5.0). The 
results were recorded as the net OD490nm and samples were considered 
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positive if they exceeded mean +3 SD from 45 normal blood donors. 
Samples positive for MPO-ANCA in screening were subsequently tested at 
two fold dilutions, from 1:50 to 1:25600, to determine their titers. 
Avidity Constant Determination 

The avidity constant (aK) was determined as the reciprocal value of 
the MPO molar concentration in the liquid phase resulting in 50% inhibition 
of MPO-ANCA binding to MPO in solid phase ELISA as previously 
described [13]. The higher MPO molar concentration required, the lower the 
avidity was. Therefore, the higher the value of aK, the higher the avidity. 
Briefly, the appropriate serum concentration required for a competitive 
assay was determined first for each patient as the serum dilution (1:50-
1:3200), giving about 50%-65% of the maximum binding in the standard 
MPO ELISA. The competitive binding assay was performed by incubating 
the determined serum concentration with decreasing amounts of MPO 
(35mg/l - 0.068mg/l) in PBST at 4°C overnight. The mixture was then 
transferred to MPO-coated plates for the standard ELISA procedure. 
Statistical Analysis 

Student’s t-test was used to compare means as appropriate. Linear 
regression analysis was used for correlation analysis. Differences of 
qualitative data were compared by Chi-square test. It was considered 
significant difference if the P value was less than 0.05. The statistical 
analysis was performed in SPSS statistical software package (version 11, 
Chicago, Ill, USA). 

 
 

Results 
Demographic Characteristics and Clinical Data 

Seven patients were recruited in the current study. Two patients 
were male and five were female, with an average age of 63±6.4 (range 51-
69) years when the diagnosis of AAV was established. The serum creatinine 
at diagnosis was 346.6±236.2μmol/L (range 76-798.5μmol/L). Six patients 
were classified as MPA and the rest one was classified as RLV. After 
immunosuppressive therapy, remissions were achieved in all patients; two 
of which achieved partial remission and the other five achieved complete 
remission. The mean duration from remission to first relapse was 18.3±8.7 
(range 9-33) months. The levels of BVAS were 17±3.2 (range 14-23), 
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1.86±3.5 (range 0-9) and 16.7±1.8 (range 15-20) at initial onset, remission 
and relapse, respectively. Clinical data of these patients were listed in Table 
1 and Table 2. 

 
Figure 1.The titer of MPO-ANCA of patients with primary AAV in initial onset, relapse and remission 

 
 

Table 1. Clinical characteristics and titers of MPO-ANCA of patients with AAV 
Titers of MPO-ANCA IgG No. Age 

(yr) 
Sex 
 

Diagnosis Initial Scr 
(μmol/L) 

Initial 
onset 

Remission  Relapse  

1 58 M MPA 138 1:6400 1:800 1:1600 

2 67 F RLV 268 1:100 1:800 1:400 

3 69 F MPA 76 1:400 1:800 1:800 

4 64 M MPA 798.5 1:800 1:200 1:200 

5 51 F MPA 333 1:6400 1:400 1:3200 

6 64 F MPA 397 1:12800 1:6400 1:6400 
7 68 F MPA 416 1:800 1:400 1:1600 

[Abbreviations] MPA: microscopic polyangiitis, RLV: renal limited vasculitis 
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The Titers of MPO-ANCA 
As shown in Figure 1, the titers of MPO-ANCA in remission phase 

decreased in three patients, compared with initial onset and relapse (No. 1, 
5 and 7). Two patients had their highest titers at initial onset (No. 4 and 6), 
and one patient had the lowest titer at initial onset (No. 3), and these three 
patients had equal levels for remission and relapse. For the rest one (No. 2), 
the titer of remission was higher than that at initial onset and relapse. No 
significant correlation could be found between the titers and BVAS levels 
(r=0.398, P>0.05). 
The Avidity of MPO-ANCA 

 
Table 2. Avidity constant (aK) of MPO-ANCA in patients with AAV 

 Initial onset Remission Relapse 
No Organ 

involved 
BVAS  aK(×106, 

l/mol) 
Duration 
(mon) 

BVAS  aK(×106, 
l/mol) 

Organ 
involved 

BVAS  aK(×106, 
l/mol) 

1 K,Ey 23 >2048 9 9 512 K,N 15 >2048 
2 K 15 ND 16 0 256 K 15 128 
3 K,L,E 18 16 11 0 96 K,L 18 32 
4 K,Ep 15 192 18 0 6 K,L 16 64 
5 K 15 >2048 27 0 64 K,L 16 1024 
6 K,L 19 1024 14 4 1536 K,L 17 512 
7 K 14 32 33 0 4 K,G,J 20 256 
[Abbreviations] K:kidney, L:lung, E:ear, Ey:eye, Ep:epididymis, N: nerve, ND: not done, J:joint, 
G:gastrointestinal tract 

 
The changes in the amount of MPO (mg/l) needed to give a 50% 

inhibition of binding in MPO-ELISA in serial sera from patients with AAV 
were shown in Figure 2. The higher the amount of MPO used, the lower the 
avidity of the MPO-ANCA detected. Compared with active phases, the 
avidity of four patients in remission decreased. For the other three patients, 
the avidity in remission was even higher than that in active phases. The 
avidity constant (aK) of MPO-ANCA in active phase was not significantly 
different from that in remission (724.9±828.4L/mol vs. 353.4±551.7L/mol, P= 
0.303). No significant difference of aK could be found between initial onset 
and remission (P>0.05). No significant correlation could be found between 
aK and the BVAS level, times of relapse, the number of organ involvement, 
serum creatinine, or CRP, except for the duration of remission (P=0.036) 
and ESR (P=0.032) (Table 3). The duration of remission correlated with the 
aK of remission phase (P=0.036), but did not correlate with that of active 
phase (P=0.788). 
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Figure 2. The changes of inhibitive amount of MPO (mg/l) needed to give a 50% inhibition of binding 

in MPO-ELISA from serial sera of patients with AAV in initial onset, relapse and remission. 
 

 
Table 3. The correlation of MPO-ANCA avidity constant (aK) and clinical parameters 

Clinical parameters correlation with aK 
 r P value 
BVAS 0.261 >0.05 
Erythrocyte sedimentation rate& -0.595 <0.05 
C-reactive protein & -0.49 >0.05 
Serum creatinine 0.219 >0.05 
The number of organ involvement 0.269 >0.05 
Times of relapse & 0.573 >0.05 
Times of relapse § 0.478 >0.05 
The duration of remission & -0.126 >0.05 
The duration of remission § -0.786 <0.05 

r : correlation coefficient. &: the aKs in active phase were used. §: the aKs in remission phase were used.  
 
 

Discussion 
Besides the diagnostic value, the pathogenic role of ANCA has 

been gradually established. ANCA are presumed to reflect the disease 
activity. However, it is still controversial about the value of ANCA in disease 
activity monitoring [10, 11]. Cambridge et al. suggested that whether the 
autoantibody response was pathogenic would depend on many factors 
including the immunological characteristics of the autoantibodies, such as 
epitope specificity, avidity, subclass and idiotype [22]. In our previous study 
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on MPO-ANCA in patients with PTU-induced vasculitis, it was found that the 
avidity and titer of PTU-induced MPO-ANCA, especially avidity, was 
associated with the disease activity closely [23]. Therefore, we speculated 
that some of the immunological characteristics of MPO-ANCA might be 
associated with disease activity in primary AAV and the chronic relapses 
might be associated with the persistently higher avidity of ANCA even 
during remission. 

In the current study, there was no significant correlation between 
titers of MPO-ANCA and disease activity. The avidity in active stage was not 
significantly different from that in remission stage. The main finding of our 
study is the failure to show the significant correlation between the avidity of 
MPO-ANCA and disease activity measured by BVAS.  

It has been well known that the antigen-specific antibody undergoes 
affinity improvement after the primary response. For achieving affinity 
maturation, molecular modifications of the immunoglobulin genes triggered 
by antigen are pivotal [24]. The B-cell clones producing MPO-ANCA may 
take the same process. We speculate the MPO-ANCA may experience a 
shift from low affinity to high (affinity maturation) assisted by antigen 
stimulation. Therefore, the persistently high affinity of MPO-ANCA, even in 
clinical quiescence, may be attributed to repeated chronic antigen 
stimulation. It is also reasonable to suggest that high avidity of MPO-ANCA 
may contribute to disease activity. Therefore, the persistently high affinity of 
MPO-ANCA in remission phase may contribute to relapse of vasculitis. 

In patients with PTU-induced vasculitis, clinical remission can be 
achieved through cessation of PTU and initiation of immunosuppressive 
therapy; a significant decrease in the avidity of PTU-induced MPO-ANCA 
during remission has been described previously [13]. This finding supports 
the speculation that repeated antigen stimulation may be the reason for 
persistently high avidity of MPO-ANCA in some patients with primary AAV. 
Our finding in the current study, no significant decrease of MPO-ANCA 
avidity in remission, indicates that certain unknown antigens that initiate the 
production of MPO-ANCA hasn’t been removed. Therefore, administration 
of immunosuppressive therapy without removal of the chronic antigenic 
stimulation is not enough to prevent relapses. Meanwhile, as shown in our 
study, the lower the avidity of ANCA in remission was, the longer the 
remission maintained; which suggested the relationship between recurrent 

 159 



Chapter 11 

relapses and high avidity of MPO-ANCA. Although remission could be 
achieved in the majority of patients with primary AAV, a high relapse rate is 
still a challenge, resulting in continuing morbidity and mortality, which 
underlines the need for uncovering the mask of the peace-breaker. 

There were some limitations in the current study. Firstly, due to the 
method limitation, relatively higher titers are required for avidity detection. 
So, those patients with lower titers in either active or remission phase were 
excluded and the number of patients recruited in our study was limited. 
Secondly, all the seven patients experienced at least one relapse. They are 
only a subgroup of the total primary AAV patients since quite a few patients 
in our clinical practice never experienced relapse during follow-up. 
Moreover, based on the fact that most of AAV patients in Chinese were 
MPO-ANCA positive, we only focused on patients with MPO-ANCA and 
neglected PR3-ANCA-positive patients.  

In conclusion, avidity and titer of MPO-ANCA did not decrease 
significantly during remission in some patients with AAV who experienced 
relapses. It indicated that the chronic repeated antigen stimulation was not 
removed, which may be the reason for recurrent relapses. 
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ANCA-associated vasculitides constitute a group of primary 

vasculitides, including Wegener’s granulomatosis (WG), microscopic 

polyangiitis (MPA), Churg-Strauss syndrome (CSS) and renal-limited 

vasculitis (RLV). These diseases are characterized by necrotizing small-

vessel vasculitis in association with autoantibodies directed against 

neutrophil cytoplasmic constituents, in particular proteinase 3 (PR3) and 

myeloperoxidase (MPO). Kidneys and lungs are the two most commonly 

affected organs [1].  

In this thesis, pathogenic and clinical aspects of ANCA-associated 

vasculitis have been studied. In part I of the thesis, the role of the 

complement system in AAV is explored. In part II, clinical characteristics 

and biomarkers for relapse of AAV have been investigated.  

Below, the findings of this thesis are summarized. 

In chapter 2, an overview of updated information on the 

pathogenesis of AAV is given. Clinical and in vitro and in vivo experimental 

data support a pathogenic role for ANCA in AAV. Additional clinical 

evidence for a pathogenic role of ANCA comes from the observation that 

patients with acute renal failure treated with plasma exchange had a lower 

risk for progression to end-stage renal disease (ESRD) than patients who 

receive intravenous methylprednisolone therapy [2, 3]. Recent data also 

suggest that antibodies to complementary PR3, probably cross-reacting with 

plasminogen, may induce PR3-ANCA [4]. Furthermore, a new ANCA, 

directed against human LAMP-2 has been described as a sensitive and 

specific marker for renal AAV [5]. In vivo, anti-LAMP-2 antibodies can 

induce pauci-immune necrotizing crescentic glomerulonephritis in rats. Rats 

developed both cross-reactive antibodies to LAMP-2 and crescentic 

glomerulonephritis when immunized with FimH, an adhesin from Gram-

negative bacteria which has strong homology with human LAMP-2 [6, 7]. 

These recent studies have shown new light on the interaction of different 

ANCA and their pathogenic potential, but these findings should be 

confirmed and extended.   
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Pathogenic aspects of ANCA-associated vasculitis: role of 
complement 

Recent observations, mainly in animal models, suggest a critical 

role of complement activation in the pathogenesis of ANCA-associated 

vasculitis [8-10]. In part I of this thesis, the role of the complement system in 

the pathogenesis of human AAV has been further explored.  

In chapter 3, an overview of the involvement of the complement 

system in AAV is given. Evidence for complement activation in ANCA-

associated vasculitis is discussed and a working model that links ANCA, 

neutrophils and complement activation in causing an inflammatory 

amplification loop that may explain the severe leukocytoclastic inflammation 

typical for ANCA-associated vasculitis is proposed.  

In chapter 4, the clinical and pathological significance of 

complements deposition in renal histopathology of patients with ANCA-

associated pauci-immune glomerulonephritis has been explored. By direct 

immunofluorescence microscopy, C3c could be detected in glomeruli in the 

specimens of nearly 1/3 of the patients. Compared with patients without C3c 

deposition, patients with C3c deposition had higher levels of urinary protein 

and poorer initial renal function. The proportion of patients with C1q 

deposition was relatively low, indicating that classical pathway activation is 

not the major pathway of complement system activation in human ANCA-

associated glomerulonephritis. These findings suggest that complement 

deposition is not rare in renal histopathology of human ANCA-associated 

pauci-immune glomerulonephritis and is associated with more severe renal 

injury.  

Since complement deposition was associated with more severe 

renal injury in human ANCA-associated pauci-immune glomerulonephritis, 

the next step should be to analyze the role of complement activation in the 

pathogenesis of human ANCA-associated pauci-immune 

glomerulonephritis. In chapter 5, complement activation in renal biopsy 
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specimens of patients with MPO-ANCA-associated pauci-immune vasculitis 

has been further investigated. Using immunohistochemistry, MAC, C3d, 

factor B and factor P could be detected in glomeruli and small blood vessels 

with active vasculitis of patients with pauci-immune AAV. The presence of 

MAC, the final product of complement activation, in glomeruli, arterioles and 

small arteries provided solid evidence for overall complement activation. 

Furthermore, by laser scanning confocal microscopy, co-localization of MAC 

with C3d was observed in glomeruli of patients with AAV, which 

demonstrates that complement activation is directly involved in the 

pathogenic process of renal vasculitis. MBL and C4d were not detected in 

patients with AAV. Combined with the lack of staining for C1q, our study did 

not support the involvement of both the classical pathway and the lectin 

pathway of complement activation.  Furthermore, factor B and MAC, factor 

P and C3d co-localized well along the glomerular capillary wall and 

mesangial area in the glomeruli of patients with AAV. These findings 

suggest that the alternative pathway of the complement system is involved 

in renal damage of human pauci-immune AAV. 

Huugen et al. further demonstrated that inhibition of C5 activation 

attenuated disease development in the mouse model of anti-MPO-IgG-

induced glomerulonephritis [9]. Upon activation, C5 is spliced into two 

cleavage products. The C5b molecule is involved in the generation of C5b-9, 

the end product of the terminal complement pathway. The C5a molecule is a 

powerful chemoattractant for neutrophils, and has considerable neutrophil 

activating potential. Recent studies have suggested that C5a can dosage-

dependently prime neutrophils for ANCA-induced respiratory burst; C5a and 

the neutrophil C5a receptor may compose an amplification loop for ANCA-

mediated neutrophil activation [10]. In chapter 6, the signal transferring 

pathway of C5a-mediated neutrophil activation has been further 

investigated. C5a dose-dependently increased membrane expression of 

PR3 on neutrophils. Priming of neutrophils with C5a enhanced both PR3-

ANCA and MPO-ANCA induced oxygen radical production. This effect is to 
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a large extent dependent on activation of the p38-MAPK pathway. Together 

with the observations in animals studies, these results indicate a prominent 

role for C5a-C5aR interactions in the pathogenesis of AAV. 

Future studies include C5a receptor (C5aR) expression on 

glomerular endothelial cells and the effect of C5a on glomerular endothelial 

cells, including IL-6 and IL-8 secretion.  

 

Clinical aspects of AAV and pauci-immune crescentic 
glomerulonephritis 

In the majority of patients, pauci-immune crescentic 

glomerulonephritis (CrGN) is a manifestation of ANCA-associated vasculitis. 

However, some patients with pauci-immune CrGN lack ANCA [11-14]. 

Chapter 7 reviewed updated information on ANCA-negative pauci-immune 

CrGN, including the prevalence, clinical manifestations, histopathology, and 

outcomes of ANCA-negative pauci-immune crescentic glomerulonephritis in 

comparison with that of ANCA-positive disease. It was found that 

approximately 10-30% of patients with pauci-immune CrGN lack ANCA. 

Patients with ANCA-negative pauci-immune CrGN have fewer extrarenal 

symptoms than patients who are ANCA-positive; ANCA-negative pauci-

immune CrGN might be a distinct disease separate from ANCA-positive 

pauci-immune CrGN. Neutrophils are thought to have a major role in the 

pathogenesis of ANCA-negative pauci-immune CrGN.  

The cornerstone of treatment for AAV has been the introduction of 

cyclophosphamide in combination with corticosteroids, which has improved 

the prognosis of AAV dramatically. However, many patients experience 

relapses despite long-term immunosuppressive therapy. Early identification 

of relapse and monitoring of disease activity, either from clinical observation 

or laboratory tests, is crucial for improving outcome of patients with AAV. 

In this part, we first addressed the importance of monitoring 

relapses of AAV, even after patients progress to end-stage renal disease 
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(ESRD); then we investigated how to identify relapses, both from clinical 

manifestations and laboratory tests. 

It has been reported that patients with AAV who progress to ESRD 

are less likely to experience relapse of vasculitis than before the start of 

dialysis [15]. Therefore, when patients progress to ESRD, nephrologists 

may overlook the occurrence of relapses. In our clinical practice, we 

encountered 5 patients with ESRD who suffered from relapses of AAV, 

manifested as severe pulmonary hemorrhage. In chapter 8, these five 

patients with ESRD suffering severe pulmonary hemorrhage due to relapse 

of AAV are described. Nevertheless, we also observed that, after patients 

had progressed to ESRD, relapses including pulmonary hemorrhage were 

less likely to occur [16, 17]. Impairment of the immune response, especially 

cell-mediated response, in patients with ESRD might contribute to the 

decreased relapse rate of AAV [15]. Though not very common, severe 

pulmonary hemorrhage caused by relapses of AAV in patients with ESRD 

can occur and is life-threatening, suggesting that disease activity and 

relapses of AAV should be monitored rigorously, even after patients 

progress to ESRD.  

In chapter 9, characteristics of organ involvement during relapses 

of AAV have been investigated. It was found that among 55 relapses in 38 

patients with AAV, more than 70% of the relapses presented with 

involvement of the same organ as at the initial onset. Although the 

mechanisms are not clear, it was speculated that the pathogenic pathway 

leading to relapses and initial manifestation of the disease might be the 

same. Our current therapy might just suppress the disease rather than 

clearing the etiologic trigger of the disease. Localized subclinical disease 

might persist during an apparent remission and progress to fulminant active 

disease after remission. These observations might provide physicians with a 

useful tool to recognize relapse of AAV. Also patients can be also educated 

to pay special attention to the symptoms that occurred at the initial onset of 

the disease for early awareness of relapse. 
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Biomarkers for assessing disease activity of patients with AAV are 

important in identifying relapse and guiding treatment. ANCA-induced 

neutrophil activation and degranulation play an important role in the 

pathogenesis of AAV. Circulating neutrophil gelatinase associated lipocalin 

(NGAL) is a biomarker of neutrophil degranulation. In chapter 10, we 

investigated whether NGAL is a useful biomarker for assessing disease 

activity of patients with AAV. The levels of serum NGAL in patients at initial 

onset and relapse were both significantly higher than that at remission. 

Levels of serum NGAL closely correlated with Birmingham Vasculitis Activity 

Score (BVAS) as well as with levels of ESR, CRP and ANCA. Moreover, 

serum NGAL levels more closely correlated with BVAS than ESR, CRP and 

ANCA. These findings suggest that circulating NGAL can be considered a 

useful biomarker for assessing disease activity of patients with AAV. A large 

prospective study is required to confirm these findings. 

In chapter 11, we investigated changes of avidity and titer of MPO-

ANCA in sequential serum samples from some patients with AAV at initial 

onset and relapse as well as during remission. The titer of MPO-ANCA was 

not significantly different between initial onset and remission. The avidity of 

MPO-ANCA in the active phase was not significantly different from that 

during remission. No significant correlation could be found between avidity 

and level of BVAS, times of relapse, number of organ involvement, serum 

creatinine, or CRP. These findings suggest that avidity and titre of MPO-

ANCA do not decrease significantly during remission in AAV, possibly 

indicating that the underlying antigenic stimulation persists, which might be 

a reason for recurrent relapses. Further studies should also focus on 

patients with PR3-ANCA.  

 

Final conclusion 
Activation of the complement system via the alternative pathway 

has been involved in the development of human MPO-ANCA-associated 

vasculitis. C5a, which plays a pivotal role in the pathogenesis of AAV, 
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mediates neutrophil activation through the p38-MAPK pathway. Severe 

relapse of AAV can occur even after patients progress to ESRD. Circulating 

NGAL could be used as a useful biomarker for assessing disease activity of 

patients with AAV. Avidity and titer of MPO-ANCA do not decrease 

significantly during remission in AAV, indicating that the antigenic stimulant 

persists, which might be the reason for recurrent relapses. 
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Chapter 13 

ANCA (anti-neutrofiel cytoplasmatische autoantistoffen) –
geassocieerde vasculitiden (AAV) omvatten de ziekte van Wegener 
(Wegener’s granulomatosis (WG)), microscopische polyangiitis (MPA), de 
ziekte van Churg-Strauss (CSS), en een tot de nieren beperkte vorm van 
vasculitis (renal-limited vasculitis (RLV)). Deze ziekten worden gekenmerkt 
door necrotiserende vasculitis van kleine vaten in combinatie met de 
aanwezigheid van autoantistoffen gericht tegen bestanddelen uit het 
cytoplasma van neutrofiele granulocyten (ANCA), in het bijzonder 
proteinase 3 (PR3) en myeloperoxidase (MPO). De nieren en longen zijn de 
twee meest frequent betrokken organen [1]. 
In dit proefschrift zijn pathogenetische en klinische aspecten van ANCA-
geassocieerde vasculitis bestudeerd. In deel 1 van het proefschrift is de rol 
van het complement systeem bij het ontstaan van de ziekteverschijnselen 
van AAV bestudeerd. In deel 2 zijn klinische kenmerken en bloedtesten 
onderzocht die van betekenis kunnen zijn om opvlammingen van de ziekte 
vast te stellen.  

Hieronder zijn de resultaten van dit proefschrift samengevat. In 
hoofdstuk 2 wordt een overzicht gegeven van de recente inzichten in de 
ontstaanswijze van de ziekteverschijnselen (de zgn. pathogenese) van 
AAV. Klinische gegevens en experimentele resultaten ondersteunen een rol 
voor ANCA bij de pathogenese van AAV. Een recente klinische studie heeft 
laten zien dat plasma-uitwisseling bij patiënten met AAV en acuut nierfalen 
een beter effect heeft dan toediening van hoge bolus doseringen 
methylprednisolon op het voorkómen van blijvend nierfalen [2, 3]. Bij 
plasma-uitwisseling wordt het plasma van de patiënt met hierin de 
genoemde ANCA vervangen door plasma van gezonde personen, wat een 
sterke aanwijzing is dat ANCA pathogeen (ziekteverwekkend) zijn. Recente 
gegevens doen ook vermoeden dat antistoffen tegen zgn. complementair 
PR3, welke zouden kunnen ontstaan door een microbiële infectie, 
aanleiding kunnen geven tot de ontwikkeling van antistoffen tegen PR3 [4]. 
Bovendien is recent een nieuwe ANCA beschreven die gericht is tegen het 
menselijk eiwit LAMP-2 [5]. Deze anti-LAMP-2 antistoffen zouden een 
gevoelige en specifieke merker zijn voor AAV.  
Wanneer deze LAMP-2 antistoffen worden ingespoten bij ratten ontstaat 
necrotiserende crescentische glomerulonefritis, wat de karakteristieke 
nierafwijkingen zijn bij AAV. LAMP-2 bleek op moleculair niveau 
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overeenkomst te vertonen met FimH, een hechtingseiwit van gram-
negatieve bacteriën. Wanneer ratten geïmmuniseerd werden met FimH, dan 
ontwikkelden deze niet alleen antistoffen tegen FimH welke ook konden 
binden aan LAMP-2, maar deze ratten ontwikkelden tevens crescentische 
glomerulonefritis [6, 7]. Deze recente studies hebben nieuwe gegevens 
opgeleverd over de mogelijke ontstaanswijze van ANCA en de 
pathogenetische betekenis van ANCA, maar deze resultaten zullen nog wel 
in studies van anderen bevestigd moeten worden.  
 
Pathogenetische aspecten van ANCA-geassocieerde vasculitis: de rol 
van het complementsysteem 

Recente waarnemingen, vooral in dierexperimentele modellen, laten 
zien dat activatie van het complementsysteem een rol speelt in de 
pathogenese van AAV [8-10]. In het eerste deel van dit proefschrift wordt de 
rol van het complementsysteem in de pathogenese van AAV nader 
onderzocht.  

In hoofdstuk 3 wordt een overzicht gegeven van de betrokkenheid 
van het complementsysteem bij AAV. De beschikbare gegevens betreffende 
deze betrokkenheid worden kritisch bekeken. Tevens wordt een model 
gepresenteerd waarbij ANCA, neutrofiele granulocyten en complement een 
interactie aangaan die leidt tot een voortgaande ontsteking van de wand 
van kleine bloedvaten, een zgn. leukocytoclastische vasculitis, die 
kenmerkend is voor AAV.  

In hoofdstuk 4 wordt bestudeerd in welke mate activatie van het 
complementsysteem aantoonbaar is in nierweefsel van patiënten met AAV 
bij wie de nieren in het ziekteproces betrokken zijn. Via de zgn. directe 
immunofluorescentie techniek kon neerslag van het complementeiwit C3c 
aangetoond worden in de zeeflichaampjes (glomeruli) van de nier bij 30% 
van de patiënten. Deze patiënten vertoonden meer eiwituitscheiding in de 
urine en een slechtere nierfunctie dan patiënten bij wie dit C3c-eiwit niet in 
de nier aantoonbaar was. Het complementeiwit C1q was vrijwel niet 
aantoonbaar in de nieren, wat aangeeft dat de zgn. klassieke route van 
complementactivatie niet betrokken is bij de ontstekingsreactie in de nieren 
bij patiënten met AAV.  

In hoofdstuk 5 wordt verder bestudeerd langs welke weg activatie 
van het complementsysteem tot stand komt in de nieren bij patiënten met 
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AAV, in het bijzonder bij patiënten die een zgn. MPO-ANCA hebben. 
Allereerst werd nagegaan of het weefsel-beschadigende complex (het zgn. 
MAC, membrane attack complex) in de nieren aanwezig was. Dit bleek 
inderdaad in de glomeruli, arteriolen en kleine arteriën aantoonbaar, een 
bewijs dat activatie van het complementsysteem rechtstreeks tot 
vaatbeschadiging leidt. Bovendien bleek via confocale laser microscopie dat 
MAC co-localiseerde met het complementeiwit C3d, wat laat zien dat de 
hele cascade van complementactivatie in de nieren plaatsvindt. 
Complementactivatie kan langs drie routes plaatsvinden, de zgn. klassieke 
route, de MBL-route, en de alternatieve route. Het MBL-eiwit en eiwitten van 
de klassieke route (C1q en C4d) bleken niet in de nieren aanwezig, maar 
eiwitten van de alternatieve route (het P- en B-eiwit) waren aantoonbaar, en 
deze eiwitten co-localiseerden met MAC en C3d in de capillairen en 
mesangiale gebieden van glomeruli. Deze bevindingen laten duidelijk zien 
dat activatie van het complementsysteem via de alternatieve route 
betrokken is bij de pathogenese van AAV.  

Huugen en medewerkers hebben reeds laten zien dat remming van 
de complementfactor C5 de ontwikkeling van nierschade tegengaat in een 
diermodel van MPO-ANCA geassocieerde glomerulonefritis [9]. Activatie 
van C5 leidt tot splitsing van dit molecuul in C5a en C5b. C5b leidt tot de 
vorming van MAC, C5a is een molecuul dat neutrofiele granulocyten 
aantrekt en activeert. Tesamen met ANCA kan C5a aanleiding geven tot 
volledige activatie van neutrofiele granulocyten waarbij toxische 
zuurstofradicalen en eiwitsplitsende enzymen vrijkomen. In hoofdstuk 6 is 
verder onderzocht hoe C5a, tesamen met ANCA, neutrofiele granulocyten 
kan activeren. C5a bleek, dosis afhankelijk, te leiden tot de expressie van 
PR3 op de membraan van neutrofiele granulocyten en zo deze granulocyt 
voor te bereiden (“priming”) voor verdere activatie door PR3-ANCA (en 
MPO-ANCA) aangezien PR3 (en MPO) nu beschikbaar is voor binding door 
ANCA. Deze eerste activatie van de granulocyt door C5a bleek afhankelijk 
te zijn van activatie van het enzym p38-MAPK. Dit is belangrijk aangezien er 
remmers beschikbaar zijn van dit enzym die klinisch toegepast zouden 
kunnen worden om activatie van granulocyten, en daarmee vasculitis, te 
voorkómen.  
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Klinische aspecten van AAV 
Bij de meeste patiënten met zgn. pauci-immuun crescentische 

glomerulonefritis (CrGN) is deze nieraandoening een uiting van ANCA-
geassocieerde vasculitis. Sommige patiënten met pauci-immuun CrGN 
hebben echter geen ANCA in hun bloed [11-14]. Hoofdstuk 7 geeft een 
overzicht van de literatuur over deze zgn. ANCA-negatieve pauci-immuun 
CrGN. De frequentie van voorkomen, de klinische verschijnselen, de 
bevindingen in de nierbiopsie en het beloop van de ziekte bij deze patiënten 
worden vergeleken met die bij patiënten met ANCA-positieve CrGN.  
Ongeveer 10-30% van de patiënten met pauci-immuun CrGN blijken ANCA-
negatief te zijn. Deze patiënten hebben veel minder vaak 
ziekteverschijnselen buiten de nieren en vormen mogelijk een subgroep met 
een andere pathogenese. Neutrofiele granulocyten blijken echter ook bij 
deze subgroep een belangrijke ontstekingscel.  

De behandeling van AAV is al jaren geleden aanzienlijk verbeterd 
door de introductie van cyclofosfamide wat samen met corticosteroïden zeer 
effectief is. Desalniettemin vlamt de ziekte bij veel patiënten weer op na 
initiële succesvolle behandeling. Vroegtijdige herkenning van opvlamming is 
klinisch van belang om blijvende schade te voorkómen en daarmee de 
prognose te verbeteren. In dit deel van het proefschrift is eerst aandacht 
besteed aan het vroegtijdig herkennen van opvlammingen, zelfs bij 
patiënten bij wie de nierfunctie geheel verloren is gegaan en die nierfunctie 
vervangende behandeling ondergaan. Veelal wordt er van uitgegaan dat 
deze patiënten nauwelijks opvlammingen laten zien, met name aangezien 
chronisch nierfalen leidt tot onderdrukking van de afweer [5]. Wij namen 
echter waar dat 5 patiënten met AAV ernstige longbetrokkenheid van hun 
vasculitis ontwikkelden terwijl ze in dialyse waren. In hoofdstuk 8 worden 
deze 5 patiënten beschreven. Wij konden echter ook bevestigen dat 
opvlammingen bij patiënten met AAV die in dialyse waren, minder vaak 
voorkwamen dan bij patiënten die nog wel functionerende nieren hadden 
[16, 17]. Dit lijkt veroorzaakt te worden door een afname van de cellulaire 
afweer die het gevolg is van chronisch nierfalen [15]. Niettemin laten de 
ziektegeschiedenissen van de hiervoor genoemde 5 patiënten zien dat men 
ook bij AAV-patiënten in dialyse bedacht moet zijn op opvlammingen.  

In hoofdstuk 9 is onderzocht welke orgaansystemen betrokken zijn 
bij opvlammingen van AAV. Bij meer dan 70% van de 55 opvlammingen die 
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bij 38 AAV-patiënten optraden, bleken dezelfde organen aangedaan te zijn 
bij de opvlamming als bij de eerste manifestatie van de ziekte. Dit doet 
vermoeden dat onderliggende oorzaken van eerste manifestatie en 
opvlamming dezelfde zijn. Tevens kan gespeculeerd worden dat de 
behandeling de ziekteverschijnselen slechts onderdrukt maar de oorzaken 
niet wegneemt. Deze bevindingen kunnen ons helpen om een beginnende 
opvlamming snel te herkennen. Tevens kunnen we patiënten instrueren om 
bij het optreden van de verschijnselen van de eerste ziekte-manifestatie 
direct contact met de behandelende arts op te nemen.  

Bepalingen in het bloed die een naderende of juist beginnende 
opvlamming signaleren, zouden klinisch van belang kunnen zijn. Activatie 
van granulocyten is, zoals besproken, een eerste gebeuren in de 
pathogenese van AAV. Het van geactiveerde neutrofiele granulocyten 
afkomstige eiwit NGAL (neutrophil gelatinase associated lipocalin) dat in het 
bloed circuleert, is zo’n biomarker van neutrofiel activatie. In hoofdstuk 10 
hebben we onderzocht of gehaltes van NGAL in het bloed behulpzaam 
kunnen zijn om ziekte-activiteit bij patiënten met AAV vast te stellen. Deze 
gehaltes bleken inderdaad hoger tijdens actieve ziekte, zowel bij de eerste 
manifestatie als tijdens een opvlamming, dan tijdens een rustige fase van 
de ziekte. Deze gehaltes correleerden zowel met een klinische maat voor 
de ziekte-activiteit (de zgn. Birmingham Vasculitis Activity Score (BVAS)) als 
met de hoogte van de bloedbezinking, het ontstekingseiwit CRP, en de 
ANCA. De correlatie van NGAL met BVAS was bovendien sterker dan de 
correlaties van BVAS met de bezinking, de CRP en de ANCA-gehaltes. Het 
volgen van gehaltes van NGAL in het bloed kan een belangrijke aanwinst 
zijn bij het volgen van patiënten met AAV.  

In hoofdstuk 11 hebben we bestudeerd of naast de gehaltes van 
MPO-ANCA ook de bindingskracht (de zgn. aviditeit) van MPO-ANCA 
verandert bij opvlammingen van de ziekte. Wij vonden geen significante 
verandering van de aviditeit van MPO-ANCA wanneer de ziekte in een 
rustige fase kwam. De aviditeit correleerde ook niet met de hoogte van de 
BVAS, het aantal opvlammingen, het aantal orgaansystemen dat bij de 
ziekte betrokken was, de mate van nierfunctiestoornissen, de hoogte van 
het ontstekingseiwit CRP. Ook het gehalte van MPO-ANCA veranderde niet 
significant. Mogelijk blijft de prikkel tot vorming van ANCA aanwezig, ook 
wanneer de ziekteverschijnselen met medicatie onderdrukt worden. Dit zou 
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ook kunnen verklaren waarom opvlammingen optreden wanneer deze 
medicatie verminderd wordt.  
 
Samenvattende conclusies 

Activatie van het complementsysteem via de alternatieve route is 
betrokken bij het ontstaan van de ziekteverschijnselen bij MPO-ANCA 
geassocieerde vasculitis. De complementfactor C5a speelt daarbij een 
belangrijke rol, o.a. door neutrofiele granulocyten te activeren. Bij dit 
activatieproces is het enzym p38-MAPK essentieel.  

Ernstige opvalmmingen van AAV kunnen ook voorkomen bij AAV-
patiënten met chronisch nierfalen.  

Gehaltes van het eiwit NGAL in het bloed kunnen een leidraad zijn 
voor het vaststellen van (opkomende) ziekteactiviteit bij patiënten met AAV.  
Gehaltes en aviditeit van MPO-ANCA veranderen niet wanneer de ziekte in 
een rustige fase komt. Dit kan een aanwijzing zijn dat de onderliggende 
prikkel die tot de ziekte leidt, aanwezig blijft en opvlammingen kan 
teweegbrengen.  
 

Referenties 
1. Vassilopoulos D, Niles JL, Villa-Forte A. Prevalence of antineutrophil cytoplasmic 

antibodies in patients with various pulmonary diseases or multiorgan dysfunction. 
Arthritis Rheum. 2003; 49: 151-5 

2. Jayne DR, Gaskin G, Rasmussen N, et al. Randomized trial of plasma exchange or 
high-dosage methylprednisolone as adjunctive therapy for severe renal vasculitis. J 
Am Soc Nephrol 2007; 18:2180-8.  

3. de Lind van Wijngaarden RA, Hauer HA, Wolterbeek R, et al. Chances of renal 
recovery for dialysis-dependent ANCA-associated glomerulonephritis. J Am Soc 
Nephrol 2007; 18: 2189-97. 

4. Pendergraft WF 3rd, Preston GA, Shah RR, et al. Autoimmunity is triggered by cPR-
3(105-201), a protein complementary to human autoantigen proteinase-3. Nat Med. 
2004; 10: 72-9 

5. Kain R, Matsui K, Exner M, et al. A novel class of autoantigens of anti-neutrophil 
cytoplasmic antibodies in necrotizing and crescentic glomerulonephritis: the 
lysosomal membrane glycoprotein h-lamp-2 in neutrophil granulocytes and a related 
membrane protein in glomerular endothelial cells. J Exp Med. 1995; 181: 585-97. 

6. Kain R, Exner M, Brandes R, et al. Molecular mimicry in pauci-immune focal 
necrotizing glomerulonephritis.  Nat Med. 2008; 14: 1088-96.  

7. Kallenberg CG, Stegeman CA, Heeringa P. Autoantibodies vex the vasculature. Nat 
Med. 2008 ; 14: 1018-9. 

8. Xiao H, Schreiber A, Heeringa P, et al. Alternative complement pathway in the 
pathogenesis of disease mediated by antineutrophil cytoplasmic autoantibodies. Am 
J Pathol 2007; 170: 52-64  

9. Huugen D, van Esch A, Xiao H, et al. Inhibition of complement factor C5 protects 
against antimyeloperoxidase antibody-mediated glomerulonephritis in mice. Kidney 
Int 2007; 71: 646-54. 

 179 



Chapter 13 

10. Schreiber A, Xiao H, Jennette JC, et al. C5a Receptor Mediates Neutrophil Activation 
and ANCA-Induced Glomerulonephritis. J Am Soc Nephrol. 2009; 20: 289-98 

11. Hedger N, Stevens J, Drey N, et al. Incidence and outcome of pauci-immune rapidly 
progressive glomerulonephritis in Wessex, UK: a 10-year retrospective study. 
Nephrol Dial Transplant 2000; 15: 1593-9 

12. Eisenberger U, Fakhouri F, Vanhille P, et al. ANCA-negative pauci-immune renal 
vasculitis: histology and outcome. Nephrol Dial Transplant 2005; 20: 1392-9 

13. Chen M, Yu F, Wang SX, et al. Antineutrophil cytoplasmic autoantibody negative 
pauci-immune crescentic glomerulonephritis. J Am Soc Nephrol 2007; 18: 599-605 

14. Hung PH, Chiu YL, Lin WC, et al. Poor renal outcome of antineutrophil cytoplasmic 
antibody negative pauci-immune glomerulonephritis in Taiwanese. J Formos Med 
Assoc. 2006; 105: 804-12. 

15. Weidanz F, Day CJ, Hewins P, et al. Recurrences and infections during continuous 
immunosuppressive therapy after beginning dialysis in ANCA-associated vasculitis. 
Am J Kidney Dis 2007; 50: 36-46 

16. Chen M, Yu F, Zhang Y, et al. Antineutrophil cytoplasmic autoantibody-associated 
vasculitis in older patients. Medicine 2008; 87: 203-9 

17. Chen M, Yu F, Zhao MH. Relapses in patients with antineutrophil cytoplasmic 
autoantibody-associated vasculitis: likely to begin with the same organ as initial 
onset. J Rheumatol 2008; 35: 448-50 

 
 

 

 180 



 
 

 
 
 
 

 
Dankwoord (Acknowledgements) 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 



Acknowledgments 

Acknowledgements 
 

I would like to express my sincere thanks to all the people that have made 
this thesis possible. The first word I thank my two supervisors Prof. dr. Cees 
Kallenberg, Prof. dr. Ming-Hui Zhao and Prof. dr. Peter Heeringa. 
  

Dear Cees, without you this whole project is not possible to complete. The 
freedom and confidence that you have given me during my research, I 
greatly appreciated. The discussions under you have directed me on the 
right track. Your kindness helped me overcome all the difficulties during my 
research. 
  

Dear Prof. Zhao, led me to the world of science and guided me through my 
first trip as a scientific researcher. I am grateful for the use of your extensive 
knowledge in this area. Thank you for your support. 
  

Dear Peter, thank you for your enthusiastic daily supervision during my 
investigation. I have always found it pleasant to discuss with you. Your door 
is always open for me. You always knew with all the patience and clarity to 
answer my questions and you focused on the possibilities instead of the 
difficulties in the investigation. 
  

The members of the assessment committee, Prof. dr. Dr. MR. Daha, Prof. 
dr. PC. Limburg, Prof. dr. JW Cohen Tervaert, I thank you for the quick 
assessment of my manuscript. 
 

My Paranimfen Nan Hu and Wayel H Abdulahad, thank you for assisting in 
the defense of my thesis. Both wish you success in your projects.  
 

I would also like to thank all members of the Medical Biology and 
Rheumatology & Clinical Immunology, including Betty, Mirjan, Bert, Henko, 
Deana, Suzanne, Sebastian, etc. Thank you for your contributions to a 
pleasant and stimulating working environment.  
 

Thanks FACS operators for the help with the FACS. Many experiments in 
this thesis can not be achieved without your help. 
I would also like secretaries, Kiki Bugter and Janny Havinga and bars at the 
International Office, especially Riekje Banus, Maaike Bansema and Peter 
Braun, for their help and cooperation. 
  

Save the best for last: This is Mom and Dad, brother, my wife and daughter. 
With your unconditional support and trust, I can reach my PhD abroad.  
Everyone I have not mentioned, but certainly not forgotten, thanks! 
 
 

 Min 

 

 182 



 
 

 
 
 
 

 
 
 

Major publications 



1. Chen M,Wang F, Zhao MH. Circulating neutrophil gelatinase associated 

lipocalin: a useful biomarker for assessing disease activity of ANCA-associated 

vasculitis. Rheumatology 2009; 48: 355-8. 

2. Chen M, Kallenberg CG, Zhao MH. ANCA-negative pauci-immune crescentic 

glomerulonephritis. Nat Rev Nephrol. 2009; 5: 313-8. 

3. Chen M, Xing GQ, Yu F, et al. Complement deposition in renal histopathology 

of patients with ANCA-associated pauci-immune glomerulonephritis. Nephrol 

Dial Transplant. 2009; 24: 1247-52.  

4. Lin W,Chen M, Zhao MH. Follow-up of avidity and titer of anti-

myeloperoxidase antibodies in sera from patients with primary ANCA-

associated vasculitis. Autoimmunity 2009; 42: 198-202. 

5. Chen M, Zhao MH. Severe pulmonary hemorrhage in patients with end-stage 

renal disease in antineutrophil cytoplasmic autoantibody-associated vasculitis. 

Am J Med Sci 2009; 337: 411-4 

6. Wang F, Chen M, Zhao MH. Neutrophil degranulation in antineutrophil 

cytoplasmic antibodies-negative pauci-immune crescentic glomerulonephritis. J 

Nephrol 2009 (in press) 

7. Van Timmeren MM, Chen M, Heeringa P. Review article: Pathogenic role of 

complement activation in anti-neutrophil cytoplasmic auto-antibody-associated 

vasculitis. Nephrology (Carlton). 2009; 14: 16-25. 

8. Chen M, Kallenberg CG. New advances in the pathogenesis of ANCA-

associated vasculitides. Clin Exp Rheumatol 2009 (in press) 

9. Chen M, Yu F, Zhang Y, et al. Antineutrophil Cytoplasmic Autoantibody-

Associated Vasculitis in Older Patients. Medicine (Baltimore). 2008; 87: 203-

9. 

10. Chen M, Yu F, Zhao MH. Characteristics of relapses in patients with 

antineutrophil cytoplasmic autoantibody associated vasculitis: likely to begin 

with the same organ as initial onset. J Rheumatol 2008, 35: 448–50. 

11. Cong M, Chen M, Zhang J, Hu Z, Zhao MH. Anti-endothelial cell antibodies 

in antineutrophil cytoplasmic antibodies negative pauci-immune crescentic 

glomerulonephritis. Nephrology 2008, 13: 228-34  

 184 

http://www.ncbi.nlm.nih.gov/pubmed/19399019?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19399019?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum


12. Chen M, Yu F, Wang SX, et al. Antineutrophil cytoplasmic autoantibody 

negative pauci-immune crescentic glomerulonephritis. J Am Soc Nephrol. 

2007; 18: 599-605 

13. Chen M, Yu F, Wang SX, et al. Renal histology in Chinese Patients with anti-

myeloperoxidase autoantibodies positive Wegener’s granulomatosis. Nephrol 

Dial Transplant 2007; 22: 139-45 

14. Chen M, Deng JH, Zhou FD, et al. Improving the management of anemia in 

hemodialysis patients by implementing the continuous quality improvement 

program. Blood Purif. 2006; 4: 282-6. 

15. Chen M, Yu F, Zhang Y, et al. Characteristics of Chinese patients with 

Wegener's granulomatosis with anti-myeloperoxidase autoantibodies. Kidney 

Int. 2005; 68: 2225-9. 

16. Chen M, Zhao MH, et al. Antineutrophil cytoplasmic autoantibodies in patients 

with systemic lupus erythematosus recognize a novel 69 kDa target antigen of 

neutrophil granules. Nephrology 2005; 10:491-5. 

17. Chen M, Yu F, Zhang Y, et al. Clinical and pathological characteristics of 

Chinese patients with antineutrophil cytoplasmic autoantibody associated 

systemic vasculitides: a study of 426 patients from a single centre. Postgrad 

Med J. 2005; 81:723-7. 

18. Chen M, Wang YY, Zhao MH, et al. Autoantibodies against glomerular 

mesangial cells and their target antigens in lupus nephritis. Ren Fail. 2005; 27: 

507-13.  

19. Chen M, Zhao MH, Zhang Y, et al. Antineutrophil autoantibodies and their 

target antigens in systemic lupus erythematosus. Lupus. 2004; 13: 584-9. 

 185 


	01 First.pdf
	02 Chapter 1.pdf
	03 Chapter 2.pdf
	Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitides (AAV) are a group of autoimmune disorders including Wegener’s granulomatosis (WG), microscopic polyangiitis (MPA), Churg-Strauss syndrome (CSS) and renal-limited vasculitis (RLV). This paper reviews updated information on the pathogenesis of AAV. Additional clinical evidence for a pathogenic role of ANCA comes from the observation that patients with severe acute renal failure treated with plasma exchange had a lower risk for progression to end-stage renal disease than patients who received intravenous methylprednisolone therapy, both in addition to standard treatment. Recent data also suggest that antibodies to complementary proteinase-3 (cPR3), probably cross-reacting with plasminogen, may induce PR3-ANCA. Furthermore, a new ANCA, directed against human lysosome membrane protein-2 (LAMP-2), concurrent with PR3-ANCA or MPO-ANCA, was described as a sensitive and specific marker for renal AAV. In vitro, ANCA can further activate primed neutrophils to release reactive oxygen species and lytic enzymes, and, in conjunction with neutrophils, damage and lyse endothelial cells. In vivo, transfer of splenocytes from myeloperoxidase-deficient mice immunized with mouse myeloperoxidase into wild-type mice resulted in pauci-immune systemic vasculitis. A similar experiment in PR3-deficient mice did not cause significant vasculitic lesions. In the anti-MPO induced vasculitis mouse model, a critical role of complement activation was suggested. The anti- LAMP-2 antibody can also induce pauci-immune necrotizing crescentic glomerulonephritis in rats. Rats developed both cross-reactive antibodies to LAMP-2 and crescentic glomerulonephritis when immunized with FimH, an adhesin from Gram-negative bacteria which has strong homology with human LAMP-2. Together, clinical, in vitro and in vivo data support a pathogenic role for ANCA in AAV, although this role is more evident for myeloperoxidase-ANCA than for PR3-ANCA. The role of anti- LAMP-2 requires further studies. 

	04.pdf
	05 Chapter 3.pdf
	06 Chapter 4.pdf
	Patients 
	Detection of ANCA and anti-GBM antibodies 
	 
	Renal histopathology 
	 
	Statistics 
	 
	Demographic features 
	Complements deposition in renal histopathology 
	 
	Renal manifestations 
	 
	Renal histopathology 
	Extra-renal manifestations 

	07 Chapter 5.pdf
	08 Chapter 6.pdf
	09.pdf
	10 Chapter 7.pdf
	11 Chapter 8.pdf
	12 Chapter 9.pdf
	Patients 
	Treatment and disease activity states 
	Statistics 
	Demographic features and ANCA specificity 
	 
	Manifestations of initial onset of AAV 
	Characteristics of relapses 
	Consistency of initial organ involved between relapses and first onset 

	13 Chapter 10.pdf
	14 Chapter 11.pdf
	15 Chapter 12.pdf
	16 Chapter 13.pdf
	17 Dankwoord.pdf
	18 Major publications.pdf

