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Antineutrophil cytoplasmic antibodies 
Xavier Bosch, Antonio Guilabert, Josep Font

Much like other autoantibodies (eg, anti-double stranded DNA in systemic lupus erythematosus or antiglomerular 
basement membrane antibodies in Goodpasture’s syndrome), antineutrophil cytoplasmic antibodies (ANCA) have 
provided doctors with a useful serological test to assist in diagnosis of small-vessel vasculitides, including 
Wegener’s granulomatosis, microscopic polyangiitis, Churg-Strauss syndrome, and their localised forms (eg, 
pauci-immune necrotising and crescentic glomerulonephritis). 85–95% of patients with Wegener’s granulomatosis, 
microscopic polyangiitis, and pauci-immune necrotising and crescentic glomerulonephritis have serum ANCA. 
ANCA directed to either proteinase 3 or myeloperoxidase are clinically relevant, yet the relevance of other ANCA 
remains unknown. Besides their diagnostic potential, ANCA might be valuable in disease monitoring. In addition, 
data seem to confi rm the long-disputed pathogenic role of these antibodies. Present treatments for ANCA-
associated vasculitis are not free from side-eff ects and as many as 50% of patients relapse within 5 years. Accurate 
understanding of the key pathogenic points of ANCA-associated vasculitis can undoubtedly provide a more rational 
therapeutic approach. 

Antineutrophil cytoplasmic antibodies (ANCA) are 
predominantly IgG autoantibodies directed against 
constituents of primary granules of neutrophils and 
monocytes’ lysosomes. Although several antigenic 
targets have been identifi ed, those ANCA directed to 
proteinase 3 or myeloperoxidase are clinically relevant, 
whereas the importance of other ANCA remains 
unknown. Both are strongly associated with small-
vessel vasculitides, the ANCA-associated vasculitides, 
which include Wegener’s granulomatosis, microscopic 
polyangiitis, and Churg-Strauss syndrome, and the 
localised forms of these diseases (eg, pauci-immune 
necrotising and crescentic glomerulonephritis).1 

ANCA were discovered by chance in 1982 when 
Davies and associates2 were studying antinuclear 
antibodies in serum samples from patients with 
segmental necrotising glomerulonephritis. Using 
indirect immunofl uorescence applied to neutrophils, a 
diff use cytoplasmic—but not nuclear—staining pattern 
was observed. In 1985, van der Woude and colleagues3 
noticed that cytoplasmic ANCA mainly arose in patients 
with Wegener’s granulomatosis and interest in these 
antibodies skyrocketed. In 1988, Falk and Jennette4 
reported a distinct perinuclear pattern in serum samples 
from patients with systemic vasculitis and idiopathic 
necrotising and crescentic glomerulonephritis. The 

researchers showed by ELISA that myeloperoxidase was 
the chief antigenic target of perinuclear ANCA. 2 years 
later, proteinase 3 was recognised as the major 
autoantigen accounting for the cytoplasmic ANCA 
pattern of Wegener’s granulomatosis.5,6 

Data from animals seem to confi rm the long-disputed 
pathogenic role of ANCA, and as a result, research into 
these antibodies is gaining momentum once again. 
Understanding of their intimate pathogenic mechanisms 
will lead to development of new therapeutic strategies in 
the not-too-distant future.

Here, we aim to provide doctors with a comprehensive 
review about ANCA. We will pay special attention to 
their clinical usefulness and pathogenic role. 

Pathogenesis
Current treatments for ANCA-associated vasculitides (ie, 
glucocorticoids and immunosuppressants) are not free 
from side-eff ects and 25% of patients have severe adverse 
events.7 Furthermore, up to 50% of individuals in 
remission will relapse within 5 years.8 There is, thus, an 
urgent need for less toxic and more eff ective treatments 
than are currently available. Accurate understanding of 
the pathogenic key points of ANCA-associated vasculitides 
will provide a more rational therapeutic approach. 
Transfer of laboratory fi ndings to state-of-the-art 
management is underway.

Are ANCA pathogenic? 
On the basis of the association of ANCA with the 
aforementioned small-vessel vasculitis, a pathogenic role 
has always been suspected. Since 1990, when Falk and 
associates9 showed that ANCA can stimulate neutrophils 
to undergo a respiratory burst and release primary granule 
constituents, many in-vitro studies have revealed that 
these antibodies might cause in-vivo vascular damage by 
inducing a wide range of neutrophil eff ector functions, 
such as cytokine and chemokine release, and increased 
adhesion to cultured endothelial cells with eventual lysis 
of them.10 These 15 years of in-vitro work in human beings 

Search strategy and selection criteria 

We searched MEDLINE and PubMed for published work with 
the keywords “ANCA”, “antineutrophil cytoplasmic 
antibodies”, “ANCA-associated vasculitis”, “Wegener 
granulomatosis”, “Wegener’s granulomatosis”, and 
“microscopic polyangiitis” from 1982 (when antineutrophil 
cytoplasmic antibodies were fi rst reported) to March, 2005. 
We also searched the reference lists of articles identifi ed by 
this strategy and selected those we judged relevant. 
Publications were selected for review on the basis of original 
research and evidence-based reviews.
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are invaluable to understand the mechanisms by which 
ANCA induce vasculitis. Further, their pathogenic role has 
been reinforced after fi ndings in animals showed that 
ANCA do cause human-like vasculitis. Xiao and colleagues11 

immunised myeloperoxidase-knockout mice with murine 

myeloperoxidase. When myeloperoxidase-immunised 
splenocytes were transferred to mice lacking B-functioning 
and T-functioning lymphocytes [Rag2 (–/–)] (fi gure 1), 
myeloperoxidase ANCA arose in a dose-dependent 
manner. Mice that were administered the highest amount 
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Figure 1: Animal model of adoptive transfer of mouse anti-myeloperoxidase (MPO) splenocytes (A) and passive transfer of mouse anti-MPO IgG antibodies 
(purifi ed from MPO knockout mice) (B)11 
Rag2 (–/–)=recombinase-activating gene 2 knockout mice. AAV=ANCA-associated vasculitis. BSA=bovine serum albumin.
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of myeloperoxidase-immunised splenocytes developed 
severe necrotising and crescentic glomerulonephritis and 
systemic vasculitis, including pulmonary capillaritis. 
However, all mice receiving the highest splenocyte dose 
developed non-severe immune complex-mediated 
glomerulonephritis. In a second step, the researchers 
injected myeloperoxidase ANCA into Rag2 (–/–) and wild-
type mice, which will trigger anti-idiotype antibodies, 
which will react with the original autoantigen. Both strains 
presented focal necrotising and crescentic 
glomerulonephritis without immune complexes. Xiao and 
colleagues thus concluded that myeloperoxidase ANCA 
possess the intrinsic ability to produce pauci-immune 
necrotising and crescentic glomerulonephritis. However, 
because renal lesions in Rag2 (–/–) mice receiving 
myeloperoxidase ANCA were not as widespread as those 
seen in Rag2 (–/–) mice that were given myeloperoxidase-
immunised splenocytes, other factors (eg, T lymphocytes, 
low-level immune complex deposition) might enhance the 
infl ammatory process. Although ANCA-associated 

vasculitides do not have, by defi nition, immune complexes, 
immune deposits were shown by electron microscopy in 
50% of renal biopsy specimens from patients with ANCA-
positive necrotising and crescentic glomerulonephritis, 
necrotising arteritis, or both.12

Why do ANCA appear?
Although nobody has a defi nitive answer to this pivotal 
question, two attractive theories have been postulated. 
Pendergraft and co-workers13 suggested that generation 
of proteinase 3 ANCA could be attributable to so-called 
autoantigen complementarity. The theory relies on the 
assumption that a given peptide, encoded by the sense 
DNA strand, binds to the peptide encoded by the 
antisense strand (complementary peptide). Accordingly, 
autoantibodies in autoimmune diseases would not be 
elicited by an autoantigen or its mimic, but they would be 
by the complementary peptide or its mimic. This 
complementary peptide can originate from transcription 
of either endogenous antisense DNA or identical genetic 
material from an infectious agent. This peptide can lead 
to production of antibodies, which will trigger an anti-
idiotype response, and the latter antibodies will also react 
with the original autoantigen (fi gure 2). With a 
recombinant complementary peptide corresponding to 
the proteinase 3 middle region (cPR3[105–201]), 
Pendergraft and colleagues showed that seven of 
34 patients with vasculitis associated with proteinase 3 
ANCA also harboured antibodies to cPR3(105–201). By 
contrast, only one of 89 controls had such antibodies. To 
test this fi nding, mice were immunised with 
cPR3(105–201) and they produced not only antibodies 
specifi c to cPR3(105–201) but also proteinase 3 ANCA. 
Both types of antibodies were distinct and did not cross-
react, making an idiotypic pair. Furthermore, 50% of 
patients with proteinase 3-ANCA vasculitis showed 
cPR3(105–201) transcripts in circulating leucocytes by 
real-time PCR. For the exogenous source of 
complementary peptides, multiple proteinase 3-encoding 
gene complementary sequences were identifi ed, 
including sequences from Staphylococcus aureus and 
Entamoeba histolytica, pathogens reportedly associated in 
proteinase 3 ANCA production in human beings.14,15 
These results lent support to the role of infectious agents 
as triggering factors of vasculitis associated with ANCA 
and might account for both the common infl uenza-like 
symptoms at the onset of ANCA-associated vasculitides 
and the association between chronic nasal carriage of 
S aureus and higher relapse rate in patients with 
Wegener’s granulomatosis.14

Other researchers suggest that a dysfunction in 
neutrophil apoptosis might lead to ANCA generation. 
When neutrophils undergo apoptosis, primary granules 
constituents translocate to cell surface.16,17 In two 
experiments,18,19 injection of apoptotic neutrophils into 
rodents resulted in the presence of ANCA. Uptake of 
apoptotic cells is typically undertaken by macrophages. 
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Figure 2: Generation of proteinase 3 ANCA according to the autoantigen complementarity theory13 

cPR3=complementary peptide of proteinase 3.
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Under certain conditions, dendritic cells might also take 
up apoptotic neutrophils, leading to cross-presentation of 
self-antigens, activation of specifi c T lymphocytes, and, 
ultimately, to autoimmunity.20 Clayton and colleagues21 
showed that immature dendritic cells took up human 
apoptotic neutrophils, although a decrease in T lymphocyte 
proliferation took place. Nevertheless, addition of tumour 
necrosis factor α counteracted this suppressor eff ect. For 
ANCA to appear, apoptotic bleb aberrant capture by 
dendritic cells might not suffi  ce and a second signal can 
be needed to achieve cross-presentation of self-antigens. 
Tumour necrosis factor α presence during the infl uenza-
like symptoms heralding ANCA-associated vasculitides 
might be that signal.20 However, if apoptotic neutrophils 
were the triggering factor of ANCA production, ANCA-
associated vasculitides patients would be expected to have 
antibodies against a range of antigens (not just proteinase 3 
ANCA or myeloperoxidase ANCA), because all granule 
constituents are available on apoptotic cells.

Where do ANCA bind? 
In-vitro studies have shown that neutrophil priming with 
tumour necrosis factor α (perhaps taking place in vivo as a 
result of infection) allows myeloperoxidase and proteinase 3 
to travel to the cell surface. Yang and associates22 showed 
that myeloperoxidase and proteinase 3 genes (silenced in 
mature neutrophils) become expressed in patients with 
vasculitis associated with ANCA, with amounts of 
transcripts correlating with disease activity. These 
researchers suggested that such activation might increase 
antigen availability on the plasma membrane. ANCA bind 
to target antigens via their F(ab’)2 portion and to neutrophil 
Fc-gamma receptors IIa and IIIb via the Fc portion.20 
Substantial evidence suggests that the main epitopes 
recognised by proteinase 3 ANCA locate near the enzyme’s 
catalytic site.23 Proteinase 3 ANCA can inhibit the action of 
this enzyme and prevent binding of its inhibitor α1 
antitrypsin at the catalytic site, resulting in unregulated 
protease activity.24,25 Variations in the affi  nity of proteinase 3 
ANCA with their antigen were noted when comparing 
serum samples from patients with active disease with 
patients in remission, who showed more eff ective 
inhibition of proteinase 3 cleavage activity.23,26 Such 
variations may infl uence the course of disease in a given 
patient. Epitope mapping studies have shown that 
myeloperoxidase ANCA recognise a restricted number of 
epitopes on the heavy chain of myeloperoxidase. Unlike 
proteinase 3 ANCA, myeloperoxidase ANCA do not 
impede myeloperoxidase enzymatic activity. Even though 
myeloperoxidase ANCA can interfere with caerulo-
plasmine-induced myeloperoxidase physiological inhib-
ition, the clinical importance of this eff ect is unknown.27

How do ANCA act?
Binding of ANCA causes activation of neutrophils, with 
subsequent increased adhesion and migration to 
endothelium, release of proteolytic granule enzymes 

(including myeloperoxidase and proteinase 3) and 
proinfl ammatory cytokines, generation of respiratory 
burst, and, eventually, endothelial cell damage. Both 
ANCA F(ab’)2 and Fc engagements are needed to allow 
for eff ective neutrophil activation. β2 integrin 
(CD11b/CD18) might cooperate with the Fc-gamma 
receptor to propagate the signal. ANCA-induced 
intracellular signal transduction pathways are diff erent 
depending on whether the signal is initiated by the F(ab’)2 
or Fc portion of the autoantibody.28 The ANCA IgG F(ab’)2 
fragment can activate inhibitory G proteins and RAS p21 
protein activator but not tyrosine kinases (sarcoma virus 
kinases, SYK, PI 3 kinase, protein kinase B, and protein 
kinase C) whose activation probably relies on the Fc-
gamma receptor binding.29,30 Tyrosine kinase pathways are 
thought to induce respiratory burst through activation of 
NADH oxidase.31 Inhibitory G protein and tyrosine kinase 
pathways can have a cooperative relation in oxidative burst 
generation because they converge on the GTPase RAS 
p21 protein activator.29 Transient enhanced activity of 
RAS p21 protein activator was reported to precede a rise in 
superoxide production.30

By using microarray technology, Yang and colleagues32 
noted that ANCA IgG F(ab’)2 and ANCA IgG can activate 
a common subset of genes. The researchers also showed 
that diff erent changes in gene expression happened 
depending on ANCA IgG F(ab’)2 or ANCA IgG binding. 
In particular, the cyclooxygenase2 gene (PTGS2) was 
selectively induced by IgG F(ab’)2, whereas diff erentiation-
dependent gene-2 and interleukin 8 gene were activated 
by both ANCA IgG F(ab’)2 and the whole antibody. This 
in-vitro activation mimicked changes in neutrophils from 
patients with vasculitis associated with ANCA. 

Binding of ANCA allows neutrophils to adhere in a 
fi xed, stationary way and migrate to previously cytokine-
primed (tumour necrosis factor α) endothelium, which 
presents enhanced expression of adhesion molecules.8 
ANCA promote the interaction between neutrophils and 
endothelial cells depending on β2 integrins (CD11a/CD18 
and CD11b/CD18) and GTP binding protein chemokine 
receptors.33 Once adhered, noxious neutrophils’ 
constituents—reactive oxygen species and proteolytic 
enzymes—are secreted and ready to damage vessel walls. 
Released myeloperoxidase and proteinase 3 can bind to 
endothelial cells and then interact with circulating ANCA, 
allowing for additional cytotoxic eff ects. Proinfl ammatory 
cytokines secreted by neutrophils as a result of ANCA 
binding include interleukin 1 β, tumour necrosis factor α, 
interleukin 6, interleukin 8, monocyte chemoattractant 
protein 1, and leukotriene B4. ANCA-mediated cytokine 
secretion will activate and recruit extra infl ammatory 
cells, amplifying and perpetuating the infl ammatory 
response, with monocytes and T cells participating later 
in the process.1,8,20

T cells might have a major role in ANCA-associated 
vasculitides. Supportive data include: (1) ANCA are high-
affi  nity, class-switched antibodies and their generation 
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necessarily relies on T cells; (2) T cells accumulate in the 
kidney and their number correlates with renal 
impairment;34,35 (3) T cells in patients with vasculitis 
associated with ANCA react to proteinase 3 and 
myeloperoxidase in proliferation assays;20 and (4) T-cell 
reactivity markers (eg, cytotoxic T lymphocyte-associated 
antigen 4) are increased in active disease.36

Rituximab, an anti-CD20 monoclonal antibody against 
B cells, was proved eff ective in patients with refractory 
ANCA-associated vasculitides. Remission was achieved 
in all patients and maintained while circulating 
B lymphocytes were absent.37 This fi nding, and the fact 
that disease-inducing ANCA must be produced by B cells, 
points to a fundamental intervention of them in the 
ANCA-associated vasculitides pathogenic puzzle. 

ANCA-mediated neutrophil activation disrupts apoptosis 
by delaying expression of apoptotic neutrophil surface 
phosphatidylserines, which are necessary for macrophage-
mediated cell removal. Because of delayed clearance, 
neutrophils undergo secondary necrosis with subsequent 
release of infl ammatory mediators, hence amplifying the 
process.38 Furthermore, ANCA-opsonised apoptotic 
neutrophils enhance both the phagocytotic activity of 
macrophages and their production of proinfl ammatory 
cytokines.39 

By contrast, Abdel-Salam and colleagues40 detected a low 
affi  nity of proteinase 3 ANCA for their antigen, challenging 
the activating role of ANCA. In this study, only high 
concentrations of ANCA permitted their binding. 
However, these results do not exclude the possibility that 
ANCA, at high amounts, could interact with primed 
neutrophils at the capillary lumen and thus exert their 
pathogenic eff ects.41 ANCA can also induce polymerisation 
of actin cytoskeleton, thus strengthening neutrophil 
rigidity, which can contribute to their sequestration in 
capillaries. This might account for why ANCA-associated 
vasculitides have a predilection for small vessels.42

Who will develop ANCA-associated vasculitis? 
Although evidence is still scarce, the above-mentioned 
pathogenic mechanisms might make ANCA-associated 
vasculitides easier to develop in individuals harbouring 
some genetic and environmental propensities. 

Genetic factors
The baseline level of expression of proteinase 3 on the 
surface of resting neutrophils varies widely in individuals 
and remains steady over time. Many investigations have 
shown highest degrees of proteinase 3 surface expression 
in people with Wegener’s granulomatosis. Such patients  
are more prone to clinical relapse.43–45 The higher the 
surface expression of proteinase 3, the easier the protein-
ase 3 ANCA binding might be. High expression of 
proteinase 3 in the neutrophil membrane has also 
been associated with higher amounts of neutrophil de-
granulation and super oxide generation.46 A polymorphism 
[A(–564)G] in the proteinase 3 promoter region, which can 

lead to overexpression of this enzyme, has been linked to 
Wegener’s granulomatosis.47 However, Pieters and 
colleagues48 showed that this polymorphism does not 
cause the increased amounts of proteinase 3 on the surface 
of neutrophils that are seen in individuals with Wegener’s 
granulomatosis.

Patients with Wegener’s granulomatosis have a 100-fold 
increased carrier frequency of the defective Z allele of the 
SERPINA1 gene of α1 antitrypsin. By extrapolation, only 
about 5% of individuals with Wegener’s granulomatosis 
have this allele.49 Such patients have a more disseminated 
disease and a worse prognosis, probably accounted for by 
an imbalance between proteinase 3 and its inhibitor.50

Patients with Wegener’s granulomatosis with certain 
genotypes of polymorphisms of Fc-gamma IIa 
(homozygous for the Arg131 form) and IIIa (homozygous 
for the Phe158 form) receptors are greater prone to 
clinical relapse. These polymorphisms are not associated 
with the highest degree of ANCA-mediated neutrophil 
activation but with decreased Fc-gamma-mediated 
bacterial clearance, which might be relevant to the 
chronic nasal carriage of S aureus.51

By investigating polymorphisms in adhesion molecules 
associated with the interaction between neutrophils and 
endothelial cells, Genzik and colleagues showed52 that a 
restriction fragment-length polymorphism in exon 11 of 
the CD18 gene was associated with myeloperoxidase-
ANCA-associated vasculitis. The researchers suggested 
that a common variant of CD18 (AvaII+ allele) might 
predispose to the development of vasculitis by a CD18 
quantitative regulation, by means of the highest 
proadhesive behaviour, or by both processes.

Despite the fact that evidence for association of 
complement in ANCA-associated vasculitides is scarce, 
Persson and colleagues53 reported an amplifi ed frequency 
of certain alleles of polymorphisms in C3 (C3F allele) 
and C4 (C4A3 allele) genes in patients with ANCA-
associated vasculitides. 

Interleukin 10 has a pivotal role in the polarisation of 
T cells towards T-helper-2 and immunoglobulins 
production by B cells. A microsatellite CA repeat 
(interleukin 10.G)—located in the promoter region of 
interleukin 10 gene and associated with high anti body 
production—has been linked to Wegener’s granulo-
matosis.54 A rise in interferon-γ +874 T/T and tumour 
necrosis factor α-238 G/A genotypes, which are associated 
with high expressor cytokine phenotypes, has also been 
detected in individuals with Wegener’s granulomatosis.55

While using an extended association screen with 
202 microsatellite markers—representing apoptosis-
related genes—in 150 patients with Wegener’s granulo-
matosis, Jagiello and co-workers56 found an association 
between one microsatellite allele pattern in the immediate 
vicinity of the retinoid X receptor β gene (RXRB) and the 
disease. The RXRB gene locates in the major 
histocompatibility complex region between major 
histocompatibility complex class II, DP beta 1 (HLA-
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DPB1), and death-associated protein 6 (DAXX). Further 
analysis revealed a strong link between HLA-DPB1 0401 
allele and Wegener’s granulomatosis. Certain HLA-DPB1 
alleles are implicated in chronic beryllium disease, 
another granulomatous lung disorder. Furthermore, the 
researchers identifi ed an extended haplotype DPB1* 
0401/RXRB03, which showed an even stronger asso-
ciation with Wegener’s granulomatosis. 

CTL4 plays an important part in T-cell activation 
downregulation. The frequency of the shortest allele (86) 
of an (AT)n microsatellite polymorphism of the CTLA4 
gene is decreased in Wegener’s granulomatosis patients.57 
This polymorphism might account for a hyperactive 
immune response.49 Another polymorphism in the 
promoter region of the CTLA 4 gene [C(–318)T] has been 
associated with Wegener’s granulomatosis, although it is 
unlikely to have functional importance. 58 

Environmental factors 
Many case-control studies have shown an association 
between silica exposure and ANCA detection, ANCA-
associated vasculitides, or both.59–62 In a series of 
65 patients with ANCA-associated vasculitides, Hogan 
and associates61 showed that the odds ratio of silica dust 
exposure was 4·4 times greater in patients compared 
with controls. Lane and colleagues62 reported a substantial 
association between high occupational exposure to silica 
and Churg-Strauss syndrome (odds ratio 5·6) and ANCA 
positivity (4·9). Because silica particles are powerful 
stimulators of T cells and B cells, their inhalation by 
susceptible individuals might trigger production of 
autoantibodies including ANCA. Moreover, release of 
proteinase 3 or myeloperoxidase (and subsequent ANCA 
production) can be induced by activation of monocytes 
and macrophages by silica.61 Data from in-vitro and 
murine studies have shown that silica accelerates 
apoptosis.63,64 Silica might cause disturbances in normal 
apoptosis leading to cross-presentation of self-antigens 
by dendritic cells. In view of the growing evidence on the 
potential role of silica in ANCA-associated vasculitides 
pathogenesis, it seems reasonable to explicitly ask 
patients with these disorders about previous or current 
exposure to specifi c sources. Doctors can then consider 
whether such individuals who remain actively exposed to 
silica should be advised to move away from its source, 
which might improve their disease prognosis.

Other occupational factors associated with ANCA-
associated vasculitides, ANCA positivity, or both 
(although to a lesser degree than silica) are farming 
(especially livestock), high occupational solvent exposure, 
allergy in general,62 asbestos,65 and pesticides.66 

Cocaine-induced face midline destructive lesions have 
been linked to ANCA displaying double-specifi city for 
human neutrophil elastase and proteinase 3. This 
association helps to distinguish midline lesions arising 
as a result of sniffi  ng cocaine from those in Wegener’s 
granulomatosis. In patients with this disorder, ANCA 

Reference

Infections

Tuberculosis Flores-Suarez71

HIV/AIDS Klaassen72

Malaria Yahya73

Hepatitis C Wu74

Subacute endocarditis due to S aureus or streptococci Hellmich;75 Choi76

Parvovirus B19 Chou77

Leprosy Medina78

Pseudomonas (cystic fi brosis) Carlsson79

Aspergillosis Cho80

Histoplasmosis Mead81

Leptospirosis Constantin82

Amoebiasis Pudifi n15

Pulmonary sporotrichosis Byrd83

Digestive disorders 

Infl ammatory bowel disease Saxon84 

Primary sclerosing cholangitis Schwarze85

Autoimmune hepatitis Schwarze85 

Primary biliary cirrhosis Sobajima86

Neoplasms

Carcinoma Vassilopoulos87

Lymphoma Savige88

Liebow’s disease Savige88

Chronic myelocytic leukaemia Chevailler89

Myelodysplasia Savige88

Monoclonal gammopathies Esnault90

Drugs

Propylthiouracil Slot69

Hydralazine Short91

Methimazole Guma92

Minocycline Elkayam93

Carbimazole Miller94

Allopurinol Choi95

Cocaine Wiesner67

D-penicillamine ten Holder70

Phenytoin ten Holder70

Levamisole ten Holder70

Pimagedine ten Holder70

Connective-tissue diseases

Systemic lupus erythematosus Schnabel96

Rheumatoid arthritis Bosch97

Felty’s syndrome Juby98

Systemic sclerosis Ruff atti99

Dermatomyositis Merkel100

Sjögren’s syndrome Font101

Mixed connective tissue disease Cooper102

Reactive arthritis Locht103

Ankylosing spondylitis Lotch103

Juvenile chronic arthritis Mulder104

Relapsing polychondritis Papo105

Eosinophilia myalgia syndrome Schnabel106

(Continues on next page)
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will react with proteinase 3 but not with neutrophil 
elastase.67 This double-reactivity suggests the existence of 
cocaine-induced polyclonal B-cell stimulation, an event 
noted also with other drugs (eg, allopurinol, 
D-penicillamine). The almost universal nasal carriage of 
S aureus in cocaine abusers might also account for the 
presence of ANCA in those with midline destructive 
lesions. Finally, bearing in mind the association between 
ANCA and infections, a persistent superinfected necrotic 
tissue in cocaine-induced lesions might account for the 
existence of ANCA in such cases.68

Among drug treatments, propylthiouracil, hydralazine, 
methimazole, carbimazole, D-penicillamine, and 
minocycline have mostly been implicated in the 
development of ANCA-associated vasculitides.69,70 Other 
uncommon reported agents are listed in table 1. Cases of 
drug-induced ANCA-associated vasculitides are not as 
severe as the primary forms of disease and withdrawal of 
the agent has generally resulted in a decrease in ANCA 
titres and disease resolution.123 The prevalence of ANCA 
in patients treated with propylthiouracil ranges between 
33% and 64%. Yet clinical manifestations of vasculitis are 
uncommon.28 Of note, Slot and associates69 detected a 
higher frequency of ANCA, with or without vasculitis, in 
patients administered antithyroid drugs (compared with 
hyperthyroid patients who received other therapies) even 
after years of treatment. Most cases of drug-induced 
ANCA-associated vasculitides are associated not only 
with myeloperoxidase ANCA but also with elastase, 
proteinase 3, and lactoferrin. The detection of ANCA 

against two or more antigens might hint at drug-induced 
disease.69,123 ANCA-associated vasculitides with drug-
induced disease can show an atypical ANCA pattern 
along with a high concentration of myeloperoxidase 
ANCA;124 the pathogenesis is not well understood. 
Propylthiouracil can accumulate in neutrophils and is 
oxidised to reactive intermediates that bind to self-
peptides and provoke T-cell sensitisation, potentially 
leading to ANCA production.28 After fi nding diff erences 
in epitope recognition, Ye and colleagues125 suggested 
that the mechanism of generation of ANCA in 
propylthiouracil-induced myeloperoxidase ANCA-asso-
ciated vasculitis is dissimilar to that of idiopathic ANCA-
associated vasculitides.

Methods for detection of ANCA
Indirect immunofl uorescence and ELISA remain the 
most widely used techniques for ANCA detection, their 
combination being the most suitable approach.87,124,126–128 
When positive results from indirect immunofl uorescence 
and ELISA are combined, specifi city for ANCA-associated 
vasculitides is 99% and sensitivity for Wegener’s 
granulomatosis and microscopic polyangiitis is 73% and 
67%, respectively.126 Moreover, ANCA testing by both 
methods is highly useful to exclude pauci-immune 
necrotising and crescentic glomerulonephritis in patients 
with low pre-test likelihood (negative predictive value 
99%); when there is high clinical suspicion, ANCA 
determination is most valuable to lend support to such a 
diagnosis (positive predictive value 95%).129

When searching for ANCA by indirect immuno-
fl uorescence, four immunostaining patterns can be seen. 
The cytoplasmic pattern suggests the presence of serum 
proteinase 3 ANCA. The perinuclear pattern is defi ned as 
any perinuclear fl uorescence with or without nuclear 
extension. In a clinically suitable scenario, most 
perinuclear ANCA, usually with nuclear extension, will 
match myeloperoxidase ANCA. However, perinuclear 
ANCA, generally other than myeloperoxidase ANCA, can 
also be in disorders diff erent from ANCA-associated 
vasculitides, such as infl ammatory bowel disease and 
other autoimmune conditions. Atypical cytoplasmic 
ANCA (diff use fl at cytoplasmic staining without 
interlobular accentuation) has specifi city for bac-
tericidal/permeability-increasing protein and is mainly 
linked to chronic infections.124 Any other ANCA staining 
makes up an atypical ANCA pattern, which is not typically 
associated with ANCA-associated vasculitides. 

In clinical practice, ELISA will prove the presence of 
myeloperoxidase ANCA or proteinase 3 ANCA. Yet there 
might be sensitivity issues because of the quality of 
ELISA kits.130 Other techniques are being developed to 
overcome ELISA limitations (eg, capture ELISA).131

An international group of experts has produced 
guidelines on ANCA testing and reporting to minimise 
technical diffi  culties and improve the homogeneity of 
results.124,128 They propose to screen ANCA by indirect 

(Continued from previous page)

Systemic vasculitides other than ANCA-
associated vasculitis

Polyarteritis nodosa Baranger107

Horton’s arteritis Bosch108

Takayasu’s arteritis Uppal109

Schönlein-Henoch purpura Saulsbury110

Kawasaki disease Rider111

Behçet’s disease Baleva112

Cryoglobulinemic vasculitis Lampretch113

Renal diseases

Poststreptococcal glomerulonephritis Ardiles114

IgA nephropathy van den Wall 
Bake115

Membranous nephropathy Dwyer116

Antiglomerular basement membrane disease Bosch117

Other disorders

Silica exposure Hogan61

Sarcoidosis Forde118

Sweet syndrome Burrows119

Idiopathic pulmonary haemosiderosis Attia120

Retroperitoneal fi brosis Sakemi121

Erythema elevatum diutinum Ayoub122

Table 1: Disorders other than ANCA-associated vasculitis, in which ANCA 
have been detected either by indirect immunofl uorescence or ELISA
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immunofl uorescence and to confi rm any positivity by 
both proteinase 3-ELISA and myeloperoxidase-ELISA. 
Negative results from indirect immunofl uorescence 
should also be tested by ELISA because 5% of serum 
samples are positive by ELISA only. When results point to 
ANCA-associated vasculitides, histological confi rmation 
is mandatory. Because ANCA concentrations might be 
useful for diagnosis and disease monitoring, the group 
recommends determination of proteinase 3 ANCA and 
myeloperoxidase ANCA concentrations. These should be 
reported semiquantitatively because no consensus on 
standardised measurement units has been reached so far 
(fi gure 3).

Most ANCA in disorders other than ANCA-associated 
vasculitides do not have specifi city for myeloperoxidase 
and proteinase 3, and usually display a perinuclear-
ANCA pattern (table 1). However, myeloperoxidase 
ANCA and proteinase 3 ANCA (usually at low 
concentrations) can rarely be detected in non-vasculitic 
conditions including infl ammatory bowel disease, other 
autoimmune disorders, and infections such as tubercu-
losis.71,74,99,124 The ANCA-associated vasculitides are very 
rare disorders. If ANCA detection methods were applied 
to the general population (low pre-test probability), we 
would be expect to record a large number of false-
positives results, irrespective of a high test specifi city. 
The same would happen if ANCA testing were 
indiscriminately done in a clinical setting. However, if 
tests are ordered in patients with high suspicion of 
ANCA-associated vasculitides (higher pre-test 
probability), the total number of false-positive results 

will be reduced.132 Therefore, to avoid misdiagnosis, 
unnecessary and potentially harmful treatments, and 
medical examinations (and laboratory charges), we 
advise use of ANCA tests only when there exists a high 
suspicion of ANCA-associated vasculitides. 

Clinical usefulness of ANCA 
Much like other autoantibodies (eg, anti-double stranded 
DNA in systemic lupus erythematosus or antiglomerular 
basement membrane antibodies in Goodpasture’s 
syndrome), ANCA have provided doctors with a serological 
test useful to assist in the diagnosis of Wegener’s 
granulomatosis, microscopic polyangiitis, Churg-Strauss 
syndrome, and their localised variants, such as pauci-
immune necrotising, crescentic glomerulonephritis, and 
pulmonary capillaritis. Thus, if we consider Wegener’s 
granulomatosis, microscopic polyangiitis, and necrotising 
and crescentic glomerulonephritis together, ANCA are 
detected in 85–95% of cases.133 Besides their diagnostic 
potential, ANCA might be valuable in disease monitoring. 
However, ANCA are not currently considered a diagnostic 
criterion. The American College of Rheumatology 
published in 1990 a series of criteria for diagnosis of 
systemic vasculitis. The College reports, however, did not 
mention ANCA and, furthermore, microscopic polyangiitis 
was not thought of as a separate entity. Because the 
American College of Rheumatology does not require 
histological confi rmation as mandatory diagnostic criteria, 
if we would adhere to the report’s defi nitions today, 
microscopic polyangiitis would be misdiagnosed as 
Wegener’s granulomatosis or as polyarteritis nodosa. The 

IIF ELISA Combined results

AAV
Cytoplasmic-ANCA +

Cytoplasmic-ANCA (atypical) +

Perinuclear-ANCA +

Atypical ANCA +

ANCA –

ANA +

Cytoplasmic-ANCA +

Cytoplasmic-ANCA (atypical) +

Perinuclear-ANCA +

Atypical ANCA +

ANCA –

ANA +

PR3/MPO 3+ or2+

PR3/MPO-or1+

PR3/MPO-

MPO 3+ or2+

MPO-or1+

PR3/MPO-or1+

MPO 3+ or2+

PR3/MPO 1+

MPO 3+ or2+

MPO 1+

Treated, inactive or relapsing AAV
Other diseases

Other diseases

MPA, CSS, WG (less common)

Other diseases
Treated, inactive or relapsing AAV

Other diseases

Drug-induced AAV

Treated, inactive or relapsing AAV
Other diseases

MPA, CSS, WG (less common)

Treated, inactive or relapsing AAV
Other diseases

Figure 3: Scheme of ANCA determination and reporting based on the International Consensus Statement on testing and reporting of ANCA124,128

AAV=ANCA-associated vasculitides. IIF=indirect immunofl uorescence. MPO=myeloperoxidase. CSS=Churg-Strauss syndrome. MPA=microscopic polyangiitis. 
WG=Wegener’s granulomatosis.
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publication in 1994 of the Chapel Hill consensus conference 
on the nomenclature of systemic vasculitis134 addressed 
some limitations of the American College of 
Rheumatology’s criteria. For the fi rst time, the necrotising 
vasculitides aff ecting medium-sized and small-sized 
(including arterioles, venules, and capillaries) vessels, 
commonly associated with ANCA, were classifi ed as a 
separate group, termed ANCA small-vessel vasculitis 
(table 2). Of note, this group does not include polyarteritis 
nodosa. Although this disorder aff ects medium-sized and 
small-sized vessels, it respects arterioles, venules, and 
capillaries and ANCA are typically negative. Chapel Hill’s 
operative defi nitions (but not diagnostic criteria) for each 
entity do not explicitly include ANCA positivity or the 
target antigen specifi city. Nevertheless, even in absence of 
histopathological confi rmation (eg, incipient renal 
damage), in a coherent clinical context, ANCA remain an 
important factor strongly suggestive of small-vessel 
vasculitis. Moreover, knowledge of the precise antigenic 
specifi city might orient the doctor towards a specifi c 
disease in ANCA-associated vasculitides. Thus, to assist 
the early recognition—and prompt treatment—of 
Wegener’s granulomatosis, microscopic polyangiitis, 
Churg-Strauss syndrome and their localised forms, 
ANCA might well be regarded, in future, a criterion 
(among others) for diagnosis of ANCA-associated 
vasculitides. However, because ANCA might be absent in 
some ANCA-associated vasculitides scenarios (and false-
positive results can happen) they should never be regarded 
as an absolute essential diagnostic prerequisite (fi gure 4).

Wegener’s granulomatosis
This disease aff ects predominantly the upper and lower 
respiratory tracts, and kidneys, where it can produce a 
rapidly progressive glomerulonephritis as a result of 
necrotising and crescentic glomerulonephritis. In the 
lungs, Wegener’s granulomatosis can cause life-
threatening diff use alveolar haemorrhage as a result of 
(pauci-immune) alveolar necrotising capillaritis (fi gure 5). 
The eyes, heart, gut, skin, and the peripheral nervous 
system might also be aff ected in Wegener’s granulomatosis 
as a result of necrotising vasculitis aff ecting small-sized 
to medium-sized vessels.135 The localised form of the 
disease usually refers to the involvement of eyes, ears, 

nose, and lungs.136 The histological hallmark of Wegener’s 
granulomatosis is a granulomatous infl ammation in the 
respiratory tract. In its generalised form, proteinase 3 
ANCA are seen in 70–80% and myeloperoxidase ANCA 
in 10% of patients.123 In limited Wegener’s granulomatosis, 
ANCA are detected only in 60% of cases. 

Microscopic polyangiitis
Microscopic polyangiitis is characterised by pauci-
immune necrotising small-vessel vasculitis without 
granuloma formation, with or without involvement of 
medium-sized arteries. The clinical range is similar to 
Wegener’s granulomatosis, although ear, nose, throat, 
and lung involvement is less common in microscopic 
polyangiitis. About 90% of patients have renal diseases in 
the form of pauci-immune necrotising and crescentic 
glomerulo nephritis, which is indistinguishable from that 
seen in Wegener’s granulomatosis.135 Renal involvement 
might constitute the only manifestation of microscopic 
poly angiitis. About half of patients with microscopic 
polyangiitis develop necrotising alveolar capillaritis-
induced pulmonary haemorrhage. Moreover, this disorder 
is the most common cause of pulmonary-renal 
syndrome.135 About 60% of microscopic polyangiitis 
patients have myeloperoxidase ANCA and 30% have 
proteinase 3 ANCA.123 People with microscopic polyangiitis 
have fewer relapses than do those with Wegener’s 
granulomatosis.137 

Churg-Strauss syndrome
Clinically characterised by asthma, hypereosinophilia, 
and transient pulmonary infi ltrates, Churg-Strauss 
syndrome’s typical histopathological features include 
extravascular granulomas and eosinophil-rich infi ltrates 
in the respiratory tract, along with small-sized and 
medium-sized necrotising vasculitis. Rapidly progressive 
glomerulo nephritis and pulmonary haemorrhage are less 
familiar in Churg-Strauss syndrome than in microscopic 
polyangiitis and Wegener’s granulomatosis. However, 
life-threatening myocardial vasculitis is most likely in 
Churg-Strauss syndrome.8 ANCA are detected in 60% of 
patients (30% myeloperoxidase ANCA and 30% proteinase 
3 ANCA).123 

ANCA in disease monitoring 
Early evidence about the usefulness of ANCA as markers 
of clinical activity in Wegener’s granulomatosis was 
reported in 1985 by van der Woude and colleagues,3 who 
noted that disease remission was generally paralleled by 
ANCA negativity. Persistent or reappearing cytoplasmic-
ANCA positivity within the fi rst year in patients in 
remission is clinically signifi cant associated with disease 
relapse in ANCA-associated vasculitides. On the contrary, 
the risk of relapse in patients who show persistently 
negative cytoplasmic ANCA or perinuclear ANCA seems 
to be very low.138 Should we prophylactically treat a patient 
who has an elevation of ANCA concentrations while in 

Wegener’s granulomatosis Granulomatous infl ammation aff ecting the respiratory tract, and necrotising 
vasculitis aff ecting small-sized to medium-sized vessels (ie, capillaries, 
venules, arterioles, and arteries). Necrotising glomerulonephritis is common. 

Churg-Strauss syndrome Eosinophil-rich granulomatous infl ammation in the respiratory tract, and 
necrotising vasculitis aff ecting small-sized to medium-sized vessels, and 
associated with asthma and eosinophilia.

Microscopic polyangiitis Necrotising vasculitis, with few or no immune deposits, aff ecting small vessels 
(ie, capillaries, venules, or arterioles). Necrotising arteritis involving small-
sized and medium-sized arteries might be present. Necrotising 
glomerulonephritis is very common. Pulmonary capillaritis frequently arises. 

Table 2: Operative defi nitions of ANCA-associated vasculitis adopted by the Chapel Hill conference 
consensus on the nomenclature of systemic vasculitis134
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Consider other diagnoses including
systemic vasculitis not associated
with ANCA 

Other results (see
figure 3) 

Consider MPA first Consider CSS 

Consider false-positive
ANCA result 
(see table 1)

Consider true
negative if ANCA (-) 

Order ANCA testing by IIF
and ELISA  

Negative

Consider WG first

Perform biopsy
- Of one involved organ
- If two or more, weigh reliability
   and invasiveness   

I have a patient with a suspicion 
of systemic vasculitis

Should I order ANCA?

Does my patient have any of these 
features?132

No Yes

- Glomerulonephritis especially 
   rapidly progressive
- Pulmonary haemorrhage or 
   pulmonary-renal syndrome
- Cutaneous vasculitis with fever, 
   weight loss, mylagias, arthralgias 
   or arthritis
- At least one lung nodule
- Epistaxis or erosive nasal mucosa 
   changes
- Long-standing sinusitis or otitis
- Subglottic, tracheal stenosis
- Mononeuritis multiplex or other 
   peripheral neuropathy
- Retro-orbital mass 

C-ANCA (+) and 
PR3-ANCA (+)

 P-ANCA (+) and 
MPO-ANCA (+)

Consider ANCA 
(-) AAV

Non-confirmatory or 
not possible

Confirmatory 
with eosinophil-
rich granulomata

Confirmatory 
with granulomata

Confirmatory 
without 
granulomata

CSS (if peripheral 
eosinophilia 
and asthma)

WG MPA

Strong clinical suspicion of
AAV and life-threatenig
condition (eg, diffuse
pulmonary haemorrhage)  

Exclude infection

Start treatment

Figure 4: Value of ANCA in the clinical approach to ANCA-associated vasculitides
IIF=indirect immunofl uorescence. CSS=Churg-Strauss syndrome. WG=Wegener’s granulomatosis. MPA= microscopic polyangiitis. ENT=ear, nose, and throat. 
AAV=ANCA-associated vasculitides.
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remission, as previously suggested?139,140 Several, mostly 
retrospective, studies have attempted to calculate the 
number of ANCA-associated vasculitides patients who 
develop a relapse after a rise in ANCA titres. After 
analysis of 15 of these reports, Schmitt and van der 
Woude141 noted that 155 of 365 (42%) and 75 of 295 (25%) 
patients did not have a relapse after concentration of 
ANCA in serum rose when indirect immunofl uorescence 
and ELISA, respectively, were done. Because statistically 
powerful trials assessing the benefi t-risk balance of a 
pre-emptive treatment are absent, it does seem 
reasonable to argue that ANCA titres alone are not 
valuable for guiding treatment. Otherwise, patients 
would be unnecessarily left to the potential risks of 
immunosuppressive treatment.141,142 In our opinion, any 
patient with ANCA-associated vasculitides in remission 
with persistent or reappearing ANCA positivity or rise 
in titre should be closely followed up, and diagnostic 
eff orts intensifi ed, to promptly detect—and treat—
relapses.

Clinical value of ANCA in other diseases
Antiglomerular basement membrane disease 
About a third of patients with antiglomerular basement 
membrane disease have ANCA, mainly myeloperoxidase 
ANCA.117,143 Furthermore, up to 7·5% of ANCA-positive 
patients can harbour antiglomerular basement mem-
brane antibodies.144 Previous studies have noted that 
patients with such a double-positivity have a better 
clinical outcome (better response to immunosuppressants 
and renal recovery), even when presenting with severe 
renal failure, than do those with antiglomerular 
basement membrane antibodies alone.117,145 However, 
Levy and co-workers143 reported a series of patients with 
both antibodies who presented with severe disease and 
had a poor outlook. Unlike ANCA-associated vasculitides, 
these patients were unresponsive to immunosuppressive 
treatment and did not recover from dialysis, hence 
somewhat behaving like genuine antiglomerular base-
ment membrane disease. It seems, therefore, advisable 

to check any patient with ANCA-related renal disease for 
antiglomerular basement membrane antibodies, and 
vice versa, because this association might confer distinct 
prognostic and therapeutic implications.

Infl ammatory bowel disease and other autoimmune diseases 
ANCA are recorded in 50–70% of patients with ulcerative 
colitis84 and 10–30% of individuals with Crohn’s disease.124 
A subgroup of patients with infl ammatory bowel disease 
(10–15%) cannot be initially classifi ed as having ulcerative 
colitis or Crohn’s disease (indeterminate colitis). In this 
subset, ANCA might help to identify the precise disorder, 
when combined with anti-Saccharomyces cerevisiae 

antibody testing by ELISA. A positive perinuclear-ANCA 
but negative anti-S cerevisiae antibody result suggests 
ulcerative colitis, whereas a negative perinuclear-ANCA 
but positive anti-S cerevisiae antibody test hints at Crohn’s 
disease. In infl ammatory bowel disease, ANCA 
concentrations might correlate with disease activity.146 

ANCA determination can also assist in the diagnosis of 
certain autoimmune disorders. In particular, they have 
been noted in primary sclerosing cholangitis (up to 87%), 
autoimmune hepatitis type I (up to 96%), and Felty 
syndrome (90%).85,124

The predominant pattern in these disorders is a 
perinuclear-ANCA immunostaining with a broad rim-
like fl uorescence of the periphery of the nucleus without 
nuclear extension. Antigenic specifi cities are protean, 
such as nuclear and cytosolic antigens and other antigens 
contained in specifi c and primary granules. 

Bactericidal/permeability-increasing protein ANCA 
have been detected in most of the above-mentioned 
non-ANCA-associated vasculitides disorders and in 
chronic airway infections (mainly in cystic fi brosis and 
bronchectases).123 Bactericidal/permeability-increasing 
pro   tein is a neutrophil-granule protein with signifi cant 
antimicrobial activity against gram-negative bacteria that 
strongly neutralises the endotoxic activity of bacterial 
lipopolysaccharide. Reported data suggest that bacteri-
cidal/permeability-increasing protein ANCA mainly take 
place in disorders in which prolonged exposure to gram-
negative bacteria and endotoxin happens, leading to 
widespread mobilisation of neutro phils, release of 

bactericidal/permeability-increasing protein, and form-
ation of extracellular bactericidal/permeability-increasing-
endotoxin complexes. Bacteri cidal/ perme ability-increasing 
protein lipopolysaccharide complexes (or other proteins 
from degraded neutrophils) might possibly be taken up 
and processed by monocytes. As a result, some bacter-
icidal/permeability-increasing protein domains (and 
other neutrophil protein domains) can be presented on 
the monocyte surface, paving the way to generation of 
bactericidal/permeability-increasing protein ANCA and 
other ANCA.147 Alternatively, on grounds of the apparent 
association with infections, ANCA in these disorders 
might represent cross-reactive antibodies induced by 
bacterial proteins. 

Figure 5: Severe alveolar capillaritis with acute alveolar haemorrhage in a 
patient with Wegener’s granulomatosis 
Haemoxylin and eosin stain, original magnifi cation ×60.



Review

www.thelancet.com   Vol 368   July 29, 2006 415

Confl ict of interest statement
We declare that we have no confl ict of interest. 

Acknowledgments
No funding was used for the preparation or submission of this 
manuscript. 

References
1  Heeringa P, Tervaert JW. Pathophysiology of ANCA-associated 

vasculitides: are ANCA really pathogenic? Kidney Int 2004; 65: 
1564–67.

2  Davies DJ, Moran JE, Niall JF, Ryan GB. Segmental necrotising 
glomeru-lonephritis with antineutrophil antibody: possible 
arbovirus aetiology? BMJ 1982; 2: 606. 

3  van der Woude FJ, Ramussen N, Lobatto S, et al. Autoantibodies 
against neutrophils and monocytes: tool for diagnosis and marker of 
disease activity in Wegener’s granulomatosis. Lancet 1985; 1: 425–29.

4  Falk RJ, Jennette JC. Anti-neutrophil cytoplasmic autoantibodies 
with specifi city for myelopreoxidase in patients with systemic 
vasculitis and idiopathic necrotizing and crescentic 
glomerulonephritis. N Engl J Med 1988; 318: 1651–57.

5  Jenne DE, Tschopp J, Ludemann J, Utecht B, Gross WL. Wegener’s 
auto-antigen decoded. Nature 1990; 346: 520.

6  Jennette JC, Hoidal JR, Falk RJ. Specifi city of anti-neutrophil 
cytoplasmic autoantibodies for proteinase 3. Blood 1990; 75: 2263–64.

7  Booth A, Harper L, Hammad T, et al. Prospective study of TNFalpha 
blockade with infl iximab in anti-neutrophil cytoplasmic antibody-
associated systemic vasculitis. J Am Soc Nephrol 2004; 15: 717–21.

8  Kamesh L, Harper L, Savage CO. ANCA-positive vasculitis. 
J Am Soc Nephrol 2002; 13: 1953–60. 

9  Falk RJ, Terrell RS, Charles LA, Jennette JC. Anti-neutrophil 
cytoplasmic autoantibodies induce neutrophils to degranulate and 
produce oxygen radicals in vitro. Proc Natl Acad Sci USA 1990; 87: 
4115–19.

10  Falk RJ, Jennette JC. ANCA are pathogenic—oh yes they are! 
J Am Soc Nephrol 2002; 13: 1977–79.

11  Xiao H, Heeringa P, Hu P, et al. Antineutrophil cytoplasmic 
autoantibodies specifi c for myeloperoxidase cause glomerulonephritis 
and vasculitis in mice. J Clin Invest 2002; 110: 955–63.

12  Haas M, Eustace JA. Immune complex deposits in ANCA-
associated crescentic glomerulonephritis: a study of 126 cases. 
Kidney Int 2004; 65: 2145–52.

13  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: 72–79.

14  Stegeman CA, Tervaert JW, Sluiter WJ, Manson WJ, de Jong PE, 
Kallenberg CG. Association of chronic nasal carriage of 
Staphylococcus aureus and higher relapse rates in Wegener 
granulomatosis. Ann Intern Med 1994; 120: 12–17.

15  Pudifi n DJ, Duursma J, Gathiram V, Jackson TF. Invasive 
amoebiasis is associated with the development of anti-neutrophil 
cytoplasmic antibody. Clin Exp Immunol 1994; 97: 48–51.

16  Gilligan HM, Bredy B, Brady HR, et al. Antineutrophil cytoplasmic 
autoantibodies interact with primary granule constituents on the 
surface of apoptotic neutrophils in the absence of neutrophil 
priming. J Exp Med 1996; 184: 2231–41.

17  Yang JJ, Tuttle RH, Hogan SL, et al. Target antigens for anti-
neutrophil cytoplasmic autoantibodies (ANCA) are on the surface 
of primed and apoptotic but not unstimulated neutrophils. 
Clin Exp Immunol 2000; 121: 165–72.

18  Patry YC, Trewick DC, Gregoire M, et al. Rats injected with 
syngenic rat apoptotic neutrophils develop antineutrophil 
cytoplasmic antibodies. J Am Soc Nephrol 2001; 12: 1764–68.

19  Rauova L, Gilburd B, Zurgil N, et al. Induction of biologically active 
antineutrophil cytoplasmic antibodies by immunization with 
human apoptotic polymorphonuclear leukocytes. Clin Immunol 
2002; 103: 69–78.

20  Day CJ, Hewins P, Savage CO. New developments in the 
pathogenesis of ANCA-associated vasculitis. Clin Exp Rheumatol 
2003; 21 (6 suppl 32): 35–48.

21  Clayton AR, Prue RL, Harper L, Drayson MT, Savage CO. Dendritic 
cell uptake of human apoptotic and necrotic neutrophils inhibits 
CD40, CD80, and CD86 expression and reduces allogeneic T cell 
responses: relevance to systemic vasculitis. Arthritis Rheum 2003; 
48: 2362–74.

22  Yang JJ, Pendergraft WF, Alcorta DA, et al. Circumvention of 
normal constraints on granule protein gene expression in 
peripheral blood neutrophils and monocytes of patients with 
antineutrophil cyto-plasmic autoantibody-associated 
glomerulonephritis. J Am Soc Nephrol 2004; 15: 2103–14.

23  Griffi  th ME, Coulthart A, Pemberton S, George AJ, Pusey CD. 
Anti-neutrophil cytoplasmic antibodies (ANCA) from patients with 
systemic vasculitis recognize restricted epitopes of proteinase 3 
involving the catalytic site. Clin Exp Immunol 2001; 123: 170–77.

24  Daouk GH, Palsson R, Arnaout MA. Inhibition of proteinase 3 by 
ANCA and its correlation with desease activity in Wegener’s 
granulomatosis. Kidney Int 1995; 47: 1528–36.

25  Dolman KM, Stegeman CA, van de Wiel BA, et al. Relevance of 
classic anti-neutrophil cytoplasmic autoantibody (C-ANCA)-
mediated inhibition of proteinase 3-alpha 1-antitrypsin 
complexation to disease activity in Wegener’s granulomatosis. 
Clin Exp Immunol 1993; 93: 405–10.

26  van der Geld YM, Tool AT, Videler J, et al. Interference of 
PR3-ANCA with the enzymatic activity of PR3: diff erences in 
patients during active disease or remission of Wegener’s 
granulomatosis. Clin Exp Immunol 2002; 129: 562–70.

27  van der Geld YM, Stegeman CA, Kallenberg CG. B cell epitope 
specifi city in ANCA-associated vasculitis: does it matter? 
Clin Exp Immunol 2004; 137: 451–59.

28  Williams JM, Kamesh L, Savage CO. Translating basic science into 
patient therapy for ANCA-associated small vessel vasculitis. 
Clin Sci (Lond) 2005; 108: 101–12. 

29  Williams JM, Ben-Smith A, Hewins P, et al. Activation of the G(i) 
heterotrimeric G protein by ANCA IgG F(ab’)2 fragments is 
necessary but not suffi  cient to stimulate the recruitment of those 
downstream mediators used by intact ANCA IgG. J Am Soc Nephrol 
2003; 14: 661–69.

30  Williams JM, Savage CO. Characterization of the regulation and 
functional consequences of p21ras activation in neutrophils by 
antineutrophil cytoplasm antibodies. J Am Soc Nephrol 2005; 16: 
90–96.

31  Rarok AA, Limburg PC, Kallenberg CG. Neutrophil-activating 
potential of antineutrophil cytoplasm autoantibodies. J Leukoc Biol 
2003; 74: 3–15. 

32  Yang JJ, Preston GA, Alcorta DA, et al. Expression profi le of 
leukocyte genes activated by anti-neutrophil cytoplasmic 
autoantibodies (ANCA). Kidney Int 2002; 62: 1638–49.

33  Calderwood JW, Williams JM, Morgan MD, Nash GB, Savage CO. 
ANCA induces beta2 integrin and CXC chemokine-dependent 
neutrophil-endothelial cell interactions that mimic those of highly 
cytokine-activated endothelium. J Leukoc Biol 2005; 77: 33–43. 

34 Weidner S, Carl M, Riess R, Rupprecht HD. Histologic analysis of 
renal leukocyte infi ltration in antineutrophil cytoplasmic 
antibody-associated vasculitis: importance of monocyte and 
neutrophil infi ltration in tissue damage. Arthritis Rheum 2004; 50: 
3651–57.

35  Brouwer E, Cohen-Tervaert J, Weening J. Immunohistology of renal 
biopsies in Wegener’s granulomatosis (WG); Clues to its 
pathogenesis. Kidney Int 1991; 39: 1055.

36  Steiner K, Moosig F, Csernok E, et al. Increased expression of 
CTLA-4 (CD152) by T and B lymphocytes in Wegener’s 
granulomatosis. Clin Exp Immunol 2001; 126: 143–50.

37  Keogh KA, Wylam ME, Stone JH, Specks U. Induction of remission 
by B lymphocyte depletion in eleven patients with refractory 
antineutrophil cytoplasmic antibody-associated vasculitis. 
Arthritis Rheum 2005; 52: 262–68.

38  Csernok E. Anti-neutrophil cytoplasmic antibodies and pathogenesis 
of small vessel vasculitides. Autoimmun Rev 2003; 2: 158–64.

39  Moosig F, Csernok E, Kumanovics G, Gross WL. Opsonization of 
apoptotic neutrophils by anti-neutrophil cytoplasmic antibodies 
(ANCA) leads to enhanced uptake by macrophages and increased 
release of tumour necrosis factor-alpha (TNF-alpha). 
Clin Exp Immunol 2000; 122: 499–503.

40  Abdel-Salam B, Iking-Konert C, Schneider M, Andrassy K, 
Hansch GM. Autoantibodies to neutrophil cytoplasmic antigens 
(ANCA) do not bind to polymorphonuclear neutrophils in blood. 
Kidney Int 2004; 66: 1009–17.

41  Specks U. Antineutrophil cytoplasmic antibodies: are they 
pathogenic? Clin Exp Rheumatol 2004; 22 (6 suppl 36): 7–12.



Review

416 www.thelancet.com   Vol 368   July 29, 2006 

42  Tse WY, Nash GB, Hewins P, Savage CO, Adu D. ANCA-induced 
neutrophil F-actin polymerization: implications for microvascular 
infl ammation. Kidney Int 2005; 67: 130–39.

43  Witko-Sarsat V, Lesavre P, Lopez S, et al. A large subset of 
neutrophils expressing membrane proteinase 3 is a risk factor for 
vasculitis and rheumatoid arthritis. J Am Soc Nephrol 1999; 10: 
1224–33.

44  Rarok AA, Stegeman CA, Limburg PC, Kallenberg CG. Neutrophil 
membrane expression of proteinase 3 (PR3) is related to relapse in 
PR3-ANCA-associated vasculitis. J Am Soc Nephrol 2002; 13: 2232–38.

45  Schreiber A, Busjahn A, Luft FC, Kettritz R. Membrane expression 
of proteinase 3 is genetically determined. J Am Soc Nephrol 2003; 14: 
68–75.

46  Schreiber A, Luft FC, Kettritz R. Membrane proteinase 3 expression 
and ANCA-induced neutrophil activation. Kidney Int 2004; 65: 
2172–83.

47  Gencik M, Meller S, Borgmann S, Fricke H. Proteinase 3 gene 
polymorphisms and Wegener’s granulomatosis. Kidney Int 2000; 
58: 2473–77. 

48 Pieters K, Pettersson A, Gullberg U, Hellmark T. The -564 A/G 
polymorphism in the promoter region of the proteinase 3 gene 
associated with Wegener’s granulomatosis does not increase the 
promoter activity. Clin Exp Immunol 2004; 138: 266–70.

49  Borgmann S, Haubitz M. Genetic impact of pathogenesis and 
prognosis of ANCA-associated vasculitides. Clin Exp Rheumatol 
2004; 22 (suppl 36): 79–86.

50  Segelmark, Elzouki AN, Wieslander J, Eriksson S. The PiZ gene of 
alpha 1-antitrypsin as a determinant of outcome in PR3-ANCA-
positive vasculitis. Kidney Int 1995; 48: 844–50.

51  Dijstelbloem HM, Scheepers RH, Oost WW, et al. Fcgamma 
receptor polymorphisms in Wegener’s granulomatosis: risk factors 
for disease relapse. Arthritis Rheum 1999; 42: 1823–27.

52  Gencik M, Meller S, Borgmann S, et al.The association of CD18 
alleles with anti-myeloperoxidase subtypes of ANCA-associated 
systemic vasculitides. Clin Immunol 2000; 94: 9–12.

53  Persson U, Truedsson L, Westman KW, Segelmark M. C3 and C4 
allotypes in anti-neutrophil cytoplasmic autoantibody (ANCA)-
positive vasculitis. Clin Exp Immunol 1999; 116: 379–82.

54  Zhou Y, Giscombe R, Huang D, Lefvert AK. Novel genetic 
association of Wegener’s granulomatosis with the interleukin 10 
gene. J Rheumatol 2002; 29: 317–20.

55  Spriewald BM, Witzke O, Wassmuth R, et al. Distinct tumour 
necrosis factor alpha, interferon gamma, interleukin 10, and cytotoxic 
T cell antigen 4 gene polymorphisms in disease occurrence and end 
stage renal disease in Wegener’s granulomatosis. Ann Rheum Dis 
2005; 64: 457–61.

56  Jagiello P, Gencik M, Arning L, et al. New genomic region for 
Wegener’s granulomatosis as revealed by an extended association 
screen with 202 apoptosis-related genes. Hum Genet 2004; 114: 468–77.

57  Huang D, Giscombe R, Zhou Y, Lefvert AK. Polymorphisms in 
CTLA-4 but not tumor necrosis factor-alpha or interleukin 1beta 
genes are associated with Wegener’s granulomatosis. J Rheumatol 
2000; 27: 397–401.

58  Giscombe R, Wang X, Huang D, Lefvert AK. Coding sequence 1 and 
promoter single nucleotide polymorphisms in the CTLA-4 gene in 
Wegener’s granulomatosis. J Rheumatol 2002; 29: 950–53.

59  Nuyts GD, Van Vlem E, De Vos A, et al. Wegener granulomatosis is 
associated to exposure to silicon compounds: a case-control study. 
Nephrol Dial Transplant 1995; 10: 1162–65.

60  Gregorini G, Ferioli A, Donato F, et al. Association between silica 
exposure and necrotizing crescentic glomerulonephritis with 
p-ANCA and anti-MPO antibodies: a hospital-based case-control 
study. Adv Exp Med Biol 1993; 336: 435–40.

61 Hogan SL, Satterly KK, Dooley MA, Nachman PH, Jennette JC, 
Falk RJ. Silica exposure in anti-neutrophil cytoplasmic 
autoantibody-associated glomerulonephritis and lupus nephritis. 
J Am Soc Nephrol 2001; 12: 134–42.

62  Lane SE, Watts RA, Bentham G, Innes NJ, Scott DG. Are 
environmental factors important in primary systemic vasculitis? A 
case-control study. Arthritis Rheum 2003; 48: 814–23.

63  Leigh J, Wang H, Bonin A, Peters M, Ruan X. Silica-induced 
apoptosis in alveolar and granulomatous cells in vivo. 
Environ Health Perspect 1997; 105 (suppl 5): 1241–45.

64  Aikoh T, Tomokuni A, Matsukii T, et al. Activation-induced cell 
death in human peripheral blood lymphocytes after stimulation 
with silicate in vitro. Int J Oncol 1998; 12: 1355–59.

65  Pelclova D, Bartunkova J, Fenclova Z, Lebedova J, Hladikova M, 
Benakova H. Asbestos exposure and antineutrophil cytoplasmic 
antibody (ANCA) positivity. Arch Environ Health 2003; 58: 662–68.

66  Duna GF, Cotch MF, Galperin C, Hoff man DB, Hoff man GS. 
Wegener’s granulomatosis: role of environmental exposures. 
Clin Exp Rheumatol 1998; 16: 669–74.

67  Wiesner O, Russell KA, Lee AS, et al. Antineutrophil cytoplasmic 
antibodies reacting with human neutrophil elastase as a diagnostic 
marker for cocaine-induced midline destructive lesions but not 
autoimmune vasculitis. Arthritis Rheum 2004; 50: 2954–65.

68  Trimarchi M, Gregorini G, Facchetti F, et al. Cocaine-induced 
midline destructive lesions: clinical, radiographic, histopathologic, 
and serologic features and their diff erentiation from Wegener 
granulomatosis. Medicine (Baltimore) 2001; 80: 391–404.

69  Slot MC, Links TP, Stegeman CA, Tervaert JW. Occurrence of 
antineutrophil cytoplasmic antibodies and associated vasculitis in 
patients with hyperthyroidism treated with antithyroid drugs: a 
long-term followup study. Arthritis Rheum 2005; 53: 108–13.

70  ten Holder SM, Joy MS, Falk RJ. Cutaneous and systemic 
manifestations of drug-induced vasculitis. Ann Pharmacother 2002; 
36: 130–47.

71  Flores-Suarez LF, Cabiedes J, Villa AR, van der Woude FJ, 
Alcocer-Varela J. Prevalence of antineutrophil cytoplasmic 
autoantibodies in patients with tuberculosis. Rheumatology (Oxford) 
2003; 42: 223–29.

72  Klaassen RJ, Goldschmeding R, Dolman KM, et al. Anti-neutrophil 
cytoplasmic autoantibodies in patients with symptomatic HIV 
infection. Clin Exp Immunol 1992; 87: 24–30.

73  Yahya TM, Benedict S, Shalabi A, Bayoumi R. Anti-neutrophil 
cytoplasmic antibody (ANCA) in malaria is directed against 
cathepsin G. Clin Exp Immunol 1997; 110: 41–44.

74  Wu YY, Hsu TC, Chen TY, et al. Proteinase 3 and dihydrolipoamide 
dehydrogenase (E3) are major autoantigens in hepatitis C virus 
(HCV) infection. Clin Exp Immunol 2002; 128: 347–52.

75  Hellmich B, Ehren M, Lindstaedt M, Meyer M, Pfohl M, 
Schatz H. Anti-MPO-ANCA-positive microscopic polyangiitis 
following subacute bacterial endocarditis. Clin Rheumatol 2001; 
20: 441–43.

76  Choi HK, Lamprecht P, Niles JL, Gross WL, Merkel PA. Subacute 
bacterial endocarditis with positive cytoplasmic antineutrophil 
cytoplasmic antibodies and anti-proteinase 3 antibodies. 
Arthritis Rheum 2000; 43: 226–31.

77  Chou TN, Hsu TC, Chen RM, Lin LI, Tsay GJ. Parvovirus B19 
infection associated with the production of anti-neutrophil 
cytoplasmic antibody (ANCA) and anticardiolipin antibody (aCL). 
Lupus 2000; 9: 551–54.

78  Medina F, Camargo A, Moreno J, Zonana-Nacach A, Aceves-Avila J, 
Fraga A. Anti-neutrophil cytoplasmic autoantibodies in leprosy. 
Br J Rheumatol 1998; 37: 270–73.

79  Carlsson M, Eriksson L, Erwander I, Wieslander J, Segelmark M. 
Pseudomonas-induced lung damage in cystic fi brosis correlates to 
bactericidal-permeability increasing protein (BPI)-autoantibodies. 
Clin Exp Rheumatol 2003; 21 (suppl 32): 95–100.

80  Cho C, Asuncion A, Tatum AH. False-positive antineutrophil 
cytoplasmic antibody in aspergillosis with oxalosis. 
Arch Pathol Lab Med 1995; 119: 558–61.

81  Mead GE, Wilks D, McLaren K, Fergusson RJ. Oral histoplasmosis: 
a case report. J Infect 1998; 37: 73–75.

82  Constantin A, Marin F, Oksman F, Bouteiller G. Antineutrophil 
cytoplasmic anti-bodies in leptospirosis. J Rheumatol 1996; 23: 411.

83  Byrd RP Jr, Hourany J, Cooper C, Roy TM. False-positive 
antineutrophil cytoplasmic antibodies in a patient with cavitary 
pulmonary sporotrichosis. Am J Med 1998; 104: 101–03.

84  Saxon A, Shanahan F, Landers C, Ganz T, Targan S. A distinct 
subset of antineutrophil cytoplasmic antibodies is associated with 
infl ammatory bowel disease. J Allergy Clin Immunol 1990; 86: 
202–10.

85  Schwarze C, Terjung B, Lilienweiss P, et al. IgA class antineutrophil 
cytoplasmic antibodies in primary sclerosing cholangitis and 
autoimmune hepatitis. Clin Exp Immunol 2003; 133: 283–89.



Review

www.thelancet.com   Vol 368   July 29, 2006 417

86  Sobajima J, Ozaki S, Uesugi H, et al. High mobility group (HMG) 
non-histone chromosomal proteins HMG1 and HMG2 are 
signifi cant target antigens of perinuclear anti-neutrophil cytoplasmic 
antibodies in autoimmune hepatitis. Gut 1999; 44: 867–73.

87  Vassilopoulos D, Niles JL, Villa-Forte A, et al. Prevalence of 
antineutrophil cytoplasmic antibodies in patients with various 
pulmonary diseases or multiorgan dysfunction. Arthritis Rheum 
2003; 49: 151–55.

88  Savige JA, Chang L, Smith CL, Duggan JC. Anti-neutrophil 
cytoplasmic antibodies (ANCA) in myelodysplasia and other 
haematological disorders. Aust NZ J Med 1994; 24: 282–87.

89  Chevailler A, Noel LH, Renier G, et al. Determination of anti-
neutrophil cytoplasm antibodies (ANCA) specifi city by 
immunofl uorescence on chronic myelocytic leukemia cells. 
J Immunol Methods 1992; 147: 101–09.

90  Esnault VL, Jayne DR, Keogan MT, et al. Anti-neutrophil cytoplasm 
antibodies in patients with monoclonal gammopathies. 
J Clin Lab Immunol 1990; 32: 153–59.

91  Short AK, Lockwood CM. Antigen specifi city in hydralazine 
associated ANCA positive systemic vasculitis. QJM 1995; 88: 775–83.

92  Guma M, Salinas I, Reverter JL, et al.Frequency of antineutrophil 
cytoplasmic antibody in Graves’ disease patients treated with 
methimazole. J Clin Endocrinol Metab 2003; 88: 2141–46.

93  Elkayam O, Yaron M, Caspi D. Minocycline induced arthritis 
associated with fever, livedo reticularis, and pANCA. Ann Rheum Dis 
1996; 55: 769–71.

94  Miller RM, Savige J, Nassis L, Cominos BI. Antineutrophil 
cytoplasmic antibody (ANCA)-positive cutaneous leucocytoclastic 
vasculitis associated with antithyroid therapy in Graves’ disease. 
Australas J Dermatol 1998; 39: 96–99.

95  Choi HK, Merkel PA, Niles JL. ANCA-positive vasculitis associated 
with allopurinol therapy. Clin Exp Rheumatol 1998; 16: 743–44.

96  Schnabel A, Csernok E, Isenberg DA, Mrowka C, Gross WL. 
Antineutrophil cytoplasmic antibodies in systemic lupus 
erythematosus. Prevalence, specifi cities, and clinical signifi cance. 
Arthritis Rheum 1995; 38: 633–37.

97  Bosch X, Llena J, Collado A, et al. Occurrence of antineutrophil 
cytoplasmic and antineutrophil (peri)nuclear antibodies in 
rheumatoid arthritis. J Rheumatol 1995; 22: 2038–45.

98  Juby A, Johnston C, Davis P, Russell AS. Antinuclear and 
antineutrophil cytoplasmic antibodies (ANCA) in the sera of 
patients with Felty’s syndrome. Br J Rheumatol 1992; 31: 185–88.

99  Ruff atti A, Sinico RA, Radice A, et al. Autoantibodies to proteinase 3 
and myeloperoxidase in systemic sclerosis. J Rheumatol 2002; 29: 
918–23.

100 Merkel PA, Polisson RP, Chang Y, Skates SJ, Niles JL. Prevalence of 
antineutrophil cytoplasmic antibodies in a large inception cohort of 
patients with connective tissue disease. Ann Intern Med 1997; 126: 
866–73.

101  Font J, Ramos-Casals M, Cervera R, et al. Antineutrophil 
cytoplasmic antibodies in primary Sjogren’s syndrome: prevalence 
and clinical signifi cance. Br J Rheumatol 1998; 37: 1287–91.

102  Cooper T, Savige J, Nassis L, et al. Clinical associations and 
characterisation of antineutrophil cytoplasmic antibodies directed 
against bactericidal/permeability-increasing protein and azurocidin. 
Rheumatol Int 2000; 19: 129–36.

103  Locht H, Skogh T, Kihlstrom E. Anti-lactoferrin antibodies and 
other types of anti-neutrophil cytoplasmic antibodies (ANCA) in 
reactive arthritis and ankylosing spondylitis. Clin Exp Immunol 
1999; 117: 568–73.

104 Mulder L, van Rossum M, Horst G, et al. Antineutrophil cytoplasmic 
antibodies in juvenile chronic arthritis. J Rheumatol 1997; 24: 568–75.

105  Papo T, Piette JC, Le Thi Huong D, et al. Antineutrophil cytoplasmic 
antibodies in polychondritis. Ann Rheum Dis 1993; 52: 384–85.

106  Schnabel A, Gross WL, Berg PA, Klein R, Lehnert H. 
Antineutrophil cytoplasmic antibodies and the eosinophilia myalgia 
syndrome. Ann Rheum Dis 1995; 54: 233.

107  Baranger TA, Audrain MA, Testa A, Besnier D, Guillevin L, 
Esnault VL. Anti-neutrophil cytoplasm antibodies in patients with 
ACR criteria for polyarteritis nodosa: help for systemic vasculitis 
classifi cation? Autoimmunity 1995; 20: 33–37.

108  Bosch X, Font J, Mirapeix E, Cid MC, Revert L, Ingelmo M. 
Antineutrophil cytoplasmic antibodies in giant cell arteritis. 
J Rheumatol 1991; 18: 787–88.

109 Uppal SS, Verma S. Analysis of the clinical profi le, autoimmune 
phenomena and T cell subsets (CD4 and CD8) in Takayasu’s arteritis: 
a hospital-based study. Clin Exp Rheumatol 2003; 21 (suppl 32): 
112–16.

110  Saulsbury FT, Kirkpatrick PR, Bolton WK. IgA antineutrophil 
cytoplasmic antibody in Henoch-Schonlein purpura. Am J Nephrol 
1991; 11: 295–300.

111  Rider LG, Wener MH, French J, Sherry DD, Mendelman PM. 
Autoantibody production in Kawasaki syndrome. Clin Exp Rheumatol 
1993; 11: 445–49.

112  Baleva M, Kolarov Z, Nikolov K. Antineutrophil cytoplasmic 
autoantibody in two patients with Behcet’s disease. 
Nephrol Dial Transplant 1994; 9: 876.

113  Lamprecht P, Schnabel A, Csernok E, Gross WL. ANCA, anti-alpha-
enolase antibodies and cryoglobulinemic vasculitis: pathogenetic 
implications. Clin Exp Rheumatol 1998; 16: 513.

114  Ardiles LG, Valderrama G, Moya P, Mezzano SA. Incidence and 
studies on antigenic specifi cities of antineutrophil-cytoplasmic 
autoantibodies (ANCA) in poststreptococcal glomerulonephritis. 
Clin Nephrol 1997; 47: 1–5.

115  van den Wall Bake AW, Daha MR, van der Woude FJ, Halma C, 
Schrama E, van Es LA. IgA class anti-neutrophil cytoplasmic 
antibodies (IgA-ANCA) in primary IgA nephropathy. APMIS Suppl 
1989; 6: 25–26.

116  Dwyer KM, Agar JW, Hill PA, Murphy BF. Membranous 
nephropathy and anti-neutrophil cytoplasmic antibody-associated 
glomerulonephritis: a report of 2 cases. Clin Nephrol 2001; 56: 394–97.

117  Bosch X, Mirapeix E, Font J, et al. Prognostic implication of anti-
neutrophil cytoplasmic autoantibodies with myeloperoxidase 
specifi city in anti-glomerular basement membrane disease. 
Clin Nephrol 1991; 36: 107–13.

118  Forde AM, Feighery C, Jackson J. Characterisation of anti-neutrophil 
cytoplasmic antibody target antigens using electrophoresis and 
western blotting techniques. Br J Biomed Sci 1998; 55: 247–52.

119  Burrows NP. Anti-neutrophil cytoplasmic antibodies in Sweet’s 
syndrome. J Am Acad Dermatol 1994; 31: 825–26.

120  Attia S, Yalaoui S, Bousnina S, et al. Antineutrophil cytoplasmic 
antibodies positivity in a case of idiopathic pulmonary 
haemosiderosis. Ann Biol Clin (Paris) 2005; 63: 209–12.

121  Sakemi T, Tomiyoshi Y, Yano H, Ikeda Y, Matsuo Y, Kudo S. 
Retroperitoneal fi brosis with perinuclear antineutrophil cytoplasmic 
antibodies and a longitudinally extended periaortic soft-tissue 
structure on CT. Nephron 1998; 78: 218–20.

122  Ayoub N, Charuel JL, Diemert MC, et al. Antineutrophil cytoplasmic 
antibodies of IgA class in neutrophilic dermatoses with emphasis on 
erythema elevatum diutinum. Arch Dermatol 2004; 140: 931–36.

123  Wiik A. Rational use of ANCA in the diagnosis of vasculitis. 
Rheumatology (Oxford) 2002; 41: 481–83.

124  Savige J, Dimech W, Fritzler M, et al. Addendum to the 
International Consensus Statement on testing and reporting of 
antineutrophil cytoplasmic antibodies. Quality control guidelines, 
comments, and recommendations for testing in other autoimmune 
diseases. Am J Clin Pathol 2003; 120: 312–18.

125  Ye H, Zhao MH, Gao Y, Guo XH, Wang HY. Anti-myeloperoxidase 
antibodies in sera from patients with propylthiouracil-induced 
vasculitis might recognize restricted epitopes on myeloperoxidase 
molecule. Clin Exp Immunol 2004; 138: 179–82.

126 Hagen EC, Daha MR, Hermans J, et al. Diagnostic value of 
standardized assays for anti-neutrophil cytoplasmic antibodies in 
idiopathic systemic vasculitis. EC/BCR project for ANCA assay 
standardization. Kidney Int 1998; 53: 743–53.

127 McLaren JS, Stimson RH, McRorie ER, Coia JE, Luqmani RA. The 
diagnostic value of anti-neutrophil cytoplasmic antibody testing in a 
routine clinical setting. Q JM 2001; 94: 615–21.

128  Savige J, Gillis D, Benson E, et al. International consensus 
statement on testing and reporting of antineutrophil cytoplasmic 
antibodies (ANCA). Am J Clin Pathol 1999; 111: 507–13.

129  Jennette JC, Wilkman AS, Falk RJ. Diagnostic predictive value of 
ANCA serology. Kidney Int 1998; 53: 796–98.

130  Csernok E, Ahlquist D, Ullrich S, Gross WL. A critical evaluation of 
commercial immunoassays for antineutrophil cytoplasmic 
antibodies directed against proteinase 3 and myeloperoxidase in 
Wegener’s granulomatosis and microscopic polyangiitis. 
Rheumatology (Oxford) 2002; 41: 1313–17.



Review

418 www.thelancet.com   Vol 368   July 29, 2006 

131  Csernok E, Holle J, Hellmich B, et al. Evaluation of capture ELISA 
for detection of antineutrophil cytoplasmic antibodies directed 
against proteinase 3 in Wegener’s granulomatosis: fi rst results from 
a multicentre study. Rheumatology (Oxford) 2004; 43: 174–80.

132  Mandl LA, Solomon DH, Smith EL, Lew RA, Katz JN, 
Shmerling RH. Using antineutrophil cytoplasmic antibody testing 
to diagnose vasculitis: can test-ordering guidelines improve 
diagnostic accuracy? Arch Intern Med 2002; 162: 1509–14.

133  Falk RJ, Jennette JC. Thoughts about the classifi cation of small 
vessel vasculitis. J Nephrol 2004; 17 (suppl 8): 3–9.

134  Jennette JC, Falk RJ, Andrassy K, et al. Nomenclature of systemic 
vasculitides. Proposal of an international consensus conference. 
Arthritis Rheum 1994; 37: 187–92.

135  Jennette JC, Falk RJ. Small-vessel vasculitis. N Engl J Med 1997; 337: 
1512–23.

136  Savige J, Davies D, Falk RJ, Jennette JC, Wiik A. Antineutrophil 
cytoplasmic antibodies and associated diseases: a review of the 
clinical and laboratory features. Kidney Int 2000; 57: 846–62.

137  Jayne D, Rasmussen N, Andrassy K, et al. A randomized trial of 
maintenance therapy for vasculitis associated with antineutrophil 
cytoplasmic autoantibodies. N Engl J Med 2003; 349: 36–44.

138  Stegeman CA. Anti-neutrophil cytoplasmic antibody (ANCA) levels 
directed against proteinase-3 and myeloperoxidase are helpful in 
predicting disease relapse in ANCA-associated small-vessel 
vasculitis. Nephrol Dial Transplant 2002; 17: 2077–80.

139  Tervaert JW, Huitema MG, Hene RJ, et al. Prevention of relapses in 
Wegener’s granulomatosis by treatment based on antineutrophil 
cytoplasmic antibody titre. Lancet 1990; 336: 709–11.

140  Han WK, Choi HK, Roth RM, McCluskey RT, Niles JL. Serial ANCA 
titers: useful tool for prevention of relapses in ANCA-associated 
vasculitis. Kidney Int 2003; 63: 1079–85.

141  Schmitt WH, van der Woude FJ. Clinical applications of 
antineutrophil cytoplasmic antibody testing. Curr Opin Rheumatol 
2004; 16: 9–17.

142  Langford CA. Antineutrophil cytoplasmic antibodies should not be 
used to guide treatment in Wegener’s granulomatosis. 
Clin Exp Rheumatol 2004; 22 (6 suppl 36): 3–6.

143  Levy JB, Hammad T, Coulthart A, Dougan T, Pusey CD. Clinical 
features and outcome of patients with both ANCA and anti-GBM 
antibodies. Kidney Int 2004; 66: 1535–40.

144  Jayne DR, Marshall PD, Jones SJ, Lockwood CM. Autoantibodies to 
GBM and neutrophil cytoplasm in rapidly progressive 
glomerulonephritis. Kidney Int 1990; 37: 965–70.

145  Segelmark M, Hellmark T, Wieslander J. The prognostic 
signifi cance in Goodpasture’s disease of specifi city, titre and affi  nity 
of anti-glomerular-basement-membrane antibodies. 
Nephron Clin Pract 2003; 94: 59–68.

146  Wiik A. Neutrophil-specifi c autoantibodies in chronic infl ammatory 
bowel diseases. Autoimmun Rev 2002; 1: 67–72.

147  Schultz H, Weiss J, Carroll SF, Gross WL. The endotoxin-binding 
bactericidal/permeability-increasing protein (BPI): a target antigen 
of autoantibodies. Leukoc Biol 2001; 69: 505–12.


	Antineutrophil cytoplasmic antibodies
	Pathogenesis
	Are ANCA pathogenic?
	Why do ANCA appear?
	Where do ANCA bind?
	How do ANCA act?
	Who will develop ANCA-associated vasculitis?
	Genetic factors
	Environmental factors


	Methods for detection of ANCA
	Clinical usefulness of ANCA
	Wegener’s granulomatosis
	Microscopic polyangiitis
	Churg-Strauss syndrome
	ANCA in disease monitoring
	Clinical value of ANCA in other diseases
	Antiglomerular basement membrane disease
	Inflammatory bowel disease and other autoimmune diseases


	Acknowledgments
	References


