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ANTI-NEUTROPHIL CYTOPLASMIC ANTIBODIES 

IN INFLAMMATORY BOWEL DISEASE 

AND AUTOIMMUNE LIVER DISEASE 



STELLING EN 

behorende bij het proefschrift 
"Anti-neutrophil cytoplasmic antibodies 

in inflammatory bowel disease and autoimmune liver disease" 
van Caroline Roozendaal, te verdedigen op woensdag 31 maart 1999 

1. It is only when things go wrong that it becomes possible to perceive that there is 
something in normal function which requires understanding. 
Sir Macfarlane Burnet, 1959 

2. Tien jaar na de ontdekking van ANCA bij patienten met inflammatoire 
darmziekten moet worden geconcludeerd dat het nut van deze antistoffen voor 
de patientenzorg zeer beperkt is. 
dit proefschrift 

3. De klassieke methode om de aanwezigheid van ANCA aan te tonen, namelijk 
indirecte immuunfluorescentie op granulocyten, is niet geschikt om antistoffen 
gericht tegen catalase en enolase te detecteren. 
dit proefschrift 

4. De benaming "ANCA" voor autoantistoffen gericht tegen antigenen die niet 
specifiek zijn voor het cytoplasma van myelo'ide cellen is onjuist. 

5. Opgroeien onder te hygienische omstandigheden is niet goed voor de 
ontwikkeling van een gezond immuunsysteem. 

6. Een slechte vertaler kan een goed boek om zeep helpen. 

7. Ware de computer in Israel of in de Arabische wereld uitgevonden, dan zaten 
we nu niet met het millenniumprobleem. 

8. Autoritaire persoonlijkheden hebben een ontwikkelingsproces doorgemaakt, 
waarin de macht der gewenning is getransformeerd tot gewenning aan de macht. 

9. In historisch perspectief blijken details in toenemende mate op de voorgrond te 
treden. Als voorbeeld moge dienen dat veel Nederlanders de exacte datum 
weten waarop Alva zijn bril verloor, <loch slechts een minderheid daaraan het 
passende jaartal weet te verbinden. 

10. Omdat niets ofniemand volmaakt is, zal klonen de wereld niet verbeteren. 

11. Het contact met de schadelijke stoffen die het in de Bijlmer neergestorte 
vliegtuig bevatte lijkt bij sommige betrokkenen te hebben geleid tot selectief 
geheugenverlies. 

12. De drukkosten van het proefschrift drukken de kosten van de promotie in genen 
dele. 

Caroline Roozendaal Groningen, maart 1999 
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INTRODUCTION 



Chapter 1 

History of ANCA in systemic vasculitis 

Anti-neutrophil cytoplasmic antibodies (ANCA) are autoantibodies that react with antigens 
within the cytoplasm of neutrophil granulocytes and monocytes. 
In 1982, Davies and his colleagues from Melbourne published a report on eight patients with 
generalized illness associated with segmental necrotizing glomerulonephritis, that had in 
their serum a factor that stained the cytoplasm of neutrophils. 1 This first description of what 
in retrospect were ANCA did not receive widespread attention until 1985, when Van der 
W oude from our group in Groningen together with collaborators from Leiden and 
Copenhagen reported a strong association between ANCA and active Wegener's 
granulomatosis. 2 

In these first studies, ANCA were detected by an indirect immunofluorescence method. 
Ethanol-fixed neutrophils were incubated with sera from patients with Wegener's 
granulomatosis, after which bound antibody was detected with a fluorescein-isothiocyanate
labelled conjugate. This resulted in strong cytoplasmic staining of the neutrophils with 
accentuation between the nuclear lobes. This pattern of fluorescence is nowadays known as 
classical or cANCA staining (figure 1). The antigen recognized by antibodies from patients 
with Wegener's granulomatosis was identified in 1989, when three different groups showed 
that cANCA were directed against proteinase 3, a serine protease that is contained in the 
azurophilic granules ofneutrophils.3-

5 

Meanwhile, a second type of ANCA was detected in patients with other forms of systemic 
vasculitis.6 These ANCA gave a distinct staining pattern on ethanol-fixed neutrophils: a 
strong perinuclear staining, that was designated as perinuclear or pANCA (figure 1 ). This 
staining pattern appeared to be caused by a fixation artefact. Ethanol fixation permeabilizes 
the cell and granule membranes of neutrophils, so that autoantibodies from the patient's 
serum are able to reach their intracellular antigens. However, the permeabilization of the 
granule membranes allows the contents of the granules to migrate throughout the cytoplasm. 
Since some of the granule proteins are highly cationic, they migrate towards the negatively 
charged nucleus and stick to the nuclear membrane, where they are caught by the auto
antibodies, resulting in the typical perinuclear or pANCA pattern.6 The first pANCA antigen 
that was identified was myeloperoxidase, like proteinase 3 a constituent of the azurophilic 
granules of the neutrophil.6 Anti-myeloperoxidase pANCA are mainly associated with 
microscopic polyangiitis, the Churg-Sh·auss Syndrome, or idiopathic necrotizing crescentic 
glomerulonephritis (reviewed in 7). Later on, it appeared that pANCA were also present in 
other inflammatory diseases and that these pANCA were directed against cationic antigens 
different from myeloperoxidase. 
In the systemic vasculitides, the discovery of ANCA has had a great impact. First, ANCA 
have enabled the subclassification of a number of clinically and pathologically distinct 
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Introduction 

Figure 1. Staining of ethanol-fixed granulocytes by indirect immunofluorescence. Upper panel: characteristic 

cytoplasmic staining pattern with accentuation of the fluorescence intensity in the area within the nuclear lobes 

(cANCA). Lower panel: perinuclear staining pattern (pANCA). 
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categories of vasculitis (reviewed in 7) and have been proven to be valuable serologic 
diagnostic markers. Secondly, ANCA titers appeared to be related to disease activity 
(reviewed in 8). In patients with Wegener's granulomatosis, a rise in ANCA titer frequently 
precedes a clinical relapse.9 Following the original study that suggested its efficacy,10 studies 
are presently planned in which patients with W egener's granulomatosis will be h·eated based 
on changes in their ANCA titer, even if clinical signs of re-activation of the disease are 
lacking. Routinely performed serial quantification of ANCA titers may thus be useful for 
follow-up and treatment of patients with ANCA-associated vasculitides. Thirdly, in vitro and 
in vivo experimental studies on ANCA have led to the development of new hypotheses on 
the pathophysiology of the idiopathic vasculitides. In vitro, ANCA directed against 
proteinase 3 and myeloperoxidase have been shown capable to induce degranulation and 
oxygen radical production in cytokine-primed neutrophils. 1 1• 12 Animal models have shown 
that the presence of ANCA aggravates vasculitis in an inflammatory environment (reviewed 
in 13). Based on these findings, it is now believed that ANCA alone do not induce vasculitis 
but, together with other, possibly exogenous, stimuli result in the development of severe and 
persistent vasculitis. 
Thus, the detection of ANCA has been a major step fo1ward in the diagnosis and follow-up 
of the systemic vasculitides and in the understanding of their pathophysiology. 

ANCA in inflammatory bowel disease and autoimmune liver disease 

After the detection of ANCA in the systemic vasculitides, investigators all over the world 
studied their presence in other idiopathic inflammatory diseases. In 1989, Targan and 
collaborators from Los Angeles published an abstract on the presence of ANCA in ulcerative 
colitis. This abstract was followed by two publications in 1990, one from Targan's group 14 

and one from Germany, 15 describing the presence of pANCA in 59-84% of patients with 
ulcerative colitis. ANCA were also present in Crohn's disease, but only in 10-20% of 
patients. 
In fact, these were not the first reports on ANCA in inflammatory bowel disease. The first 
report was published in 1966 by Faber and Elling, who mentioned the presence of what they 
called "leucocyte-specific antinuclear factors" in patients with ulcerative colitis. 16 This 
observation was not confirmed until 1983, when Nielsen and associates also observed 
"granulocyte-specific antinuclear antibodies" in patients with ulcerative colitis and Crohn's 
disease. 17 Based on the current understanding of the pANCA staining aitefact, it is now clear 
that what were once thought to be "granulocyte-specific antinuclear antibodies" in 
inflammatory bowel disease patients are in fact pANCA. 

4 



Introduction 

There is a strong clinical association between inflammatory bowel disease and primary 
sclerosing cholangitis. About 70% of patients with primary sclerosing cholangitis have an 
associated inflammatory bowel disease, mostly ulcerative colitis, whereas 1-10% of patients 
with ulcerative colitis develop primary sclerosing cholangitis. In 1991, Duerr et a/18 and 
Klein et a/19 were the first to rep01t the presence of pANCA in 82-87% of patients with 
primary sclerosing cholangitis. That led to the detection of ANCA in other autoimmune liver 
diseases: ANCA were also found in up to 96% of patients with autoimmune hepatitis20•2 1 and, 
to a much lesser extent, in primary biliary cirrhosis (0-28%). 19•2 1 

The identification of pANCA in association with inflammatory bowel disease and 
autoimmune liver disease seemed to promise the development of a potential new marker for 
disease classification and possibly prognosis, analogous to the significance of ANCA in the 
systemic vasculitides. However, it became clear that ANCA in inflammatory bowel and liver 
diseases were different from ANCA in the vasculitides. The antigens were not proteinase 3 
and myeloperoxidase. In fact, immunoblotting studies from our group21 •

22 and from others19 

showed that there were many different antigens involved. Some of these antigens were 
identified in the years that followed, including the neutrophil granule proteins lactoferrin,2 1-23 

cathepsin G,24
•
25 lysozyme,26 and bactericidal/permeability-increasing protein.27•28 However, 

other antigens targeted by ANCA in the aforementioned diseases seemed not to be located 
in the granules but in the cytosol or even in the nucleus of the neutrophil. 
Fmthermore, although initial studies reported an association between ANCA titers and 
disease activity of ulcerative colitis, 15•23 comparable to findings in Wegener's granulomatosis, 
the clinical value of ANCA testing for the follow-up of inflammatory bowel and 
autoimmune liver disease remained a matter of debate in the years following their first 
detection. An important reason was the lack of antigen-specific tests. ANCA in these 
diseases, as detected by standard indirect immunofluorescence, may be a heterogeneous 
group of antibodies directed against different antigens. Studies on the clinical significance 
of subgroups of antibodies with defined specificity had not been performed. 
Finally, the pathophysiological significance of ANCA in inflammatory bowel disease and 
autoimmune liver disease had not been studied in detail. 

Aims of this thesis 

The general objective of the studies brought together in this thesis was to further elucidate 
the significance of ANCA in inflammatory bowel disease and in autoimmune liver disease. 
First, we identified two novel target antigens of ANCA in these disorders (Chapter 2). 
Secondly, we studied the clinical significance of ANCA in inflammatory bowel disease 
(Chapter 3) and in autoimmune liver disease (Chapters 8 and 9), in particular related to 
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their antigenic specificities. We analyzed the value of serial ANCA testing for monitoring 
disease activity of inflammatory bowel disease (Chapter 4). Thirdly, we investigated the 
pathophysiological role of ANCA from patients with inflammatory bowel disease and 
autoimmune liver disease. We tested their neutrophil-activating capacities in an in vitro 
model ( Chapter 5). Since studies with interleukin- IO deficient mice had shown that 
interleukin-IO is a key cytokine in inflammatory bowel disease and since interleukin- IO is 
known to be involved in autoantibody induction, we studied whether the presence of ANCA 
was associated with genetically determined differences in interleukin-IO production 
(Chapter 6). Finally, we reviewed the literature on ANCA in inflammatory bowel disease 
(Chapter 7) and in autoimmune liver disease (Chapter 10). Chapter 11 gives a summa1y 
of this thesis. 
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Chapter 2 

ABSTRACT 

In the inflammatory bowel diseases, the target antigens of anti-neutrophil cytoplasm 
autoantibodies (ANCA) have not been fully identified, which limits the analysis of the 
diagnostic significance as well as of the possible pathophysiological role of these 
antibodies. 
In this study, we identified the target antigens of ANCA in large groups of patients with 
ulcerative colitis (UC) and Crohn's disease (CD). Apart from antibodies against 
lactoferrin and bactericidal/permeability-increasing protein (BPI), which have been 
reported before, antibodies against two novel granulocyte antigens were identified: 
antibodies against a 57/56 kD doublet were found in 38% of samples from UC patients 
and in 26% of samples fro,n CD patients, whereas antibodies against a 47 kD protein 
were found in 10% of sa111ples from UC patients and in 18% of samples from CD 
patients. Partial purification and amino acid sequence analysis identified the 57 kD 
protein as catalase and the 47 kD protein as alpha-enolase. 
This study is the first to report catalase and alpha-enolase as granulocyte antigens for 
autoantibodies in inflammatory bowel diseases. 

INTRODUCTION 

Anti-neutrophil cytoplasm antibodies (ANCA) are autoantibodies directed against 
constituents of neutrophil granulocytes and monocytes. These antibodies were originally 
described as markers for systemic vascul itis, in particul ar Wegener' s granulomatosis.1 
I dentification of the target antigens of ANCA, that is, proteinase 3 and myeloperoxidase, 
has increased the diagnostic significance of ANCA in these disorders.2 I n  addition, 
several in vitro and in vivo studies have suggested a pathophysiological role for anti
proteinase 3 and anti-myeloperoxidase antibodies in the vascul itides.3 

ANCA have  been shown to occur in many other infl ammatmy disorders as well , 
including inflammatory bowel disease (IBD), autoimmune liver diseases, and rheumatoid 
arthritis.4 I n  these diseases, the target antigens of ANCA have not been fully identified, 
which limits the diagnostic significance as well as the analysis of the possibl e 
pathophysiological role of these autoantibodies. 
I n  IBD, various antigens are recognized by ANCA-positive serum samples, of which 
lactoferrin5•6 and bactericidal/permeability- increasing protein (BPI )7-8 are presentl y most 
prominent. O ther antigens for ANCA that have been reported in IBD are cathepsin G,9•

1 2 

lysozyme, 12• 1 3  and p-glucuronidase. 14 Recently, several nucl ear non-granulocyte- specifi c 
antigens have been found to be recognized by ANCA-positive serum samples from 
patients with ulcerative colitis.15 Thus, ANCA in IBD apparently are not directed against 
one specific antigen. 
To identify the target antigens of ANCA in IBD, we tested a large group of patients with 
ulcerative colitis (UC) and Crohn's disease (CD) for  antibodies against granulocyte 
antigens on Western blot, using a crude extract of isolated granul ocytes as the source of 
antigens. Apart from antibodies against l actoferrin and BPI, antibodies against two 
unidentified polypeptides were detected in considerabl e nu mbers of IBD samples. A 
57/56 kD polypeptide was identified as catalase, and a 47 kD protein was identified as 



Catalase and alpha-enolase: autoantigens in IBD 

alpha-enolase. These antigens have not been reported before as target antigens for ANCA 
in lBD. 

PATIENTS AND METHODS 

Patients and co11tro/s - We s tudied plasma samples from 208 consecutive patients with 
IBD: 96 patients with UC and 1 12 patients with CD. The diagnosis of UC or CD was 
based on accepted c linical and endoscopic criteria supported by histopathology.16 

Control plasma samples were obtained from healthy blood bank donors and from patients 
with ANCA of known specificity as defined by immunoblotting and immuno
precipitation ass ays (data not shown). Plasma samples were frozen at -20° C until used. 

Indirect immunojluorescence - Detection of ANCA by indirect immunofluorescence 
(IIF ) was performed on ethanol-fixed granulocytes as described before1

•
17 with minor 

modifications.18  Samples were diluted 1 :20 in phosphate-buffered saline and tested at 
two-fold dilutions up to 1 :640. A fl uorescein-isothiocyanate-conj ugated rabbit anti
human lgG antibody (F315, Dakopatts, Copenhagen, Denmark, dilution 1 : 100) was used 
for detection of bound IgG. Slides for ANCA testing were always read by two 
independent observers. A titer � 1 :40 was considered positive. 

Westen, blotting and i1111111modetectio11 - Detection of ANCA was also performed by 
Wes tern blotting followed by immunodetection. A crude extract of isolated granulocytes 
was used as the source of antigens. To prepare this c rude extract, granulocytes were 
isolated from fresh huffy coats from healthy blood bank donors by density gradient 
centrifugation, dextran sedimentation, and hypotonic lysis of the remaining erythrocytes. 
Cells were disrupted by sonication for s ix periods of 20 seconds in 1 M NaCl containing 
5 mM phenylmethylsulfonylfluoride (Sigma Chemical Co., St. Louis, MO, USA; 2 x 108 

cells/ml). Membrane fragments were removed by ultracentrifugation for  2 hours at 
100,000 g, and an equivalent of 6 x 107 cells was applied on 10% polyacrylamide gels 
under denaturing but non-reducing conditions. After electrophoresis and transfer to 
nitrocellulose membranes (Schleicher & Schuell, Keene, NH, USA), the Western blots 
were incubated with 3% horse s erum (CLB, Amsterdam, The Netherlands ) to block 
aspecific reactions. Patient samples were tes ted at a 1 :50 dilution. Immunodetection was 
performed as described previously. 19  To detect bound I gG, a peroxidase-conj ugated 
rabbit anti-human lgG antibody (P2 l 4, Dakopatts, dilution 1 :250), a peroxidase
conj ugated swine anti-rabbit lgG antibody (P2 l 7, Dakopatts, dilution 1 :250), or a 
peroxidase-conj ugated rabbit anti-mouse lgG antibody (P260, Dakopatts, dilution 1 :250) 
was used. Molecular weight standards (Bio-Rad Laboratories Ltd., Richmond, CA, USA) 
were used as references. 
To identify the protein bands corresponding to the antigens lactoferrin, BPI, cathepsin G, 
proteinase 3 ,  myeloperoxidase, elas tase, catalase, and alpha-enolase, we used polyclonal 
and monoclonal antibodies directed against these antigens. Polyclonal rabbit anti-human 
lactoferrin and rabbit anti-human myeloperoxidase were purchased from Dakopatts . 
Polyclonal rabbit anti-human cathepsin G, rabbit anti-human elastase, and rabbit anti
human erythrocyte catalase were purchased from Calbiochem (La Jolla, CA, USA). 
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Monoclonal anti-human proteinase 3 ( 12.8) was purchased from CLB. Monoclonal 
antibody against human BPI 6C220 was a kind gift from Dr J. Meenan (Academic 
Medical Centre, Amsterdam, The Netherlands). Polyclonal rabbit anti-human BPI2 1  was 
a kind gift from Dr W.A. Buurman and Dr M.A. Dentener (University Hospital 
Maastricht, The Netherlands). Rabbit anti-human granulocyte catalase22 was a kind gift 
from Professor I. Olsson (University Hospital Lund, Sweden). Monoclonal anti-U937 
alpha-enolase23 was a kind gift from Dr T. Burke (Center for Thrombosis and Vascular 
Biology, Cleveland, OH, USA). 

ELISAs - ELISAs were performed to confirm the presence of antibodies against 
lactoferrin and BPI. Lactoferrin (Sigma) was coated at 5 µg/ml in phosphate-buffered 
saline, pH 7.4. BPI was isolated from granulocytes according to Zhao et af-4 and coated 
at 1 µg/ml in phosphate-buffered saline, pH 7.4. Patient samples were applied at a 
dilution of 1 :  1 00 and in twofold dilutions up to 1 :  800. Alkaline phosphatase-conjugated 
goat anti-human IgG (American Qualex, San Clemente, CA, USA, dilution 1: 1 ,500) was 
used for detection of bound IgG in both ELISAs. 
A sample was considered positive if the OD value obtained exceeded the mean of 25 
healthy control samples by more than 2 SD. 

Furtlter purification and identification of tlte 56/57 kD am/ 47 kD proteins - By 
immunodetection on Western blot with a crude granulocyte extract as the source of 
antigens, we demonstrated autoantibodies against two unidentified novel antigens, 
polypeptides of 57/56 kD and 47 kD. To characterize these polypeptides, granulocytes 
were isolated from fresh buffy coats and were disrupted by sonication in 1 M NaCl. The 
disrupted cells were dialysed against 0.0 1  M phosphate buffer containing 0.075 M NaCl, 
pH 7.4, and were applied to a cation exchange column (Mono-S HRl 0/10, Pharmacia, 
Uppsala, Sweden). The unbound fraction contained the 57/56 kD proteins and the 47 kD 
protein, as confirmed by immunodetection on Western blot with plasma from several 
patients with IBD. This unbound fraction was applied to an anion exchange column 
(Mono-Q HRl 0/ 10, Pharmacia) in 0.0 1  M phosphate buffer containing 0.075 M NaCl, 
pH 7.4. The unbound fraction obtained from this second column was strongly enriched 
for the 57/56 kD and the 47 kD polypeptides, as confirmed by immunodetection on 
Western blot. 
The enriched unbound fraction was subjected to SDS-PAGE on a 1 2% polyacrylamide 
gel under reducing conditions. Following electrophoresis the gel was stained with 
Coomassie Brilliant Blue or was blotted onto PVDF membrane (lmmobilon-P, Millipore, 
Etten-Leur, The Netherlands) as described by Matsudaira.25 The 57 kD and 47 kD 
proteins were cut out from the gel or the blot. N-terminal and internal amino acid 
sequence analyses of the proteins were performed by Eurosequence (Groningen, The 
Netherlands). N-terminal amino acid sequence analysis was performed with an Applied 
Biosystems (Warrington, UK) model 477A protein sequencer (pulse-liquid sequenator), 
on-line connected with a 1 20A PTH-analyzer.26 Internal amino acid sequence analysis 
was performed essentially as described by Rosenfeld et al. 27 
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RESU LTS 

Indirect imm1mojl11oresce11ce - ANCA were detected by I!f'. on ethanol-fixed 
granulocytes in 56 of 96 UC samples (58%) and in 21 of 112 CD samples (19%). 
Various staining patterns were observed. Of the 56 UC samples, 52 showed perinuclear 
staining (pANCA), whereas 4 samples showed an atypical cytoplasmic staining pattern 
different from the classical cANCA pattern specific for anti-proteinase 3 antibodies 
(cANCA). Of the 21 CD samples, 19 showed a pANCA pattern, whereas 2 samples 
showed atypical cytoplasmic staining. 
The median titer for the AN CA-positive samples in UC was 1: 160, while the median titer 
for the ANCA-positive samples in CD was 1:80. Titers ranged from 1:40 up to 1:640. 

Western blotting a11d imm1modetectio11 - By immunodetection on Western blot, we first 
tested whether the IBD samples contained antibodies to six well defined ANCA antigens. 
For this test, the protein bands corresponding with proteinase 3, myeloperoxidase, 
elastase, cathepsin G, lactoferrin, and BPI were identified by using polyclonal and 
monoclonal antibodies. In the IBD samples, no antibodies against proteinase 3, 
myeloperoxidase, elastase, or cathepsin G were detected. However, 25 (26%) UC 
samples and 12 (11%) CD samples reacted with the 78-80 kD bands that were identified 
as lactoferrin, and 2 (2%) UC samples and 6 (5%) CD samples reacted with the 55 kD 
doublet that was identified as BPI (figure 1, table 1). 
In addition, we tested whether the IBD samples reacted with unidentified protein bands. 
A considerable number of samples contained antibodies to two novel autoantigens. 
Thirty-six (38%) UC samples and 29 (26%) CD samples reacted with a polypeptide of 
57/56 kD. Ten (10%) UC samples and 20 (18%) CD samples reacted with a polypeptide 
of 47 kD (figure 1, table 1). Frequently, a single sample contained antibodies to more 
than one antigen (table 2). 

Table 1. Reactivity of samples from IBD patients and healthy controls with neutrophil proteins as 

demonstrated by immunodetection on Western blot (some samples were simultaneously positive for more than 

one antigen). Abbreviations: UC, ulcerative colitis; CD, Crohn's disease; LF, lactoferrin; BPI, bactericidal/ 

permeability-increasing protein. 

one or more of these 
antigens 57/56kD 47kD LF BPI  antigens 

UC 36 10  25 2 54 
(n=96) (38%) (1 0%) (26%) (2%) (56%) 

CD 29 20 1 2  6 54 
(n=1 1 2) (26%) (1 8%) (1 1 %) (5%) (48%) 

healthy controls 8 5 0 0 13  
(n=78) (1 0%) (6%) (1 7%) 
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• 66 kD 

• 45 kD 

• 31  kD 
i 3 4 5 6 7 8 9 1 0  

Figure 1 .  Immunodetection on Western blot using a crude granulocyte extract as antigenic substrate. Lane I ,  

polyclonal antibody against lactoferrin; lane 2, patient sample reacting with lactoferrin; lane 3, polyclonal 

antibody against bactericidal/permeability-increasing protein (BPI); lane 4, patient sample reacting with BPI; 

lane 5, healthy control sample; lane 6, polyclonal antibody against erythrocyte catalase; lane 7, polyclonal 

antibody against granulocyte catalase; lane 8, patient sample reacting with the 57/56 kD antigen; lane 9, 

monoclonal antibody against U937 enolase; lane 1 0, patient sample reacting with the 47 kD antigen. 

We compared the data obtained by immunodetection to the data obtained by IIF for the 
two novel antigens. F rom the samples reacting with the 57 /56 kD antigen, 1 8  of the 36 
UC samples and 5 of the 29 CD samples were positive for ANCA by IIF . As shown in 
table 2, 1 8  UC samples and 20 CD samples reacted only with the 57/56 kD antigen and 
not with lactoferrin, BPI, or the 47 kD antigen. Of  these 38 monospecific samples, 7 
samples showed perinuclear staining, one sample showed atypical cytoplasmic staining, 
and 30 samples were negative by IIF . 
From the samples reacting with the 47 kD antigen, 5 of the 10 UC samples and 5 of the 
20 CD samples were positive for ANCA by IIF. As shown in table 2, 4 UC samples and 
12 CD samples reacted only with the 47 kD antigen and not with lactoferrin, BPI, or the 
57/56 kD antigen. Of these 16  monospecific samples, 6 samples showed perinuclear 
staining and 10 samples were negative by IIF. 
Healthy donor samples showed reactivity by immunodetection on Western blot in a few 
cases. Of the 78 control samples tested, 8 ( 10%) reacted with the 57/56 kD doublet, and 5 
(6%) reacted with the 47 kD protein (table 1 ). All these samples were negative for 
ANCA by IIF . 
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Table 2 .  Reactivity of samples from IBD patients with neutrophil proteins as  demonstrated by immuno-

detection on Western blot. Abbreviations: UC, ulcerative colitis; CD, Crohn's disease; LF, lactoferrin; BPI, 

bactericidal/permeability-increasing protein. 

antigens 57/56kD 47kD LF BPI 57/56kD LF LF LF BPI none of 

+47kD +57/56kD +57/56kD +BPI +47kD these 

+47kD +57/56kD antigens 

UC 18 4 12  2 5 12  0 0 42 

(n=96) (19%) (4%) (13%) (2%) (5%) (13%) ( 1%) (44%) 

CD 20 12 8 3 5 2 2 58 

(n=1 12) (18%) ( 1 1%) (7%) (3%) (4%) (2%) (1%) (1%) (2%) (52%) 

ELISAs - The p resence of antibodies against lactoferrin and BPI was confirmed by 
ELISA. Nineteen of the 25 UC samples and 10 of the 12 CD samples reacting with the 
78-80 kD lactoferrin protein bands on Western blot contained antibodies against 
lactoferrin as measured by ELISA. In addition, both of the UC samples and 4 of the 6 CD 
samples reacting with the 55 kD BPI doublet on Western blot contained antibodies 
against BPI as measured by ELISA. 

Furtlter p11rificatio11 a11d ide11tificatio11 of tlte 57/56 kD and 47 kD protei11s - I n  an 
attempt to purify the 57/56 kD and 47 kD polypeptides, we isolated granulocytes from 
fresh huffy coats and disrupted them by sonication in 1 M NaCl. B y  successive cationic 
and anionic exchange chromatography of the crude granulocyte extract, we obtained a 
fraction that was strongly enriched for the 57/56 kD and 47 kD polypeptides, as 
confirmed by immunodetection on Western blot with samples from several patients 
(figure 2) .  
To determine the identity of the novel antigens, amino acid sequence analysis was 
performed. Direct amino acid sequence analysis of both the 57 kD and the 47 kD 
polypeptides on PVDF proved that the proteins were blocked at the N-terminus. 
Therefore, internal amino acid sequence analysis was performed on the protein from the 
SDS-PAGE gel. For the 57 kD protein, two fragments showed complete homology with 
peptides from human catalase (table 3,28). For the 47 kD protein, a fragment showed 
complete homology with a peptide from human alpha-enolase (table 4,29). 

The identity of the two novel antigens was confi rmed by immunodetection on Western 
blot. B oth a rabbit polyclonal antibody against human e1ythrocyte catalase and a rabbit 
polyclonal antibody against human granulocyte catalase reacted with the 57/56 kD 
doublet recognized by the IBD samples in the crude granulocyte extract (figure 1 )  and in 
the enriched fraction (figure 2 ) .  In addition, a monoclonal antibody against U937 alpha
enolase reacted with the 47 kD protein recognized by the IBD samples in the crude 
extract (figure 1 )  and in the enriched fraction (figure 2 ) .  
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- 66 kD 

- 45 k D  

- 31 k D  

2 3 4 5 

Figure 2. Immunodetection on Western blot using a partially purified extract of granulocytes. Lane I ,  

polyclonal antibody against granulocyte catalase; lane 2, patient sample reacting with the 57/56 kD antigen; 

lane 3, healthy control sample; lane 4, monoclonal antibody against U937 enolase; lane 5, patient sample 

reacting with the 47 kD antigen. 

DISCUSSION 

In thi s study, we describe for the first time the presence of autoantibodies against human 
granulocyte catalase and alpha-enolase in  plasma samples from patients with IBD. 
Autoantibodies to granulocyte antigens (ANCA) have been observed in  serum samples 
from 50-80% of patients with UC and 10-40% of patients with CD.30 Various target 
antigens have been described for these . ANQA,. particularly lactoferrin5•6 and BPI. 7•

8 

Cathepsin G,9•12 lysozyme, 12• 13 and P -glu·cui:onidase14  have also been reported as target 
antigens, although these results wer.e not coefif�d. -�Y others.6•

3 1  Recent results showed 
that nuclear antigens are recognized as w�1Pzy ·Pi�ftCA positive serum samples from UC 
patients.1 5  · 

, ·. '· _ _. .• · · ; · 

Our data confi rm the presence. of antibodies against lactoferrin and BPI in plasma 
· S amples from pati ents with IBD. Antibodies against the well-defined ANCA antigens 
proteinase 3, myeloperoxidase, elastase, and cathepsin G were not detected in IBD 
samples by immunodetection on Wtlst��-��ot: �_i ng _a crude granulocyte extract as the 
source of antigens. However, _by i¢mu�ife.tectiori on Western blot we detected 
antibodies against two novel granulocyte. aiitigens. A 57/56 kD doublet was recognized 
by 38% of UC samples and 26% of CD samples, whereas a 47 kD protein was 
recognized by 10% of UC samples and 1 8%. of (7D samples. Antibody reactivity to these 
novel antigens was observed previously by Mulder and co-workers from our group in 
samples from patients with IBD,6 primary sclerosing cholangiti s, autoimmune hepatitis, 
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Table 3. Internal amino acid sequence analysis ofa mixture of  two cleavage fragments from the 57 kD protein: 

alignment with the published amino acid sequence of human catalase.28 

detected Val/ Trp/ Pro/ His/ Lys/ Asp/ Tyr/ Pro?/ Leu?/ l ie?/ Pro?/ 
sequence Ala Phe Tyr Val Asn Val Leu Asn Glu Glu Gin 

published 
sequence 

position 302 303 304 305 306 307 308 309 310 31 1 312  

Val Trp Pro His Lys Asp Tyr Pro Leu lie Pro 

position 445 446 447 448 449 450 451 452 453 454 455 
Ala Phe Tyr Val Asn Val Leu Asn Glu Glu Gin 

Table 4. Internal amino acid sequence analysis of a cleavage fragment from the 47 kD protein :  alignment with 

the published amino acid sequence of human alpha-enolase.29 

detected Asp Ala Thr Asn Val Gly Asp Glu Gly Gly Phe Ala Pro 
sequence 

published 
sequence 

position 203 204 205 206 207 208 209 210  2 1 1  2 1 2  213  2 1 4  2 1 5  
Asp Ala Thr Asn Val Gly Asp Glu Gly Gly Phe Ala Pro 

primary biliary cirrhosis 19 and rheumatoid arthritis.32 Erroneously, the 57/56 kD doublet 
was calculated as 67/66 kD, whereas the 47 kD protein was calculated as 63 kD. 
We were able to identify the 57 kD protein as being catalase and the 47 kD protein as 
being alpha-enolase. As far as we know, autoantibodies against catalase have not been 
demonstrated before. Autoantibodies against alpha-enolase have been demonstrated by 
Moodie and co-workers33 in serum samples from patients with vasculitis and systemic 
lupus erythematosus, but not in IBD. 
Catalase34

•
35 is a tetrameric molecule of approximately 240 kD, composed of four 

identical subunits of approximately 60 kD. The enzyme catalyses the dissociation of 
hydrogen peroxide to water and oxygen, thus protecting cytoplasmic structures from the 
noxious action of hydrogen peroxide. The enzyme is found in virtually all aerobic cells. 
In mature granulocytes, the enzyme is present in the cytosol.36 

Enolase37 is a glycolytic enzyme composed of two identical subunits of approximately 47 
kD. It exists as three highly homologous isozymes, o:, p, and y; isozyme o: is found in 
most tissues, isozyme p in muscle, and isozyme y is present mainly in the cytosol of 
neuronal and neuroendocrine cells. 
ANCA with specificity for proteinase 3 and myeloperoxidase are likely to play a role in 
the pathophysiology of the disorders associated with these autoantibodies. In vitro, 
priming of neutrophil granulocytes with tumour necrosis factor-o: leads to expression of 
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these antigens on  the cellul ar surface. ANCA are then abl e  to b ind their target antigens 
and thus to stimul ate granulocyte degranulation and oxygen radical production.38•40 In 
addition, it has been shown that antibodies against proteinase 3 and myeloperoxidase are 
able  to interfere with physiological functions of their target antigens.4 1•42 Finally, animal 
models have also suggested a role  for  these antibodies in vivo.43 

Whether these pathophysiological mechanisms are also val id for antibodies against 
catalase and alpha-enolase has to be investigated. It is unknown whether cytokine 
priming leads to expression of the cytosolic proteins catalase and alpha-enolase on the 
cellul ar surface and whether antibodies to catalase and alpha-enol ase are abl e  to interfere 
with physiological functions of their target antigens. 
Interestingly, when comparing data obtained by  IIF to data obtained by immunodetection 
on Western blot, we found that a considerable number of samples negative by  IIF were 
positive by immunodetection on Western blot. Only  2 1  % of the IBD samples positive for 
antibodies against catalase and negative for  antibodies against l actoferrin, BPI, o r  alpha
enolase were positive by IIF. Similarly, only  38% of the IBD samples positive for 
antibodies against alpha-enolase and negative for  antibodies against l actoferrin, BPI, or 
catalase were positive by IIF. 
This l arge discrepancy between the two detection methods was not observed for 
antibodies against o ther ANCA antigens. This may be due to the difference in cellular 
localisation of the target antigens. The ANCA antigens proteinase 3, myeloperoxidase, 
elastase, BPI, cathepsin G, and l actoferrin are located in the granules of neutrophils and 
monocytes. However, both catalase and alpha-enolase are cytosol ic proteins from 
granulocytes. The fact that antibodies to granule proteins show reactivity by IIF on 
granulocytes, whereas antibodies to cytosol ic proteins, l ike catalase and alpha-enol ase, 
show no reactivity, may be due to the relative concentration of the various antigens 
within granulocytes. As Moodie and co-workers state in their discussion,33 the ANCA 
antigens that were originally reported (myeloperoxidase, proteinase 3 ,  el astase, and 
l actoferrin) are present at high concentration within the total cell volume ( 1 -5% of total 
cel lul ar protein) and are packaged in even more concentrated form in the granules. 
Abundant, concentrated granule protei ns would be much more likely to fix suffi cient 
antibody for visualisation by IIF than more dispersed, dilute cytosol ic pro teins. 
In the systemic vascul itides, ANCA of defined specificities, that is antibodies against 
proteinase 3 and myeloperoxidase, are important diagnostic and prognostic markers.2 

Specifi c antibodies are associated with particular cl inical syndromes. In IBD, a variety of 
autoantibodies against granulocyte proteins can be detected, frequently simultaneously in 
one patient. As we report here, besides antibodies against l actoferrin and BPI, antibodies 
against catal ase and alpha-enolase are commonly found in patients with both UC and 
CD. Catalase even appears to be the major antigen in IBD, as has been demonstrated in 
this study. Further research should  address the cl inical and pathophysiological ro les of 
these autoantibodies in IBD and o ther idiopathic inflammatory disorders. 
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ABSTRACT 

The clinical relevance of anti-neutrophil cytoplasmic antibodies (ANCA) in injlammato,y 
bowel diseases is unclear. Definition of their antigenic specificities may improve their 
diagnostic significance. We studied the target antigens of ANCA in 96 patients with 
ulcerative colitis (UC) and 112 patients with Crohn's disease (CD) by indirect 
immunojluorescence (IIF), antigen-specific enzyme-linked immunosorbent assays, and 
immunodetection on Western blot. We related the presence of antibodies of defined 
specificity to clinical symptoms. 
By !IF, ANCA were present in 58% of UC patients and in 21% of CD patients. Major 
antigens were catalase, alpha-enolase, and lactoferrin. In UC, ANCA titers correlated with 
disease activity. In CD, both ANCA by !IF and antibodies to lactoferrin were associated with 
colonic localization of the disease. ANCA by !IF nor antibodies of defined specificity were 
associated with duration of disease, use of medication, or a histo,y of bowel resection. 
ANCA are use.fit! as markers for UC and colonic localization in CD. Definition of the 
antigenic specificities of ANCA in infla111111ato1y bowel disease does not significantly 
contribute to their clinical significance. 

INTRODUCTION 

A nti-neutrophil cytopl asmic autoantibodies (ANCA), directed against cytopl asmic 
constituents of neutrophil granulocytes, have originally been detected in sera from patients 
with systemic v asculitides, in particular Wegener's granulomatosis. Their diagnostic 
signifi cance in these disorders has been well established. The elucidation of the target 
antigens of ANCA in the vasculitides, that is proteinase 3 and myeloperoxidase, has 
increased their diagnostic value even more.' ANCA with specificity fo r proteinase 3 and 
myeloperoxidase have been suggested to play a role in the pathophysiology of the systemic 
vascul itides. ANCA titers are related to disease activity and a rise in titer often precedes a 
clinical relapse.2 In vitro, ANCA are able to stimulate degranulation and the respirat01y burst 
of cytokine-primed granulocytes,3 and animal models of vasculitis have suppo1ted a role for 
ANCA in vivo.4 

ANCA have also been detected in serum samples from 50-80% of patients with ulcerative 
colitis and 10-20% of patients with Crohn' s disease.5•

6 Target antigens fo r ANCA different 
from proteinase 3 and myeloperoxidase have been identified. So far, it has been shown that 
lactoferrin7•8 and bactericidal/ permeabil ity- increasing protein9

•
1 0  are common ANCA

antigens in inflammatory bowel diseases. Other antigens identified include cathepsin G, 1 1 • 12 
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lysozyme, 13•
1 4  the nuclear high-mobility group non-histone chromosomal proteins HMG 1 

and HMG2, 1 5 and hi stone H I .  16 Recently, we described the presence of antibodies directed 

against two novel cytosolic antigens, catalase and alpha-enolase, in inflammatory bowel 

diseases. 1 7 

Conflicting results have been rep011ed on the relation between ANCA and clinical features 

of inflammat01y bowel disease. In ulcerative colitis, ANCA titers reportedly correlate with 

disease activity6
•
7 and ANCA-positive patients have a more refractory 1 8 and treatment

resistant'9 type of disease than ANCA-negative patients. In Crohn's disease, ANCA have 

been suggested to be markers for colonic involvement.20 However, other studies failed to 

detect clinical differences between ANCA-positive and ANCA-negative patients.5•
14

•
2 1

•
22 In 

part, these discrepancies may be explained by differences in techniques used for ANCA 

detection, such as indirect immunofluorescence,23 an immunoalkaline phosphatase 

technique,21 or a fixed-neutrophil enzyme-l inked immunosorbent assay,5 and by the lack of 

antigen-specific analysis of ANCA. Only few studies have analyzed clinical associations of 

the various antigenic specificities in inflammatory bowel disease.8•
10•

1 1
•

14
•

1 8  

In the present study, we sought to analyze the relation between ANCA, detected both by 

indirect immunofluorescence and by antigen-specific assays, and clinical manifestations in 

a large group of patients with inflammato1y bowel disease. In particular, we questioned 

whether analysis of the antigenic specificities of ANCA contribute to their clinical 

significance in inflammatory bowel disease. 

PATIENTS AND METHODS 

Patients - Plasma samples from conse·cutive patients with ulcerative colitis (n=96) and 

Crohn's disease (n= l 1 2) were collected at the departments of Gastroenterology of the 

University Hospital Groningen and the Sophia Hospital Zwolle, The Netherlands. Diagnosis 

of ulcerative colitis or Crohn's disease was based on accepted clinical, endoscopic, and 

radiological criteria supported by histopathology.24 Clinical characteristics of the patients 

are given in table 1 .  

For ulcerative colitis, disease activity was measured with a clinical activity score. This score 

is based on the presence and intensity of eight key symptoms of the disease, i .e. blood loss, 

mucoid discharge, frequency of defecation, consistency of feces, tenesmus, abdominal pain, 

rectal pain, and nausea/vomiting. Each symptom is scored from O to 2, resulting in a total 

score ranging from O (no symptoms) to 1 6  (all symptoms present, most severe degree). A 

score of �4 was considered as active disease. For Crohn's disease, disease activity was 

measured with the Van Hees index.25 This index was chosen in favour of the Crohn's Disease 
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Table 1. Clinical features of inflammatory bowel disease patients. Given are numbers of patients or, where 

indicated, median (range) values. 

ulcerative colitis Crohn's disease 
clinical features (n=96) (n= 1 1 2) 

sex 58 m, 38 f 48 m, 64 f 

age (years)
1 42 (1 5-76) 41 (1 8-73) 

disease duration (years)
1 5 ( 0-32) 8 ( 0-36) 

disease activity 

clinical activity score 1 1 ( 0-1 4) 

active 1 5  

quiescent 84 

Van Hees index1 1 14 (62-220) 

no activity 29 

mild activity 58 

moderate activity 1 5  

severe activity 1 

not to determine2 
9 

C-reactive protein (mg/I) 1 5 (<3-101 )  

medication 

corticosteroids 16  1 5  

corticosteroids + azathioprine 6 1 3  

azathioprine 1 3 

no immunosuppressive medication 73 81  

localization 

left colon only 61 

left + right colon 35 

colon only 25 

ileum + colon 55 

ileum only 32 

resections 

yes 8 67 

no 88 45 

1 Values are given as median (range). 
2 Data essential for calculation were missing for these patients. 

Activity Index as it better reflects inflammatory activity than the latter index.26 Finally, C
reactive protein levels were measured in Crohn's disease samples by using a particle 
enhanced nephelometric method and NA latex C-reactive protein reagents (Belu-ing, 
Marburg, Germany). 
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Localization of disease was determined in retrospect from previous radiologic, endoscopic 
and histological examinations and was defined as the cumulative extension of disease. 
Samples from 78 healthy blood bank donors and samples from patients with ANCA of 
known specificity as defined by immunoblotting and immunoprecipitation assays (data not 
shown) were used as controls in the several assays. 
All samples were frozen at -20 °C until used. 

Indirect imm1mojluoresce11ce - Detection of ANCA by indirect immunofluorescence was 
performed on ethanol-fixed granulocytes as described before27·

28 with minor modifications.29 

Samples were diluted 1 :40 in phosphate buffered saline and tested at two-fold dilutions up 
to 1 :640. A fluorescein-isothiocyanate-conjugated rabbit anti-human lgG antibody (F315, 
Dakopatts, Copenhagen, Denmark, dilution 1: 100) was used for detection of bound lgG. 
Anti-nuclear antibodies were detected by indirect immunofluorescence on ethanol-fixed 
HEp2 cells. Plasma samples were diluted as described for ANCA-testing. A fluorescein
isothiocyanate-conjugated sheep anti-human lg antibody (Central Laboratory for Blood 
Transfusion Service, Amsterdam, The Netherlands, dilution 1 :200) was used for detection. 
Since the presence of anti-nuclear antibodies may lead to false-positive results in the indirect 
immunofluorescence test for ANCA, all samples positive for anti-nuclear antibodies were 
re-tested for the presence of ANCA on granulocytes fixed with 1 % formalin. 
Slides for both ANCA and anti-nuclear antibody testing were always read by two 
independent observers, not aware of the clinical diagnosis. A titer � 1 :40 was considered 
positive. 

Antigen-specific enzyme-linked imm1111osorbe11t assays - An antigen capture enzyme-linked 
immunosorbent assay29

•
30 was used to test plasma samples for the presence of either anti

proteinase 3, anti-myeloperoxidase, or anti-elastase antibodies. An enzyme-linked 
immunosorbent assay directly coated with the respective antigens was used to test samples 
for the presence of antibodies directed against cathepsin G, lactoferrin, and 
bactericidal/permeability-increasing protein. Cathepsin G (Calbiochem, La Jolla, CA, USA) 
was coated at 1 µg/ml in 0.1 M bicarbonate buffer, pH 9.6. Lactoferrin (Sigma Chemical 
Co., St. Louis, MO, USA) was coated at 5 µg/ml in phosphate buffered saline, pH 7.4. 
Bactericidal/permeability-increasing protein was isolated from neutrophils according to 
Zhao et a/3 1 ancj coated at 1 µg/ml in phosphate buffered saline, pH 7.4. Patient samples 
were applied at a dilution of 1:100 and in twofold dilutions up to 1 :800. Alkaline 
phosphatase conjugated goat anti-human lgG (American Qualex, San Clemente, CA, USA, 
dilution 1:1,500) was used for detection of bound IgG in all enzyme-linked immunosorbent 
assays. 
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A sample was considered positive if the OD value obtained exceeded the mean of25 healthy 
control samples by more than 2 SD. 

Western blotting and immunodetection - Detection of ANCA was also performed by 
Western blotting followed by immunodetection as previously described. 17 A crude extract 
of isolated granulocytes was used as source of antigens. An equivalent of 6 x 107 cells was 
applied on 10% polyacrylamide gels under denaturing but non-reducing conditions. After 
electrophoresis and transfer to nitrocellulose membranes (Schleicher & Schuell, Keene, NH, 
USA) the Western blots were incubated with 3% horse serum (Central Laboratmy for Blood 
Transfusion Service) to block non-specific binding. Patient samples were tested at a 1 :50 
dilution. lmmunodetection was performed as described previously.32 To detect bound lgG, 
a peroxidase conjugated rabbit anti-human lgG antibody (P214, Dakopatts, dilution 1 :250) 
was used. To identify the protein bands corresponding with the ANCA antigens proteinase 
3, myeloperoxidase, elastase, cathepsin G, lactoferrin, bactericidal/permeability-increasing 
protein, catalase, and alpha-enolase, we used polyclonal and monoclonal antibodies directed 
against these antigens. 17 

Statistical analysis - Statistical analysis of the data was performed using Fisher's exact test, 
Mann-Whitney U test, or Spearman Rank test. A p value <0.05 was considered to represent 
significance. 

RESULTS 

Prevalence of ANCA - ANCA were detected by indirect immunofluorescence on ethanol
fixed granulocytes in 56 of96 (58%) samples from patients with ulcerative colitis and in 21 
of 112 (19%) samples from patients with Crohn's disease. Various staining patterns were 
observed. Out of the 56 ulcerative colitis samples positive for ANCA, 52 showed perinuclear 
staining (pANCA) and 4 an atypical cytoplasmic staining pattern different from the cANCA 
pattern characteristic for anti-proteinase 3 antibodies. Out of the 21 Crohn's disease samples 
positive for ANCA, 19 showed a pANCA pattern and 2 samples showed atypical 
cytoplasmic staining. 
ANCA titers ranged from 1 :40 up to � 1 :640, both in ulcerative colitis and in Crolm's disease 
samples. Median titer for ANCA-positive samples was 1 :  160 in ulcerative colitis and l :80 
in Crohn's disease (not significant). 
Samples from 78 healthy blood bank donors were all negative for ANCA by indirect 
immunofluorescence. 
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Since the distinction between pANCA and anti-nuclear antibodies cannot be made clearly 
on ethanol-fixed granulocytes, we tested all samples for the presence of anti-nuclear 
antibodies. Anti-nuclear antibodies were detected in 5 ulcerative colitis samples (median 
titer 1:80, range 1:40-1:80) and 7 Crohn's disease samples (median titer 1:40, range 1:40-
1 :80). Samples simultaneously positive for ANCA and anti-nuclear antibodies (5 ulcerative 
colitis samples and 4/7 Crohn's disease samples) were tested on formalin-fixed granulocytes, 
which confirmed the cytoplasmic nature of the antigens involved. Thus, in none of the 
samples pANCA staining on ethanol-fixed granulocytes was due to the presence of anti
nuclear antibodies. 

ANCA mu/ disease activity - For ulcerative colitis, 15 patients, of whom 11 ANCA positive, 
had active disease (clinical activity score <'.4), whereas 81, of whom 45 ANCA positive, 
were in remission (clinical activity score d). ANCA were not significantly more prevalent 
in the active disease group (table 2). However, in the ANCA-positive patients, titers were 
significantly higher in the active disease group (median titer 1 :320) than in the quiescent 
disease group (median titer 1:80; figure I; p<0.01). 

Table 2. Relation between ANCA and clinical features in ulcerative colitis. Given are numbers (percentages) of 

patients either positive or negative for ANCA as detected by indirect immunofluorescence. 

ANCA+ ANCA-
clinical features (n=56) (n=40) 

disease activity 

active (n= 1 5) 1 1  (73%) 4 (27%) 
quiescent (n=81 )  45  (56%) 36 (44%) 

immunosuppressive therapy 

yes (n=23) 1 5  (65%) 8 (35%) 
no (n=73) 41 (56%) 32 (44%) 

disease local ization 

left-sided (n=61)  37  (61 %) 24 (39%) 
left+right-sided (n=33) 18 (55%) 1 5  (45%) 

colectomy 

yes (n=8) 4 (50%) 4 (50%) 
no (n=88) 52 (59%) 36 (41 %) 
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640 •••• 

'- 320 ..... . ..... . 

<11 1 60 •••••••••• • • •  

'-
80 ........... ·u 

'-

40 ·····-····· 

quiescent active 

Figure 1 .  Titers of ANCA as determined by indirect immunofluorescence on ethanol-fixed granulocytes in patients 

with ulcerative colitis who were positive for ANCA (n=56). Patients were classified as having quiescent ( clinical 

activity score ,;3) or active (clinical activity score ;,4) disease. Median titers are indicated. A titer ,, I :40 was 

considered positive. 

In Crohn' s disease patients, no relation was found between the presence or titer of ANCA 
on the one hand and the Van Hees activity index or C-reactive protein levels on the other 
hand ( table 3, figure 2) .  
Since the use of immunosuppressive medication may influence the level of autoantibody 
production, we also related the use of corticosteroids and azathioprine to presence and titers 
of ANCA. Neither in ulcerative colitis nor in Crohn' s disease, any relation was found 
between the use of corticosteroids, azathioprine, or a combination of both and presence or 
titer of ANCA ( tables 2 and 3 ) .  

ANCA and cumulative extension of disease - In ulcerative colitis, the prevalence of ANCA 
did not differ between patients with left-sided or left-plus-right-sided colitis ( table 2) .  
Crohn' s disease restricted to the colon has been considered as a specific disease entity 
different from Crohn's disease in which the disease extends beyond the colon. We compared 
prevalence of ANCA in Crohn' s disease patients with colonic involvement only with those 
in whom both colon and ileum were involved and with those in whom the disease was 
restricted to the ileum. The prevalence of ANCA was higher in patients with colonic 
involvement only than in the other groups (p=0.02; table 3 ) .  

ANCA mu/ duration of disease - To investigate whether ANCA develops during a chronic 
inflammatory process, we related the presence of ANCA to the duration of disease ( defined 
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Table 3 .  Relation between ANCA and clinical features ofCrohn's disease. Given are numbers (percentages) of 

patients either positive or negative for ANCA as detected by indirect immunofluorescence. 

ANCA+ ANCA-
clinical features (n=21 )  (n=91)  

disease activity 

severe (n=1 )  0 ( 0%) 1 (1 00%) 

moderate (n=1 5) 2 (1 3%) 1 3  (87%) 

mild (n=58) 8 (14%) 50 (86%) 

quiescent (n=29) 8 (28%) 21 (72%) 

not to determine 1 3 (33%) 6 (67%) 

immunosuppressive therapy 

yes (n=31 )  4 ( 1 3%) 27 (87%) 

no (n=81)  1 7  (21 %) 64 (79%) 

disease localization 

ileum (n=32) 5 (16%) 27 (84%) 

ileum + colon (n=55) 7 (1 3%) 48 (87%) 

colon (n=25) 9 (36%)2 
1 6(64%) 

resection 

yes (n=67) 1 1  (1 6%) 56 (84%) 

no (n=45) 1 0  (22%) 35 (78%) 

1 
Data essential for calculation were missing for these patients. 

2 
Significantly more frequently positive than in the other groups (p=0.02). 

640 . 

I- 320 •• 
Q) 

«I 1 60 •• • 

80 • •  • ·c::; 
Q) 

40 •••• • 

0 
quiescent mild moderate 

Figure 2. Titers of ANCA as determined by indirect irnmunofluorescence on ethanol-fixed granulocytes in patients 

with Crohn's disease who were positive for ANCA (n=21). Patients were classified as having quiescent (Van Hees 

index dOO), mildly active (Van Hees index 1 01- 150), or moderately active (Van Hees index 15 1 -200) disease. 

A titer � I :40 was considered positive. 

3 1  



Chapter 3 

Table 4. Reactivity of samples from inflammat01y bowel disease patients with six well-defined ANCA antigens 

as detected by specific enzyme-linked immunosorbent assays. 

antigens 

proteinase 3 + myeloperoxidase 

proteinase 3 + lactoferrin 

myeloperoxidase 

elastase 

cathepsin G 

lactoferrin 

lactoferrin + bactericidal/permeability-increasing protein 

bactericidal/permeability-increasing protein 

positive for any of these antigens 

ulcerative colitis 

(n=96) 

1 

0 

0 

21 

0 

3 

27 (28%) 

Crohn's disease 

(n=1 1 2) 

0 

0 

0 

0 

0 

1 0  

2 

3 

1 5  (1 3%) 

in years from the moment of diagnosis). For ulcerative colitis, median disease duration was 
4 years (range 0-32 years) in the ANCA-positive group and 6.5 years (range 0-27 years) in 
the ANCA-negative group. For Crohn's disease, median disease duration was 6 years (range 
1-20 years) in the ANCA-positive group and 8 years (range 0-36 years) in the ANCA
negative group (no significant differences). 
Since duration of disease is not always equivalent to cumulative disease severity, we also 
related the presence of ANCA to the number of active disease periods since diagnosis. These 
numbers did not differ significantly between ANCA-positive and ANCA-negative patients 
with ulcerative colitis or with Crohn's disease ( data not shown). 

Persiste11ce of ANCA after bowel resectio11 - Several studies have reported that ANCA 
persist after colectomy in ulcerative colitis.33

-
35 In our study, 8 patients with ulcerative colitis 

had undergone subtotal colectomy 6 months to 27 years before plasma sampling. Four (50%) 
of these patients were positive for ANCA, whereas 52 out of 88 (59%) patients without 
previous surgery were positive for ANCA (table 2). In Crohn's disease, 67 patients had 
undergone bowel surge1y 4 months to 36 years before plasma sampling. Eleven ( 1 6%) of 
these patients were positive for ANCA, whereas 10 out of 45 (22%) patients without surge1y 
were positive for ANCA (table 3). Thus, both in ulcerative colitis and Crohn's disease, 
ANCA prevalence was not different in patients who had undergone bowel resection, 
consistent with persistence of ANCA after bowel resection. 

A11tige11 specificity as detected by enzyme-linked imm1111osorbe11t assay a11d i11111111110-

detectio11 011 Westem blot - The presence of antibodies to six known ANCA antigens 
(proteinase 3, myeloperoxidase, elastase, cathepsin G, lactoferrin, and bactericidal/pennea-
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Table 5. Reactivity of samples from inflanunatory bowel disease patients with neutrophil proteins as detected by 
immunodetection on Western blot. 

ulcerative Crohn's 
colitis disease 

antigens {n=96) {n= 1 1 2) 

lactoferrin 1 2  (1 3%) 8 (7%) 
bactericidal/permeability-increasing protein 2 (2%) 2 (2%) 

catalase 1 8  ( 1 9%) 20 ( 1 8%) 
alpha-enolase 4 (4%) 1 2 (1 1 %) 

lactoferrin + bactericidal/permeability increasing protein 0 1 ( 1%) 

lactoferrin + bactericidal/permeability increasing protein + catalase 0 1 ( 1%) 
lactoferrin + catalase 1 2  (1 3%) 2 (2%) 
lactoferrin + catalase + alpha-enolase 1 ( 1 %) 1 ( 1 %) 

bactericidal/permeability-increasing protein + alpha-enolase 0 2 (2%) 

catalase + alpha-enolase 5 (5%) 5 (4%) 

positive for any of these antigens 54 (56%) 54 (48%) 

bility-increasing protein) was tested by enzyme-linked immunosorbent assay. Results are 
shown in table 4. The few samples positive for antibodies to proteinase 3 and myelo
peroxidase were only borderline positive. Antibodies to elastase or cathepsin G were not 
present in any of the samples. Antibodies to lactoferrin were present in 22 (23%) ulcerative 
colitis samples and in 12 ( 11  %) Crohn's disease samples. Antibodies to bactericidal/ 
permeability-increasing protein were present in 3 (3%) ulcerative colitis samples and in 5 
(4%) Crohn's disease samples. 
By immunodetection on Western blot, samples from patients with inflammatory bowel 
disease reacted with several neutrophil derived proteins. Identity of the different bands was 
confirmed by immunodetection with specific polyclonal and monoclonal antibodies. 17 As 
detected by immunoblotting, the samples did not contain antibodies to proteinase 3, 
myeloperoxidase, elastase, or cathepsin G. Catalase was the major antigen. Antibodies to 
catalase were detected in 36 (38%) ulcerative colitis samples and 29 (26%) Crohn's disease 
samples. Other antigens recognized were alpha-enolase, which was recognized by 10 (10%) 
ulcerative colitis samples and 20 (18%) Crohn's disease samples, lactoferrin, recognized by 
25 (26%) ulcerative colitis samples and 12 (11 %) Crohn's disease samples, and bactericidal/ 
permeability-increasing protein, recognized by 2 (2%) ulcerative colitis samples and 6 (5%) 
Crohn's disease samples. Frequently, a single sample contained antibodies to more than one 
antigen (table 5). 
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Table 6. Comparison of the results of antigen-specific enzyme-linked immunosorbent assay (ELISA) and 

immunodetection on Western blot for the detection of antibodies against lactoferrin and bactericidal/permeability

increasing protein. 

lactoferrin bactericidal/permeability-increasing 

protein 

positive in: both ELISA blot only total both ELISA blot only total 

ELISA only positive ELISA only positive 

and blot and blot 

ulcerative 1 9  3 6 28 2 1 0 3 

colitis 

Crohn's 1 0  2 2 14  3 2 2 4 

disease 

Healthy donor samples showed reactivity by immunodetection on Wes tern blot in a few 
cases. Of the 78 control samples tested, 8 ( 10%) reacted with catalase, and 5 (6% ) reacted 
with alpha-enolase. 
Results obtained by immunoblotting generally agreed with results obtained by antigen
specific enzyme-linked immunosorbent assays, with a few exceptions ( table 6 ) .  However, 
when comparihg the results of the indirect immunofluorescence assay with the antigen
specific methods for ANCA detection, striking discrepancies were found. Only 18/22 
ulcerative colitis samples and 6/12 Crohn's disease samples positive for anti-lactoferrin by 
enzyme-linked immunosorbent assay were also positive for ANCA by indirect 
immunofluorescence. Also, only 1/3 ulcerative colitis samples and none of the 6 Crohn' s 
disease samples positive for antibodies directed against bactericidal/permeability-increasing 
protein by· enzyme-linked immunosorbent assay were positive for ANCA by indirect 
immunofluorescence. Table 7 shows that 22/54 ( 41 % ) ulcerative col itis samples and 41/54 
(76%) Crohn' s disease samples that reacted with any antigen by immunoblotting were 
negative for-'ANCA by indirect immunofluorescence. Conversely, 24/42 (58%) ulcerative 
colitis samples and 8/58 ( 14%)  Crohn' s disease samples that did not react with any antigen 
by immunoblotting were positive for ANCA by indirect immunofluorescence. Also when 
the analysis was restricted to s amples that were positive fo r one antigenic specificity only, 
results were not consistent with indirect immunofluorescence results ( table 8 ) . 
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Table 7 .  Comparison of the results of indirect immunofluorescence and immunodetection on Western blot. 

positive for any antigen on blot negative on blot 

immunofluorescence perinuclear atypical negative perinuclear atypical negative 

pattern ANCA ANCA ANCA ANCA 

ulcerative colitis 30 2 22 22 2 1 8  

(n=96) 

Crohn's disease 1 1  2 41  8 0 50 

(n= 1 1 2) 

Table 8. Indirect immunofluorescence results for samples reacting with only one antigen by immunodetection on 

Western blot. 

immune-

perinuclear atypical fluorescence 

anti ens 
ANCA ANCA negative 

ulcerative colitis 

lactoferrin (n= 1 2) 8 (67%) 2 (1 7%) 2 (1 7%) 

bactericidal/permeability-increasing protein (n=12) 1 (50%) 0 1 (50%) 

catalase (n= 1 8) 7 (39%) 0 1 1  (61 %) 

alpha-enolase (n=4) 3 (75%) 0 1 (25%) 

Crohn's disease 

lactoferrin (n=8) 4 (50%) 0 4 (50%) 

bactericidal/permeability-increasing protein (n=3) 1 (33%) 0 2 (67%) 

catalase (n=20) 0 1 (5%) 1 9  (95%) 

alpha-enolase (n=1 2) 3 (25%) 0 9 (75%) 

C/in{cal associations of ANCA of defined specificity - We related the presence of ANCA 
of defined specificity with disease activity, medication, cumul ative extension of disease, and 
duration of d isease for both ulcerative colitis and Crohn's disease. I n  Crohn's disease, 
antibodies to lactoferrin (as detected by enzyme-l inked immunosorbent assay and / or 
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immunoblotting) occurred more often in cases with disease limited to the colon. Seven out 
of25 (28%) patients in whom the colon was involved only were positive for antibodies to 
lactoferrin, whereas only 7 out of 87 (8%) patients in whom the ileum was involved were 
positive for antibodies to lactoferrin (p=0.01). The presence of antibodies to lactoferrin, 
bactericidal/permeability-increasing protein, catalase, and alpha-enolase were not related 
with localization of disease in ulcerative colitis nor with disease activity, medication, and 
duration of disease in both ulcerative colitis and Crohn's disease. 

DISCUSSION 

In this study, we tested the prevalence, antigenic specificities, and clinical relevance of 
ANCA in large groups of patients with ulcerative colitis and Crohn's disease. ANCA as 
detected by indirect immunofluorescence were present in 58% of patients with ulcerative 
colitis and 19% of patients with Crohn's disease. Titers of ANCA as detected by indirect 
immunofluorescence correlated with disease activity in ulcerative colitis , but not in Crohn's 
disease. In Crohn's disease, the presence of ANCA as detected by indirect 
immunofluorescence was related with colonic localization of the disease. Aside from 
detection of ANCA by indirect immunofluorescence, we tested all samples for the presence 
of specific antibodies to eight known ANCA antigens. Catalase, alpha-enolase, and 
lactoferrin were major antigens both in ulcerative colitis and Crohn's disease, whereas 
antibodies to bactericidal/permeability-increasing protein and cathepsin G were hardly 
present. Often, a single sample contained antibodies to more than one antigen. Antibodies 
to Jactoferrin in Crohn's disease were associated with colonic localization of the disease. 
Antibodies to catalase and alpha-enolase were not associated with specific clinical features 
of ulcerative colitis or Crohn's disease. 
The prevalences of ANCA in ulcerative colitis and Crohn's disease as detected by indirect 
immunofluorescence in this study were comparable to those found in other studies.5•

6 Almost 
all of the positive samples produced a pANCA staining pattern. The indirect 
immunofluorescence method, that is the standard method used for detection of ANCA in the 
systemic vasculitides,28 has also been used widely in inflammat01y bowel disease. Other 
methods, however, have been described as well, such as a fixed neutrophil enzyme-linked 
immunosorbent assay,5•36 in which 85% of patients with ulcerative colitis and 20-28% of 
patients with Crohn's disease were reported to be positive for ANCA, and an 
immunoalkaline phosphatase staining method,2 1

•
37 in which 33-42% of patients with 

ulcerative colitis and 0-5% of patients with Crohn's disease were reported to be positive for 
ANCA. Thus, the different methods used for ANCA detection in inflammato1y bowel 
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disease do not reveal completely comparable results. Bansi e t  a/38 reported that the immuno
alkaline phosphatase method was more sensitive than the indirect immunofluorescence 
method for the detection of ANCA in patients with primary sclerosing cholangitis. However, 
ANCA prevalences in inflammatory bowel disease as detected with the immunoalkaline 
phosphatase method were lower than the prevalences in inflammatory bowel disease 
repmted in most studies using the indirect immunofluorescence method. 
Several studies have addressed the clinical associations of ANCA as detected by one of these 
three methods. Our finding that ANCA titers correlate with disease activity in ulcerative 
colitis, but not in Crohn's disease, confirms previous studies.6•39•40 In Wegener's granulo
matosis, ANCA titers were shown to be associated with disease activity, and a rise in ANCA 
titer frequently preceded a relapse of the disease.2 Longitudinal studies, which should reveal 
whether rises in ANCA titer also predict relapses in ulcerative colitis, have not been 
performed. Although ANCA titers were higher in active disease, ANCA were not 
significantly more prevalent in patients with active dise·ase. However, other studies have 
reported a higher prevalence of ANCA in patients with active disease.6 The relatively small 
number of patients with active disease in this study ( 15/96) is probably the reason for this 
discrepancy. 
As for the localization of disease, ANCA in Ci-ohn's disease were more prevalent (36%) in 
patients with disease limited to the colon, although ANCA were also present in 16% of pa
tients with involvement of the ileum only. This finding is in agreement with data of 
Vasiliauskas et al,20 showing that ANCA are mainly present in Crohn's disease patients with 
"ulcerative colitis-like" features, that is left-sided colonic inflammation, rectal bleeding, 
mucous discharge, and benefit from treatment with topical agents. Other studies have 
confirmed the association of ANCA with colonic involvement in Crohn's disease.34

•
4 1  In 

ulcerative colitis, ANCA were not associated with any particular localization of disease. 
Furthermore, no association was found between ANCA and use of immunosuppressive 
medication, duration of disease, or previous bowel surgery, in agreement with other 
studies_ 10, 1 4, 1 s,J9 

In contrast to the systemic vasculitides, in which ANCA are directed against either 
proteinase 3 or myeloperoxidase, ANCA in inflammatory bowel disease are not directed 
against one single antigen. Many different target antigens for ANCA in inflammatmy bowel 
disease have been reported until now, among which lactoferrin,7•

8 bactericidal/ permeability
increasing protein,9· io cathepsin G, 1 1 • 12 lysozyme, 1 3

•
1 4 HMG 1/2, 1 5 and histone H l . 16 In this 

study, we used not only enzyme-linked immunosorbent assays for the detection of specific 
antibodies, but we also performed immunodetection on Western blot, for which we used a 
rough extract of purified granulocytes as source of antigens. This technique has enabled us 
to identify two novel target antigens for ANCA in inflammatmy bowel disease, namely 
catalase and alpha-enolase. 1 7  The existence of autoantibodies directed against catalase had 
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not been reported before in inflammatory bowel disease or other diseases. ANCA directed 
against alpha-enolase have been reported in vasculitis and systemic lupus erythematosus,42 

and autoantibodies to alpha-enolase have also been detected in from patients with primary 
biliary cirrhosis and autoimmune hepatitis.43 In this study, catalase was the major antigen, 
as antibodies to catalase were detected in 38% of patients with ulcerative colitis and 26% 
of patients with Crohn's disease. Antibodies to alpha-enolase and lactoferrin were also 
present in considerable numbers of patients with ulcerative colitis and Crohn's disease, the 
latter detected both by immunoblotting and enzyme-linked immunosorbent assay. 
Antibodies to lactoferrin were additionally detected by enzyme-linked immunosorbent assay. 
Results of enzyme-linked immunosorbent ·assay and immunoblotting were in most cases 
comparable, although some discrepancies were seen. SDS treatment and boiling, necessary 
to prepare the antigens for gel electrophoresis and subsequent Western blotting, may destroy 
antigenicity of some epitopes, whereas other, cryptic, epitopes become expressed at the 
molecular surface. In enzyme-linked immunosorbent assay, the antigen is immobilized on 
a plastic surface; which may also hide or express certain epitopes. Thus, immunoblotting and 
enzyme-linked immunosorbent assay probably differ in the detection of specific epitopes. 
Antibodies to proteinase 3, myeloperoxidase, elastase, and cathepsin G were almost absent 
in this study, whereas antibodies to bactericidal/permeability-increasing protein were 
incidentally present. ANCA directed against proteinase 3, myeloperoxidase, and elastase are 
strongly associated with different forms of systemic vasculitis, and have not been detected 
in inflammatory bowel disease.7 ANCA directed against bactericidal/permeability-increasing 
protein have been detected by others in 29-37% of patients with ulcerative colitis and 14-
23% of patients with Crohn's disease,9•

10 and ANCA directed against cathepsin G have been 
reported in 12-46% of patients with ulcerative colitis 12• 14 and 12-38% of patients with 
Crohn's disease. 14 Assays for detecting antibodies to bactericidal/permeability-increasing 
protein and cathepsin G, that is enzyme-linked immunosorbent assay and immunoblotting, 
are very sensitive to heat-inactivation and decomplementation of sera, which results in false
positive readings (44 and unpublished observations). Even a short incubation of sera at 56 °C 
induces, by some unknown mechanism, positive reactions in sera from healthy subjects as 
well as in patients' sera. Since heat-inactivation of sera is routinely used in many 
laboratories, this procedure may possibly underlie the detection of antibodies to 
bactericidal/permeability-increasing protein and cathepsin G by other groups. 
Strikingly, we observed that some samples positive for antibodies to lactoferrin or 
bactericidal/permeability-increasing protein by enzyme-linked immunosorbent assay and 
immunoblotting were negative for ANCA by indirect immunofluorescence. This 
phenomenon has been reported by others as well.9•45•46 Jones et aln have shown that 
bactericidal/ permeability-increasing protein is very susceptible to degradation by proteinase 
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3 and elastase. During ethanol fixation of granulocytes, these proteolytic enzymes may 
destroy the antigenicity of bactericidal/permeability-increasing protein. 
For antibodies to catalase and alpha-enolase, no relation was found between results of 
immunoblotting and that of indirect immunofluorescence (table 6). This may be due to 
differences in cellular localization and relative concentrations of these cytosolic antigens, 
compared to antigens localized within the granules. Concentrated granule proteins would be 
much more likely to fix sufficient antibody for visualisation by indirect immunofluorescence 
than more dispersed, diluted cytosolic proteins. 
A considerable number of samples (24% of ulcerative colitis samples and 7% of Crohn's 
disease samples) were positive for ANCA by indirect immunofluorescence, and negative for 
any antigen by enzyme-linked immunosorbent assay or immunoblotting. Despite the use of 
proteinase inhibitors during the preparation of the granulocyte extract for immunoblotting, 
antigens may be lost during preparation. For example, histone H l ,  which is claimed to be 
an ANCA antigen, 16 was not detectable in our extract (not shown). 
The clinical relevance of ANCA of defined specificities has been evaluated in only a few 
studies,8• 10•

1 1
•
14

•
1 8  and in these studies only a small number of antigenic specificities were 

studied simultaneously. In this study, we showed that the presence of antibodies to 
lactoferrin is significantly related with Crohn's disease limited to the colon. This association, 
in combination with the fact that antibodies to lactoferrin were more prevalent in ulcerative 
colitis than in Crohn's disease, suggests that the production of antibodies to lactoferrin may 
be specifically stimulated in an inflammatory environment in the colon. Antibodies to 
catalase and alpha-enolase were not associated with any particular localization of disease. 
None of the various antibody specificities were associated with disease activity, medication, 
or duration of disease. Sobajima et a/1 8  reported an association between antibodies to 
cathepsin G and HMG 1/HMG2 and a refractory type of ulcerative colitis, and Walmsley et 

a/10 described antibodies to bactericidal/permeability-increasing protein as markers for 
colonic involvement in Crohn's disease. As antibodies to these antigens were hardly present 
or not detected in our assays, these associations could not be confirmed in our patient 
population. 
In the vasculitides, ANCA have proven diagnostic and prognostic value. ANCA to 
proteinase 3 or myeloperoxidase are associated with different subtypes of disease.48 These 
ANCA have also been suggested to play a role in the pathophysiology of the systemic 
vasculitides. In vitro, antibodies to proteinase 3 and myeloperoxidase are able to stimulate 
degranulation and the respiratory burst of cytokine-primed granulocytes,3 and animal models 
ofvasculitis have supported a role for these antibodies in vivo.4 However, results from the 
present and other studies clearly show that ANCA in inflammatory bowel disease represent 
a heterogeneous group of autoantibodies directed against several antigens. Some of these 
antigens are specific for neutrophils, but others, including catalase, alpha-enolase, and 

39 



Chapter 3 

several nuclear antigens, are present in many other cell types as well. The heterogeneity of 
antigens limits the elucidation of the clinical associations of ANCA in inflammat01y bowel 
disease. However, analysis of the clinical associations of a substantial number of antigenic 
specificities as performed in this study did not disclose any significant associations, with the 
exception of the association of lactoferrin antibodies with colonic involvement in Crohn's 
disease. 
The lack of strong clinical associations of ANCA in inflammatory bowel disease may 
suggest that ANCA are merely an epiphenomenon, induced by polyclonal activation due to 
massive dysregulation of the immune system in these disorders. The simultaneous 
occmTence of antibodies to more than one antigen in many patients suppo1ts this suggestion. 
Other findings from this study do, however, support a different view. Although both 
ulcerative colitis and Crohn's disease are inflammatory disorders in which the immune 
system is overactivated, ANCA are more prevalent in ulcerative colitis than in Crohn's 
disease. Together with the association of ANCA with colonic involvement in Crohn's 
disease, these findings point to a relation between ANCA and colonic inflammation. 
However, persistence of ANCA after colectomy in ulcerative colitis demonstrates that an 
inflamed colon is not a necessary condition for the presence of ANCA. 

In conclusion, the association between ANCA titers and disease activity in ulcerative colitis 
suggests that levels of ANCA may be markers of disease activity, which has to be confinned 
in longitudinal studies. Analysis of the antigenic specificities of ANCA in inflammato1y 
bowel disease does not substantially contribute to further insight into the pathophysiology 
nor to the delineation of particular subsets within this spectrum of diseases. 
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ABSTRACT 

In the systemic vasculitides, serial quantification of titers of anti-neutrophil cytoplasmic 
autoantibodies (ANCA) has been shown useful for follow-up of disease activity and 
prediction of relapses. ANCA have been detected in patients with inflammato,y bowel 
disease, but their relation to disease activity in these diseases is unclear. 
We analyzed the relation beh-veen disease activity and ANCA titers as determined by indirect 
immunofluorescence in paired samples obtained during active disease and at remissionji-0111 
individual patients with ulcerative colitis (n=60) and Crohn's disease (n= I OJ). In addition, 
patients were followed prospectively in order to study fluctuations of ANCA in time in 
relation to disease activity. 
We were not able to detect any correlation between disease activity and ANCA titers both 
in paired active disease versus remission samples and in serial samples from patients with 
ulcerative colitis or Crohn's disease. 
We conclude that, in contrast to the ANCA-associated systemic vasculitides, serial 
quantification of ANCA titers does not contribute to the monitoring of disease activity in 
patients with injlammat01J1 bowel disease. 

I NTRODUCTION 

Anti-neutrophil cytoplasmic autoantibodies (ANCA), directed against cytoplasmic 
constituents of neutrophil granulocytes, have originally been detected in sera from patients 
with systemic vasculitides, in particular Wegener' s granulomatosis. 1 Their diagnostic 
significance in these disorders has been well established. The elucidation of the target 
antigens of ANCA in the vasculitides, that is proteinase 3 and myeloperoxidase, has 
increased t heir diagnostic value even more.2 

ANCA have also been detected in serum samples from 50-80% of patients with ulcerative 
colitis and 10-20% of patients with Crohn's disease.3•

4 ANCA in infl ammatory bowel disease 
are directed against a wide variety of antigens, including lactoferrin,5•6 bactericidal/ 
permeability-increasing protein,7•

8 and the cytosolic antigens catalase and alpha-enolase.9 

In contrast to the systemic vasculitides, in which ANCA titers are related to disease 
activity, 10 conflicting results have been reported on the relation between ANCA and clinical 
expression of inflammatory bowel disease. In ulcerative colitis, ANCA titers were reported 
to correlat e  with disease activity.4•5 Furthermore, ANCA-positive patients were shown to 
have a more refractory' 1• 12 type of disease than AN CA-negative patients. In Crohn's disease, 
ANCA have been suggested to be markers for colonic involvement.13 However, many other 
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studies failed to detect clinical differences between ANCA-positive and ANCA-negative 
patients in both ulcerative colitis and Crohn's disease.3•14-16 Only very few studies have used 
serial samples to investigate the relation between ANCA and disease activity. 17 

In order to elucidate the relation between ANCA titer and disease activity, we analyzed the 
presence and titer of ANCA in paired samples from patients with ulcerative colitis and 
Crohn's disease during active disease and at remission. In addition, patients with ulcerative 
colitis and Crohn's disease were followed prospectively in order to study fluctuations of 
ANCA in time in relation to disease activity. 

PATIENTS AND METHODS 

Patients - Consecutive patients with ulcerative colitis (n=60) or Crohn's disease (n= 101) 
from two different centers were included in the study between November 1994 and May 
1998 after having given informed consent. Diagnosis of ulcerative colitis or Crohn's disease 
was based on accepted clinical, endoscopic, and radiological criteria suppmted by 
histopathology. 1 8  At least two plasma samples from each participating patient were analyzed 
for the presence and titer of ANCA. The first sample was obtained at the moment of 
inclusion in the study. Disease activity of ulcerative colitis or Crohn's disease was scored at 
this moment in order to classify the patients as having either active or quiescent disease (for 
definitions, see below). If a patient was classified as having active disease at the moment of 
inclusion in the study, a second plasma sample was analyzed that was obtained during a 
quiescent phase of the disease (group I). If a patient was classified as having quiescent 
disease at the moment of inclusion, a second plasma sample was analyzed obtained during 
an active phase of the disease (group II). If a patient was classified as having active (group 
III) or quiescent (group IV) disease during the total observation period, a second plasma 
sample was analyzed that was obtained at a random second time point during the observation 
period with an interval of at least one month from the first sample. 
In order to better analyze possible fluctuations in time in relation to disease activity at least 
four serial samples were obtained from 21 unselected patients with ulcerative colitis and 26 
with Crohn's disease. All plasma samples were stored at -20 °C until ANCA testing. 
For ulcerative colitis, disease activity was measured using a clinical activity score. This 
score is based on the presence and intensity of eight key symptoms of ulcerative colitis, i.e. 
blood loss, mucoid discharge, frequency of defecation, consistency of feces, tenesmus, 
abdominal pain, rectal pain, and nausea/vomiting. Each symptom is scored from O to 2, 
resulting in a total score ranging from O (no symptoms) to 16 (all symptoms present, most 
severe degree). A score >4 was considered as active disease. For Crohn's disease, disease 
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activity was measured using the Harvey-Bradshaw index, which measures clinical disease 
activity based on five clinical items, 1 9  and using the Van Hees index, which measures 
inflammatory activity based on several clinical and laborato1y variables.20 A Harvey
Bradshaw index >3 was considered as active disease, as was a Van Hees index > 150. 

ANCA testing by indirect immunojluorescence - Detection of ANCA by indirect 
immunofluorescence was performed on ethanol-fixed granulocytes from one single donor 
as described before1 •2 1  with minor modifications.22 Longitudinal samples from one patient 
were always analyzed in one single experiment. Samples were diluted 1 :40 in phosphate 
buffered saline and tested at two-fold dilutions up to 1 :640. A fluorescein-isothiocyanate
conjugated rabbit anti-human IgG antibody (F3 l 5, Dakopatts, Copenhagen, Denmark, 
dilution 1:100) was used for detection of bound lgG autoantibodies. All slides were read by 
the same observer, who was not informed about the clinical diagnosis and the state of disease 
activity. A titer L 1 :40 was considered positive. 

Statistical analysis - Statistical analysis of the data was performed using Fisher's Exact test, 
Mann-Whitney U test, or Spearman rank correlation test. For analysis of serial samples, 
correlations between disease activity and ANCA titer were determined using the Spearman 
rank correlation test in each patient. The mean correlation coefficient was calculated after 
Z-transformation. A p-value <0.05 was considered significant for all tests. 

RESULTS 

Ulcerative colitis 
Sixty patients with ulcerative colitis were included in this study. Thirty-eight (63%) patients 
had at least one sample included that was positive for ANCA. All positive samples showed 
perinuclear (pANCA) staining, with the exception of one sample with cytoplasmic staining. 
The presence of ANCA was not related to sex, age, duration of the disease, localization of 
the disease, or use of immunosuppressive medication ( corticosteroids, azathioprine, or both). 
Previous bowel resection did not influence the presence of ANCA: eight patients had 
undergone bowel resection, of whom four (50%) were positive for ANCA, whereas 30/52 
(58%) patients without previous bowel resection were positive for ANCA (p = 0.72; Fisher's 
Exact test). 

Paired samples from patients with ulcerative colitis - To determine any correlation between 
ANCA titer and disease activity in individual patients, pairs of samples from the 60 patients 
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were analyzed. Patients were divided into four different groups based on the course of 
disease activity during the study period, as stated in the methods section. From 13 patients, 
a first plasma sample was obtained during active disease, and a second sample was obtained 
during quiescent disease (group I). From 14 patients, a first sample was obtained during 
quiescent disease, and a second sample during active disease (group II). Six patients 
remained in an active phase of the disease during the total observation period (group III). 
Twenty-seven patients remained in a quiescent phase during the total observation period 
(group IV). Clinical characteristics of the four groups of patients are given in table 1. 
ANCA prevalence was not different between the four groups (table 1). The average 
difference in titer between the first and the second sample was only one titer step (range 0-3 
titer steps). Figure 1 shows the individual paired ANCA titers in the four groups. As shown 
in this figure, changes in ANCA titer were not related to changes in disease activity status 
in groups I and II. Changes in ANCA titer between the first and the second sample were also 
observed in group IV, in which the disease was persistently quiescent during the total 
observation period. The use of immunosuppressive medication did not influence the 
presence or titer of ANCA. 

Table 1. C linical characteristics of patients with u lcerative colitis (for group definitions, see text). 

roup I 
n= 1 3) 

grouf, I I  (n= 4) 
group I l l  

(n=6) 
grou� IV 
(n= 7) 

all grour5 (n=60 

male I female 3 / 1 0  8 / 6  4 / 2  1 5  / 12  30  / 30 

age (years) 1 28 (23-42) 42 ( 1 7-71 )  5 0  (31 -75) 36 (1 8-83) 35 ( 1 7-83) 

disease duration (years) 1 2 (0-8) 8 (1 -27) 2 (0-1 1 )  2 (0-23) 3 (0-27) 

localization 
left colon only 7 8 4 1 1  30 
left + right colon 5 6 1 14  26 
unknown 0 2 4 

resection 
yes 2 4 8 
no 1 2  1 3  4 23 52 

interval qetween samples 
(months) 

1 1  (1 -34) 14 (1 -35) 2 (1 - 1 9) 1 3  (2-41 )  1 2  ( 1 -4 1 )  

AN CA-positive 
at least one of two samples 9 9 4 16 38 
none of two samples 4 5 2 1 1  22 

1 values are given as median (range) .  
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Figure 1 .  Reciprocal ANCA titers in paired samples from patients with ulcerative colitis. Patients were divided 

into four groups based on the course of clinical disease activity (for details, see text). 

Serial samples from patients with ulcerative colitis - To study the fluctuation of ANCA 
titers over time in relation to disease activity, we analyzed ANCA titer and disease activity 
in serial samples from 21 ulcerative colitis patients who had at least four (median: 6, range: 
4-11) samples included in the study. Mean (median) follow-up period was 24.6 (24) months 
(range 12-42 months). 
Fifteen of these 21 patients were at least once positive for ANCA during the observation 
period. Two patients had persistently active disease during the total observation period ( one 
ANCA-positive and one ANCA-negative). Three patients had persistently quiescent disease 
during the total observation period (two ANCA-positive and one ANCA-negative). The 
remaining 16 patients had intermittently active disease (twelve ANCA-positive and four 
ANCA-negative). 
There was no correlation between disease activity and ANCA titer in the 15 patients that 
were at least once positive for ANCA (mean r = -0.073). Clinical activity scores and ANCA 
titers during follow-up in six representative ANCA-positive ulcerative colitis patients are 
shown in figure 2. 
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Figure 2. Reciprocal ANCA titers and clinical disease activity scores in serial samples from six representative 

ANCA-positive patients with ulcerative colitis. 

Analysis of all samples from 60 patients with ulcemtive colitis - In total, 206 samples were 
analyzed from the 60 patients. To determine whether there was any con-elation between the 
presence or titer of ANCA and disease activity in general, we studied these correlations in 
all 206 samples. Eighty of the samples were obtained during active disease, and 126 were 
obtained during quiescent disease. Prevalence of ANCA was not different for active versus 
quiescent disease samples: 47/80 (59%) active disease samples and 79/ 126 (63%) quiescent 
disease samples were positive for ANCA. Likewise, titer of ANCA did not correlate with 
disease activity (r = -0.02, p = 0.81, for all 206 samples; and r = -0.04, p = 0.70, for the 128 
ANCA-positive samples; Spearman rank correlation test). 
No differences in the presence or titer of ANCA were detected between samples obtained 
while the patient was taking immunosuppressive medication and those obtained while the 
patient was without immunosuppressive medication. 
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Crohn's disease 
In this study, 101 patients with Crohn's disease were included.Twenty-one (21 %) patients 
had at least one sample included that was positive for ANCA. Samples from 17 patients 
showed perinuclear (pANCA) staining, whereas samples from the other four patients showed 
cytoplasmic staining. The presence of ANCA was not related to sex, age, duration of the 
disease, localization of the disease, or use of immunosuppressive medication. Previous 
bowel resection did not influence the presence of ANCA: 54 patients had undergone bowel 
resection, of whom seven (13%) were positive for ANCA, whereas 10/47 (21%) patients 
without previous bowel resection were positive for ANCA (p = 0.30; Fisher's Exact test). 
Clinical disease activity was measured with the Harvey-Bradshaw index. In addition, 
inflammatory activity was measured with the Van Hees index. Since the correlation between 
the two indices was low in this study (t=0.38; p<0.001; Spearman rank correlation test), we 
separately analyzed the relation between clinical disease activity (Harvey-Bradshaw index) 
and ANCA titers and that between inflammatory activity (Van Hees index) and ANCA 
titers. 

Table 2. Clinical characteristics of patients with Crohn's disease (for group definitions, see text). 

rOU!'.2 I 
n=20) rou{l I I  n= 8) 

groul'.2 I l l  
(n=6) 

groug IV 
(n= 7) 

all groufis 
(n=1 0  ) 

male / female 10 / 10  8 / 10  1 / 5 24 / 33 43 / 58 

age (years) 1 31 (1 8-62) 34 (21 -68) 35 (1 9-68) 39 (1 8-73) 35 (1 8-73) 

disease duration (years) 1 3 (0-30) 8 (0-35) 6 ( 1 -14) 7 (0-34) 6 (0-35) 

localization 

i leum only 6 5 1 6  28 
ileum + colon 7 8 3 28 46 
colon only 7 5 2 1 2  26 
unknown 0 0 0 

resection 

yes 2 1 2  3 37 54 
no 1 8  6 3 20 47 

interval between 
samples (months) 1 1 2  ( 1 -35) 14 ( 1 -3 1 )  7 ( 1 - 14) 1 9  (2-42) 14 (1 -42) 

AN CA-positive 
at least one of two 4 6 8 1 9  
samples 
none of two samples 16 1 2  5 49 82 

1 values are given as median (range). 
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Paired samples from patients with Cro/111 's disease - To investigate correlations between 
ANCA titer and clinical disease activity in individual patients, pairs of samples from the 101 
patients were analyzed. Patients were divided into four groups (I-IV) based on the course 
of clinical disease activity during the study period, as assessed by the Harvey-Bradshaw 
index. Twenty patients were in group I (active - quiescent), 1 8  were in group II (quiescent -
active), six were in group III (active - active), and 57 were in group IV (quiescent -
quiescent). Clinical characteristics of the four groups are given in table 2. 
ANCA prevalence was not different between the four groups. The average difference in titer 
between the first and the second sample was only one titer step (range 0-5 titer steps). Figure 
3 shows the individual paired ANCA titers in the four groups. Changes in disease activity 
status in groups I and II were not related to changes in ANCA titer. Changes in ANCA titer 
were also observed in groups III and IV, in which the disease was either persistently active 
or persistently quiescent during the total observation period. The use of immunosuppressive 
medication did not influence the presence or titer of ANCA. 
Likewise, ANCA prevalence and titer were not related to inflammat01y disease activity as 
assessed by the Van Hees index (data not shown). 
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Figure 3. Reciprocal ANCA titers in paired samples from patients with Crohn's disease. Patients were divided into 

four groups based on the course of clinical disease activity (for details, see text). 
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Figure 4. Reciprocal ANCA titers, clinical disease activity as assessed by the Harvey-Bradshaw index, and 

inflammatory disease activity as assessed by the Van Hees index in serial san1ples from six ANCA-positive patients 

with Crohn's disease. 

Serial samples from patie11ts with Croh11 's disease - To study the fluctuation of ANCA 
titers over time in relation to clinical and inflammatory disease activity, we analyzed ANCA 
and disease activity in serial samples from 26 Crohn's disease patients who had at least 4 
(median: 6, range: 4-11) samples included in the study. Mean (median) follow-up period was 
29.1 (29) months (range 7-43 months). 
Six of these 26 patients were at least once positive for ANCA during the observation period. 
Nine patients had clinically quiescent disease during the total observation period ( one 
ANCA-positive and eight ANCA-negative). The remaining 17 patients had intermittently 
active disease (five ANCA-positive and twelve ANCA-negative). There was no correlation 
between clinical disease activity or inflammato1y disease activity and ANCA titer in the six 
ANCA-positive patients (Harvey-Bradshaw index : mean r = 0.01; Van Hees index: mean 
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r = -0.114). Clinical and inflammatory disease activity and ANCA titers during follow-up 
in these six patients are shown in figure 4. 

Analysis of all samples from 101 patients with Crolm 's disease - In total, 290 samples were 
analyzed from 101 patients. To determine any correlation between the presence or titer of 
ANCA and clinical disease activity, we studied these correlations taking together all 290 
samples. Sixty-five of the 290 samples were obtained during clinically active disease, and 
225 during quiescent disease. Significantly more active disease samples were positive for 
ANCA: 19 (29%) of the active disease samples were positive for ANCA versus 33 (15%) 
of the quiescent disease samples (p = 0.01; Fisher's Exact test). Titers in the positive samples 
obtained during active disease were not different from titers in the positive samples obtained 
during quiescent disease (p = 0.19; Mann-Whitney U test). A marginal but significant 
correlation was found between clinical disease activity and ANCA titers when all 290 
samples were included (r = 0.17; p<0.01), whereas no correlation was present when only the 
52 ANCA-positive samples were included in the analysis (r = 0.09; p = 0.53; Spearman rank 
correlation test). 
To determine any correlation between ANCA and inflammatory disease activity, we studied 
the relation between ANCA and the Van Rees index. Eighteen samples had to be excluded 
from the analysis since substantial data for calculation of the Van Rees index were missing. 
From the 272 analyzed samples, 55  were obtained during active inflammation, and 217 
during quiescent disease. In contrast to the results for the clinical disease activity, prevalence 
of ANCA was not higher during active inflammation: 10/55 (18%) active disease samples 
and 38/217 (18%) quiescent disease samples were positive for ANCA (p = 1.00; Fisher's 
Exact test). Titers in the positive samples obtained during active inflammation were not 
different from titers in those obtained during quiescent disease (p = 0.45 ; Mann-Whitney U 
test) . No correlation was found between inflammatory disease activity and ANCA titers for 
all 272 samples (r = 0.08; p = 0.17) or for the 48 AN CA-positive samples (r = 0.19; p = 0.21; 
Spearman rank correlation test). 
No differences in ANCA presence and titer were observed between samples obtained while 
the patient was taking immunosuppressive medication and those without immunosuppressive 
medication. 
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DISCUSSION 

In  this s tudy, we demons trated that in patients with i nflammatory bowel disease ANCA titers 
do not correl ate with disease activity. 
In  the ANCA-associated vascul itides, several s tudies have shown a relation between disease 
activity and ANCA titer (reviewed in 10). I n  these diseases, ANCA become often 
undetectable after starting immunosuppressive treatment. Rel apses frequently occur in 
patients being persistently positive for ANCA or in whom ANCA reappear.23

·25 Rises in 
ANCA titer may occur  during cl inical relapse,26 but may also precede a clinical rel apse.27 

Cohen Tervaert et af-8 showed that treatment with immunosuppressive medication based on 
rises in ANCA titer prevented the occurrence of relapses in patients with Wegener's 
granulomatosis. Thus, serial quantification of ANCA titers may be useful for follow-up and 
treatment of patients with AN CA-associated vascul itides . 
However, in inflammatory bowel disease, the rel ation between disease activity and ANCA 
titer has been l ess clear. In  ulcerative colitis, s everal s tudies reported that high titers of 
ANCA were found especially in patients with active disease,29•3 1  whereas other s tudies failed 
to detect a rel ation between disease activity and ANCA titer.3•

32 However, these were all 
cross-sectional s tudies. No l arge s tudies investigating a possible rel ation between disease 
activity and ANCA titers in individual patients have been perfo rmed thus far. The single 
long-te1m observation of ANCA in ulcerative colitis publ ished until now1 7  only reported the 
presence or absence of ANCA and did not study whether titers varied with disease activi ty. 
The data reported here clearly  show that disease activity of both ul cerative col itis and 
Crohn's disease are not related to ANCA titers. We used three different approaches to 
analyze the relation between disease  activity and ANCA titer. F irst, we determined ANCA 
titers in paired samples from individual patients that were discordant in their disease activity 
s tatus. Changes in ANCA titer did occur in a significant number of paired samples without 
any correlation with changes in disease activity. Changes in ANCA titer were also observed 
in patients with either persis tently active or persistently quiescent disease. Differences in 
titer between paired s amples were usually small .  Conversions from ANCA-negative to 
ANCA-positive and vice versa were also detected withou t any rel ation to disease activity. 
Secondly, s ince paired samples may not reflect the course of ANCA titer changes in time, 
we determined ANCA titers in  s erial samples from patients with a long-term observation 
period. I n  agreement with the resul ts for the paired samples, we were not able to detect any 
correl ation between disease activity and ANCA titers in these serial samples. Thirdly, since 
we found no correl ation when s tudying individual patients, we combined all paired and 
longitudinal samples from patients with either ul cerative col itis or Crohn's disease in one 
analysis. This approach also  fail ed to demons trate any correl ation between disease activity 
scores and ANCA titers. The use of immunosuppressive medication had no influence on the 
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presence or titer of ANCA in the paired, serial, and pooled samples from patients with 

ulcerative colitis or Crohn's disease. 

An important difference between the findings in the vasculitides and in the inflammatory 

bowel diseases is that in contrast to ANCA in inflammatory bowel disease, ANCA in the 

vasculitides are usually directed against one single antigen. Antibodies to proteinase 3 are 

highly specific for Wegener's granulomatosis, whereas antibodies to myeloperoxidase are 

associated with microscopic polyangiitis, the Churg-Strauss Syndrome, or idiopathic 

necrotizing crescentic glomerulonephritis.2 ANCA in inflammatory bowel disease are 

directed against a wide variety of antigens, including lactoferrin,5•
6 bactericidal/ 

permeability-increasing protein,7•
8 several nuclear antigens, 33•34 and several cytosolic 

antigens.9 In addition, antibodies to various antigenic specificities may be present in one 

serum sample. We9
•
35 and others36

•
37 have shown that ANCA detection by indirect 

immunofluorescence may fail to detect antibodies to some of these antigens. In addition, a 

substantial number of patients have ANCA as detected by indirect immunofluorescence, 

whilst none of the former mentioned antigens can be hold responsible for the staining.9 The 

development of quantitative antigen-specific tests is needed to determine whether disease 

activity correlates with ANCA of any defined specificities. 

ANCA have been suggested to play a role in the pathophysiology of the systemic 

vasculitides.2 However, several observations lead to the assumption that ANCA have no or 

only very little pathogenic relevance in inflammatory bowel disease. Besides the findings 

presented here that ANCA titers do not correlate with disease activity, most other studies 

have also failed to detect any association between ANCA and clinical parameters of 

inflammatory bowel disease. Furthermore, ANCA in ulcerative colitis and Crohn's disease 

are directed to a variety of antigens, which are not exclusively recognized by ANCA from 

patients with these disorders but also by ANCA from patients with autoimmune liver 

diseases and rheumatic diseases.36
•
38 In addition, the persistence of ANCA after colectomy 

in ulcerative colitis,39 which was also confirmed in this study, demonstrates that an inflamed 

colon is not a necessary condition for the presence of ANCA. ANCA may be a useful marker 

for subclassification of ulcerative colitis 12 or Crohn's disease, 13 but any pathogenic role in 

these diseases is unlikely. 

From the data presented in this study we conclude that, in contrast to the ANCA-associated 

vasculitides, serial quantification of ANCA titers in patients with inflammatory bowel 

disease does not contribute to the monitoring of the disease process. 
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ABSTRACT 

Anti-neutrophil cytoplasmic antibodies (ANCA) from patients with systemic vasculitis, that 
are directed against proteinase 3 and myeloperoxidase, have been shown to activate 
neutrophil granulocytes in vitro. ANCA are also present in patients with inflammat01y bowel 
disease, autoimmune liver disease, and rheumatoid arthritis. Their target antigens in these 
disorders are different from proteinase 3 and myeloperoxidase. We investigated whether 
ANCA with other specificities were also able to activate neutrophils in vitro. 
Neutrophi/s were stimulated with monoclonal or polyclonal antibodies to ANCA antigens, 
with IgG fractions from healthy controls, or with IgG fractions from patients with various 
idiopathic inflammatory diseases. The patients' IgG fractions contained autoantibodies to 
lactoferrin, bactericidal/permeability-increasing protein (BPI), catalase, or alpha-enolase. 
Activation was measured by detecting the amount of superoxide production using a 
ferricytochrome C reduction assay. 
Polyclonal antibodies to lactoferrin, BPL and catalase were able to induce superoxide 
production in neutrophils. However, antibodies with any specificity obtained from patients 
did not induce more superoxide production than IgG fractions from healthy controls. 
In conclusion, ANCA directed against antigens different from proteinase 3 and myelo
peroxidase are not able to activate neutrophils in vitro, which suggests that their possible 
pathophysiological role in the disorders associated with these ANCA is limited. 

INTRODUCTION 

Anti-neutrophil cytoplasmic antibodies (ANCA) are autoantibodies directed against 
cytoplasmic constituents of neutrophil granulocytes and monocytes. They have originally 
been detected in patients with systemic vasculitides, in particular Wegener' s granulomatosis. 1 

In these disorders, the main target antigens for ANCA are proteinase 3 and myeloperoxidase, 
which are both stored in the azurophilic granules of the neutrophil.2 

After their detection in the vasculitides, the presence of ANCA was also rep01ted in patients 
with other inflammatory diseases, among which inflammatory bowel diseases,3•4 

autoimmune liver diseases (autoimmune hepatitis and primary sclerosing cholangitis),5•
6 and 

rheumatoid arthritis.7-8 The target antigens for ANCA in these diseases are not proteinase 3 
and myeloperoxidase, but include a variety of other granule constituents, such as 
lactofetTin,9•

1 0 bactericidal/permeability-increasing protein (BPI), 1 1
•

12 and cathepsin G.12
•

1 3  

Furthermore, we14 and others1 5  identified the cytosolic antigens catalase and alpha-enolase 
as target antigens for ANCA in inflammatory bowel disease and autoimmune liver disease. 
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Antibodies to s everal nuclear antigens, such as the non-chromosomal high mobility group 
pro teins HMG 1 /2, 16•

1 7  hi s tone Hl , 18 and J amin proteins, 19 have also been detected in these 
disorders. 
A pathophysio logical ro le fo r ANCA in the vascu! itides has been sugges ted by several 
clinical observations, experiments in animal models, and in vitro findings. Several s tudies 
have shown a relation between vasculitic disease activity and ANCA titer ( reviewed in 20). 

Animal models have shown that the presence of ANCA aggrav ates vasculitis in an 
inflammatory environment ( reviewed in 2 1). In vitro, ANCA directed against proteinase 3 
and myeloperoxidase have  been shown to activate primed neu trophils . P riming of 
neutrophils with pro-inflammatory cytokines, e.g. tumor necrosis factor-alpha (TNF-a), 
resu lts in expression of the target antigens fo r ANCA on the cellular surface.22 ANCA are 
then able to bind their target antigens on the surface and to induce granulocyte degranulation 
and oxygen radical production.22•23 In addition, ANCA may be able to inhibit the 
physiological functions of their target antigens. Antibodies to proteinase 3 can interfere with 
the pro teolytic activity of this enzyme and with the binding to its inhibito r  alpha-1 -
antitrypsin, thus preventing the inactivation of pro teinase 3 .24•25 Similarly, antibodies to 
myeloperoxidase interfere with the inhibition of their target antigen by its inhibito r 
ceruloplasmin. 26 

In contrast to the situation in the sys temic vasculitides, the pathophysiological role of ANCA 
in other inflammatory diseases is far from clear. Strong associations with disease activity or 
particular clinical characteristics are lacking (reviewed in 27). Gionchetti et al28 have shown 
that ANCA from patients with inflammatory bowel disease were not able to induce in vitro 
oxygen radical production in neutrophils, but the antigenic specificities of ANCA were not 
defined in this s tudy. Antibodies to lactoferrin from some patients have been shown to 
activate neutrophils.23•29 The neutrophil-activating capacities of specific antibodies to other 
ANCA antigens have not been tested so far. 

In this s tudy, we investigated whether ANCA from patients with inflammatory bowel 
disease, autoimmune liver disease, and rheumatoid arthritis were able to induce oxygen 
radical production in neutrophils. We tested ANCA directed against four common antigens 
in these diseases: lactoferrin, BPI, catalase, and alpha-enolase. 

PATIENTS AND METHODS 

Patients and controls - In earlier s tudies, we identified the presence and the antigenic 
specificities of ANCA in l arge groups of patients with inflammatory bowel disease, 14 
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autoimmune liver disease,30 and rheumatoid arthritis (unpublished results). In these studies, 
ANCA were detected by indirect immunofluorescence on ethanol-fixed granulocytes as has 
been described before. 1•3 1•32 The antigenic specificities of ANCA were detected by antigen
specific enzyme-linked immunosorbent assays14 and by immunoblotting using a crude 
extract of isolated granulocytes as antigen source. 14 

From these previous studies, we selected serum samples from 33 patients that had antibodies 
to only one of the specific antigens lactoferrin, BPI, catalase, or alpha-enolase. These 
samples were from patients with ulcerative colitis (n= l0), Crohn's disease (n= l 1), primary 
sclerosing cholangitis (n=2), autoimmune hepatitis type 1 (n=2), and rheumatoid artlu·itis 
(n=8). Eight of these patients had antibodies to lactoferrin, six had antibodies to BPI, ten had 
antibodies to catalase, and nine had antibodies to alpha-enolase (for details, see table 1). 
Samples from ten healthy subjects, that were negative for ANCA as detected by indirect 
immunofluorescence and negative for antibodies against neutrophil autoantigens by 
immunoblotting, were included as negative controls. 

Isolatio11 of IgG fractio11s - Purified IgG fractions were prepared using a protein G column 
(MabTrap G II; Pharmacia Biotech, Woerden, The Netherlands) according to the 
manufacturer's protocol. In addition to the IgG-fractions mentioned before, we stimulated 
cells with rabbit polyclonal antibodies to lactofen-in (Dakopatts, Copenhagen, Denmark), 
BPI (a kind gift from Dr W.A. Buurman and Dr M.A. Dentener, University Hospital 
Maastricht, The Netherlands),33 and catalase (Calbiochem, La Jolla, CA, USA), and a 
monoclonal antibody raised against alpha-enolase from U937 monocytic cells (a kind gift 
from Dr E. Plow and Dr T. Burke, Center for Tlu·ombosis and Vascular Biology, Cleveland, 
Ohio, USA).34 Prior to use in the stimulation experiments, the IgG or antibody fractions were 
centrifuged in an Eppendorf centrifuge at 23,000 g for 15 minutes in order to remove 
possibly present aggregates. None of the IgG or antibody fractions contained endotoxin as 
determined by the limulus amoebocyte assay (Coatest, Endosafe, Charleston, USA). 

Isolatio11 of grmmlocytes - Peripheral blood from a healthy volunteer was drawn into 
vacutainer tubes containing 0.34 M EDTA as anticoagulant. The blood was diluted 1: 1 in 
0.9% NaCl, and granulocytes were separated by centrifugation on a Lymphoprep density 
gradient (Nycomed Pharma AS, Oslo, Norway). Contaminating erythrocytes were removed 
by hypotonic lysis. Following two wash steps with icecold phosphate-buffered saline, the 
granulocytes were suspended in Hanks' balanced salt solution (Gibco, Life Technologies 
Ltd, Paisley, Scotland, UK) containing calcium and magnesium. Prior to the stimulation 
experiments, the granulocytes were warmed gradually to 37°C, and treated for 5 minutes 
with 5 µg/ml cytochalasin B (Serva, Heidelberg, Germany). Priming of the granulocytes was 
performed by incubation with 10 ng/ml recombinant TNF-a (Boehringer Ingelheim, 
Germany) for 15 minutes. 
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Table 1. Patient characteristics. Abbreviations: BPI, bactericidal/permeability-increasing protein; CD, Crohn's 

disease; UC, ulcerative colitis; RA, rheumatoid arthritis; PSC, primary sclerosing cholangitis; AIH, autoimmune 

hepatitis. 

antigen specificity clinical diagnosis male / female age 

1 lactoferrin CD F 31 

2 lactoferrin CD F 71 

3 lactoferrin UC M 38 

4 lactoferrin UC M 51 

5 lactoferrin UC M 66 

6 lactoferrin RA F 40 

7 lactoferrin RA F 42 

8 lactoferrin RA M 42 

9 BPI CD F 48 

10  BPI CD M 31 

1 1  BPI CD M 62 

1 2  BPI UC F 24 

1 3  BPI UC M 58 

1 4  BPI PSC M 60 

1 5  catalase CD F 49 

1 6  catalase CD F 56 

1 7  catalase CD M 28 

18  catalase UC F 27 

1 9  catalase UC M 56 

20 catalase UC F 30 

21 catalase RA M 54 

22 catalase RA F 16  

23 catalase RA F 42 

24 catalase PSC M 40 

25 alpha-enolase AIH F 33 

26 alpha-enolase UC M 41 

27 alpha-enolase UC F 75 

28 alpha-enolase AIH F 48 

29 alpha-enolase RA F 51 

30 alpha-enolase RA M 35 

31 alpha-enolase CD F 39 

32 alpha-enolase CD F 53 

33 alpha-enolase CD F 54 
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Detection of superoxide production using tlte ferricytocltrome C reduction assay -
Superoxide production by granulocytes was determined by measuring discontinuously the 
superoxide dismutase (SOD) inhibitable reduction of ferricytochrome C, according to the 
method of Pick and Mizel35 with minor modifications.36 In short, freshly isolated primed 
granulocytes ( lx l06 cells/ml) were incubated with 0.856 mg/ml ferricytochrome C (Sigma, 
Zwij ndrecht, The Netherlands), either 1 3 .16  U/ml SOD (Sigma) or an equal volume of 
Hanks' balanced salt solution, and stimulus in 96-wells flat bottom microtiter plates (Greiner 
BV, Alphen aid Rijn, The Netherlands) . As stimulus we used the purified I gG fractions from 
the patients or polyclonal or monoclonal antibodies at a concentration of 200 µglml. N
fo rmyl-methionyl-leucyl-phenylalanine (FMLP; Sigma) was used as a positive control 
stimulus at a concentration of0.67 µM. The plates were incubated at 37° C for a total period 
of 120 minutes. During these 120 minutes, the plates were scanned repetitively at 550 nm 
using an automated microplate reader (Thermomax, Molecular Devices, Sunnyvale, CA, 
USA). Each test was performed in quadruplicate. The superoxide production was expressed 
as the difference in OD550 between the ferricytochrome C reduction in the absence and in 
the presence of SOD, 

Statistical analysis - Statistical analysis was performed using Student' s t test. A p-val ue 
<0.05 was considered significant. 

RESULTS 

Superoxide pi:oduction measured by tlte ferricytocltrome C reduction test - Figure 1 shows 
the results of the ferricytochrome C reduction test using TNF-a primed neutrophils from a 
healthy donor. Polyclonal antibodies directed against lactoferrin, BPI, and catalase were able 
to induce oxygen radical production. The time course of superoxide production by these 
polyclonal antibodies was different from the time course following stimul ation with FMLP. 
FMLP induced strong superoxide production in the first 30 minutes of stimulation and then 
levelled off, whereas polyclonal antibodies induced a gradual release of superoxide over 
time. The monoclonal antibody directed against alpha-enol ase did not induce oxygen radical 
production. There were no significant differences between superoxide production induced 
by I gG fractions containing autoantibodies against lactoferrin, BPI, catalase, or alpha
enolase and lgG fractions from healthy controls. 
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Figure 1. Superoxide measured by fen-icytochrome C reduction using granulocytes from a healthy donor primed 

with TNF-a:. Granulocytes were stimulated with FMLP, polyclonal antibodies to lactofen-in, bactericidal/ 

penneability-increasing protein (BPI), or catalase, a monoclonal antibody to alpha-enolase, or IgG fractions from 

patients positive for autoantibodies against these four antigens. Rabbit IgG, mouse lgG, and IgG fractions from 

healthy subjects were used as negative controls. The superoxide production is expressed as the difference in 

OD550 between the ferricytochrome C reduction in the absence and in the presence of superoxide dismutase. 

Presented are mean values ± standard deviations. Abbreviations: moab, monoclonal antibody; poab, polyclonal 

antibody. 
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DISCUSSION 

The present study shows that ANCA directed against lactoferrin, BPI, catalase, and alpha
enolase are not able to induce oxygen radical production in granulocytes primed with TNF
o:. Several studies have shown that ANCA directed against proteinase 3 and 
myeloperoxidase are able to activate primed granulocytes, leading to the production and 
release of reactive oxygen radicals and to the release of lysosomal enzymes.22,37,

38 These 
ANCA occur mainly in the systemic vasculitides. ANCA directed against proteinase 3 are 
highly specific for Wegener's granulomatosis, and ANCA directed against myeloperoxidase 
have been detected in microscopic polyangiitis, the Churg-Strauss syndrome, or idiopathic 
crescentic glomerulonephritis. ANCA with other specificities are mainly found in a variety 
of idiopathic inflammatory diseases, including inflammatory bowel disease, autoimmune 
hepatitis, primary sclerosing cholangitis, and rheumatoid aithritis. The antigenic specificities 
for ANCA in these diseases are multiple. In a recent study, we have shown that the main 
tai·get antigens for ANCA in inflammatory bowel disease are lactoferrin, catalase, and alpha
enolase. ANCA directed against BPI were present in a small number of patients. 1 4 We have 
shown that antibodies to these four antigens are also present in patients with autoimmune 
l iver disease30 and in patients with rheumatoid aithritis (unpublished results). 
Although the granulocyte-stimulating capacities of antibodies to proteinase 3 and 
myeloperoxidase have been well documented, studies on the granulocyte-stimulating 
capacities of ANCA with other specificities have scarcely been performed. Gionchetti et al 

have shown that IgG fractions from seven ANCA-positive patients with ulcerative colitis 
were not able to induce oxygen radical formation, but they did not determine the antigenic 
specificities of these ANCA.28 A polyclonal antibody to lactoferrin was shown to be able to 
stimulate granulocytes.37 Peen et af9 demonstrated the stimulatory capacity of polyclonal 
and patient antibodies to lactoferrin on granulocytes pretreated with FMLP. Pretreatment 
with FMLP was not necessary for stimulation when anti-lactoferrin-antibodies were bound 
to endothelial cells before addition of the granulocytes.29 The stimulating capacities of 
autoantibodies against other antigens have not been studied so far. 
The mechanisms involved in ANCA-mediated granulocyte activation are not fully clarified. 
Upon priming with TNF-o:, proteinase 3 and myeloperoxidase translocate from the 
cytoplasmic granules towards the extracellular membrane, where these antigens become 
available for interaction with ANCA.22•37 The actual activation of the granulocytes is 
subsequently largely mediated by binding of the Fe part of the ANCA molecule to Fe
receptors on the surface of the granulocyte.23.39 

BPI, like proteinase 3 and myeloperoxidase, is a constituent of the azurophilic granules of 
the neutrophil and is thus expected to appear on the cellular membrane upon priming with 
TNF-o:. In addition, Dentener et al have shown that BPI is also present on the cellular 
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membrane of unprimed granulocytes and monocytes.40 Lactoferrin is a constituent of the 
specific granules of the neutrophil. Specific granules have been shown to fuse with the 
cellular membrane more readily than azurophilic granules.4 1  The presence oflactoferrin on 
the surface of neutrophils after priming with TNF-a has been demonstrated by Afeltra et 
a/.42 Thus, the mechanism of activation of granulocytes by antibodies to BPI and lactoferrin 
may be identical to the mechanism proposed for antibodies to proteinase 3 and 
myeloperoxidase. 
Unlike the antigens mentioned before, catalase and alpha-enolase are not stored in granules, 
but are present in the cytosol of the granulocyte.43•44 Thus, it is unlikely that priming with 
TNF-a induces their expression on the cellular surface. However, both catalase and alpha
enolase exist in a membrane-bound form.34

•
45 Redlitz et al, using the same monoclonal 

antibody to alpha-enolase that was used in this study, demonstrated the presence of alpha
enolase on the surface of neutrophils.34 Binding of antibodies to these membrane-bound 
forms of catalase and alpha-enolase might thus lead to induction of oxygen radical formation 
in a way similar to that proposed for antibodies to granule proteins. 
However, although polyclonal antibodies to lactofen-in, BPI, and catalase were well able to 
induce oxygen radical formation, none of the IgG fractions from patients induced the 
respiratory burst. One explanation may be that titers of antibodies to these antigens are 
usually lower than titers of antibodies to proteinase 3 and myeloperoxidase. The amount of 
specific antibody in the IgG fractions may have been too low to have measurable effects on 
granulocytes. Secondly, the antigens on the granulocyte surface may not be recognized by 
the antibodies due to hiding of specific epitopes upon cell surface expression. Thirdly, the 
intracellular mechanisms by which the formation of oxygen radicals is induced by antibodies 
to proteinase 3 and myeloperoxidase is not known in further detail. The involved signal 
transduction pathways are probably not limited to those linked to the Fe-receptors, but other 
pathways may be switched on specifically upon the presence of ANCA-bound proteinase 
3 and myeloperoxidase on the cellular surface.46 This hypothesis is supported by the fact that 
F( ab )2 fragments of antibodies to proteinase 3 and myeloperoxidase themselves are capable 
of inducing oxygen radical formation, although to a lesser extent than the intact IgG 
molecules.47 The pathways involved in F(ab)i-mediated stimulation might not be operative 
for the antigens studied here. This may also explain why the monoclonal antibody to alpha
enolase, that was shown by others to bind its antigen on the granulocyte surface,34 did not 
induce radical formation. 
The finding that only ANCA with certain specificities are able to stimulate granulocytes in 
vitro is consistent with the clinical significance of ANCA. In the vasculitides, ANCA are 
important diagnostic and prognostic markers, and ANCA titers are related to disease activity. 
[n inflammatory bowel disease and in autoimmune liver disease, however, the clinical value 
of ANCA is limited. We have shown in a longitudinal study that ANCA titers are not related 
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to disease activity in ulcerative colitis and Crohn's  disease.48 Although it has been 

demonstrated that ANCA mark clinical subgroups of Crohn 's disease and primary sclerosing 

cholangitis, 12•49 these results were not confirmed by other investigators.50•5 1  The presence of 

ANCA in these diseases may be just reflect chronic inflammation. 

In conclusion, in contrast with the situation in the systemic vasculitides, ANCA from 

patients with inflammatory bowel disease, autoimmune liver disease, and rheumatoid 

arthritis are not able to activate granulocytes in vitro, which limits their possible role in the 

pathophysiology of these disorders. 
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ABSTRACT 

Interleukin-J O  (IL-10) is an important anti-inflammato,y cytokine. IL-10 deficient mice 
have been shown to spontaneously develop chronic enterocolitis, suggesting a protective 
role for IL-10 in the pathogenesis of inflammato,y bowel disease. Since IL-10 is able to 
activate B cells, a role for IL-J O  has been implicated in the induction of autoantibodies. 
Recently, a polymorphism at position -1082 from the gene transcription start site in the 
promoter region of the IL-10 gene was shown to influence the levels of IL-10 production. 
We studied whether the distribution of this polymorphism was different in inflammato,y 
bowel disease compared to healthy controls, whether the IL-JO genotype was associated 
with the severity of the disease course, and whether the IL-10 genotype was related to the 
presence of anti-neutrophil cytoplasmic autoantibodies (ANCA). 
IL-10 genotype was determined by a sequence-specific polymerase chain reaction on 
DNA isolated from peripheral blood cells of 77 patients with ulcerative colitis, 107 
patients with Crohn's disease, and 152 healthy controls. Severity of inflammato1y bowel 
disease was assessed retrospectively from the medical records of the patients. ANCA 
were detected by indirect immunofluorescence. 
The distribution of the IL-JO  genotypes did not differ between healthy controls and 
patients with inflammato,y bowel disease. The severity of the disease course was not 
related to the IL-JO genotype. The presence of ANCA was not related to the IL-JO 
genotype. 
In conclusion, this IL-10 poly11101phism is highly unlikely to contribute to susceptibility 
for inflammatory bowel disease, to the severity of the disease course, and to the 
development of autoantibodies. These results demonstrate that IL-JO genotyping has no 
diagnostic or prognostic value in inflammato,y bowel disease. 

I NTRODUCTION 

Inflammatory bowel diseases (ulcerative colitis and Crohn's disease) are chronic, 
relapsing, and tissue-destructive idiopathic inflammatory conditions limited to the large 
bowel (ulcerative colitis) or occurring anywhere along the alimentary tract (Crohn's 
disease). The etiology of these diseases has not yet been elucidated. 1 Cytokines play an 
important role in the inflammatory processes in the bowel (reviewed in 2). Interleukin- I 0 
(IL-10), an important anti-inflammatory cytokine with a pivotal role in the regulation of 
inflammatory and immune responses,3 is of particular interest in inflammato1y bowel 
disease. A significant role for IL-10 in inflammatory bowel disease was suggested by the 
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development of spontaneous chronic enterocolitis, particularly severe in the duodenum, 
proximal jejunum, and proximal colon, in an IL- 10  deficient mouse strain. 4 Treatment 
with IL- 1 0  prevented the development of colitis in newborn mice and led to a marked 
improvement of the disease in adult mice.5 These results gave rise to clinical trials using 
IL-10 for the treatment of inflammatory bowel disease. 6 

Recently, Turner et af have shown that the level of production of IL-10 has a genetic 
basis. They identified three single base pair substitutions in the IL-10 gene promoter on 
chromosome 1. One of these polymorphisms, an A to G substitution at position -1082 
from the transcription start site, was shown to correlate with IL-10 protein production in 

vitro. After stimulation of isolated peripheral blood lymphocytes with concavalin A, cells 
from individuals with the AA genotype produced significantly less IL- 1 0  protein than 
cells from individuals· with the GG genotype.7 

IL- 1 0  production has been implicated in autoimmunity because of the effects of lL- 1 0  on 
B-cell proliferation and antibody production.8 Autoimmune processes may play a role in 
the pathogenesis of inflammatory bowel disease, since several types of autoantibodies 
have been found in these diseases, such as antibodies to goblet cells,9 antibodies to the 
cytoskeletal protein tropomyosin, 10  antibodies to endothelial cell antigens,1 1 and anti
neutrophil cytoplasmic antibodies (ANCA). Of these autoantibodies, ANCA have been 
studied in most detail. ANCA are present in 50-80% of patients with ulcerative colitis 
and in 1 0-40% of patients with Crohn's disease 12

•
1 3  Their origin and pathophysiological 

significance in these disorders is unclear. IL- 1 0  might play a role in the induction of 
these antibodies. 
It is unknown whether patients with inflammatory bowel disease are genetically 
determined to be less capable of producing the anti-inflammatory cytokine IL-10. In this 
study, we investigated the distribution of the - 1 082* NG IL- 1 0  promoter polymorphism 
in inflammatory bowel disease and healthy controls. Furthermore, we determined 
whether the IL-10 genotype was associated with the severity of the disease course. Since 
IL- 1 0  influences autoimmune processes and autoantibody production,8 we also tested the 
genotype distribution in association with positivity for ANCA. 

PATIENTS AND METHODS 

Patients am/ co11tro/s - Consecutive unrelated caucasian patients with ulcerative colitis 
(n=77) and Crohn's disease (n=107) seen at the Department of Gastroenterology and 
Hepatology of the University Hospital Groningen, The Netherlands, were included in this 
study. Diagnosis of ulcerative colitis or Crohn's disease was based on accepted clinical, 
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Table 1. Demographic and clinical data of patients with inflammatory bowel disease. 

male / female 

age1 

duration of disease1 

localization of disease 

pancolitis 

left-sided colitis 

colon not involved 

colon involved 

unknown 

treatment during the disease course 

no immunosuppressives 

prednisolone 

azathioprine+prednisolone 

resection 

yes 

no 

extra-intestinal manifestations 

yes 

no 

fistula 

yes 

no 

1 values are given as median (range) years 

ulcerative colitis 
(n=77) 

41 / 36 

41 (1 9-85) 

4 ( 1 -43) 

24 
49 

4 

30 
32 
1 5  

1 1  
66 

1 8  
59 

Crohn's disease 
(n=1 07) 

36 / 71 

37 (1 9-82) 

9 (1 -42) 

36 
69 
2 

49 
22 
36 

59 
48 

27 
80 

38 
69 

endoscopic, and radiological criteria supported by histopathology. 14 Demographic and 
clinical characteristics of the patients are shown in table 1 .  Localization of disease was 
determined in retrospect from previous radiologic, endoscopic and histological 
examinations. The disease course was determined in retrospect from the medical record 
of the patient. A clinical relapse was defined as an increase in clinical symptoms leading 
to a change in medical treatment. F requently, but not in all cases, an endoscopic 
examination had been performed to confirm the presence of active inflammation during a 
clinical relapse. Extra-intestinal manifestations sought for in the disease history of the 

78 



IL-1 0 polymorphism in IBD 

patient included arthritis, arthralgia, iridocyclitis, erythema nodosum, and aphthous 
stomatitis. 
Blood was drawn from all patients in vacutainers containing 0.34 M EDTA. After 
centrifugation of the tubes at 2400 rpm, plasma was collected and stored at -20°C until 
detection of ANCA. The remaining cell pellet was used to isolate DNA for determination 
of the IL-10 genotype. 
A control group consisted of 152 healthy unrelated caucasian individuals. All patients 
and controls gave informed consent to participate in the study. 

lsolatio11 of DNA and determination of IL-JO genotype - DNA was isolated from 
peripheral blood from patients and controls using a QIAamp Blood Kit (Qiagen, Hilden, 
Germany), according to the manufacturer's instructions, and stored at +4 °C. 
For IL-10 -1082 genotyping, two polymerase chain reactions (PCR) were performed. 
One reaction detected the -1082*A allele and one detected the -1082*G allele. In both 
reactions, human growth hormone primers were included as an internal control. The 
human growth hormone primer set resulted in a PCR product of I 078 base pairs, and the 
IL- IO promoter specific primer sets both resulted in a product of 578 base pairs. The 
sequences of all primers are listed in table 2. 
The PCR reactions were catTied out using thin-walled tubes in a total reaction volume of 
10 µI in a GeneAmp PCR System 9600 (Perkin Elmer,Miinchen, Germany). The reaction 
mixture contained 5% glycerol (Merck, Amsterdam, The Netherlands), 0.2 µg/µl Cresol 
red (Sigma Aldrich Chemicals, Zwijndrecht, The Netherlands), 200 µM dNTPs 
(Boehringer Mannheim, Mannheim, Germany), l x  PCR buffer including 1,5 mM MgCl2 

(Perkin Elmer), 2.14 µM of each IL-10 promoter specific primer, 0.07 µM of each 

Table 2. Sequences of the primers used for analysis of the - 1082*NG interleukin- IQ  (IL- 10) gene promoter 
polymorphism. Primers for human growth h01mone (HGH) were included as internal controls in all performed 
polymerase chain reactions. 

primer number of sequence 
nucleotides 

sense primers: 

HGH-I 25 CAG.TGC.CTT.CCC.AAC.CAT.TCC.CTT.A 

IL-1 0 -1082*A 22 ACT.ACT.AAG.GCT.TCT.TTG.GGA.A 

IL-1 0 -1 082*G 21  CTA.CTA.AGG.CTT.CTT.TGG.GAG 

antisense primers: 

HGH-I I  25 CCT.TGT.CCA.TGT.CCT.TCC.TGA.AGC.A 

IL-1 0 22 GGC.T AA.AT A.TCC.TCA.AAG.TTC.C 
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I n te rp retatio n  A/A A/G GIG 

H G H  

I L- 1 0 

Figure 1. Example of agarose gel electrophoresis identifying two different alleles ( either A or G at position 

- 1082) of the interleukin-I O  gene promoter. Human growth hormone (HGH) was used as a positive control in 

all polymerase chain reactions. 

internal control primer, 0.23 units Amplitaq (Perkin Elmer), and finally 75 ng of genomic 
DNA. 
The PCR profile consisted of an initial denaturation step (2 minutes 94 °C), followed by 
10 two-temperature PCR cycles (denaturation (10 seconds 94° C), annealing and 
extension (60 seconds 65 °C)), and finally 20 three-temperature PCR cycles ( denaturation 
(10 seconds 94°C), annealing (50 seconds 61 °C), and extension (30 seconds 72 °C)). The 
PCR products were separated by electrophoresis on a 2% agarose gel and visualized by 
ethidium bromide staining. An example of the results of this PCR is shown in figure I. 

ANCA detection by indirect immmwfluorescence - Detection of ANCA by indirect 
immunofluorescence was performed on ethanol-fixed granulocytes from one single 
donor as described before 15• 16 with minor modifications. 17 Samples were diluted 1 :40 in 
phosphate-buffered saline and tested at two-fold dilutions up to 1 :640. A fluorescein
isothiocyanate-conjugated rabbit anti-human IgG antibody (F3 l 5, Dakopatts, 
Copenhagen, Denmark, dilution 1: 100) was used for detection of bound IgG 
autoantibodies. All slides were read by two independent observers, who were not 
informed about the clinical diagnosis. A titer � l :40 was considered positive. 

80 



I L-1 0 polymorphism in IBD 

Statistical analysis - Statistical analysis of  the data was performed using Fisher's Exact 
test or Mann-Whitney U test. A p-value <0.05 was considered significant. 

RESULTS 

IL-JO genotype frequency in healthy controls and patients with inflammatory bowel 
disease - The distribution of the -1082.NG polymorphism in healthy controls and 
patients with ulcerative colitis or Crohn's disease is shown in table 3. The distribution 
was not significantly different between the three groups, although patients with Crohn's 
disease tended to show the -1082.GG genotype more frequently than healthy controls 
(p=0.09). 
The distribution of the IL-10 genotypes was not associated with the disease course of 
either ulcerative colitis or Crohn's disease. No significant associations were found 
between the IL- 1 0  genotype and the age of onset of disease, the localization of the 
disease, the average number of clinical relapses per year, the average number of hospital 
admissions per year, the necessity to treat the patient with corticosteroids or with 
azathioprine, the need to perform surgery, the time between diagnosis and first bowel 
resection, the occurrence of extra-intestinal manifestations, or the number of patients 
with fistulizing Crolm's disease (data not shown). 

Table 3. Distribution of the - 1 082*A/G interleukin- IO  promoter genotype in healthy controls and in patients 

with inflammatory bowel disease (ulcerative colitis [UC] and Crohn's disease [CD]), either positive or negative 

for ANCA. 

p vs p VS 
genotype -1 082*A/A -1082*A/G -1082*G/G controls ANCA 

ne alive 

healthy controls (n= 1 52) 36 (24%) 76 (50%) 40 (26%) 

UC (n=77) 1 7  (22%) 34 (44%) 26 (34%) 0.50 

ANCA-positive UC (n=50) 9 (16%) 26 (52%) 15 (30%) 0. 16 
ANCA-negative UC (n=27) 8 (30%) 8 (30%) 1 1  (41%) 

CD (n=1 07) 27 (25%) 40 (37%) 40 (37%) 0.09 

ANCA-positive CD (n=28) 7 (26%) 15 (54%) 6 (21 %) 0. 12 
ANCA-negative CD (n=79) 20 (25%) 25 (32%) 34 (43%) 
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IL-IO genotype in ANCA-positive am/ ANCA-11egative patients - ANCA were detected 
in 51 (65%) patients with ulcerative colitis and in 27 (25%) patients with Crohn's disease. 
Usually, a perinuclear fluorescence pattern was observed. In five patients with Crohn's 
disease, the fluorescence pattern was cytoplasmic. 
The presence of ANCA was not related to the disease course as defined in the previous 
section, nor to disease activity at the moment of plasma sampling. All healthy control 
samples were negative for ANCA. 
After stratifying the inflammatory bowel disease patients according to their ANCA 
status, the distribution of IL-10 genotypes was not different between ANCA-positive and 
ANCA-negative patients both with ulcerative colitis and Crohn's disease (table 3). 

DISCUSSION 

IL-IO may be an important cytokine in inflammatory bowel disease, as has been 
suggested by the fact that IL-10 deficient mice develop enterocolitis.4 It is unknown 
whether patients with inflammatory bowel disease are less capable of synthesizing IL- IO 
than healthy individuals. The expression of IL- IO in humans has been shown to be under 
genetic control. A functional bi-allelic polymorphism at position -1082 in the promoter 
region of the human IL-10 gene controls IL-10 synthesis in vitro.1 A recent study 
confirmed the association between IL- IO genotype, levels of IL- IO in serum, and levels 
of IL-10 production by peripheral blood lymphocytes cultured with concavalin A in 
patients with inflammatory bowel disease. 18 In this study, we have shown that the 
distribution of this polymorphism does not differ between healthy individuals and 
patients with ulcerative colitis or Crohn's disease, suggesting that the genetically 
determined differences in the synthesis of IL- IO are not important in the pathogenesis of 
inflammatory bowel disease in humans. 
Although the genetically determined capacity to produce IL- IO obviously does not play a 
role in the development of inflammatory bowel disease, the amount of synthesized IL- I 0 
may influence the disease course. IL- IO is an important anti-inflammatory cytokine. 
Patients less capable of producing IL- IO may therefore have a more severe course of the 
disease than patients who are genetically high producers of IL- I 0. However, we have 
shown in this study that the distribution of the -1082 promoter region polymorphism is 
not different between patients with a more severe disease course and patients with a mild 
disease course, as determined by the age of onset of disease, the localization of disease, 
the number of clinical relapses, treatment with immunosuppressives, the necessity for 
surgery, or the presence of extra-intestinal manifestations. Although these clinical 
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features of the patients were all determined in  retrospect, which certainly has influenced 
the reliability of the results, the total absence of any correlation makes it unlikely that the 
outcome of a prospective study would have been different. 
A role for IL-10 in the development of autoimmunity has been suggested by its capacity 
to stimulate B cell proliferation and to induce antibody secretion from activated B cells.8 

Autoimmune processes may play a role in the pathogenesis of inflammatory bowel 
disease. 19 ANCA are reportedly present in 50-80% of patients with ulcerative colitis and 
in 10-40% of patients with Crohn's disease, as was confirmed in this study where 65% of 
patients with ulcerative colitis and 25% of patients with Crohn's disease were positive for 
ANCA. However, we showed that ANCA were not more prevalent in patients with the 
high-producing IL-10 genotype. The genetic differences in IL-10 production are thus not 
associated with the development of these autoantibodies. 
The requirement ofB cells, which are the producers of autoantibodies, in the initiation or 
progress of inflammato1y bowel disease was tested in the IL-10 deficient mouse model of 
colitis.20 These mice were crossed with mice lacking B cells due to a deletion in the 
immunoglobulin µ chain gene. The absence of B cells on the IL-10 deficient background 
did not prevent the development of colitis or alter the course of colitis, suggesting that 
the role of B cells in the disease process is limited. However, B cells are likely to be 
recruited towards the inflammatory site, where IL-10 and other cytokines may induce the 
production of autoantibodies. The reason why only part of the patients develop 
autoantibodies remains unclear. 
The finding that some individuals may be genetically predisposed to high IL-10 
production provided good reasons to studies in patients with autoimmune diseases or 
with organ transplants. In rheumatoid arthritis, patients predisposed to high IL-10 
production had a less severe course of the disease.2 1  Further, the distribution of IL-10 
genotypes was studied in heart and kidney transplant recipients, expecting that high 
IL-10 genotype would be protective of the grafts. In heatt transplant recipients this 
appeared to be the case. 22 By contrast, high IL-10 genotype seems to be detrimental to 
kidney graft survival.23 It may be that the kidney is more sensitive to antibody-mediated 
chronic  rejection, since IL-10 promotes B cell activation and antibody synthesis in 
addition to its function in suppressing cell-mediated reactions. 
In summary, we have shown in this study that the distribution of the -1082'A/G 
polymorphism of the IL-10 gene promoter region, that is reportedly associated with 
genetic differences in IL-10 production, is not different between patients with 
inflammat01y bowel disease and healthy controls, and, thus, is not a significant factor in 
the development of the disease. Furthermore, the course of disease does not depend on 
the IL-10 genotype. Finally, the IL-10 genotype has no effect on the induction of ANCA 
in inflammatory bowel disease, since the distribution of the genotypes was not different 
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between ANCA-positive and ANCA-negative patients. These results suggest that 

genotyping for this IL- IO  promoter polymorphism has no diagnostic or prognostic value 

in inflammat01y bowel disease. 
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ABSTRACT 

Since the first detection of anti-neutrophil cytoplasmic autoantibodies (ANCA) in 
injlammato,y bowel disease, numerous studies have dealt with their prevalence, 
antigenic specificities, clinical significance, pathophysiological role, and their induction. 
This review summarizes the information obtained from those studies and shows that 
ANCA are not directly usejid as diagnostic and prognostic factors in injlammato,y bowel 
disease. ANCA were detected in 50-85% of patients with ulcerative colitis and 10-20% of 
patients with Crohn 's disease. Multiple target antigens are recognized by these 
autoantibodies, including both cytoplasmic and nuclear proteins. A pathophysiological 
role for ANCA in injlammato1y bowel disease is far from clear. On the one hand, it is 
suggested that ANCA are genetic markers of susceptibility for injlammato,y bowel 
disease, and on the other hand, the induction of ANCA in those diseases may just be an 
epiphenomenon of chronic inflammation. We discuss recent evidence that ANCA may be 
induced by a break-through of tolerance towards bacterial antigens. 

Introduction 

Anti-neutrophil cytoplasmic antibodies (ANCA) are autoantibodies directed against 
constituents of neutrophil granulocytes. ANCA have originally been detected in serum 
from patients with Wegener's granulomatosis, 1 a disease characterized by necrotizing 
granulomatous inflammation of the upper and lower airways in conjunction with 
systemic vasculitis and necrotizing crescentic glomeruloneph.ritis. Samples from patients 
with Wegener's granulomatosis reveal a typical cytoplasmic staining pattern when tested 
by indirect immunofluorescence on ethanol-fixed neutrophils (cytoplasmic or cANCA). 
The antigen recognized by cANCA proved to be proteinase 3, a constituent of the 
azurophilic granules of the neutrophil.2 

A second type of ANCA has been detected in several other idiopathic forms of systemic 
vasculitis and glomerulonephritis.3 This type of ANCA is characterized by a perinuclear 
staining pattern on ethanol-fixed neutrophils (perinuclear or pANCA). The first antigen 
recognized by these pANCA was identified as myeloperoxidase, another constituent of 
the azurophilic granules.4 The perinuclear staining proved an artifact caused by ethanol 
fixation. Myeloperoxidase, a highly cationic protein, apparently moves and attaches to 
the negatively charged nuclear membrane during the fixation procedure.5 

Following the detection of ANCA in the systemic vasculitides, it became clear that 
ANCA also occur in other idiopathic inflammatory disorders.6 ANCA have been detected 
in the inflammatory bowel diseases (ulcerative colitis and Crohn's disease),7•

8 in 
autoimmune-mediated liver diseases,9-

1 1 in rheumatoid arthritis, 1 2
•

1 3  and in systemic lupus 
erythematosus. 14

•
1 5  Usually, the pANCA type is found, but the antigen is not 

myeloperoxidase.7 A third type of ANCA, producing a diffuse cytoplasmic staining on 
ethanol-fixed neutrophils (atypical ANCA or a-ANCA), has also been described in these 
diseases. 16 

88 



ANCA in IBD:  a review 

A N CA in inflammatory bowel d isease 

Inflammatory bowel diseases (ulcerative colitis and Crohn's disease) are chronic, 
relapsing, and tissue-destructive idiopathic inflammatory conditions limited to the large 
bowel (ulcerative colitis) or occurring anywhere along the alimentary tract (Crohn's 
disease). The etiology of these diseases has not yet been fully elucidated. 17 Autoimmune 
processes may play a role in their pathogenesis, since several types of autoantibodies 
have been found in these diseases, such as antibodies to goblet cells, 1 8  antibodies to the 
cytoskeletal protein tropomyosin, 19 and antibodies to endothelial cell antigens.20 

In 1990, two different groups reported the presence of ANCA in serum from 84% and 
59% of patients with ulcerative colitis, respectively7

•8 Since then, numerous reports have 
confirmed this finding. ANCA were also detected in Crohn's disease, although the 
prevalence ( 10-20%) in this disease is much lower than in ulcerative colitis (50-90%)7

·8 

and in primary sclerosing cholangitis (50-85%), a chronic cholestatic liver disease that is 
strongly associated with inflammatory bowel disease.9•

1 1 •2 1  

The standard method for detection of ANCA in the systemic vasculitides, that is indirect 
immunofluorescence on ethanol-fixed neutrophils, has also been used widely in 
inflammatory bowel disease. Other methods, however, have been developed as well, such 
as a fixed neutrophil enzyme-linked immunosorbent assay,7•22 in which 85% of patients 
with ulcerative colitis and 20-28% of patients with Crohn's disease were rep01ted to be 
positive for ANCA, and an immunoalkaline phosphatase staining method,23•24 in which 
33-42% of patients with ulcerative colitis and 0-5% of patients with Crohn's disease were 
found positive for ANCA. Thus, the different methods used for ANCA detection in 
inflammatory bowel disease apparently vary in detecting ANCA. Bansi et af-5 reported 
that the immunoalkaline phosphatase method was more sensitive than the indirect 
immunofluorescence method for the detection of ANCA in patients with primary 
sclerosing cholangitis. However, prevalences of ANCA in inflammatory bowel disease as 
detected with the immunoalkaline phosphatase method were lower than the prevalences 
in inflammato1y bowel disease reported in most studies using the indirect 
immunofluorescence method.25 Large comparative studies on the three techniques using 
samples from different laboratories have not been performed. 

Antigenic specific ities of ANCA in inflammatory bowel d isease 

Identi fication of the antigens recognized by ANCA in inflammat01y bowel disease 
showed less homogeneous results than in the vasculitides, where antibodies to proteinase 
3 are highly specific for Wegener's granulomatosis and antibodies to myeloperoxidase 
are associated with microscopic polyangiitis, the Churg-Strauss Syndrome, or idiopathic 
necrotizing crescentic glomeruloneplu·itis.3 Antibodies to proteinase 3 and myelo
peroxidase are virtually absent in inflammatory bowel disease. Since proteinase 3 and 
myeloperoxidase are constituents of the neutrophil granules, several other neutrophil 
constihients were tested for their reaction with ANCA from patients with inflammatory 
bowel disease by ELISA. Lactoferrin, bactericidal/ permeability-increasing protein, 
cathepsin G, elastase, lysozyme, and beta-glucuronidase have all been reported as target 
antigens for ANCA in inflammato1y bowel disease and primary sclerosing cholangitis 
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(tables 1 and 2).26
•
35 Lactoferrin is a constituent of the specific granules of the neutrophil, 

whereas the other antigens are constituents of the azurophilic granules, as are proteinase 
3 and myeloperoxidase (table 1 ). Besides ELISA, immunoblotting with extracts of 
neutrophils as antigen source has been used to detect antibodies to granule-derived 
antigens.2 1•27 Using this approach, we recently were able to identify the cytosolic enzymes 
catalase and alpha-enolase as antigens for ANCA in both ulcerative colitis and Crohn's 
disease (tables 1 and 2).36 Another group detected antibodies to these cytosolic antigens 
in primary sclerosing cholangitis .37 

Although the term "ANCA" implies that these antibodies are directed against 
cytoplasmic antigens, several nuclear antigens have been shown to contribute to pANCA 
staining of neutrophils. Conventional indirect immunofluorescence on ethanol-fixed 
neutrophils does not allow to distinguish perinuclear staining from nuclear staining, 
especially not when antibody titers are high. By using confocal laser scanning 
microscopy and immunoelectron microscopy, Billing et a/38 showed that, at least in some 
ulcerative colitis sera, antibodies were present that localized to the inner side of the 
nuclear membrane. These antibodies, however, were not directed against double-stranded 
DNA. Vidrich et a/,39 from the same group, showed that DNase treatment of methanol
fixed neutrophils before performing indirect immunofluorescence resulted in loss of 
staining by pANCA-positive sera from ulcerative colitis patients, but not by pANCA
positive sera from patients with hepatobil iary disorders. The loss of pANCA antigenic 
recognition suggested either that the antigen recognized is a protein-DNA complex or 
that the presence of intact DNA is necessary for maintaining the integrity of the antigen. 
Since then, antibodies to several nuclear antigens have been identified in sera from 

Table 1. Cellular localization of ANCA antigens. 

anti-microbial 
enzymes 

serine proteases 

acid hydrolases 

other enzymes/ 
proteins 

azurophi/ic granules 

myleoperoxidase2 

lysozyme1 

proteinase 32 

elastase 1 •2 

cathepsin G 1 

azurocidin2 

�-glucuronidase 1 

bactericidal/ 
permeability-
increasing protein 1 ·2 

specific 
granules 

lysozyme1 

lactoferrin 1 

cytosol / 
cytoskeleton 

catalase1 

alpha-enolase 1 

actin3 

1 ANCA antigens in inflammatory bowel disease and primary sclerosing cholangitis 
2 ANCA antigens in systemic vasculitides 
3 ANCA antigen in autoimmune hepatitis 
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patients with inflammatory bowel disease. Eggena et al produced two monoclonal 
pANCA antibodies from a patient with ulcerative colitis40 and subsequently showed that 
the antigen recognized by these antibodies was histone H l  (table 1).4 1

•
42 However, studies 

on the frequency of antibodies to histone H l  in ulcerative colitis are lacking thus far 
(table 2). Interestingly, ANCA directed against histone H l  have been detected in T-cell 
receptor-alpha deficient mice with spontaneous enterocolitis.43 Using immunoblotting 
techniques, a Japanese group44 characterized antibodies to the nuclear non-histone 
chromosomal proteins high mobility group (HMG) 1 and HMG2 in ulcerative colitis 
(tables 1 and 2). HMG 1 and HMG2 are distributed in the nuclei, but also in the 
cytoplasm, of eukaryotic cells and act as transcription factors.44 Te1jung et a/45 showed by 
confocal laser scanning and immunoelectron microscopy that nuclear lamina proteins 
(lamins A, C, and B l ,  and Jamin B receptor), but not histones Hl -H4, colocalized with 
the antigen(s) recognized by pANCA from patients with ulcerative colitis and 
hepatobiliary disorders (tables I and 2). 
However, despite the identification of many antigens for ANCA in inflammatory bowel 
disease, a substantial number of patients are positive for ANCA as detected by indirect 
immunofluorescence, whilst no specific antigen has been detected until now.36 

Remarkably, the opposite is also frequently true. We 1 1
•
36 and others28

•
32•46

•
48 have shown 

that ANCA detection by indirect immunofluorescence may fail to detect antibodies to 
some of these antigens. The reason for this phenomenon is unknown, but may be related 
to instability of the antigens in ethanol-fixed neutrophils47

•
49 and in the relatively low 

intracellular concentration of cytosolic antigens.36 Thus, indirect immunofluorescence, 
though the standard initial screening technique for ANCA detection in the systemic 
vasculitides, may not be the method of choice to detect ANCA in inflammatory bowel 
disease and hepatobiliary disorders. The development of antigen-specific assays is 

Table 2. Prevalences of ANCA directed against specific antigens in inflammatory bowel disease. 

target antigen ulcerative colitis Crohn's disease references 

lactoferrin 9-50% 3-1 7% (27,28,33,37,57) 

bi!cterici�al/perm!;lability- 2-37% 5-23% (29,30,37] 
IncreasIng protein 

cathepsin G 0-92% 0-92% (31 -33,37,57] 

elastase 0-46% 0-1 8% (33,37] 

lysozyme 0-53% 1 8-39% (33-35] 

�-glucuronidase 0-57% not tested (35,36] 

catalase 38% 26% (37] 

alpha-enolase 1 0% 1 8% (37] 

HMG1/2 35% not tested (49] 
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necessary to bypass this problem. However, the still increasing number of target antigens 
for ANCA makes it hardly possible to develop a complete panel of antigen-specific 
assays for detection of ANCA in inflammatory bowel disease. 

Clinical significance of ANCA in inflammatory bowel disease 

In contrast to the systemic vasculitides, in which presence and titers of ANCA are related 
with disease activity and can be used as diagnostic and prognostic tools (reviewed in 50

), 

conflicting results have been reported on the relation between ANCA and clinical 
expression of inflammatory bowel disease. 
The higher prevalence of ANCA in ulcerative colitis in comparison with Crohn's disease 
initially suggested that ANCA might be useful as a diagnostic marker to differentiate 
between ulcerative colitis and Crohn's disease.8 However, later studies showed that 
ANCA were also present in serum from patients with Crohn's disease, although their 
prevalence ( 1 0-40%) was much lower than in ulcerative colitis (reviewed in 5 1 ).  Recent 
reports showed that combined testing for ANCA and for antibodies to the yeast 
Saccharomyces cerevisiae, which are relatively specific for Crohn's disease, may be a 
sensitive and specific way to distinguish ulcerative colitis from Crohn's disease.52 

Although ANCA are not very useful for distinction between ulcerative colitis and 
Crohn's disease, they can be used as a diagnostic marker to distinguish inflammatory 
bowel disease from other colitides and diarrhoeal i l lnesses.22 However, their occurrence 
in several hepatobilia1y 1 1

•
53 and rheumatic54

•
55 disorders makes a careful diagnosis 

necessary. 
Many studies have tried to find relations between ANCA and clinical features of 
inflammato1y bowel disease. In ulcerative colitis, ANCA-positive patients were shown to 
have a more refractmy type of disease than ANCA-negative patients.56

•
57 Several studies 

showed that the presence of the diseased organ is not necessary for the presence of 
ANCA in the serum from patients with ulcerative colitis. ANCA were detected after 
colectomy,58.60 although in some studies titers declined.6 1 An association was reported 
between ANCA and the development of pouchitis in patients with ulcerative colitis who 
underwent surgety,60

•62
•
63 but more recent studies failed to confirm this association.64

•
65 

Some ulcerative colitis patients with an ilea! pouch reservoir develop chronic episodes of 
pouchitis, unresponsive to treatment. It has been hypothesized that this refractmy 
pouchitis is an indication for an unrecognized Crohn's disease in these patients.66 

Aisenberg et a/67 utilized ANCA to test if refracto1y pouchitis represents underlying 
Crohn's disease. However, ANCA were not less frequently present in patients with 
refractmy pouchitis than in ulcerative colitis patients without pouchitis or with 
successfully treated pouchitis, suggesting that these patients were correctly diagnosed as 
having ulcerative colitis. 
In a Californian study on Crohn's disease, ANCA were suggested as markers of 
involvement of the colon in the inflammatory process. ANCA were especially present in 
Crohn's disease patients with "ulcerative colitis-like features," characterized as left-sided 
colonic inflammation, rectal bleeding, mucus discharge, urgency, and treatment with 
topical agents.68 A French study, however, was not able to confirm these results in their 
study population.69 
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In contrast to the associations between ANCA and refractory ulcerative colitis, pouchitis, 
and left-sided Crohn's disease, as found in the aforementioned sh1dies, most other studies 
failed to detect clinical differences between ANCA-positive and ANCA-negative patients 
in both ulcerative colitis and Crohn's disease.7·

23
•
32

•
70

•
7 1  

In  the ANCA-associated vasculitides, several studies have shown a relation between 
disease activity and ANCA titer (reviewed in 50

) .  Rises in ANCA titer may occur during 
clinical relapse,72 but may also precede a clinical relapse.73 Cohen Tervae1t et af4 showed 
that treatment with immunosuppressive medication based on rises in ANCA titer 
prevented the occurrence of relapses in patients with Wegener's granulomatosis. Thus, 
serial quantification of ANCA levels may be useful for follow-up and treatment of 
patients with ANCA-associated vasculitides. In the inflammatory bowel diseases, the 
relation between disease activity and ANCA titer is less clear. In ulcerative colitis, 
several studies reported that high titers of ANCA were especially found in patients with 
active disease, 8•27

·
75 whereas other studies failed to detect a relation between disease 

activity and ANCA titer.7•
24 However, these were all cross-sectional sh1dies. In a recent 

longitudinal study,76 we demonstrated that in patients with ulcerative colitis or Crohn's 
disease ANCA titers are not related to disease activity. Thus, in contrast to the ANCA
associated vasculitides, serial quantification of ANCA levels in patients with 
inflammato1y bowel disease does not contribute to the monitoring of the disease process. 
The disappointing results with respect to the clinical value of ANCA in inflammatory 
bowel disease may be related to the heterogeneity of the antibodies in these diseases. 
They are directed against a wide variety of antigens. Few studies only have analyzed 
clinical associations of the various antigenic specificities in inflammat01y bowel 
disease.26

•
29

•
32

•
56

•
77 Sobaj ima et a/56 reported an association between antibodies to cathepsin 

G and HMG 1 and a refract01y type of ulcerative colitis. Subsequently, they rep01ted that 
titers of HMG 1/2 antibodies were related to ulcerative colitis disease activity.48 We77 and 
others26 showed that antibodies to lactoferrin are related with Crohn's disease limited to 
the colon. In addition, Walmsley et a/29 described antibodies to bactericidal/permeability
increasing protein as markers for colonic involvement in Crohn's disease. In ulcerative 
colitis, antibodies to this antigen were related to a lower serum albumin concentration 
and a higher e1ytlu·ocyte sedimentation rate, suggesting a severe course of the disease. 
However, other associations with clinical features of ulcerative colitis or Crohn's disease 
were not found in any of these studies, suggesting that analysis of the antigenic 
specificities of ANCA does not substantially contribute to the delineation of pa1ticular 
subsets within the spectrum of inflammatory bowel disease. 

ANCA as genetic markers in inflammatory bowel disease 

ANCA may be markers of genetic susceptibility to ulcerative colitis or primary 
sclerosing cholangitis. This is suggested by the finding of an increased prevalence of 
ANCA in unaffected first-degree relatives of patients with these diseases. A No1th
American report showed that ANCA were present in 1 5% of relatives of ulcerative colitis 
patients.78 This was confirmed by a German sh1dy, in which even 30% of relatives of 
ulcerative colitis patients were found to have ANCA, as were 25% of relatives from 
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patients with primary sclerosing cholangitis.79 However, other studies on European 
populations failed to detect ANCA in unaffected relatives.80-

83 

Susceptibility to inflammatmy bowel disease may be influenced by genes within the 
HLA complex, which are involved in the regulation of the immune response. Distinct 
associations of HLA class I and II antigens with both ulcerative colitis and Crohn's 
disease have been repmted. 17 Interestingly, a relationship between ANCA status and 
HLA alleles was demonstrated in a mixed Jewish / non-Jewish population from Los 
Angeles.84 ANCA-positivity in ulcerative colitis was associated with an increased 
frequency of the HLA-DR2 allele, whereas ANCA-negative ulcerative colitis was 
associated with the HLA-DR4 allele. However, in Pennsylvanian and in European 
patients with ulcerative colitis, these associations were not confirmed.85

-
87 Other 

associations between ANCA positivity and carriage of ce1tain cytokine and adhesion 
molecule alleles have been published as well.88·89 

The associations between ANCA and genetic markers are thus not very consistent and 
seem to be highly dependent on the ethnic population that is studied. 

Pathophysiological significance of ANCA in inflammatory bowel disease 

ANCA with specificity for proteinase 3 and myeloperoxidase are likely to play a role in 
the pathophysiology of the vasculitic disorders associated with these autoantibodies. In 
vitro, ANCA are able to bind their target antigens on the surface of cytokine-primed 
neutrophils and thus stimulate neutrophil degranulation and oxygen radical 
production.90•9 1 In addition, it has been shown that antibodies against proteinase 3 and 
myeloperoxidase are able to interfere with physiological functions of their target 
antigens.92•93 Finally, animal models have also suggested a role for these antibodies in 
vivo (reviewed in 94

).  

However, the pathophysiological significance of ANCA in inflammatoty bowel disease 
is less clear. Gionchetti et af5 were not able to induce oxygen radical production by 
primed neutrophils using ANCA of undefined specificity from patients with ulcerative 
colitis. Although rabbit polyclonal antibodies to lactoferrin were able to induce oxygen 
radical production of neutrophils,96 only part of patients with ANCA directed against 
lactoferrin had antibodies that were able to induce oxygen radical production.9 1

•
96 We 

were able to induce high levels of oxygen radical production by neutrophils using rabbit 
polyclonal antibodies to lactoferrin, bactericidal/ permeability-increasing protein, and 
catalase, but not with antibodies to these antigens derived from patients with 
inflammatoty bowel disease, autoimmune liver disease, or rheumatoid arthritis 
(unpublished results). The difference in results between antibodies to proteinase 3 and 
myeloperoxidase on the one hand and antibodies to the aforementioned antigens on the 
other hand may be due to the relatively low titers of ANCA in patients with 
inflammatory bowel disease compared to those in the systemic vasculitides. 
Interference of ANCA from patients with inflammato1y bowel disease with the function 
of their target antigens, as has been shown for ANCA directed against proteinase 3 and 
myeloperoxidase in systemic vasculitis, has not been studied in detail. The presence of 
ANCA has been analyzed in two animal models of inflammatory bowel disease: ANCA 
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were absent in a spontaneous colitis model in cotton-top tamarins,97 but were present in 
70% of T cell receptor-alpha deficient mice.43 

Thus, a clear pathophysiological role for ANCA in inflammatory bowel disease has not 
been established so far. 

Development of ANCA: breakthrough of tolerance? 

It is not clear whether pANCA initially develop after exposure to neutrophil antigens or 
whether their development is due to crossreactivity with environmental antigens that 
show homology to human neutrophil antigens, e.g. food antigens or bacterial antigens. 
Human lactoferrin has high sequence homology (68%) with bovine lactoferrin,98 which is 
present in bovine milk and may thus, under certain conditions, be presented to the human 
immune system. Peen et al26 showed that antibodies against bovine lactoferrin do not 
crossreact with antibodies against human lactoferrin. We were also not able to find a 
relation between the presence of anti-bovine lactoferrin antibodies and anti-human 
lactoferrin antibodies in sera from patients with inflammatory bowel disease 
(unpublished results). 
The hypothesis of antigenic mimicry has been further investigated for autoantibodies 
directed against lactoferrin. Lactoferrin has high sequence homology with the 
mycobacterial heat shock protein HSP65, and rabbit polyclonal antibodies directed 
against lactoferrin react with mycobacterial antigens.99 Antibodies to HSP65 have been 
detected in patients with inflammatory bowel disease, 100 although levels were not higher 
than in healthy controls. 1 0 1  Peen et a/102 have tried to raise antibodies against human 
lactoferrin by immunizing rats with mycobacterial HSP65. Although the immunization 
resulted in high titers of antibodies against HSP65, no detectable antibodies to human 
lactoferrin were found, suggesting that antibodies to HSP65 do no crossreact with 
lactoferrin. 
Crossreactivity between ANCA and bacterial antigens has also been observed for 
autoantibodies against histone H l .  A human monoclonal antibody derived from an 
ulcerative colitis patient40 did react with histone H I  but also with bacterial antigens. 103 

A pathogenetic role for bacteria in inflammatory bowel disease has clearly been 
suggested by experiments in several animal models of colitis. Mice that were deficient 
for interleukin- I O  developed spontaneous colitis when maintained under conventional 
conditions. 104 However, when these animals were born and kept under specific pathogen
free conditions, colitis did not develop. 104 Seibold et a/105 have shown that 67% of 
interleukin- IO deficient mice, that develop spontaneous colitis, produce ANCA. Sera 
from ANCA-positive mice reacted with coecal bacterial antigens, whereas sera from 
ANCA-negative mice did not react with these antigens, suggesting that ANCA in those 
sera were responsible for reaction with the bacterial antigens. Both in mouse and human 
pANCA-positive sera, absorption with murine enteric bacterial antigens greatly reduced 
or abolished the pANCA staining. 105 The bacteria responsible for these effects have not 
been characterized. A recent study by Yang et a/106 showed abolishment of pANCA 
staining of sera from ulcerative colitis patients by live Escherichia coli and Proteus 
mirabilis. However, their experiments suggested that this was not due to classic antigen
antibody interactions, but rather to decomposition of the antigenic substrate of the 
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neutrophils by enzymatic factors present in the supernatants of the live bacteria. 
Formalin-fixed or heat-killed bacteria did not influence pANCA staining. 
Crossreactivity between bacterial antigens and ANCA thus may be involved in the 
development of these autoantibodies. Newly developed animal models, such as the 
interleukin-IO deficient mouse model, 1 04 will provide valuable tools to study the role of 
specific bacteria in the pathogenesis of inflammatmy bowel disease. These models will 
be useful as well for the comprehension of autoimmune processes in these disorders. 

Conclusions 

The diagnostic and prognostic role of ANCA in the systemic vasculitides has been well 
established. Since the detection of ANCA in inflammatory bowel disease, many studies 
have dealt with the clinical value of ANCA in these disorders. However, it has to be 
concluded from these studies that the significance of ANCA in inflammatmy bowel 
disease is limited. 
In contrast to. the restricted number of antigens recognized by ANCA in the vasculitides, 
ANCA in ulcerative colitis and Crohn's disease are directed against a variety of antigens. 
Part of these antigens are neutrophil granule proteins, but other antigens are cytosolic or 
nuclear proteins, that are usually not specific for neutrophil granulocytes but are also 
present in other cell types (table 1 ). These antigens are not exclusively recognized by 
ANCA from patients with inflammatmy bowel disease but also by ANCA from patients 
with autoimmune liver diseases and rheumatic diseases, which limits their diagnostic 
specificity for ulcerative colitis and Crohn's disease. Although ANCA are less prevalent 
in Crohn's disease than in ulcerative colitis, the antigens recognized are identical and the 
distinction between the two disorders cannot be made based on the presence or absence 
ofANCA. 
Several facts argue against a significant role for ANCA as prognostic markers in 
inflammatory bowel disease. Although some studies described ANCA as markers for 
separate disease entities, most studies were not able to detect any clinical differences 
between ANCA-positive and ANCA-negative patients with inflammatory bowel disease. 
Fmthermore, in ANCA-positive patients, titers of ANCA are not related to disease 
activity and thus cannot be used as a prognostic factor. Since ANCA are absent in a 
substantial patt of patients with inflammatoty bowel disease and since they are also 
present in unaffected relatives of these patients, a pathogenic role is unlikely. Removal of 
the diseased organ does not lead to the disappearance of ANCA. Analysis of the 
antigenic specificities of ANCA in inflammatoty bowel disease does not substantially 
contribute to futther insight into the delineation of patticular subsets within this spectrum 
of diseases. ANCA may just be an epiphenomenon of chronic inflammation, and their 
development may be triggered by dysregulation of the immune system together with 
accidental crossreactivity with environmental antigens. 
In conclusion, the results of several years of research on ANCA in inflammatoty bowel 
disease have not shown promising evidence that ANCA are clinically useful. At this 
moment, testing for ANCA in daily clinical practice will not help the physician to obtain 
a definite diagnosis of ulcerative colitis or Crohn's disease, nor to predict the prognosis of 
inflammatmy bowel disease in individual patients. 
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ABSTRACT 

The clinical significance of anti-neutrophil cytoplasmic autoantibodies (ANCA) in 
prima,y sclerosing cholangitis has not been established. We investigated whether 
analysis of the antigenic specificities of ANCA is useful for delineating clinical subsets of 
the disease. 
Sixty-nine patients with primmJ1 sclerosing cholangitis were studied. The presence of 
ANCA was analyzed by indirect immunojluorescence. Antibodies directed against 
specific antigens - proteinase 3, myeloperoxidase, elastase, bactericidal/permeability
increasing protein, cathepsin G, and lactoferrin - were identified by enzyme-linked 
immunosorbent assay. 
ANCA were detected by indirect immunojluorescence in 46 (67%) patients. In antigen
specific enzyme-linked immunosorbent assays, 37  (55%) of the 69 patients had antibodies 
to one or more antigens: 32 (46%) had antibodies to bactericidal/permeability
increasing protein, 16 (23%) had antibodies to cathepsin G, and 15 (22%) had 
antibodies to lactoferrin. Only 3 patients had antibodies to proteinase 3. Antibodies to 
myeloperoxidase or elastase were not detected. Twenty (29%) patients had antibodies to 
different antigens simultaneously. ANCA as detected by indirect immunofluorescence 
were not significantly associated with the presence of cirrhosis nor with the coexistence 
of inflammato1y bowel disease. However, antibodies to bactericidal/permeability
increasing protein and cathepsin G were both associated with the presence of cirrhosis, 
and antibodies to lactoferrin were more frequently detected in patients with primal)' 
sclerosing cholangitis in conjunction with ulcerative colitis than in those without 
inflammatory bowel disease. 
In conclusion, defined specificities of ANCA in prima,y sclerosing cholangitis may be 
related to particular clinical features of the disease. 

INTRODUCTION 

Primary sclerosing cholangitis is a chronic cholestatic liver disease characterized by 
inflammation and fibrosis of the intra- and extrahepatic bile ducts. The disease usually 
follows a progressive course, ultimately leading to biliary cirrhosis, hepatic failure, and, 
in 10-20% of patients, cholangiocarcinoma. Median survival after diagnosis is 12 years. 
Seventy percent of cases are associated with inflammatory bowel diseases, mostly 
ulcerative colitis. 1 •2 

The etiology of primary sclerosing cholangitis is unknown. The association of primary 
sclerosing cholangitis with certain HLA-class I and class II antigens,3·

5 as well as the 
high frequency of immune abnormalities in this disease, suggest that immunologic 
factors are involved in its pathogenesis. In particular, the presence of autoantibodies to 
smooth muscle and nuclear antigens in up to 70% of patients with primary sclerosing 
cholangitis,6 the presence of peripo1ial T cell infiltrates,7 and the aberrant expression of 
HLA-DR antigens on intrahepatic bile duct epithelial cells8 point to an autoimmune 
disorder. 
Anti-neutrophil cytoplasmic antibodies (ANCA), autoantibodies directed against 
cytoplasmic constituents of neutrophils, have been found in serum samples from 65 to 
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95% of patients with primary sclerosing cholangitis.9•
13 These antibodies have also been 

described in 50-80% of patients with ulcerative colitis and in 10-20% of patients with 
Crohn's disease. 14-

16  Furthermore, ANCA have been detected in 25% of first-degree 
relatives of primary sclerosing cholangitis and 30% of first-degree relatives of patients 
with ulcerative colitis. 1 7  

ANCA were originally described as markers for systemic vasculitis, in particular 
Wegener's granulomatosis, but occur in many other inflammatory disorders. 18 In the 
systemic vasculitides, elucidation of the target antigens of ANCA, that is, proteinase 3 
and myeloperoxidase, has increased the diagnostic significance of ANCA. 1 9 In primary 
sclerosing cholangitis, the target antigens of ANCA have not been fully identified, which 
limits their diagnostic value. Various target antigens for ANCA, including bactericidal/ 
permeability-increasing protein, cathepsin G, and lactoferrin, have been reported. 1 1 • 1 2•20•22 

However, in these studies, only small groups of patients were examined. In addition, only 
one or a few target antigens were tested, and clinical associations about antigenic 
specificities were not detailed. 
We hypothesized that analysis of the antigenic specificities of ANCA in primary 
sclerosing cholangitis might define clinical subsets of the disease more accurately than 
detection of ANCA alone. We tested sera from 69 patients with primary sclerosing 
cholangitis for ANCA in general and for several antigenic specificities. We related 
findings to distinct clinical characteristics, such as duration of disease, severity of disease 
as judged by the presence of cirrhosis, and coexistence of inflammatory bowel disease. 

PATIENTS AND METHODS 

Patients - Sixty-nine patients with primary sclerosing cholangitis ( 47 male, 22 female, 
mean age 4 1  years, range 23-69 years) from three different centers were included in this 
study. In all patients, the diagnosis was based on typical findings seen on endoscopic 
retrograde cholangiography (presence of diffuse narrowing, irregularity, and budding of 
the extra- and intrahepatic bile ducts). In addition, clinical and biochemical findings were 
consistent with the diagnosis in all patients.23 Mean (median) duration of disease was 8.2 
(6) years (range 1 -27 years) from the first detection of abnormal liver function tests, and 
4.2 (3) years (range 0-27 years) from the time of diagnosis of primary sclerosing 
cholangitis. The presence or absence of cirrhosis was diagnosed in 62 patients by 
histology on either percutaneous liver biopsy or on the explanted liver after liver 
transplantation within two months after serum sampling. Thirty-five patients had 
established cirrhosis, whereas 27 patients were without cirrhosis; biopsy data were not 
available for seven patients. Forty-five (65%) patients had associated inflammato1y 
bowel disease (37 with ulcerative colitis and 8 with Crohn's disease). Diagnosis of 
ulcerative colitis or Crohn's disease was based on accepted clinical and endoscopic 
criteria supported by histopathology.24 In the remaining 24 patients, inflammatoty bowel 
disease was excluded by the presence of normal findings at sigmoidoscopy and biopsies. 
Other diseases were present in a few patients: one patient had rheumatoid a1thritis and 
was human immunodeficiency virus positive, two had ankylosing spondylitis, two had 
insulin-dependent diabetes, one had hereditary spherocytosis, and one was heterozygous 
for hemoglobulin C. 
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Fourteen patients took no medication for primary sclerosing cholangitis or related 
disorders; the remaining 55 patients were on ursodeoxycholic acid (n=48), prednisone 
(n=9), mesalazine (n= l 6), and sulfalazine (n=8). 

J11direct i111mu11ofluoresce11ce - Detection of ANCA by indirect immunofluorescence 
was performed on ethanol-fixed granulocytes from a single donor as described25

•
26 with 

minor modifications.27 Serum samples were diluted 1 :20 in phosphate-buffered saline and 
tested at two-fold dilutions up to 1 :640. A fluorescein-isothiocyanate-conjugated rabbit 
anti-human IgG antibody (F31 5, Dakopatts, Copenhagen, Denmark, dilution l :  l 00) was 
used for detection of bound IgG. Anti-nuclear antibodies were detected by indirect 
immunofluorescence on ethanol-fixed HEp2 cells. Serum samples were diluted as 
described for ANCA-testing. A fluorescein-isothiocyanate-conjugated sheep anti-human 
lg antibody (Central Laboratory for the Blood Transfusion Service, Amsterdam, The 
Netherlands, dilution 1 :200) was used for detection. Since the presence of anti-nuclear 
antibodies may lead to false-positive results in the indirect immunofluorescence test used 
for ANCA screening, all samples positive for both ANCA and anti-nuclear antibodies 
were retested for the presence of ANCA on granulocytes fixed with l % formalin. 
Slides for both ANCA and anti-nuclear antibody testing were always read by two 
independent observers. A titer � l :40 was considered positive. 

A11tige11-specijic e11zyme-li11ked im1111111osorbe11t assays - An antigen capture enzyme
linked immunosorbent assay28

•
29 was used to test serum samples for antibodies to 

proteinase 3, myeloperoxidase, or elastase. Antibodies to bactericidal/permeability
increasing protein, cathepsin G, and lactoferrin were detected by enzyme-linked 
immunosorbent assay directly coated with the respective antigens. Bactericidal/ 
permeability-increasing protein was isolated from neutrophils according to Zhao and 
coworkers30 and coated at I µg/ml in phosphate-buffered saline. Cathepsin G 
(Calbiochem, La Jolla, CA, USA) was coated at I µg/ml in 0. 1 M bicarbonate buffer, 
pH 9.6. Lactoferrin (Sigma Chemical Co., St. Louis, MO, USA) was coated at 5 µg/ml 

in phosphate-buffered saline. Serum samples were applied at a dilution of 1: 100 and in 
twofold dilutions up to l : 800. Alkaline phosphatase conjugated goat anti-human IgG 
(American Qualex, San Clemente, CA, USA), diluted I :  1 500, was used for detection in 
all enzyme-linked immunosorbent assays. 
Control serum samples were obtained from healthy blood bank donors and from patients 
with ANCA of known specificity, as defined by immunoblotting and immuno
precipitation assays (data not shown). A sample was considered positive if the optical 
density value obtained exceeded the mean of 25 healthy control samples by more than 2 
standard deviations (SD). 

Statistics - Statistical analysis of the data was performed using Fisher's exact test. 
Continuous data are presented as mean ± SD, unless otherwise indicated. A p-value 
<0.05 was considered significant. No adjustments were made for multiple comparisons. 
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RESULTS 

ANCA detection by indirect i1111111111ojluorescence - ANCA were detected in 46 (67%) 
serum samples from patients with primary sclerosing cholangitis. All positive samples 
showed perinuclear fluorescence of neutrophils (pANCA). Median titer of the ANCA
positive samples was 1: 160 (range I :40-1 :640). Anti-nuclear antibodies were detected in 
10 (14%) samples. Median titer of the positive samples was 1:320 (range 1 :40-1:640). 
Nine samples were simultaneously positive for ANCA and anti-nuclear antibodies. These 
samples were tested on formalin-fixed granulocytes, which confirmed the cytoplasmic 
nature of the antigens involved. 

Clinic"/ (ISSOci(ltions of ANCA (IS detected by indirect i111111wwjluoresce11ce - The 
presence of pANCA by indirect immunofluorescence did not correlate with the duration 
of primary sclerosing cholangitis. From the moment of first abnormal liver function test, 
mean duration of disease was 8.3 ± 6.7 years for pANCA-positive patients and 8.0 ± 5.6 
years for pANCA-negative patients. From the time of diagnosis of primary sclerosing 
cholangitis, mean duration of disease was 4.4 ± 4.9 years for pANCA-positive patients 
and 5. 1 ± 4.2 years for pANCA-negative patients. The presence of pANCA by indirect 
immunofluorescence was less common in patients with hepatic cirrhosis, although the 
difference was not quite statistically significant. In patients with cirrhosis, 19/35 (54%) 
had pANCA, whereas in patients without cirrhosis, 21/27 (77%) were pANCA positive 
(p=0.06). pANCA titers by indirect immunofluorescence did not differ between patients 
with or without cirrhosis. 
Of the 45 patients with primary sclerosing cholangitis and inflammatory bowel disease, 
31 (69%) had pANCA (ulcerative colitis: 26/37 [70%], Crohn's disease: 5/8 [63%]). In 
patients without apparent inflammatory bowel disease, pANCA were present in 15/24 
(63%) patients (p=0.59, compared to patients with inflammatory bowel disease). pANCA 
titers did not differ between the groups. 

Prev"lences of ANCA of defined specificities - None of the primary sclerosing 
cholangitis samples was positive for antibodies to myeloperoxidase or elastase, and three 
samples showed borderline positivity for antibodies to proteinase 3. Of the 69 patients, 
32 (46%) were positive for antibodies to bactericidal/permeability-increasing protein, 16 
(23%) were positive for antibodies to cathepsin G, and 15 (22%) were positive for 
antibodies to lactoferrin. Frequently, combinations of these antibodies were present (table 
1). Antibodies to one or more of these antigens were identified in 27/46 (59%) primaty 
sclerosing cholangitis samples that were positive for pANCA. However, in 11/23 (48%) 
samples that were negative for pANCA, antibodies to one or more of these specific 
antigens were present. 

Clinic"/ "ssocfations of ANCA of defined specificities - Antibodies against 
bactericidal/permeability-increasing protein, cathepsin G, or lactoferrin were not 
associated with the duration of disease ( data not shown). Patients with severe disease, as 
judged by the presence of cirrhosis, more frequently had antibodies to 
bactericidal/permeability-increasing protein (p<0.05) and to cathepsin G (p<0.05) than 
patients without cirrhosis (table 2). The prevalence of antibodies to lactoferrin did not 
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Table 1. Prevalence of antibodies to different antigens in serum samples from 69 patients with primruy 

sclerosing cholangitis that were either positive (pANCA+) or negative (pANCA-) for perinucleru· anti

neutrophil cytoplasmic antibodies by indirect immunofluorescence. 

antigen p-ANCA+ p-ANCA- total 

(n=46) (n=23) (n=69) 

bactericidal/permeability-increasing 9 3 1 2 (1 7%) 

protein 

cathepsin G 0 1 ( 1 %) 

lactoferrin 2 2 4 (6%) 

bactericidal/permeability-increasing 4 1 5
1 

9 (1 3%) 

protein + cathepsin G 

bactericidal/permeability-increasing 4 5 (7%) 

protein + lactoferrin 

bactericidal/permeability-increasing 6 0 6 (9%) 

protein + cathepsin G + lactoferrin 

none of these antigens 20
1 

1 2  32 (46%) 

1 one serum sample was also positive for antibodies to proteinase 3 .  

Table 2. Prevalence of antibodies to different ru1tigens in patients with primruy sclerosing cholangilis with or 

without liver cirrhosis. Data available for only 62 patients. Some serum san1ples were positive for antibodies lo 

more than one antigen. 

antigen 

bactericidal/permeability-increasing protein 

cathepsin G 

lactoferrin 

any of these antigens 

1 08 

cirrhosis 

(n=35) 

23 (66%) 

1 2  (34%) 

9 (26%) 

25 (71 %) 

no cirrhosis p-value 

(n=27) 

5 ( 1 9%) 0.0003 

1 (4%) 0.004 

3 (1 1 %) 0.2 

8 (30%) 0.002 
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Table 3. Prevalence of antibodies to different antigens in patients with primaiy sclerosing cholangitis with or 

without inflammato1y bowel disease. Some serum san1ples were positive for antibodies to more than one 

antigen. 

patients without patients with 
inflammatory inflammatory patients with patients with 

antigen bowel disease bowel disease ulcerative colitis Crohn's disease 
(n=24) (n=45) (n=37) (n=B) 

bactericidal/permeability-
increasing protein 1 3  (54%) 1 9  (42%) 1 7  (46%) 2 (25%) 

cathepsin G 9 (38%) 7 (1 6%) 7 (19%) 0 
lactoferrin 2 (8%) 13 (29%) 12 (32%) 1 1 (13%) 

any of these antigens 13 (54%) 24 (53%) 22 (59%) 2 (25%) 

1 p=0.03 compared to patients with primai·y sclerosing cholangitis without inflatnmato1y bowel disease. 

differ between these groups. In addition, patients with liver cirrhosis more frequently had 
antibodies to two or more antigens (data not shown). 
No differences in the prevalence of antibodies against bactericidal/permeability
increasing protein, cathepsin G, or lactoferrin were found in patients with or without 
inflammatory bowel disease (ulcerative colitis and Crohn's disease taken together). 
However, patients with primary sclerosing cholangitis and ulcerative colitis more 
frequently had antibodies to lactoferrin than patients without inflammatory bowel disease 
(p<0.05; table 3 ). 

DISCUSSION-

We analyzed the clinical associations of ANCA of defined antigenic specificities in a 
large group of patients with primary sclerosing cholangitis. Antibodies to several specific 
antigens were found in patients with primaiy sclerosing cholangitis, in particular 
antibodies to bactericidal/permeability-increasing protein, cathepsin G, and lactoferrin. 
Whereas ANCA as detected by indirect immunofluorescence were not clearly associated 
with particular clinical characteristics, antibodies to bactericidal/permeability-increasing 
protein and cathepsin G were found more frequently in serum from patients with 
cirrhosis, and antibodies to lactoferrin may have been associated with coexistent 
ulcerative colitis. 
ANCA are classically detected by indirect immunofluorescence on ethanol-fixed 
granulocytes. We detected ANCA by using this method in 67% of patients with primary 
sclerosing cholangitis, in agreement with findings of others.9•

1 0
•

1 3
•
3 1  A perinuclear staining 

pattern was invariably present. This staining pattern is known to be an artifact caused by 
charge-mediated migration of cationic proteins, such as cathepsin G, lactoferrin, and 
myeloperoxidase, towards the nuclear membrane during ethanol fixation. 1 1

•
32 
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ANCA in primary sclerosing cholangitis reportedly are directed against various antigens, 
including bactericidal/permeability-increasing protein, cathepsin G, and lactoferrin. In 
our series, we identified antibodies to bactericidal/permeability-increasing protein in 
almost half of the patients. Antibodies to this antigen were originally described in 
ANCA-positive patients with vasculitis who lacked antibodies to proteinase 3 or 
myeloperoxidase.30 Stoffel and coworkers22 reported that antibodies to bactericidal/ 
permeability-increasing protein were seen in 44% of patients with primary sclerosing 
cholangitis and in 34% of patients with inflammatory bowel disease. We also found 
antibodies to cathepsin G and lactoferrin in patients with primary sclerosing cholangitis, 
as has been reported by others. 1 1• 1 2•2 1 •33 

Antibodies to one or more of these antigens were not only found in 59% of patients who 
were positive for pANCA, but also in 48% of patients who were negative for ANCA by 
indirect immunofluorescence. Positive results for specific ANCA by enzyme-linked 
immunosorbent assay, in the presence of negative findings by indirect immuno
fluorescence, have been observed previously22•34•35 and may be related to the target 
antigens studied. Discrepancies are most striking for antibodies to bactericidal/ 
permeability-increasing protein. Jones and coworkers36 demonstrated that bactericidal/ 
permeability-increasing protein is highly sensitive to degradation by proteinase 3 and 
elastase, which may destroy the antigenicity of this protein during ethanol fixation of 
neutrophils, a part of the indirect immunofluorescence procedure. Thus, ANCA of 
defined specificities are frequently missed when the indirect immunofluorescence 
technique is used. 
Most previous studies of the clinical correlations of ANCA in primary sclerosing 
cholangitis have only considered immunofluoresence data, and no clear associations 
between ANCA and clinical features of the disease have been described. However, 
indirect immunofluorescence may not indicate the presence of antigen-specific antibodies 
that can be reliably detected by enzyme-linked immunosorbent assay. As the association 
between ANCA and the various vasculitides is based on antibodies of defined specificity, 
we studied the association of each antigenic specificity of ANCA with the clinical 
characteristics of primary sclerosing cholangitis. Antibodies to bactericidal/permeability
increasing protein and cathepsin G were related to severity of disease, as manifested by 
cirrhosis. Fmthermore, patients with cirrhosis frequently had antibodies to more than one 
antigen. Although previous studies have reported a higher prevalence of cirrhosis" and 
biliary tract complications 1 3•37 in ANCA-positive patients with primary sclerosing 
cholangitis as compared to ANCA-negative patients, we found no correlation between 
the presence of cirrhosis and pANCA. Indeed, patients with cirrhosis were somewhat less 
likely to be pANCA positive than were those without cirrhosis. Cirrhosis in primary 
sclerosing cholangitis is directly related to the duration of the disease. Thus, it is possible 
that ANCA develop as an epiphenomenon during the chronic inflammatmy process that 
characterizes primary sclerosing cholangitis. However, we found no association between 
the presence of ANCA - either by indirect immunofluorescence or by antigen-specific 
enzyme-linked immunosorbent assays - and disease duration. 
Since ANCA frequently occur in patients with inflammatmy bowel disease, their 
presence in patients with primary sclerosing cholangitis may be linked to concomitant 
inflammatory bowel disease. We detected antibodies to lactoferrin more frequently in 
patients with primary sclerosing cholangitis with ulcerative colitis (32%) than in those 
without inflammatory bowel disease (8%). Our findings are comparable to the 25% 
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prevalence of antibodies to lactoferrin in ulcerative colitis without primary sclerosing 
cholangitis.2 1 •38

•
39 Prevalences of antibodies to bactericidal/permeability-increasing 

protein and cathepsin G did not differ between patients with or without concomitant 
inflammatory bowel disease. Prevalences of pANCA by indirect immunofluorescence in 
patients with primary sclerosing cholangitis did not differ between those with and 
without inflammatory bowel disease. This is in agreement with some1 1 •40 but not all4 1  

previous results. 
ANCA are likely to be involved directly in the pathophysiology of the systemic 
vasculitides.42 In other diseases, they may just reflect chronic inflammation. Arguments 
in favor of such a role for ANCA in primary sclerosing cholangitis are the findings that 
patients simultaneously can have antibodies to combinations of antigens, and that 
antibodies to bactericidal/permeability-increasing protein, cathepsin G, and lactofen-in 
are not specific for primary sclerosing cholangitis. These antibodies have been found in 
patients with inflammatory bowel diseases.2 1 •22•33 Antibodies to bactericidal/permeability
increasing protein have been detected in cystic fibrosis43 and systemic vasculitis,22•30 and 
antibodies to lactoferrin have been reported in patients with rheumatoid arthritis35

•
44 and 

systemic lupus erythematosus.45
•
46 

However, even if the antibodies are not specific for prima1y sclerosing cholangitis, 
ANCA may contribute to the persistence of chronic inflammation in this disease. 
Bactericidal/permeability-increasing protein is involved in the killing of Gram-negative 
bacteria by interacting with both bacterial envelope and cell-free lipopolysaccharide, 
leading to lethal bacterial injury and neutralization of free endotoxin.47 Antibodies to 
bactericidal/permeability-increasing protein may inhibit the binding of their target 
protein to lipopolysaccharide, and thus may interfere with its antibacterial and endotoxin
neutralizing capacities. Dunn and coworkers48 showed that bactericidal/permeability
increasing protein can inhibit lipopolysaccharide-induced activation of endothelial cells 
and that addition ofpolyclonal antibodies diminishes this effect. ANCA may cause tissue 
damage by direct binding to, and activation of, neutrophils. Autoantibodies against 
proteinase 3, myeloperoxidase, and lactoferrin are able to induce oxygen radical 
formation and degranulation from tumor necrosis factor-alpha primed granulocytes in 
vitro.49-si 
In conclusion, ANCA as detected by indirect immunofluorescence do not appear to be 
useful for defining clinical subgroups of primaiy sclerosing cholangitis. However, 
ANCA in prima1y sclerosing cholangitis are not directed against a single antigen. 
Common target antigens include bactericidal/permeability-increasing protein, cathepsin 
G, and lactoferrin. Antibodies to bactericidal/permeability-increasing protein and 
cathepsin G are associated with more advanced disease as judged by the presence of 
cirrhosis, and antibodies to lactoferrin may be associated with the coexistence of 
ulcerative colitis. Thus, determination of the antigenic specificities of ANCA in primary 
sclerosing cholangitis may contribute to the delineation of clinical subsets in this disease. 
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ABSTRACT 

The clinical relevance of anti-neutrophil cytoplas111ic antibodies (ANCA) in autoimmune 
liver disease is unclear. Defining the antigenic specificities of ANCA in these diseases 
may improve their clinical significance. We studied the target antigens of ANCA in 88 
patients with autoimmune hepatitis, 53 patients with pri111c11y bilimJ1 cirrhosis, and 55 
patients with primal)' sclerosing cholangitis by indirect immunojluorescence, antigen
specific enzy111e-linked immunosorbent assays, and immunodetection on Western blot, 
using an extract of whole neutrophils as a substrate. We related the data to clinical 
sympto111s of autoimmune liver disease. 
By indirect immunojluorescence, ANCA were present in 74% of patients with 
autoimmune hepatitis, 26% of patients with pri111mJ1 bilimJ1 cirrhosis, and 60% of 
patients with prima,y sclerosing cholangitis. Major antigens were catalase, alpha
enolase, and lactoferrin. The presence of ANCA as detected by indirect i111muno
jluorescence wps associated with the occurrence of relapses in autoimmune hepatitis, 
with decreased liver synthesis function in prima,y bilia,y cirrhosis and in pri111c11y 
sclerosing cholangitis, and with increased cholestasis in PSC. ANCA of defined 
specificities had only limited clinical relevance. 
In conclusion, ANCA as detected by indirect immunojluorescence seems associated with 
a 111ore severe course of autoimmune liver disease. The antigens for ANCA in these 
diseases include catalase, alpha-enolase, and lactoferrin. Assessment of the antigenic 
specificities of ANCA in autoi111mune liver disease does not significantly contribute to 
their clinical significance. 

INTRODUCTION 

Anti-neutrophil cytoplasmic autoantibodies (ANCA), autoantibodies directed against 
cytoplasmic constituents of neutrophil granulocytes, are valuable diagnostic and 
prognostic markers in the systemic vasculitides, in pa1ticular in Wegener's 
granulomatosis and related conditions. ' In these disorders, ANCA titers are related to 
disease activity and a rise in titer may precede a clinical relapse.2 The elucidation of the 
target antigens of ANCA in the vasculitides, that is proteinase 3 and myeloperoxidase, 
has increased their diagnostic value even more. 1 Several in vitro and in vivo findings 
suggest that ANCA with specificity for proteinase 3 and myeloperoxidase may play a 
role in the pathophysiology of the systemic vasculitides . ' -3 

After the initial detection of ANCA in the systemic vasculitides, ANCA were also found 
in other idiopathic inflammatory diseases. In 1990, two different groups showed the 
presence of ANCA in 50-80% of patients with ulcerative colitis.4•5 This finding led to 
their detection in 1 0-20% of patients with Crohn's disease45 and in 26-87% of patients 
with primary sclerosing cholangitis (PSC), a liver disease that is frequently associated 
with ulcerative colitis.6·

8 In addition, it proved that ANCA were also present in samples 
from patients with other autoimmune-mediated liver diseases: in autoimmune hepatitis 
(AIH)-type 1 (40-96%)9

•
1 0  and, to a much lesser extent, in primary biliary cirrhosis (PBC) 

(0-28%). IO, I I  The antigens recognized by ANCA in these liver diseases appeared to be 
different from the antigens in the systemic vasculitides. Autoantibodies to lactoferrin and 
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cathepsin G were detected in patients with PSC 1 2• 13 and AIH, 14• 1 5  and antibodies to 
bactericidal/permeability-increasing protein (BPI) in PSC. 13• 1 6  We have recently shown 
that alpha-enolase and catalase are target antigens for ANCA in inflammatory bowel 
disease. 17 01th et a/18  rep01ted the presence of antibodies against these antigens in PSC, 
and Akisawa et a/19 detected autoantibodies directed against alpha-enolase in patients 
with PBC and AIH. 
The clinical significance of ANCA in the autoimmune liver diseases has not been studied 
in detail, with the exception of PSC, where ANCA were reported to be associated with 
concomitant ulcerative colitis,20•2 1  liver cirrhosis, 14 and biliary tract complications.8•

2 1 As 
the association between ANCA and the various vasculitides is based on the presence of 
antibodies of defined specificity, we recently evaluated the relation of ANCA of defined 
specificities with clinical characteristics of PSC and reported that antibodies to 
lactoferrin were associated with concomitant ulcerative colitis, whereas antibodies to 
cathepsin G and BPI were associated with the presence of cirrhosis. 13 

In the present study, we analyzed the prevalence of ANCA and the relation between the 
presence of ANCA and clinical manifestations in a larger group of autoimmune liver 
diseases. In paiticular, we questioned whether analysis of the antigenic specificities of 
ANCA contribute to their clinical significance in autoimmune liver diseases. 

PATIENTS AND M ETHODS 

Patients mu/ controls - Serum samples were collected from all patients known at the 
Department of Gastroenterology and Hepatology of the University Hospital Groningen 
with AIH type 1 (11=88; 1 8  male, 70 female; median age 43 years, range 14-8 1 years), 
PBC (n=53; 3 male, 50 female; median age 56 years, range 36-76 years), and PSC (n=55; 
3 1  male, 24 female; median age 40 years, range 1 0-65 years). 
As controls, 1 02 patients with non-autoimmune liver disease were included: patients with 
alcoholic cirrhosis (n=3 1 ;  1 8  male, 1 3  female; median age 5 1  years, range 3 1 -63 years), 
chronic hepatitis B virus (HBV) infection (n=34; 27 male, 7 female; median age 4 1  
years, range 25-68 years), and chronic hepatitis C virus (HCV) infection (n=37; 28 male, 
9 female; median age 44 years, range 26-73 years). 
Healthy blood bank donors served as controls in all tests. 

Diagnostic criteria - The diagnosis of AIH was based on the criteria proposed by the 
International Autoimmune Hepatitis Study Group.22 All patients fulfilled the criteria for 
definite or probable autoimmune hepatitis. These included biochemical evidence of liver 
111J ury (with a predominant elevation of aminotransferase levels), elevated 
immunoglobulin levels, presence of antinuclear or smooth muscle autoantibodies, and 
histological evidence of periportal and/or lobular hepatitis. 
The diagnosis of PBC was based on the criteria described by Vierling,23 including the 
presence of cholestatic liver enzyme abnormalities and a biopsy showing non
suppurative cholangitis. Autoantibodies directed against mitochondria were detected in 
all but a few patients. Patients with features of an overlap syndrome between PBC and 
AIH were excluded. 

1 1 7 



Chapter 9 

The diagnosis of PSC was based on the presence of cholestatic liver enzyme 
abnormalities in combination with typical findings on endoscopic retrograde 
cholangiography (diffuse narrowing, irregularity, and budding of the extra- and 
intrahepatic bile ducts).23 

The diagnosis of chronic HBV was based on the presence of HBsAg in the serum (as 
measured by MEIA, Abbott, Wiesbaden, Germany). The diagnosis of chronic HCV 
infection was defined by the presence of antibodies against HCV as detected by MEIA 
(Abbott) and confirmed by RIBA (Chiron, Emeryville, CA) or by reverse transcriptase
polymerase chain reaction (Roche Diagnostic Systems, Basel, Switzerland). The 
diagnosis of alcoholic liver disease was based on the presence of prolonged, heavy 
alcohol intake, in the absence of other causes of liver disease. 

Assessment of severity of disease - All patients were assessed for the presence of 
cirrhosis laparoscopically or by histology, either on percutaneous liver biopsy, or on the 
explanted liver in case of transplantation within 3 months of serum sampling, or at 
autopsy. 
In AIH, the following items were used to assess the severity of disease. First, we 
determined the disease activity at the moment of serum sampling. The disease was 
classified as active when aminotransferase and immunoglobulin levels were elevated and 
/ or when active inflammation was present on liver biopsy. Remission was defined by 
normal aminotransferase and immunoglobulin levels for a prolonged period, or by 
slightly elevated levels in the presence of a biopsy showing absence of inflammation. 
Secondly, we divided the group into patients with or without the occurrence of disease 
relapses, defined by recurrent rises of aminotransferase levels in patients with treatment
induced remission. Generally, these relapses were histologically proven. Thirdly, we 
determined whether or not patients were resistant to immunosuppressive treatment, 
defined by persistently elevated aminotransferase levels or deterioration of liver function 
despite treatment with prednisolone in a dose of at least 30 mg per day for a minimum of 
one month. 
In PSC, the following items were used to subclassify the disease. First, we determined 
the presence or absence of dominant strictures during the course of disease. Dominant 
strictures were defined as focal, high-grade narrowings of the biliary tree that caused 
mechanical obstruction with intensified cholestasis, without evidence of 
cholangiocarcinoma on brush cytology and echography. Secondly, we determined the 
presence or absence of bacterial cholangitis during the course of disease as diagnosed by 
the concomitant occurrence of chills, fever, and increasing cholestasis responding to 
antibiotic treatment. Thirdly, we determined the coexistence of inflammatory bowel 
disease. Diagnosis of ulcerative colitis or Crolm's disease was based on accepted clinical 
and endoscopic criteria supported by histopathology.24 

In all patients, serum levels of albumin were used as a measure of liver synthesis 
function, levels of alkaline phosphatase and total bilirubin as a measure of cholestasis, 
and levels of aminotransferases as a measure of liver parenchymal damage. 
Finally, we evaluated the use of medication. For patients with AIH, we assessed the use 
of immunosuppressive medication (prednisolone and / or azathioprine), and for patients 
with PBC and PSC the use of ursodeoxycholic acid treatment at the moment of serum 
sampling. 
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Indirect immunofluorescence - Detection of ANCA by indirect immunofluorescence 
was performed on ethanol-fixed granulocytes as described before25•26 with minor 
modifications.27 Samples were diluted 1 :40 in phosphate-buffered saline and tested at 
two-fold dilutions up to 1 :640. A fluorescein-isothiocyanate-coajugated rabbit anti
human lgG antibody (F315, Dakopatts, Copenhagen, Denmark, dilution 1:100) was -used 
for detection of bound lgG. Slides were always read by two independent observers, not 
aware of the clinical diagnosis. A titer � l :40 was considered positive. 

Antigen-specific enzyme-linked immunosorbent assays - An antigen capture enzyme
linked immunosorbent assay (ELISA)27

•
28 was used to test serum samples for the presence 

of anti-proteinase 3 and anti-myeloperoxidase antibodies. ELISAs directly coated with 
the respective antigens were used to test samples for the presence of antibodies directed 
against lactoferrin and cathepsin G. Lactoferrin (Sigma Chemical Co., St. Louis, MO, 
USA) was coated at 10 µg!ml in phosphate-buffered saline, pH 7.4. Cathepsin G 
(Calbiochem, La Jolla, CA, USA) was coated at 1 µg/ml in 0.1 M bicarbonate buffer, pH 
9.6. Patient samples were applied at dilutions of 1 :50 and 1:100. Alkaline phosphatase
conjugated goat anti-human lgG (American Qualex, San Clemente, CA, USA, dilution 
1 :3,000) was used for detection of bound lgG in all ELISAs. 
A sample was considered positive if the OD value obtained exceeded the mean of 24 
healthy control samples by more than 2 SD. 

Western blotting mu/ immunodetection - Detection of ANCA was also performed by 
Western blotting followed by immunodetection as previously described. 17 A crude 
extract of isolated granulocytes was used as source of antigens. An equivalent of 6 x 107 

cells was applied on 10% polyac1ylamide gels under denaturing but non-reducing 
conditions. After electrophoresis and transfer to nitrocellulose membranes (Schleicher & 
Schuell, Keene, NH, USA) the Western blots were incubated with 4% skimmed milk 
powder in phosphate-buffered saline, pH 7.4, to block non-specific binding. Patient 
samples were tested at a 1: 100 dilution in phosphate-buffered saline with 1 % skimmed 
milk powder and 0.1 % Tween-20 (Sigma). To detect bound lgG, a peroxidase conjugated 
rabbit anti-human lgG antibody (P2 l 4, Dakopatts, dilution 1 :2,000) was used, and bound 
conjugate was visualized using enhanced chemiluminescence. To identify the protein 
bands corresponding with the ANCA antigens catalase, alpha-enolase, and BPI, we used 
polyclonal and monoclonal antibodies directed against these antigens. 1 7  

Statistical analysis - Statistical analysis of the data was performed using Fisher's exact 
test or Mann-Whitney U test. A p value <0.05 was considered to represent significance. 

RESULTS 

Prevalence of ANCA - Table 1 shows the prevalence and median titer of ANCA in the 
various liver diseases. Patterns were either perinuclear or diffuse cytoplasmic. Samples 
from 78 healthy blood bank donors were all negative for ANCA by indirect 
immunofluorescence. 
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Table 1. Prevalence and titers of anti-neutrophil cytoplasmic antibodies (ANCA) as detected by indirect 

immunofluorescence (IIF) in autoimmune and non-autoimmune liver disease. Abbreviations: AIH, 

autoimmune hepatitis; PBC, primruy biliruy cinhosis; PSC, primruy sclerosing cholangitis; ALC, alcoholic 

cirrhosis; HBV, hepatitis B virus infection; HCV, hepatitis C virus infection. 

ANCA pattern by I IF median range 

perinuclear cytoplasmic negative titer 

AIH (n=88) 62 (70%) 3 (3%) 23 (26%) 1 :320 1 :40-1 :640 

PBC (n=53) 8 (1 5%) 6 (1 1 %) 39 (74%) 1 : 160 1 :40-1 :640 

PSC (n=55) 27 (49%) 6 (1 1 %) 22 (40%) 1 : 160 1 :40-1 :640 

ALC (n=31 )  2 (6%) 3 ( 10%) 26 (84%) 1 :80 1 :40-1 :80 

HBV (n=34) 3 (9%) 0 31 (91 %) 1 :80 1 :40-1 : 1 60 

HCV (n=37) 5 (14%) 2 (5%) 30 (8 1 %) 1 :80 1 :40-1 :640 

A11tige11 specificity of ANCA as detected by e11zyme-li11ked i11111111110-sorbe11t assay a11d 
i1111111modetectio11 011 Wester11 blot - The presence of antibodies to proteinase 3, myelo
peroxidase, l actoferrin, and cathepsin G was tested by ELISA. Antibodies to proteinase 3 
and myeloperoxidase were rarely detected. One patient with PSC had antibodies to 
proteinase 3, and three patients, one with PSC, one with alcoholic cirrhosis, and one with 
HCV, had antibodies to myeloperoxidase. Antibodies to cathepsin G were not detected in 
any of the patients. Antibodies to lactofen'in were present in 18 (20%) patients with AIH, 
12 (23%) patients with PB C, 12 (22%) patients with PSC, 4 ( 1 3%)  patients with 
alcoholic cirrhosis, 1 (3%) patient with HBV infection, and 1 (3%) patient with HCV 
infection. 
By  immunodetection on Western blot, samples from patients with l iver diseases reacted 
with several neutrophil protein bands ( table 2 ) .  Many sera contained antibodies to 
unidentifi ed proteins of various molecul ar weights. Identity of the bands corresponding 
with catal ase, al pha-enol ase, and BPI was confi rmed by immunodetection with specific 
polyc lonal and monoclonal antibodies.1 7  Antibodies to catalase and alpha-enolase were 
present in al l patient groups. Antibodies to BPI were rare. Frequently, a single serum 
sample  contained antibodies to more than one antigen ( table 2 ) .  
Healthy donor samples showed reactivity by immunodetection on Western blot in a few 
cases. Of the 78 control sera tested, 8 ( 10%) reacted with catalase, and 5 (6%) wi th 
alpha-enolase. Other antigens were not detected by these sera. 
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Table 2. Reactivity to neutrophil proteins as detected by immunodetection on Western blot in various liver 
diseases. Abbreviations: AIH, autoimmune hepatitis; PBC, primruy biliruy cirrhosis; PSC, primruy sclerosing 
cholangitis; ALC, alcoholic cirrhosis; HBV, hepatitis B virus infection; HCV, hepatitis C virus infection; BPI, 
bactericidal/ permeability-increasing protein. 

AIH PBC PSC ALC HBV HCV 
healthy 
controls 

n=88 n=53 n=55 n=31 n=34 n=37 n=78 

positive for any 49 34 30 1 9  1 9  22 1 3  
antigen (56%) (64%) (55%) (61 %) (56%) (59%) (1 6%) 

catalase 1 3  9 8 7 6 9 8 

enolase 1 1  7 5 3 2 5 

BPI 4 3 0 0 0 

catalase+ 3 2 4 3 0 
enolase 

catalase+ 0 0 0 0 0 0 
BPI 

catalase+ 0 0 0 0 0 
enolase+ 
BPI 

total catalase 1 7  1 2  9 9 1 0  12  8 
( 19%) (23%) (16%) (29%) (29%) (32%) (1 0%) 

total enoase 1 4  1 0  6 5 6 4 5 
(1 6%) (1 9%) (1 1 %) (1 6%) ( 1 8%) (1 1 %) (6%) 

total 5 2 3 1 1 0 0 
BPI (6%) (4%) (5%) (3%) (3%) 

Clinical sig11ijica11ce of ANCA - We related the presence of ANCA as detected by 
indirect immunofluorescence to clinical characteristics of the disease as outlined in the 
methods section (tables 3, 4, and 5). 
In AIH (table 3), ANCA were not associated with the presence of cirrhosis or with 
disease activity. ANCA were more frequently present in patients with relapsing disease. 
ANCA-negative patients were more often resistant to treatment with immunosuppressive 
medication than ANCA-positive patients. Although duration of disease was longer in 
ANCA-positive patients than in ANCA-negative patients, differences in disease duration 
were not responsible for these associations (not shown). Albumin values were usually 
within the normal range, and alkaline phosphatase, bilirubin, and aminotransferase were 
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Table 3. Clinical associations, as assessed at the time of serum sampling, of the presence of ANCA as detected 

by indirect irnmunofluorescence in autoimmune hepatitis. 

duration of disease (years)
1 

cirrhosis 

yes 

no 

d isease activity 

active 

partial remission 

remission 

relapsing 

yes 

no 

albumin [g/I]
1 

normal range: 34-47 

alkaline phosphatase [U/1]
1 

normal range: 1 3- 120 

bi l irubin [mmol/I]
1 

normal range: 3-26 

alanin aminotransferase [U/1]
1 

normal range: 0-30 

immunosuppression 

prednisolone 

prednisolone + azathioprine 

azathioprine 

none 

treatment-resistent 

yes 

no 

values are given as median (range) 

AN CA-positive 
(n=65) 

1 1  (0-3 1 )  * 

51 

14 

16 

13 

36 

36 ** 

29 

41 (24-51 )  

9 1  (35-820) 

14 (3-394) 

41 (7-51 1 )  

6 

48 

0 

1 1  

1 0  

55 

* longer than in the ANCA-negative group (p<0.05) 
* *  more frequently positive than i n  the ANCA-negative group (p<0.05) 
***  more frequently positive than in the ANCA-positive group (p<0.05) 

1 22 

AN CA-negative 
(n=23) 

6 (0-27) 

1 5  

8 

5 

1 7  

5 

1 8  

39 (21 -51 )  

64 (61 -356) 

1 6  (6-654) 

36 (1 6-538) 

12  

3 

7 

9 *** 
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Table 4. Clinical associations, as assessed al the moment of serum sampling, of the presence of ANCA as 

detected by indirect immunofluorescence in primruy biliruy cin-hosis. 

duration of disease (years)1 

cirrhosis 

yes 

no 

albumin [g/1] 1 

normal range: 34-47 

alkaline phosphatase (U/1] 1 

normal range: 1 3-1 20 

bilirubin [mmol/I] 1 

normal range: 3-26 

alanin aminotransferase [U/1] 1 

normal range: 0-30 

use of ursodeoxycholic acid 

yes 

no 

1 
values given as median (range) 

* lower than in the ANCA-negative group (p<0.05) 

AN CA-positive 
(n=14) 

9 (3-16) 

9 

5 

31 (21 -44)* 

382 ( 161 -1470) 

55 (8-329) 

37 ( 1 5- 187) 

7 

7 

AN CA-negative 
(n=39) 

9 (0-24) 

26 

1 3  

3 7  (22-48) 

414 (92-1 545) 

33 (6-604) 

67 (1 7-272) 

24 

1 5  

only slightly increased. No correlation between the presence of ANCA and these values 
were found. The use of immunosuppressive medication did not influence the prevalence 
of ANCA. 
In PBC ( table 4), the presence of ANCA was not associated with cirrhosis. ANCA
positive patients had lower serum albumin levels than ANCA- negative patients. No 
correlations were found between the presence of ANCA and the levels of alkaline 
phosphatase, bilirubin, or aminotransferase. The use of ursodeoxycholic acid did not 
influence the prevalence of ANCA. 
I n  PSC ( table 5 ), the presence of cirrhosis, the occurrence of dominant strictures, and the 
occurrence of bacterial cholangitis were not associated with the presence of ANCA. The 
prevalence of concomitant inflamrnatmy bowel disease did not differ between patients 
with or without ANCA. ANCA-positive patients had lower serum albumin values than 
ANCA-negative patients. Cholestatic markers were higher in the ANCA-positive group: 
alkaline phosphatase levels were significantly higher, and bilirubin and aminotransferase 
levels tended to be higher (p=0.14 and p=0.09) .  
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Table 5, Clinical associations, as assessed at the time of serum sampling, of the presence of ANCA as detected 

by indirect immunofluorescence in primary sclerosing cholangitis. 

duration of disease (years)' 

cirrhosis 
yes 
no 

dominant strictures 
yes 
no 

cholangitis 
yes 
no 

concomitant inflammatory 
bowel disease 

ulcerative colitis 
Crohn's disease 
none 

albumin [g/1]' 
normal range: 34-47 

alkaline phosphatase (U/1) 1 
normal range: 1 3-120 

bilirubin (mmol/I] 1 
normal range: 3-26 

alanin aminotransferase [U/1) 1 
normal range: 0-30 

use of ursodeoxycholic acid 
yes 
no 

values are given as median (range) 

AN CA-positive 
(n=33) 

6 (1 -22) 

30 
3 

6 
27 

7 
26 

16  
2 
1 5  

3 3  (24-50)* 

454 (1 00-2260)** 

64 (9-636) 

87 (1 1 -400) 

1 6  
1 7  

* 

* *  

lower than in the ANCA-negative group (p<0.05) 

higher than in the ANCA-negative group (p<0.05) 

1 24 

AN CA-negative 
(n=22) 

1 0  (0-25) 

16  
6 

5 
1 7  

3 
1 9  

7 
1 

14  

38  (28-50) 

1 87 (46-1560) 

32 (5-545) 

55 (8-525) 

16  
6 
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Since the antigens for ANCA in autoimmune liver disease are multiple and since indirect 
immunofluorescence will not detect antibodies to all antigens, we also analyzed the 
clinical significance of ANCA of defined specificities. Antibodies to lactoferrin were 
associated with lower albumin levels in PSC ( data not shown). The presence of 
antibodies to catalase in PBC was related to the presence of cirrhosis and to higher levels 
of serum alkaline phosphatase and bilirubin ( data not shown). In AIH and PSC, patients 
with antibodies to catalase were not different from patients without these antibodies. 
Antibodies to alpha-enolase were not associated with particular clinical features in any 
disease. The frequency of antibodies to BPI and cathepsin G was too low to determine 
their clinical significance. 

DISCUSS ION 

In this study, we analyzed the prevalence and antigenic specificities of ANCA and the 
clinical associations of ANCA, in general, and defined antigenic specificities of ANCA, 
in particular, in patients with autoimmune liver disease. ANCA were present in 73% of 
patients with AIH, 26% of patients with PBC, and 60% of patients with PSC. Antigenic 
specificities of ANCA were determined by enzyme-linked immunosorbent assay and 
immunoblotting. We detected mainly autoantibodies to lactoferrin, catalase, and alpha
enolase. In AIH, ANCA-positive patients more frequently had relapsing disease and 
ANCA-negative patients more frequently had treatment-resistant disease. In PBC and 
PSC, the presence of ANCA was associated with lower serum albumin levels, and in 
PSC, with higher levels of alkaline phosphatase, suggesting that they were more 
prevalent in severe disease. Assessment of the clinical associations of antibodies of 
defined specificities did not contribute significantly. 
ANCA are classically detected by indirect immunofluorescence on ethanol-fixed 
granulocytes. Using this method, ANCA were detected in 73% of patients with AIH and 
60% of patients with PSC, comparable to other studies.6•

7•9 In PBC, ANCA were less 
frequent (26% ), as found also by others. 10•

1 1  Patients with alcoholic or viral liver disease 
were only incidentally positive for ANCA. 
The antigenic specificities of ANCA in autoimmune liver disease have not been 
completely elucidated. Antibodies to lactoferrin, cathepsin G, and BPI have been 
detected by us and others in inflammatory bowel disease and PSC. 13•

1 7 In this study, we 
tested for the presence of antibodies to lactoferrin, cathepsin G, proteinase 3, and 
myeloperoxidase by enzyme-linked immunosorbent assay. Antibodies to lactoferrin were 
present in 20% of patients with AIH, 23% of patients with PBC, and 22% of patients 
with PSC. These antibodies were infrequent in patients with alcoholic or viral liver 
disease and were absent in healthy controls. Antibodies to proteinase 3 and 
myeloperoxidase were infrequent, and antibodies to cathepsin G were not detected in 
patients with autoimmune, alcoholic, or viral liver disease. 
Recently, by performing immunoblotting with a crude extract of isolated granulocytes as 
source of antigens, we identified antibodies to two novel antigens, catalase and alpha
enolase, in patients with inflammatory bowel disease. 17  Orth et al reported antibodies to 
these antigens in PSC, 18 and Akisawa et al showed the presence of antibodies to alpha
enolase in patients with PBC and AIH. 19 In the present study, we confirmed the presence 
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of antibodies to both antigens in AIH, PBC, and PSC. However, antibodies to catalase 
and alpha-enolase were also present in 10% and 6% of healthy controls and in up to 30% 
and 18% of patients with alcoholic or viral liver disease, which limits their diagnostic 
specificity. Antibodies to BPI, as detected by immunoblotting, were infrequently present 
in patients with autoimmune liver disease. 
The immunoblotting experiments showed that, in addition to antibodies to catalase and 
alpha-enolase, many samples contained antibodies to thus far unidentified neutrophil 
antigens of various molecular weights. In addition, a considerable number of samples 
were positive for ANCA by indirect immunofluorescence and negative for any antigen 
by enzyme-linked immunosorbent assay or immunoblotting. Despite the use of 
proteinase inhibitors during the preparation of the granulocyte extract for 
immunoblotting, antigens may have been degraded during preparation. For example, 
histone Hl ,  which is claimed to be an ANCA antigen in inflammatory bowel disease,29 
was not detectable in our extract (not shown). These findings indicate that not all 
antigens for ANCA in autoimmune liver disease have been characterized at this moment. 
Next, we studied the clinical significance of ANCA in autoimmune liver disease. We 
related the presence of ANCA to different disease parameters. 
In AIH, ANCA as detected by indirect immunofluorescence were associated with a 
longer duration of disease. This suggests that ANCA may develop after long-standing 
dysregulation of the immune system in these patients. ANCA-positive patients were 
more frequently suffering from relapsing disease, which was not related to the longer 
follow-up period of these patients. Remarkably, patients who were resistant to treatment 
with immunosuppressive medication were more frequently negative for ANCA. These 
patients may represent a clinical subgroup of AIH with a course of disease different from 
that in patients who respond to therapy. The presence and titers of ANCA were not 
related to the severity of the disease as judged by liver enzyme values or the presence of 
cirrhosis. 
In PBC, ANCA as detected by indirect immunofluorescence were associated with lower 
serum albumin values, indicating that the synthesis function of the liver was more 
affected in the ANCA-positive patients. However, the increased levels of cholestatic 
markers and liver damage as assessed by the levels of aminotransferases did not correlate 
with the presence of ANCA. 
In PSC, ANCA were not associated with the presence of cirrhosis. Furthermore, ANCA 
did not mark clinical subgroups of PSC as defined by the occun-ence of dominant 
strictures or bacterial cholangitis or by the coexistence of inflammatory bowel disease. 
ANCA as detected by indirect immunofluorescence were associated with decreased 
serum albumin levels and with increased serum alkaline phosphatase levels, suggesting 
that ANCA were more frequently present in patients with disturbed liver synthesis 
function and cholestasis. Serum bilirubin and aminotransferase levels were also enhanced 
in the ANCA-positive group, although not significantly. 
Until now, most studies dealing with the clinical correlations of ANCA in primary 
sclerosing cholangitis have considered immunofluorescence data only. As the association 
between ANCA and the various vasculitides is based on the presence of antibodies of 
defined specificity, we studied the relation between the presence of specific antibodies to 
the most commonly detected antigens in this study, lactoferrin, catalase, and alpha
enolase, and clinical characteristics of autoimmune liver disease. We found only limited 
clinical associations of these antibodies. In patients with PSC, antibodies to lactoferrin 
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were associated with lower albumin levels, thus indicating a decreased liver synthesis 
function. In PBC, the presence of antibodies to catalase was related to more severe 
disease as shown by their association with the presence of cirrhosis and with higher 
values of cholestatic markers. However, as has been discussed before, antibodies to 
catalase are common in patients with non-autoimmune liver disease and in healthy 
controls, which makes a specific role in the PBC disease process unlikely. Antibodies to 
alpha-enolase, that are also common in non-autoimmune liver disease and in healthy 
controls, showed no clinical associations. 
In conclusion, ANCA as detected by indirect immunofluorescence seems associated with 
relapsing autoimmune hepatitis and with a more severe course of PBC and PSC. The 
antigens for ANCA in these diseases include catalase, alpha-enolase, and lactoferrin. 
Determination of the antigenic specificities of ANCA does not substantially contribute to 
the delineation of patticular subsets of autoimmune liver disease. 
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ABSTRACT 

Anti-neutrophil cytoplasm antibodies (ANCA) are autoantibodies directed against 
cytoplasmic constituents of neutrophil granulocytes and monocytes. ANCA have been 
detected in serum.from patients with injlammato,y bowel diseases (mainly ulcerative colitis) 
and autoimmune-mediated liver diseases (mainly prima,y sclerosing cholangitis and 
autoimmune hepatitis-type 1). The antigens recognized by ANCA in these diseases are 
multiple and the clinical and pathophysiological significance of ANCA in these disorders 
has not been completely defined. 

Introduction 

Anti-neutrophil cytoplasm antibodies (ANCA) are autoantibodies directed agains t  
cytoplasmic constituents of neutrophil granulocytes and monocytes. ANCA originally have 
been described as sensitive and specific markers for Wegener's granulomatosis and other 
forms of sys temic vasculitis. They have, however, also been detected in samples from 
patients with inflammatory bowel diseases: 50-80% of patients with ulcerative colitis (UC) 
and l 0-20% of patients with Crohn's disease (CD)  have  been reported positive for ANCA. 1 

As the inflamrnatoty bowel diseases, in pa1iicular UC, are strongly associated with primary 
sclerosing cholangitis (PSC), ANCA were also studied in patients with PSC. Indeed, ANCA 
were found in s erum samples from 26-87% of patients with PSc.2-

14 I n  addition, it proved 
that ANCA were  also present in samples from patients with other autoimmune-mediated 
liver diseases: mainly in autoimmune hepatitis (AIH)-type 1 12• 13• 1 5

-
1 7 and, to a lesser extent, 

in primary biliary cirrhosis (PBC). 2.4•6•8• 12- 14• 1 6  

The present review discusses the current knowledge on the impotiance of ANCA in PSC and 
other autoimmune l iver diseases. 

Anti-neutrophil cytoplasm antibodies 

ANCA are autoantibodies directed against  cytoplasmic cons tituents of neutrophil 
granulocytes and monocytes. ANCA have originally been detected in s erum from patients 
with Wegener's granulomatosis. 18 Wegener's granulomatosis is characterized by necrotiz ing 
granulomatous inflammation of the upper and lower airways in conj unction with sys temi c 
vasculitis and necrotizing crescentic glomerul oneplu-itis . Samples from patients with 
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Wegener's granulomatosis reveal a typical cytoplasmic staining pattern (cytoplasmic or 
cANCA) when tested by indirect immunofluorescence on ethanol-fixed granulocytes. The 
antigen recognized by cANCA proved to be proteinase 3 ,  a constituent of the azurophilic 
granules of the neutrophil. 1 

A second type of ANCA has been detected in several other idiopathic forms of systemic 
vasculitis and glomeruloneph.ritis. This type is characterized by a perinuclear staining pattern 
on ethanol-fixed neutrophils (perinuclear or pANCA). The first antigen recognized by these 
pANCA was identified as myeloperoxidase, another constituent of the azurophilic granules. '  
The perinuclear staining proved an a1tifact caused by ethanol fixation. Myeloperoxidase, a 
highly cationic protein, apparently moves and attaches to the negatively charged nuclear 
membrane during the fixation procedure. 19 

Since the discove1y of ANCA in the systemic vasculitides, it has become clear that ANCA 
also occur in other idiopathic inflammato1y disorders. ' ANCA have been detected in the 
inflammatmy bowel diseases (UC and CD), in autoimmune-mediated liver diseases, in 
rheumatoid arthritis, and in systemic lupus e1ythematosus. Usually, the pANCA type is 
found, but the antigen is not myeloperoxidase. A third type of ANCA has also been defined 
in these diseases: antibodies that produce a diffuse cytoplasmic staining on ethanol-fixed 
neutrophils (atypical ANCA or a-ANCA). 

ANCA in the inflammatory bowel d iseases 

In 1990, two different groups repo1ted the presence of ANCA in serum from 84% and 59% 
of patients with UC, respectively. In CD, only 1 0-20% of samples were positive for 
ANCA.20•2 1  The high prevalence fact of ANCA in UC, but not in CD, suggested that ANCA 
could be useful as a diagnostic marker for the differentiation between UC and CD. Later 
studies, however, showed that ANCA were also present in serum from patients with CD, 
although their prevalence ( 1 0-40%) was much lower than in UC (reviewed in 22). 

Identification of the antigens recognized by these ANCA in the inflammatmy bowel diseases 
showed less homogeneous results than in the vasculitides. A large panel of antigens have 
been identified so far as targets for ANCA in those diseases. Lactoferrin, bactericidal/ 
permeability-increasing protein (BPI), cathepsin G, and lysozyme have all been repmted as 
antigens for ANCA in UC and CD.8•

23
•
27 Lactoferrin is a constituent of the specific granules 

of the neutrophil, whereas the other antigens are constituents of the azurophilic granules, as 
are proteinase 3 and myeloperoxidase. Recently, we were able to identify the cytosolic 
enzymes catalase and alpha-enolase as antigens for ANCA in both UC and CD.28 
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Furthermore, several nuclear antigens have been identified that react with ANCA-positive 

serum samples from patients with UC.29
•
30 

ANCA occur in both UC and CD, but not in other coli tides and diarrhoeal i l lnesses,3 1  and 

can therefore be used as a diagnostic marker. They also have prognostic significance in 

inflammatory bowel diseases. In UC, ANCA titers were shown to correlate with disease 

activity.2 1 •24 Furthermore, it has been reported that ANCA-positive patients have a more 

refractory32 and treatment-resistant33 type of disease than AN CA-negative patients. In CD, 

ANCA were suggested as markers for involvement of the colon in the inflammatmy process. 

Those ANCA were especially present in CD patients with "UC-like features," characterized 

as left-sided colonic inflammation, rectal bleeding, mucous discharge, and benefit from 

treatment with topical agents.34 

ANCA in primary sclerosing cholangitis 

The detection of ANCA in inflammatmy bowel diseases raised the question whether ANCA 

were also present in diseases strongly associated with these disorders. That led to the 

detection of ANCA in PSC. PSC is a chronic cholestatic liver disease characterized by 

inflammation and fibrosis of the intra- and extrahepatic bile ducts. The disease usually 

follows a progressive course, ultimately leading to biliary cirrhosis, hepatic failure, and, in 

I 0-20% of cases, cholangiocarcinoma. So far, the etiology of PSC remains unknown. 

However, the presence of autoantibodies directed against smooth muscle and nuclear 

antigens in up to 70% of PSC patients and the high frequency of immune abnormalities in 

this disease point to an autoimmune based disorder.35 

There is a strong clinical association between PSC and inflammatmy bowel diseases: about 

70% of PSC patients have an associated inflammatory bowel disease, mostly UC, whereas 

1 - 1 0% of patients with UC develop PSC. 

Duerr et aP in a study from the United States and Klein et a/2 in a study from Germany were 

the first to report the occurrence of ANCA in serum from 82-87% of patients with PSC. 

These ANCA, like the ANCA in the inflammatory bowel diseases, showed a pANCA 

fluorescence pattern, but were not directed against myeloperoxidase. 

Until now, several other groups have reported ANCA in PSC, mostly using the standard 

indirect immunofluorescence test on ethanol-fixed granulocytes. Other teclmiques used for 

ANCA detection in PSC are a fixed neutrophil ELISA3•20 and an immuno-alkaline 

phosphatase technique.4• 14 These teclmiques gave comparable results. Prevalences ranging 

from 26% up to 87% have been reported.2• 14 
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As in the inflammatory bowel diseases, the antigens recognized by ANCA in PSC appeared 
to be multiple. Klein et afl tried to identify the ANCA antigens in PSC by Western b lotting 
and imrnunodetection on an extract of sonicated neutrophils. F ive antigenic determinants at 
95, 60, 55, 40, and 30 kD were visualized. The 60 kD antigen was the most prominent, 
recognized by  50% of PSC samples. However, Lo et a/4, using a similar Western b lotting 
system, were not able to define specific bands recognized by  PSC samples. Mulder et af' 
from our group showed by imrnunoblotting that 17% of PSC patients had antibodies against 
lactoferrin. Furthermore, 1 7% of PSC patients had antibodies against a doublet erroneously 
reported as 67 /66 kD, which l ater proved to be  57 /56 kD, quite comparable to the 60 kD 
antigen reported by Klein et al.2 Antibodies against this antigen were also present in samples 
from patients with UC and CD.24 Recently, we were able to identify this antigen as catalase, 
an enzyme that i s  composed of four identical subunits of 60 kD each. 28 

Other studies reported the presence of autoantibodies directed against lactoferrin in up to 
50% of PSC patients23

•
36 and against cathepsin G in up to 35% of PSC patients.8•10•36 In 1996, 

S toffel et a/25 reported that antibodies against BPI were markers for PSC and UC, occmTing 
in 36% of PSC patients and in 37% of UC patients. We confirmed the high prevalence of 
antibodies against BPI in PSC.36 Low-ti ter antibodies against elastase were also found in  
PSC samples.8•10 

As in the inflammatory bowel diseases, the cl inical significance of the presence of ANCA 
in PSC is not exactly known. S ince ANCA are al so common in UC and PSC i s  often 
associated with UC, several studies have sought for a relation between ANCA and 
concomitant UC in PSC. Although some studies failed to show a relationship,2•

6 others 
showed a higher prevalence of ANCA in patients with both PSC and UC as compared to 
patients with PSC only: 70-88% of patients with both diseases had ANCA, whereas only 29-
40% of patients with PSC without inflammatory bowel disease were positive for ANCA.5•

1 1  

Mulder et a/6 from our group found that ANCA-positivity was related to the presence of 
liver cirrhosis. Pokorny et af observed that the presence of ANCA in PSC was related to 
bil iary tract compl ications (in particular calculi) and was associated with a higher need for 
l iver transplantation. After l iver transplantation, ANCA were initially negative in all their 
patients, but in 50% ANCA became detectable again at 4-12 months after transplantation. 
Bansi et a/ 1 1  reported that ANCA in PSC were related to involvement of the intra-and 
extrahepatic b iliary tree. 
Only very few longitudinal studies on ANCA in PSC have been performed. Lo et a/37 
included 14  PSC patients in a two-year follow-up study. Five of these patients were negative 
for ANCA at the onset of the study, nine were positive. During the follow-up period, all 
ANCA-negative patients remained negative. However, in the positive patients, ANCA titers 
fluctuated and ANCA even got undetectable at some time points. They suggested that, in 
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order to detect ANCA positivity, serum samples have to be tested at multiple points in time 
after diagnosis, rather than only at the time point of diagnosis or inclusion into a study. In 
their study, ANCA titers were not related to clinical activity, liver biochemistry, or 
histology. 
Haagsma et a/38 from our group studied whether liver transplantation influenced the presence 
of ANCA in nine patients with PSC. All patients were ANCA-positive at the moment of 
orthotopic liver transplantation. After transplantation, during immunosuppression, ANCA 
titers fell, but in 8/9 patients levels returned to pre-transplant levels within 2-3 years after 
transplantation. 

In a recent study,36 we evaluated the prevalence and antigenic specificities of ANCA in 69 
PSC patients by indirect immunofluorescence on ethanol-fixed granulocytes and by ELISA 
using well-defined myeloid proteins. ANCA were detected by indirect immunofluorescence 
in 67% of PSC patients. In antigen-specific ELIS As, 55% of the serum samples recognized 
one or more antigens. Forty- six percent contained antibodies against BPI, 23% against 
cathepsin G, and 22% against lactoferrin. Frequently, antibodies against different antigens 
were simultaneously present in a serum sample. Until now, studies dealing with the clinical 
correlations of ANCA in PSC have mainly considered data obtained with antigen non
specific tests. As the association between ANCA and the various vasculitides is based on the 
presence of antibodies of defined specificity, we studied the relation of each antigenic 
specificity of ANCA with clinical characteristics of PSC. First, we studied whether ANCA 
were more prevalent in patients with a concomitant inflammatory bowel disease. 
Prevalences of pANCA as detected by indirect immunofluorescence did not differ between 
patients with and without inflammatory bowel disease. However, we detected antibodies 
against lactoferrin more frequently in PSC patients with UC than in those without. Thirty
two percent of our patients with PSC and UC had anti-lactoferrin antibodies. This is 
comparable to the 25% prevalence of anti-lactoferrin antibodies in UC without PSC, as 
observed in our own and other studies.23•28 Prevalences of antibodies against BPI and 
cathepsin G did not differ between patients with or without concomitant inflammatory bowel 
diseas e. Thus, the presence of antibodies against lactoferrin in PSC appears to be related to 
the coexistence of UC. Severity of disease, expressed as the presence of cirrhosis, was 
related to the presence of antibodies against BPI and cathepsin G. In contrast, we found no 
correlation between the presence of cirrhosis and pANCA as detected by indirect 
immunofluorescence. 

In conclusion, ANCA are common autoantibodies in PSC. The antigens for these 
autoantibodies are multiple and the clinical significance is not completely clear, although 
the presence of ANCA seems to be related to the concomitance of UC and to more severe 
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disease as characterized by cirrhosis and biliary tract complications. In ANCA-positive 
patients, ANCA usually remain present after liver transplantation. The use of ANCA as a 
prognostic factor for PSC needs further investigation. 

ANCA in autoim mune hepatitis and primary bi l iary cirrhosis 

Since ANCA have been detected in PSC, patients with other autoimmune liver diseases were 
tested as well for the presence of ANCA. In undefined AIH, previous studies showed 
prevalences of ANCA between 16% and 83%.2•

6
•
9

•
1 1

•
14 However, based on the presence of 

immunoserological markers, subclassifications of AIH have been proposed.39 AIH-type 1 
is characterized by the presence of antibodies against nuclear antigens (ANA) and / or 
antibodies against smooth muscle cells (SMA). Type 2 is characterized by the presence of 
antibodies against liver/kidney microsomal antigens (LKM-l ), and type 3 by the presence 
of antibodies against soluble liver antigens (SLA). In 1995, Targan et al1 5  reported the 
presence of high-titer ANCA in 96% of samples from patients with AIH-type 1. Other 
groups detected ANCA in 40-75% of patients with AIH-type 1. 1 2

•
1 3

•
16

•
1 7  In contrast, ANCA 

were absent in samples from patients with AIH-type 2. 1 2
•

13
•

16
•

1 7  Orth et a/ 1 6  tested a group of 
28 patients with SLA-positive AIH (type 3) and detected ANCA in 36% of patients. 
The antigens recognized by ANCA in AIH have been identified to an even lesser extent than 
the antigens in PSC. In pait, the same antigens are involved as in PSC and the inflammatory 
bowel diseases. Antibodies against cathepsin G have been detected in up to 28% of AIH 
patients,8

•
1 0  and antibodies against lactoferrin were detected in 8% of undefined AIH 

patients.6 A study by the group of Meyer zum Bilschenfelde et a/4° identified actin as an 
autoantigen in 63% of patient with AIH- l and showed that absorption of sera with actin can 
reduce ANCA staining of ethanol-fixed neutrophils. By ELISA, Akisawa et al detected 
autoantibodies directed against o:-enolase in 32% of patients with AIH.4 1  Moodie et a/42 

previously have shown that o:-enolase is a target antigen for ANCA in systemic vasculitis 
and systemic lupus erythematosus, whereas we28 recently have shown that it is also a target 
antigen for ANCA in the inflammatory bowel diseases. 
The clinical significance of ANCA in AIH with respect to severity of disease and prognosis 
has not been studied so far. 

In contrast to PSC and AIH, ANCA are less frequently detected in PBC. Although some 
studies showed high prevalences,3•

6
•

13 most studies reported that ANCA are almost absent in 
PBC.2•

4
•
8
•

12
•

14
•

16 The antigens recognized by ANCA are not different from those in the 
inflammatory bowel diseases and PSC: antibodies against cathepsin G and lactoferrin have 
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been described,6•8• 13 whereas Akisawa et a/4 1  have detected antibodies against o:-enolase in 
29% of patients with PBC. 

ANCA in other liver diseases 

The occurrence of ANCA was also studied in liver diseases that have no autoimmune origin. 
Of particular interest are the hepatic disorders associated with alpha-1-antitrypsin ( o: 1-A T) 
deficiency. o:1-AT is the major plasma inhibitor ofproteinase 3, the main target antigen for 
ANCA in Wegener's granulomatosis. o:1-AT is encoded by a highly polymorphic gene with 
at least 85 co-dominant alleles at the so-called protease inhibitor (Pl) locus. The PI-Z allele 
is the predominant genetic variant responsible for subnormal plasma concentrations of o: 1-
AT. Severe o:1-AT deficiency (PI-ZZ phenotype) is a risk factor for the development of 
panlobular emphysema and various hepatic disorders, among which neonatal hepatitis and 
progressive cirrhosis in children as well as asymptomatic cirrhosis, which may be 
complicated by the development of hepatocellular carcinoma, in adults. 
Several studies showed that patients with anti-proteinase 3 ANCA more frequently were 
deficient for o: 1-AT (PI-ZZ phenotype) than healthy controls or patients with anti
myeloperoxidase antibodies (reviewed in 43

).  The imbalance between protease and protease 
inhibitor may lead to increased levels of proteinase 3 in plasma, which would then be more 
accessible to the immune system and give rise to the formation of autoantibodies. However, 
studies determining the prevalence of ANCA in o:1-AT deficient populations or in o:1-AT 
deficient patients with hepatic disorders have not been performed so far. 
In order to define the specificity of ANCA for autoimmune liver diseases, samples from 
patients with viral hepatitis B and C and patients with alcoholic liver disease have been used 
in several studies as controls.2

•
7

•
9

•'
2

•
13 In these patient groups, no ANCA have been detected. 

Conclusion 

In this review, we have summarized the current knowledge of the role of ANCA in the 
autoimmune liver diseases. We have shown that the picture is far from clear. 
In the systemic vasculitides, ANCA with specificity for proteinase 3 and myeloperoxidase 
are likely to play a role in the pathophysiology of the disorders associated with these 
autoantibodies. ANCA titers are related to disease activity and a rise in titer often precedes 
a clinical relapse.44 In vitro, priming of neutrophils with cytokines leads to expression of 
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proteinase 3 and myeloperoxidase on the cellular surface. ANCA are then able to bind their 

target antigens and thus to stimulate granulocyte degranulation and oxygen radical 

production.45 In vivo, these mechanisms may play a role in the persistence of chronic 

inflammation. Finally, animal models ofvasculitis have also suggested a role for ANCA in 

vivo.46 

Although ANCA are present in high percentages of patients with UC, PSC, and AIH-type 

I ,  the large variety of antigens recognized by these ANCA and the fact that a significant 

minority of patients is negative for ANCA suggest that their role is less well defined than 

in the vasculitides. The clinical and pathophysiological significance of ANCA in these 

disorders has to be investigated more extensively in large transsectional and longitudinal 

studies. These studies will reveal whether ANCA of defined specificities mark clinical 

subgroups and have prognostic value in the inflammatory bowel and autoimmune liver 

diseases, as has been suggested in some of the studies discussed in this review. 
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Chapter 1 1  

The studies described in this thesis deal with the role of anti-neuh·ophil cytoplasmic 
antibodies (ANCA) in inflammato1y bowel disease (Chapters 2-7) and autoimmune liver 
disease (Chapters 8-10). Three main questions were unsolved when we staited the studies 
four years ago. First, what are the antigenic specificities of ANCA in these diseases? 
Secondly, what is their clinical value? And thirdly, do ANCA play a role in the 
pathophysiology of the diseases? 

Chapter 1, the Introduction, explains why, based on the knowledge on ANCA in the 
systemic vasculitides, these questions were raised. 
ANCA were first detected in patients with Wegener's granulomatosis, a disease 
characterized by necrotizing granulomatous inflammation of the upper and lower airways 
in conjunction with systemic vasculitis and necrotizing crescentic glomeruloneplu-itis. The 
antigen recognized by ANCA in Wegener's granulomatosis is proteinase 3, a constituent of 
the azurophilic granules of the neutrophil granulocytes. Antibodies to proteinase 3 have 
become important tools in the diagnosis of Wegener's granulomatosis. A second type of 
ANCA, directed against myeloperoxidase, proved an impo1tant diagnostic tool to diagnose 
other types of systemic vasculitis, including microscopic polyangiitis, the Churg-Strauss 
syndrome, and the renal limited form of systemic vasculitis, that is idiopathic necrotizing 
crescentic glomerulonephritis. 
Apart from their role in the diagnosis of the vasculitides, ANCA have been proven useful 
as prognostic markers in the follow-up of these diseases. ANCA titers are related to disease 
activity, and a rise in ANCA titer may precede a clinical relapse. Routinely performed serial 
quantification of ANCA titers may thus be useful for follow-up and treatment of patients 
with ANCA-associated vasculitides. 
A role for ANCA in the pathophysiology of the systemic vasculitides has been suggested by 
in vitro and in vivo studies. In vitro, ANCA directed against proteinase 3 and myelo
peroxidase have been shown capable to induce degranulation and oxygen radical production 
in cytokine-primed neutrophils. In vivo studies in animal models have shown that an 
autoimmune response to myeloperoxidase is able to induce vasculitis and glomerulonephritis 
in the presence of activated neutrophils and to aggravate subclinical glomerulonephritis into 
severe necrotizing glomeruloneplu-itis. Based on these findings, it is now believed that 
ANCA alone do not induce vasculitis but, together with other, possibly exogenous, 
inflammatory stimuli result in the development of severe and persistent vasculitis. 
Thus, the detection of ANCA has been a major step forward in the diagnosis and follow-up 
of the systemic vasculitides and in the understanding of their pathophysiology. 

After the detection of ANCA in the systemic vasculitides, ANCA have also been detected 
in other inflammatmy diseases, including inflammatory bowel disease and autoimmune liver 
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disease. The identification of ANCA in association with inflammatmy bowel disease and 

autoimmune liver disease seemed to promise the development of a potential new marker for 

disease classification and possibly prognosis, analogous to the significance of ANCA in the 

systemic vasculitides. However, it became clear that ANCA in inflammatory bowel and.liver 

diseases were different from ANCA in the vasculitides. The antigens were not proteinase 3 

and myeloperoxidase, but included other granule proteins, among which lactoferrin, 

cathepsin G, and bactericidal/permeability-increasing protein (BPI), and unidentified 

antigens located in the cytosol and the nucleus of the neutrophil. Furthermore, the clinical 

value of ANCA testing for the follow-up of inflammatory bowel and autoimmune liver 

disease remained a matter of debate in the years following their first detection. Studies on 

the clinical significance of subgroups of antibodies with defined specificities had not been 

performed. Finally, the pathophysiological significance of ANCA in inflammato1y bowel 

disease and autoimmune liver disease had not been studied in detail. 

Based on the value of ANCA in the vasculitides, the detection of ANCA in inflammatory 

bowel disease and autoimmune liver disease raised the three questions that were addressed 

in this thesis: first, what are the antigenic specificities of ANCA in inflammato1y bowel 

disease and autoimmune liver disease? Secondly, what is their clinical usefulness in these 

diseases? And thirdly, do they have a role in the pathogenesis and pathophysiology of these 

diseases? 

Chapter 2 describes the prevalence and the antigenic specificities of ANCA in 

inflammatmy bowel disease. In our study population, 58% of patients with ulcerative colitis 

and 1 9% of patients with Crohn's disease were positive for ANCA as detected by indirect 

inununofluorescence. To identify the antigenic specificities of these ANCA, we performed 

immunoblotting experiments, using crude extracts of neutrophil granulocytes as source of 

antigens. We observed reactivity of samples from patients with both ulcerative colitis and 

Crohn's disease with three particular proteins. The first protein, seen as a band of 80 kD on 

immunoblot, was lactoferrin. Antibodies to lactoferrin were present in 26% of patients with 

ulcerative colitis and in 1 1  % of patients with Crohn's disease. The other two proteins, a 

57/56 kD doublet and a 47 kD single band, could not be identified as known ANCA 

antigens .  Partial purification by cation and anion exchange chromatography, followed by 

excision of the bands from an SDS-PAGE gel and internal amino acid sequence analysis, 

revealed that the 57 kD band was identical with catalase and the 47 kD band was identical 

with alpha-enolase. Antibodies to catalase were found in 3 8% of patients with ulcerative 

colitis and 26% of patients with Crohn's disease. Remarkably, reactivity with catalase on 

immunoblot was also seen in 1 0% of samples from healthy controls. Antibodies to alpha

enolase were detected in 1 0% of patients with ulcerative colitis, 1 8% of patients with 

Crohn's disease, and 6% of healthy controls. 
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Thus, ANCA in inflammato1y bowel disease are mainly directed against lactoferrin, catalase, 
and alpha-enolase. 

In Chapter 3, we analyzed the clinical significance of the presence of ANCA in 
inflammatory bowel disease. First, we searched for a correlation between ANCA as detected 
by indirect immunofluorescence and clinical features of inflammatmy bowel disease. In 
ulcerative colitis, ANCA titers correlated with disease activity, and in Crohn's disease, 
ANCA were associated with colonic localization of the disease. No associations were found 
between ANCA and Crohn's disease activity, localization of ulcerative colitis, duration of 
disease, immunosuppressive medication, or previous bowel resection. 
Secondly, since the association between ANCA and clinical features in vasculitis is based 
on ANCA directed against one single antigen, we analyzed the clinical significance of 
antibodies to lactoferrin, catalase, and alpha-enolase. Antibodies to lactoferrin were 
associated with colonic localization of Crohn's disease, but other associations were not 
found. Thus, definition of the antigenic specificities of ANCA did not significantly 
contribute to their clinical significance in inflammatmy bowel disease. 

In Chapter 4, we analyzed the relation between disease activity and ANCA titers in 
longitudinal samples from patients with inflammatmy bowel disease. We were not able to 
detect any c01Telation between disease activity and ANCA titers both in ulcerative colitis and 
in Crohn's disease. Thus, in contrast to their significance in Wegener's granulomatosis, 
ANCA titers are not useful for monitoring disease activity in inflammatory bowel disease. 

ANCA directed against proteinase 3 and myeloperoxidase have been shown to induce 
oxygen radical formation and degranulation in primed neutrophils in vitro. In Chapter 5, 
we investigated whether ANCA with other specificities were also able to activate neutrophils 
in vitro. Primed neutrophils were stimulated with monoclonal or polyclonal antibodies to 
lactofen'in, BPI, catalase, and alpha-enolase. Polyclonal antibodies to lactoferrin, BPI, and 
catalase were able to induce superoxide production in neutrophils. In addition, cells were 
stimulated with lgG fractions from patients containing autoantibodies to these four antigens. 
However, these autoantibodies were not able to induce superoxide production. Thus, ANCA 
directed against antigens different from proteinase 3 and myeloperoxidase do not activate 
neutrophils in vitro. This suggests that their possible pathophysiological role in the disorders 
associated with these ANCA is limited. 

Chapter 6 tries to link the induction of ANCA in inflammatmy bowel disease to genetic 
differences in the production of the cytokine interleukin- IO (IL- I 0). IL- 1 0  is an important 
anti-inflammatory cytokine. IL-10 deficient mice have been shown to develop spontaneously 
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chronic enterocolitis, suggesting a protective role for IL-10 in the pathogenesis of 
inflammat01y bowel disease. Since IL-10 is able to activate B cells, a role for IL-10 has been 
implicated in the induction of autoantibodies. Recently, a polymorphism in the promoter 
region of the IL-10 gene has been shown to influence the levels of IL-10 production. First, 
we studied whether the distribution of this polymorphism was different in inflammat01y 
bowel disease compared to healthy controls. No differences in distribution were found. 
Secondly, we determined whether the IL-10 genotype was associated with the severity of 
the disease course. This was not the case. Finally, we studied whether the IL-10 genotype 
was related to the presence of anti-neutrophil cytoplasmic autoantibodies (ANCA). No 
relation was found. Thus, this IL-10 polymorphism is not likely to contribute to the 
susceptibility for inflammatory bowel disease, to the severity of the disease course, and to 
the induction of ANCA. 

Chapter 7 gives a summaiy of our own findings and the findings of others on ANCA in 
inflammatory bowel disease. ANCA are detected in 50-85% of patients with ulcerative 
colitis and in 10-20% of patients with Crohn's disease. Multiple target antigens have been 
identified. In addition to a number of granule proteins including lactoferrin and BPI, these 
include the cytosolic enzymes catalase and alpha-enolase and the nuclear proteins histone 
Hl ,  HMG 1/2, and Jamin. Our own studies and studies of others have shown that the clinical 
significance of ANCA in inflammato1y bowel disease is very limited, as the presence of 
ANCA is not related to clearly distinguishable clinical subgroups of disease and titers of 
ANCA are not related to disease activity. Determination of the antigenic specificities of 
ANCA does not lead to an increase of their clinical value. Fu1thermore, the absence of in 

vitro effects of these ANCA on neutrophils suggests a limited role in the pathophysiology 
of inflammat01y bowel disease. Recent studies have indicated that ANCA in inflammato1y 
bowel disease may be induced due to cross-reactivity towards bacterial antigens. 
In conclusion, in inflammat01y bowel disease, ANCA may just be an epiphenomenon of 
clu·onic inflammation, and their development may be triggered by dysregulation of the 
immune system together with accidental crossreactivity with environmental antigens. 

The second pait of this thesis deals with the role of ANCA in autoimmune liver disease. 
Chapter 8 reports that 67% of patients with primary sclerosing cholangitis are positive for 
ANCA. Main target antigens for ANCA were BPI (46%), cathepsin G (23%), and lactoferrin 
(22%). ANCA as detected by indirect inununofluorescence were not significantly associated 
with clinical characteristics of the disease, including the presence of cirrhosis and the 
coexistence of inflammato1y bowel disease. However, antibodies to BPI and cathepsin G 
were both associated with the presence of cirrhosis, and antibodies to lactoferrin were more 
frequently detected in patients with prima1y sclerosing cholangitis in conjunction with 
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ulcerative colitis. Thus, defined specificities of ANCA in primary sclerosing cholangitis may 

be related to particular clinical features of the disease. 

Chapter 9 defines the prevalence, antigenic specificities, and clinical significance of ANCA 

in autoimmune liver disease. By indirect immunofluorescence, ANCA were present in 74% 

of patients with autoimmune hepatitis, 26% of patients with primary biliary cirrhosis, and 

60% of patients with primary sclerosing cholangitis. In these diseases, ANCA were mainly 

directed against the novel ANCA antigens catalase and alpha-enolase, that we identified in 

Chapter 2, and against lactoferrin. ANCA as detected by immunofluorescence were 

associated with relapsing autoimmune hepatitis and with a decreased liver synthesis function 

in primary biliary cirrhosis and in primary sclerosing cholangitis. ANCA may thus be 

associated with a more severe course of autoimmune liver disease. In contrast to the findings 

for primary sclerosing cholangitis as reported in Chapter 8, definition of the antigenic 

specificities of ANCA did not significantly contribute to their clinical significance in this 

study. 

Chapter 10 summarizes the literature on ANCA in autoimmune liver disease. ANCA have 

been detected in 25-90% of patients with primary sclerosing cholangitis, 40-96% of patients 

with autoimmune hepatitis, and 0-30% of patients with primary biliary cirrhosis. The 

antigenic specificities of these ANCA are not different from the antigens found in 

inflammatory bowel disease and include lactoferrin, BPI, cathepsin G, catalase, and alpha

enolase. The clinical value of ANCA has been studied most extensively in primary 

sclerosing cholangitis. ANCA may be related to the coexistence of ulcerative colitis, 

involvement of the intra- and extrahepatic biliary tree, and cirrhosis. Several studies have 

shown that ANCA may remain present after liver transplantation. 

The occurrence of ANCA was also studied in liver diseases that have no autoimmune origin. 

Of particular interest are the hepatic disorders associated with alpha- 1 -antitrypsin ( a 1 -AT) 

deficiency. a l -AT is the major plasma inhibitor ofproteinase 3, the main target antigen for 

ANCA in Wegener's granulomatosis. Severe al -AT deficiency is a risk factor for the 

development of panlobular emphysema and various hepatic disorders. Several studies have 

shown that patients with anti-proteinase 3 ANCA were more frequently deficient for a l -AT 

than healthy controls. The imbalance between protease and protease inhibitor may lead to 

increased levels of proteinase 3 in plasma, which may give rise to the formation of 

autoantibodies. However, studies determining the prevalence of ANCA in a I -AT deficient 

populations or in a l-AT deficient patients with hepatic disorders have not been performed 

so far. 
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At the end of this summaiy, let us return to the three questions that we asked when we 
started the studies described in  thi s  thesis. First, what are the antigenic specificities of ANCA 
i n  inflammatory bowel disease and autoimmune liver disease? Secondly, what i s  their 
clinical value? And thi rdly, do ANCA play a role in the pathophysiology of the diseases? 
To answer the first question, we have shown that ANCA in inflammatory bowel disease and 
autoimmune liver disease recognize a broad spectrum of antigens, i ncludi ng the novel 
cytosolic antigens that we identified, catalase and alpha-enolase, and the granule proteins 
lactoferrin, bactericidal/permeabili ty-increasing protein, and cathepsin G. 
Regarding the second question, we have shown that the diagnostic value of ANCA in 
inflammatmy bowel disease and autoimmune liver disease is limited. Antibodies to the 
aforementioned antigens are not disease-specific, but have been detected in  a variety of 
idiopathic i nflammatory diseases, including ulcerative colitis, Crohn's disease, autoimmune 
hepati tis, primary sclerosing cholangitis, primary biliary cirrhosi s, and rheumatoid arthritis. 
Antibodies to catalase and alpha-enolase have even been detected in a small percentage of 
healthy subj ects. With respect to the value of ANCA as markers for defined clinical subsets 
i n  infl ammatmy bowel disease, besides their association with colonic involvement i n  
Crohn' s di sease, no maj or associations have been detected. I n  autoimmune liver disease, 
ANCA are associated, albeit weakly, with more severe disease. Analysis of the antigenic 
speci fici ties of ANCA does not contribute to their clinical significance. 
With respect to the thi rd question, the limited clinical value of ANCA in inflammatory 
bowel di sease and autoimmune liver disease already suggests that their role in the 
pathophysiology of these diseases i s  restricted. Indeed, in vitro studies have demonstrated 
that ANCA from pati ents with these disorders are not able to induce activation of 
neutrophils. 

I n  conclusion, ANCA i n  inflammatory bowel disease and autoimmune liver disease 
recognize multiple antigens, their clinical usefulness i s  limited, and a major role in the 
pathophysiology of these diseases is unlikely. I n  inflammatory bowel disease and 
autoi mmune liver disease, ANCA have to be considered an epiphenomenon of chronic 
infl ammation. 
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Samenvatting 

Opbouw van deze samenvatting 

Het voor u liggende proefschrift is getiteld: "anti-neutrophil cytoplasmic antibodies in 
inflammatory bowel disease and autoimmune liver disease," wat voor niet-ingewijden 
ongetwijfeld een onbegrijpelijke zin is. De Nederlandse vertaling van de titel, "anti
neutrofiel cytoplasma-antistoffen bij chronische ontstekingsziekten van de darm en de 
lever," maakt het beslist niet veel beter. In deze samenvatting zullen de termen uit de titel 
en de resultaten van het proefsl;:hrift in voor niet-ingewijden duidelijke taal uitgelegd 
worden. De samenvatting bestaat uit twee delen. Het eerste dee! is een uitgebreide 
inleiding, die zal verklaren waarom het onderzoek beschreven in dit proefschrift is 
uitgevoerd. Het tweede dee! is een samenvatting van de feitelijke inhoud van het 
proefschrift. 

EERSTE DEEL: INLEID ING 

Het immuunsysteem 

Het immuunsysteem is het "afweergeschut" dat ieder mens zo goed mogelijk beschermt 
tegen gevaren die het lichaam van buitenaf en van binnenuit bedreigen. Het beschikt 
daartoe over een unieke en effectieve methode: de cellen van het immuunsysteem kunnen 
onderscheid maken tussen "zelf' (lichaamseigen stoffen) en "niet-zelf' (lichaamsvreemde 
stoffen). Als het immuunsysteem in het lichaam een stof traceett die het herkent als 
"zelf' reageert het niet; traceert het een lichaamsvreemde stof, dan tracht het 
immuunsysteem deze op te ruimen. Meestal gaat dat zo gemakkelijk dat we daar zelf 
niets van merken. Als de afweerreactie heel hevig is merken we dat wel, bijvoorbeeld in 
de vorm van een ontsteking. 
Ben afweerreactie van het immuunsysteem is dus bedoeld om ons te beschermen tegen 
gevaarlijke invloeden van buitenaf (bijvoorbeeld bacterien en virussen) of gevaarlijke 
gebeurtenissen in het eigen lichaam (bijvoorbeeld het veranderen van een gewone eel in 
een kankercel). Zo'n afweerreactie kan echter ook schade aanrichten, bijvoorbeeld als de 
reactie heftiger verloopt dan nodig is om het gevaar af te weren ( denk bijvoorbeeld aan 
een allergische reactie: het lichaam herkent iets als "niet-zelf' en het immuunsysteem 
reageert daar te heftig op). 
Het komt zelfs voor dat het immuunsysteem het vermogen om te onderscheiden tussen 
"zelf' en "niet-zelf' gedeeltelijk verliest. In dat geval kan het immuunsysteem een 
afweerreactie beginnen tegen een lichaamseigen stof. Daarmee kan veel schade worden 
aangericht. Verscheidene ziekten zijn het gevolg van afweerreacties tegen lichaamseigen 
stoffen. We noemen deze ziekten auto-immuunziekten. 
Kenmerkend voor auto-immuunziekten is de aanwezigheid van auto-antistoffen in het 
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bloed van de patient. Antistoffen vormen een belangrijk onderdeel van het immuun
systeem. Ze zijn in staat om een specifiek doelwit (hun "antigeen") te herkennen. Als ze 
hun doelwit tegenkomen in het lichaam binden ze aan <lat doelwit en zorgen ervoor <lat 
het opgeruimd wordt door andere onderdelen van het immuunsysteem. Auto-antistoffen 
zijn gericht tegen een lichaamseigen doelwit en proberen ervoor te zorgen <lat die 
lichaamseigen stof opgeruimd wordt. Dat leidt tot schade in het eigen lichaam. 
Dit proefschrift gaat over een bepaalde categorie van auto-antistoffen, de "anti-neutrofiel 
cytoplasma-antistoffen" ofwel ANCA, die voorkomen bij verschillende ziekten. 

ANCA en de ziekte van Wegener 

In 1937 besch.reef de arts Friedrich Wegener een ziektebeeld waarbij de patienten 
chronische ontstekingen hadden in de luchtwegen en tevens ontsteking van de bloed
vaten, met name in de nieren. De longen en nieren gaan - als de ziekte niet wordt 
behandeld - steeds slechter functioneren. De oorzaak van de ziekte is nog niet bekend. 
Behandeling kan de ziekte niet genezen, maar kan de symptomen we! verminderen en de 
orgaanschade beperken. Daarom is het van belang <lat de ziekte vroegtijdig wordt 
onderkend en <lat methoden worden gevonden om het beloop van de ziekte te 
voorspellen, zodat tijdig ingrijpen mogelijk wordt wanneer men verwacht <lat de ziekte 
opnieuw in ernst gaat toenemen. 
Een baanbrekende doorbraak in de diagnostiek en het voorspellen van het beloop van de 
ziekte van Wegener vormde een min of meer toevallige vondst die F okko van der W oude 
deed in ons laboratorium tezamen met een groep uit Denemarken. De uitkomsten van 
zijn onderzoek zijn in 1985 gepubliceerd in het gezaghebbende medische tijdschrift "The 
Lancet. " Het onderzoek wees uit <lat in het bloed van patienten met de ziekte van 
Wegener antistoffen worden aangetroffen die gericht zijn tegen een bepaald bestanddeel, 
het eiwit protei'nase 3, van een groep witte bloedcellen (de neutrofiele granulocyten) uit 
hun eigen bloed - auto-antistoffen dus. Hiermee werd aangetoond <lat de ziekte van 
Wegener een auto-immuunziekte is. Auto-antistoffen tegen bestanddelen van neutrofiele 
granulocyten worden tegenwoordig aangeduid als anti-neutrofiel cytoplasma-auto
antistoffen (ANCA). 

De ontdekking van ANCA heeft een snellere diagnose van de ziekte van Wegener 
mogelijk gemaakt. Bovendien bleken deze ANCA ook van nut voor het volgen en het 
voorspellen van het beloop van de ziekte. Bij veel patienten bleek een opvlamming van 
de ernst van de ziekte gepaard te gaan met een stijging van de hoeveelheid ANCA ( de 
ANCA-titer) in het bloed. Bij een groot aantal patienten ging die stijging van de ANCA
titer zelfs vooraf aan de symptomen. Momenteel wordt dan ook onderzocht of het zinvol 
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is om patienten met een stijging van de ANCA-titer alvast te gaan behandelen voordat 
symptomen optreden, om zodoende de intensiteit van de opvlamming te beperken. 
Omdat uit onderzoek bij andere auto-immuunziekten bekend was dat auto-antistoffen 
schade kunnen aanrichten in het lichaam, werd natuurlijk de vraag gesteld of de ANCA 
bij de ziekte van Wegener betrokken zijn bij het ontstaan van de ziekte, of bij een 
opvlamming van de symptomen van de ziekte. Tai van onderzoekers in de hele wereld 
proberen deze vragen te beantwoorden. Een belangrijke bevinding in het laboratorium 
was dat deze ANCA in een reageerbuisje de witte bloedcellen die hun doelwit bevatten, 
de neutrofiele granulocyten, aanzetten tot een soort "ontstekingsreactie: " de cellen gaan 
allerlei stoffen uitscheiden die in het menselijk lichaam zouden leiden tot ontsteking en 
schade. Ook in proefdieren waarbij een ontsteking in de bloedvaten van de nier was 
opgewekt is aangetoond dat de aanwezigheid van ANCA de ernst van de ontstekings
reactie doet toenemen. Bij patienten met de ziekte van Wegener is de rol van ANCA in 
het ziekteproces nog niet precies vastgesteld, maar ook daar lijken ze een effect te 
hebben, waarschijnlijk niet op het ontstaan van de ziekte, maar we! op de ernst van de 
symptomen in de loop van de tijd. 
De ontdekking van ANCA bij patienten met de ziekte van Wegener heeft dus grote 
gevolgen gehad voor de diagnostiek, de voorspelling van het beloop van de ziekte, de 
behandeling, en het begrijpen van het ziekteproces. 

ANCA bij darm- en leverziekten 

In 1989 rapporteerde een groep onderzoekers uit Los Angeles op het jaarlijkse 
Amerikaanse congres over maag-, darm- en leverziekten dat zij ANCA aangetroffen 
hadden in het bloed van patienten met een chronische ontstekingsziekte van de darm, 
namelijk colitis ulcerosa. Net als de ziekte van Wegener is colitis ulcerosa een chronische 
ziekte, waarvan de oorzaak nog onbekend is en waarin perioden met opvlammingen van 
de symptomen afgewisseld warden met rustige perioden. De ziekte wordt gekenmerkt 
door een chronische ontsteking van de dikke darm. Het gevolg van die ontsteking is het 
ophopen van vocht in de darm, wat leidt tot diarree, en het slecht opnemen van 
voedingsstoffen vanuit de darm, wat leidt tot tekorten aan specifieke voedingsstoffen en 
vermagering. 
Een ziekte die wat betreft de symptomen veel lijkt op colitis ulcerosa is de ziekte van 
Crohn. Bij deze ziekte kunnen ontstekingen zich niet alleen manifesteren in de dikke 
darm, maar in het hele spijsverteringskanaal. Omdat het beloop en de behandeling van 
colitis ulcerosa en de ziekte van Crohn verschilt, is het ook hier belangrijk om vroegtijdig 
de juiste diagnose te stellen. Men hoopte dat het we! of niet voorkomen van ANCA als 
onderscheidende factor kon gelden. Al snel bleek echter dat ANCA ook voorkwamen bij 
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patienten met de ziekte van Crohn, zij het minder vaak dan bij colitis ulcerosa. Nadien 
werden ANCA ook nog gevonden bij patienten met drie verschillende chronische 
leverziekten: primaire scleroserende cholangitis, primaire biliaire cirrose en auto
immuun hepatitis. De eerste twee ziekten wordt gekenmerkt door ontstekingen in het 
galwegsysteem in de lever, wat leidt tot het verloren gaan van de normale structuur van 
dit orgaan. De derde ziekte is een ontsteking van de lever die veroorzaakt wordt door een 
verstoring van het immuunsysteem. Al deze ziekten verstoren de normale functies van de 
lever, waaronder de aanmaak van eiwitten en vitamines, de afbraak van overtollige 
stoffen in het lichaam, en het onschadelijk maken van giftige stoffen zoals 
geneesmiddelen en alcohol. 

TWEEDE DEEL: HET PROEFSCHRIFT 

Doelstellingen van het in dit proefschrift beschreven onderzoek 

Toen wij begonnen met de studies die beschreven zijn in dit proefschrift was weinig 
meer bekend dan dat ANCA voorkwamen bij patienten met de hiervoor genoemde 
chronische darm- en leverziekten: colitis ulcerosa, de ziekte van Crohn, primaire 
scleroserende cholangitis, auto-immuun hepatitis, en primaire biliaire cirrose. Het was 
echter niet bekend tegen welke stoffen deze ANCA precies gericht waren: ze herkenden 
in elk geval niet hetzelfde doelwit in de neutrofiele granulocyt als de ANCA van 
patienten met de ziekte van Wegener, die gericht zijn tegen het eiwit protei'nase 3. 
Evenn1in was bekend of de aanwezigheid van ANCA gerelateerd was aan verschillen in 
het beloop van de ziekte of de aard van de symptomen. Bij patienten met de ziekte van 
Wegener is stijging van de hoeveelheid ANCA in het bloed, de ANCA-titer, gerelateerd 
aan het optreden of verergeren van de symptomen van de ziekte; of dat bij patienten met 
darmziekten ook het geval is, was nog niet bekend. Ook was nog niet onderzocht of de 
ANCA van patienten met chronische darm- en leverziekten mogelijk een actieve rol 
zouden kunnen spelen bij de schade die ontstaat aan de darmen of de lever. 
Dit proefschrift is gewijd aan een antwoord op de volgende drie belangrijke vragen: 
1 .  Wat is bet doelwit van de ANCA die gevonden worden in het bloed van patienten met 
chronische darm- en leverziekten? 
2. Zijn ANCA bruikbaar om het beloop van deze ziekten te voorspellen of te volgen? 
3. Kunnen ANCA een actieve rol spelen in het ontstekingsproces in de darm of de lever? 
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Het proefschrift 

Hoofdstuk 1 van het proefschrift is een inleiding over ANCA bij de ziekte van Wegener 
en bij chronische ontstekingsziekten van de darm en de lever. De hoofdstukken 2-7 gaan 
over ANCA bij chronische darmziekten, en de hoofdstukken 8-10 gaan over ANCA bij 
chronische leverziekten. 

ANCA bij chronische ontstekingsziekten van de darm 

In hoofdstuk 2 hebben we onderzocht wat het doelwit is van de ANCA die gevonden 
worden bij patienten met colitis ulcerosa en de ziekte van Crohn. In tegenstelling tot de 
situatie bij de ziekte van Wegener bleken de ANCA van deze patienten niet gericht te 
zijn tegen een specifiek doelwit, maar tegen een heel spectrum van doelwit-antigenen. 
We vonden vooral ANCA gericht tegen drie verschillende antigenen uit de neutrofiele 
granulocyt. Een van deze antigenen was een bekend doelwit-antigeen voor ANCA, het 
eiwit lactoferrine. De twee andere antigenen waren nog niet eerder beschreven als 
antigenen voor ANCA en waren dus als zodanig nieuw: de eiwitten catalase en het alfa
enolase. 
Hoofdstuk 3 is gewijd aan de klinische betekenis van ANCA bij patienten met colitis 
ulcerosa en de ziekte van Crohn. ANCA werden gevonden bij 58% van de patienten met 
colitis ulcerosa en 19% van de patienten met de ziekte van Crohn. Helaas bleek er geen 
verschil tussen de symptomen en het ziektebeloop van patienten met of zonder ANCA. 
Ook gescheiden analyse van de ANCA gericht tegen de drie verschillende doelwit
antigenen leverde geen verschillen op. ANCA zijn dus niet in de patientenzorg te 
gebruiken om te voorspellen hoe de ziekte bij een bepaalde patient zich zal uiten. 
In hoofdstuk 4 hebben we onderzocht of de hoeveelheid ANCA (de ANCA-titer) in het 
bloed van patienten met colitis ulcerosa of de ziekte van Crohn een maat is voor de 
activiteit van de ziekte, dus of die titer omhoog gaat bij patienten met een opvlamming 
van de symptomen van de ziekte. Helaas bleek dit niet het geval. ANCA zijn dus niet 
bruikbaar om het ziekteproces te volgen in de individuele patient. 
De ANCA van patienten met de ziekte van Wegener zijn in een reageerbuisje in staat om 
de cellen die hun doelwit-antigeen te bevatten, de neutrofiele granulocyten, aan te zetten 
tot het produceren van allerlei ontstekingsstoffen. In hoofdstuk 5 hebben wij onderzocht 
of de ANCA van patienten met chronische darm- en leverziekten ook in staat zijn om 
neutrofiele granulocyten te activeren. Dat bleek niet het geval. ANCA dragen dus niet via 
dit mechanisme bij aan de ontstekingen in de darm en de lever. 
In hoofdstuk 6 hebben we een klein uitstapje gemaakt naar de genetica, en wel naar 
aangeboren verschillen in de regulatie van ontstekingsprocessen. Een van de stoffen die 
een belangrijke rol spelen bij het onderdrukken van een ontsteking, maar ook bij het 
opwekken van auto-antistoffen, is het interleukine 1 0  (IL- I 0). Het blijkt dat de 
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hoeveelheid IL- 1 0  die een mens aamnaakt beYnvloed wordt door zijn genetische aanleg. 

Mensen die, genetisch gezien, veel IL- 1 0  kunnen maken zouden wellicht beter in staat 

zijn om ontstekingen te onderdrukken. Daartegenover zouden ze wel een grotere kans 

kunnen hebben op het ontwikkelen van auto-antistoffen, waaronder ANCA. Uit onze 

studie bleek dat de verdeling van de genetische aanleg om veel of weinig IL- 10  te 

kunnen maken niet verschilde tussen gezonde personen en personen met colitis ulcerosa 

of de ziekte van Crohn. Het genetisch bepaalde vermogen om minder IL- 1 0  te kurinen 

maken is dus geen risicofactor voor deze ziekten. Bovendien bleek dat de symptomen en 

het ziektebeloop niet gerelateerd waren aan dit genetische verschil in IL- 1 0  productie. 

Ook de aanwezigheid van ANCA bleek niet gerelateerd aan dit genetische verschil. 

Hoofdstuk 7 geeft een overzicht van onze eigen bevindingen en de bevindingen van 

andere onderzoeksgroepen op het gebied van ANCA bij patienten met clu:onische 

ontstekingsziekten van de darm. Niet alleen wij ,  maar ook veel andere groepen komen tot 

de conclusie dat ANCA bij patienten met colitis ulcerosa en de ziekte van Crohn niet 

bruikbaar zijn in de patientenzorg. Het is dus niet zinnig om in het ziekenhuis te testen of 

patienten met deze ziekten ANCA hebben of om deze ANCA in de loop van de tijd te 

volgen. 

ANCA bi} chronische ontstekingsziekten van de lever 

Het tweede dee! van dit proefsclu·ift betreft ANCA bij patienten met bepaalde 

leverziekten waarbij bekend is dat auto-immuunprocessen een rol spelen. In hoofdstuk 8 
hebben we de doelwit-antigenen en de klinische betekenis van ANCA bij de leverziekte 

primaire scleroserende cholangitis onderzocht. Ook bij deze ziekte bleken de ANCA 

gericht tegen meer dan een doelwit-antigeen. We vonden ANCA gericht tegen drie 

verschillende doelwit-antigenen uit de neutrofiele granulocyt: bactericidal/permeability

increasing protein, cathepsine G, en lactoferrine. Hier bleek dat het nuttig kan zijn om 

ANCA gericht tegen verschillende doelwit-antigenen gescheiden te analyseren: ANCA 

gericht tegen de eerste twee antigenen kwamen frequenter voor bij patienten die al 

onherstelbare schade aan de lever hadden ontwikkeld, en ANCA gericht tegen 

lactoferrine kwamen vaker voor bij patienten die naast deze leverziekte 66k colitis 

ulcerosa hadden. 

In hoofdstuk 9 hebben we dit onderzoek uitgebreid naar twee andere leverziekten, 

namelijk auto-immuun hepatitis en primaire biliaire cirrose. Uit deze studie bleek dat 

ANCA iets vaker voorkomen bij patienten met een meer ernstige vorm van deze 

leverziekten. 

Hoofdstuk 10 geeft een overzicht van onze eigen resultaten en de wetenschappelijke 

literatuur over ANCA bij c!U"onische ontstekingsziekten van de lever. Net als bij de 

bestudeerde darmziekten zijn deze ANCA gericht tegen verschillende doelwit-antigenen, 
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waaronder de twee door ons ontdekte nieuwe antigenen, catalase en alfa-enolase. ANCA 

zijn gerelateerd aan meer ernstige vormen van leverziekten, maar hun toepasbaarheid in 

de patientenzorg is, net als bij de chronische darmziekten, zeer beperkt. 

Samenvatting en conclusies van het proefschrift 

Hoofdstuk 11 geeft een korte samenvatting van de studies die beschreven zijn in dit 

proefschrift en beantwoordt de drie centrale vragen waarop ons onderzoek was gericht. 

Het antwoord op de eerste vraag: wat is het doelwit van de ANCA die gevonden worden 

in het bloed van patienten met chronische darm- en leverziekten, luidt: er is niet een 

doelwit, zoals bij de ziekte van Wegener, maar er zijn verschillende doelwit-antigenen 

voor ANCA bij deze ziekten. Het gaat dus niet om een soort antistof maar om een groep 

van antistoffen, onder andere gericht tegen de twee nieuwe antigenen die wij als zodanig 

gekarakteriseerd hebben. 

Het antwoord op de tweede vraag: zijn ANCA te gebruiken in de diagnostiek of om het 

beloop van deze ziekten te voorspellen of te volgen, luidt: maar in zeer beperkte mate. 

ANCA kunnen misschien gebruikt worden om de hier genoemde ziekten te 

onderscheiden van andere darm- en leverziekten, die wat betreft de symptomen lijken op 

deze ziekten, maar negatief zijn voor ANCA. Bij chronische darmziekten zijn ANCA 

niet gerelateerd aan de emst van de ziekte. Bij chronische leverziekten lijken ANCA iets 

frequenter voor te komen bij patienten met een ernstiger beloop van de ziekte. Het is 

echter niet zinvol om in het ziekenhuis het bloed van individuele patienten te 

onderzoeken op de aanwezigheid van ANCA; <lat voorspelt niet nauwkeurig genoeg het 

beloop van de ziekte en kan daarom geen richting geven aan de behandeling. 

Het antwoord op de derde vraag, kunnen ANCA een actieve rol spelen in het 

ontstekingsproces in de darm of de lever, luidt: waarschijnlijk niet. In elk geval zijn deze 

ANCA niet in staat om hun doelwit-cellen, de neutrofiele granulocyten, aan te zetten tot 

het produceren van ontstekingsstoffen, zoals dat bij de ziekte van Wegener wel het geval 

is. 

Deze drie antwoorden leiden tot de conclusies van <lit proefschrift: in tegenstelling tot de 

situatie bij de ziekte van Wegener zijn ANCA bij chronische ontstekingsziekten van de 

darm en de lever weinig specifiek voor deze ziekten. Dat beperkt hun betekenis voor de 

diagnostiek. Er is enige associatie met de ernst van chronische leverziekten, maar <lit 

geldt niet voor chronische darmziekten. Voor het volgen of voorspellen van het 

ziektebeloop bij de individuele patient is de waarde van ANCA dus beperkt. Tenslotte 

hebben wij geen aanwijzingen kunnen vinden voor een actieve rol van ANCA in de 

ontstekingsprocessen in de darm en de lever. 

158 







DANKWOORD 
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Aan het eind van <lit proefschrift kijk ik moe maar voldaan terug op de tijd die voorbij is en 
wil ik alle mensen die mij tijdens mijn promotietijd hebben geholpen en bijgestaan heel 
hartelijk danken. 

Professor Meuwissen, professor Jansen en professor Elema wil ik bedanken voor hun 
bereidheid zitting te nemen in de beoordelingscommissie voor mijn proefschrift. 

Een jonge promovendus lean niet veel beginnen zonder begeleiders. Mijn promotores Kees 
Kallenberg en Jan Kleibeuker en mijn referent Piet Limburg: jullie waren kritisch waar <lat 
nodig was, maar jullie wisten me ook steeds weer te wijzen op de kleine stukjes positief 
resultaat die er waren tussen de vele en nuttige, maar meestal negatieve resultaten die 
beschreven staan in <lit proefschrift. Kees, j e  hebt me altijd mijn eigen gang laten gaan, en 
daarvan heb ik veel geleerd. Jan, dank voor de rustige manier waarop je me van een 
afstandje begeleidde maar toch altijd voor me klaar stond. Piet, jouw kennis van de testen 
in ons laboratorium is onovertroffen en onmisbaar. 

Dan zijn er de vele mensen die mij in het lab geholpen hebben bij de uitvoering van het 
onderzoek. 
Gerda en Marian hebben mij niet alleen bijgestaan bij elk hun eigen grote dee! van mijn 
onderzoek, maar zullen mij nu ook bijstaan als mijn paranimfen tijdens de promotie. Zelfs 
aan het eind zal ik het dus niet helemaal alleen hoeven doen. Voor alle steun en gezelligheid 
ben ik jullie bijzonder dankbaar. 
Een groot dee! van de experimenten die beschreven staan in <lit proefschrift heb ik niet zelf 
uitgevoerd. Vooral Gerda, Marian, Els en Roelie wil ik bedanken voor hun hulp, maar ook 
Niels, Wia, Minke, Ilby, Geke en Greet hebben hun proefjes bijgedragen. Johan en Hannie 
waren altijd bereid om in hun koelkasten en vriezers te zoeken naar zaken die bij ons weer 
eens op waren, en bij Johan klopte ik ook nooit tevergeefs aan voor hulp bij computer
problemen. Bouke en Elinda hebben bijgedragen aan de basis voor het IL- IO hoofdstuk. 

Soms tegen wil en dank zijn wij promovendi bij de Klinische Immunologie opgescheept met 
een grote verzameling kamergenoten. Lieve Anneke, Peter, Pamela, Sonja, Hester, Diane, 
Ymke, Raoul, en Hilde, en mede-autoimmuun-promovendi Casper, Eliane, Maarten en 
Agnieszka: bedankt voor vele jaren gedeeld AIO-lief en -leed, AIO-vreugde en -verdriet, 
kilo's drop, talloze BonBonBlocs, te weinig computers, te weinig zuurstof, maar bovenal 
collegialiteit en vriendschap. 
De overige !eden en ex-leden van de auto-immuungroep waren altijd goed voor het laten 
uitlopen van werkbesprekingen, wat overigens meestal nuttige suggesties opleverde voor bet 
onderzoek. Jan Willem, jouw inbreng tijdens die werkbesprekingen, bet leggen van de 
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contacten voor het PSC-werk, alle literatuur die je voor me gevonden hebt, en je spontane 
reactie toen het PSC-artikel na al die tijd eindelijk geaccepteerd werd waardeer ik 
buitengewoon. Nelie, je bent er nog niet zo Jang, maar vooral in de laatste drukke weken was 
je steeds bereid mij mentaal te ondersteunen, dankjewel! 
Kiki, als we jou niet hadden zou de organisatorische kant van het doen van promotie
onderzoek een stuk moeilijker zijn. Je bent veel meer dan een secretaresse. 

Mijn collega's plagen mij altijd een beetje met de vele samenwerkingscontacten die ik 
aanknoop. Toch levert dat veel goeds op! 
Dear Ming, our collaboration in Cambridge led to the characterisation of two novel ANCA 
antigens, on which finding much of the work that is presented in this thesis has been based. 
Thanks for all help and, Zheng too, for the Chinese lunch on the day that I went home! 
Dear Martin, you made my visit to your lab in Cambridge possible. Alan, Austin, Jane, 
Maitin, Ming, Philip, Russell, Sian, and the other (ex-) Lockwood Lab members: hopefully 
we will manage to continue our dart and beer meetings like we had them in Rochester, 
Amsterdam, Cambridge, and Birmingham! 
Frits Nelis, de samenwerking met het Sophia Ziekenhuis in Zwolle heeft onze aantallen 
IBD-patienten voor de verschillende studies flink uitgebreid. Thea Jagt heeft daarbij haar 
bijdrage geleverd aan het analyseren van de klinische data. Emma Bergsma zorgde in het 
lab in Zwolle voor de opvang van het patientenrnateriaal. Aile drie hartelijk dank. 
Professor Hans Peter und Carolynne Schwarze, die Zusammenarbeit mit Euch hat dazu 
beigetragen, daf3 ich mich nicht nur ve11ieft habe in die chronisch-endztindlichen 
Darmerkrankungen, sondern auch in die autoimmunen Lebererkrankungen. Vielen Dank fi.ir 
die Gastfreundlichkeit in der schonen Stadt Freiburg und ftir die nette Zusammenarbeit !  
Marc van Milligen de Wit heeft zijn cohort Amsterdamse PSC-patienten beschikbaar gesteld 
voor een stultje gemeenschappelijk onderzoek. De twee versies van ons artikel, die in jouw 
proefschrift en die in het mijne, verschillen uiteindelijk nogal van elkaar, maar we hebben 
er toch maar een mooi verhaal van weten te maken. Dank voor je hulp daarbij. 

Ook in Groningen zelf heb ik da:lk:baar gebruik gemaakt van de hulp van vele artsen voor 
het includeren van patienten in de studies en het bij elkaar zoeken van de klinische gegevens. 
Zonder de hulp van Gerard Dijkstra, Katalin Pogany, Jan Broekroelofs, Camie! Rosman, 
Hendrik van Dullemen, Rutger Ploeg en Jai1 Kleibeuker voor de patienten met inflammatoire 
dannziekten en Els Haagsma en Aad van den Berg voor de patienten met autoimmune 
leverziekten was het klinische gedeelte van dit proefschrift niet geschreven. Met name 
Gerard en Aad hebben menig vrij umtje in mijn onderzoek gestopt. Dankjulliewel ! 
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Onze buurman Wim Sluiter is altijd bereid om ons van advies te dienen. Dank voor alle hulp 

bij statistische vragen en dilemma's !  

Ellen, Mieke en Marnix, dank voor jullie bijdrage als student aan mijn onderzoek. Ik heb 

veel van jullie geleerd en ik hoop dat jullie van mij ook een beetje wijzer geworden zijn. 

Tenslotte wil ik alle collega's en studenten van de afdeling Klinische Immunologie 

bedanken voor de gezellige sfeer waarin ik al die jaren heb kunnen werken. Onze labdagen 

en nieuwjaarsborrels zijn een duidelijk bewijs van de saamhorigheid van onze grate groep. 

Ook de buur-collega's van de immunochemie in de oudbouw en de transplantatie

immunologie in de nieuwbouw droegen en dragen bij aan die prettige werksfeer. 

En dan was er natuurlijk ook nog !even naast het OIO-schap. Ik had het schrijven van dit 

proefschrift niet voor elkaar gekregen als ik niet op de steun van mijn familie en vrienden 

had kunnen rekenen. Zander compleet te zijn wil ik een aantal van hen met name noemen. 

Lieve Ilse, onze culturele uitstapjes, onze gezamenlijke GAIOO-tijd en onze eetafspraken 

(tegenwoordig met Karola) maakten dat een stukje Leids gevoel meeverhuisde naar 

Groningen. Al zijn we inmiddels helemaal ingeburgerd in deze mooie stad, toch doet het 

goed om af en toe even de laatste Leidse roddels bij te kunnen werken. 

Lieve Saskia, ik heb het nog steeds over mijn bovenbuurmeisje, al woonje inmiddels al een 

tijdje met Bert en Laurens in Lemmer, en ik heb het even bij elkaar binnenlopen en het 

samen koken in de laatste stressperiode best we! gemist! 

Lieve P AMEC-vriendinnetjes, Petra, Adrie, Marianka en Esther, bedankt voor alle tips tegen 

stress, de vele e-mailtjes die over en weer vlogen, en de gezellige barrel- en eetafspraken. 

Echte vriendschap is niet in woorden uit te drukken. We gaan nog een hele serie feestelijke 

gebeurtenissen tegemoet! 

Lieve Winninks, dank voor de logeerkamer en de opvang tijdens mijn eerste maand in 

Groningen, het vinden van een huisje en de vier jaar Jang herhaalde vraag die ik nu definitief 

met "ja" kan beantwoorden: En, is het proefschrift al af??? 

Lieve mama, papa en Marc, ik weet dat jullie trots op me zijn, maar ik hoop dat dit 

proefschrift jullie n6g een beetje trotser maakt! Zander jullie enorme steun en vertrouwen, 

jullie bemoedigende woorden, enjullie bereidwilligheid om steeds weer al mijn belevenissen 

en verhalen aan te horen (!eve de telefoon) zou ik het niet zo vlot gered hebben. 

Lieve Klaus, dankjewel voor je geduld met mijn prikkelbare buien, ik hoop dat we nu weer 

een beetje meer tijd voor ons samen zullen hebben . . .  

Cotoli,ne__ 
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