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SUMMARY

In IBD, the target antigens of anti-neutrophil cytoplasmic 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 identify 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 from CD patients,
whereas antibodies against a 47-kD protein were found in 10% of samples 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 asa-enolase. This study is the first to report catalase and
a-enolase as granulocyte antigens for autoantibodies in IBD.
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INTRODUCTION

Anti-neutrophil cytoplasmic antibodies (ANCA) are autoanti-
bodies directed against constituents of neutrophil granulocytes
and monocytes. These antibodies were originally described as
markers for systemic vasculitis, in particular Wegener’s granulo-
matosis (WG) [1]. Identification of the target antigens of ANCA,
i.e. proteinase 3 (PR3) and myeloperoxidase (MPO), has increased
the diagnostic significance of ANCA in these disorders [2]. In
addition, severalin vitro and in vivo studies have suggested a
pathophysiological role for anti-PR3 and anti-MPO antibodies in
the vasculitides [3].

ANCA have been shown to occur in many other inflammatory
disorders as well, including IBD, autoimmune liver diseases, and
rheumatoid arthritis (RA) [4]. In these diseases, the target antigens
of ANCA have not been fully identified, which limits the diag-
nostic significance as well as the analysis of the possible patho-
physiological role of these autoantibodies.

In IBD, various antigens are recognized by ANCAþ serum
samples, of which lactoferrin [5,6] and bactericidal/permeability-

increasing protein (BPI) [7,8] are presently most prominent. Other
antigens for ANCA that have been reported in IBD are cathepsin G
[9–12], lysozyme [12,13], andb-glucuronidase [14]. Recently,
several nuclear non-granulocyte-specific antigens have been found
to be recognized by ANCAþ serum samples from patients with
ulcerative colitis (UC) [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 UC and Crohn’s disease (CD) for
antibodies against granulocyte antigens on Western blot, using a
crude extract of isolated granulocytes as the source of antigens.
Apart from antibodies against lactoferrin and BPI, antibodies
against two unidentified polypeptides were detected in consider-
able numbers of IBD samples. A 57/56-kD polypeptide was
identified as catalase, and a 47-kD protein was identified asa-
enolase. These antigens have not been reported before as target
antigens for ANCA in IBD.

PATIENTS AND METHODS

Patients and controls
We studied plasma samples from 208 consecutive patients with
IBD: 96 patients with UC and 112 patients with CD. The diagnosis
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of UC or CD was based on accepted clinical 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 immunoprecipitation assays (data
not shown). Plasma samples were frozen at¹208C until use.

Indirect immunofluorescence
Detection of ANCA by indirect immunofluorescence (IIF) was
performed on ethanol-fixed granulocytes as described before
[1,17], with minor modifications [18]. Samples were diluted 1:20
in PBS and tested at two-fold dilutions up to 1:640. A FITC-
conjugated rabbit anti-human IgG antibody (F315, dilution 1:100;
Dakopatts, Copenhagen, Denmark) was used for detection of
bound IgG. Slides for ANCA testing were always read by two
independent observers. A titre$ 1:40 was considered positive.

Western blotting and immunodetection
Detection of ANCA was also performed by Western blotting
followed by immunodetection. A crude extract of isolated granu-
locytes was used as the source of antigens. To prepare this crude
extract, granulocytes were isolated from fresh buffy 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 six periods
of 20 s in 1M NaCl containing 5 mM PMSF (Sigma Chemical Co.,
St Louis, MO; 2×108 cells/ml). Membrane fragments were
removed by ultracentrifugation for 2 h at 100 000g, and an equiva-
lent of 6×107 cells was applied on 10% polyacrylamide gels under
denaturing but non-reducing conditions. After electrophoresis and
transfer to nitrocellulose membranes (Schleicher & Schuell,
Keene, NH), the Western blots were incubated with 3% horse
serum (CLB, Amsterdam, The Netherlands) to block aspecific
reactions. Patient samples were tested at a 1:50 dilution. Immuno-
detection was performed as described previously [19]. To detect
bound IgG, a peroxidase-conjugated rabbit anti-human IgG anti-
body (P214, dilution 1:250; Dakopatts), a peroxidase-conjugated
swine anti-rabbit IgG antibody (P217, dilution 1:250; Dakopatts),
or a peroxidase-conjugated rabbit anti-mouse IgG antibody (P260,
dilution 1:250; Dakopatts) were used. Molecular weight standards
(BioRad Labs, Richmond, CA) were used as references.

To identify the protein bands corresponding to the antigens,
lactoferrin, BPI, cathepsin G, PR3, MPO, elastase, catalase, anda-
enolase, we used polyclonal and monoclonal antibodies directed
against these antigens. Polyclonal rabbit anti-human lactoferrin
and rabbit anti-human MPO were purchased from Dakopatts.
Polyclonal rabbit anti-human cathepsin G, rabbit anti-human
elastase, and rabbit anti-human erythrocyte catalase were pur-
chased from Calbiochem (La Jolla, CA). Monoclonal anti-human
PR3 (12.8) was purchased from CLB. MoAb against human BPI
6C2 [20] was a kind gift from Dr J. Meenan (Academic Medical
Centre, Amsterdam, The Netherlands). Polyclonal rabbit anti-
human BPI [21] was a kind gift from Dr W. A. Buurman and Dr
M. A. Dentener (University Hospital Maastricht, The Netherlands).
Rabbit anti-human granulocyte catalase [22] was a kind gift from
Professor I. Olsson (University Hospital Lund, Sweden). Mono-
clonal anti-U937a-enolase [23] was a kind gift from Dr T. Burke
(Centre for Thrombosis and Vascular Biology, Cleveland, OH).

ELISAs
ELISAs were performed to confirm the presence of antibodies
against lactoferrin and BPI. Lactoferrin (Sigma) was coated at

5mg/ml in PBS pH 7·4. BPI was isolated from granulocytes accord-
ing to Zhaoet al. [24] and coated at 1mg/ml in PBS pH 7·4. Patient
samples were applied at a dilution of 1:100 and in two-fold
dilutions up to 1:800. Alkaline phosphatase-conjugated goat anti-
human IgG (dilution 1:1500; American Qualex, San Clemente,
CA) was used for detection of bound IgG in both ELISAs.

A sample was considered positive if the optical density (OD)
value obtained exceeded the mean of 25 healthy control samples by
>2 s.d.

Further purification and identification of the 56/57-kD and 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
1M NaCl. The disrupted cells were dialysed against 0·01M phos-
phate buffer containing 0·075M NaCl pH 7·4, and were applied to a
cation exchange column (Mono-S HR10/10; 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 HR10/10; Pharmacia) in 0·01M phosphate buffer con-
taining 0·075M 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 12% polyacrylamide gel under reducing conditions. Follow-
ing electrophoresis the gel was stained with coomassie brilliant
blue or was blotted onto PVDF membrane (Immobilon-P; Milli-
pore, 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 per-
formed with an Applied Biosystems (Warrington, UK) model
477A protein sequencer (pulse-liquid sequenator), on-line con-
nected with a 120 A PTH analyser [26]. Internal amino acid
sequence analysis was performed essentially as described by
Rosenfeldet al. [27].

RESULTS

Indirect immunofluorescence
ANCA were detected by IIF 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 (P-ANCA), whereas four samples showed an
atypical cytoplasmic staining pattern different from the classical C-
ANCA pattern specific for anti-PR3 antibodies (C-ANCA). Of the
21 CD samples, 19 showed a P-ANCA pattern, whereas two
samples showed atypical cytoplasmic staining.

The median titre for the ANCAþ samples in UC was 1:160,
while the median titre for the ANCAþ samples in CD was 1:80.
Titres ranged from 1:40 up to 1:640.

Western blotting and immunodetection
By immunodetection on Western blot, we first tested whether the
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IBD samples contained antibodies to six well defined ANCA
antigens. For this test, the protein bands corresponding to PR3,
MPO, elastase, cathepsin G, lactoferrin, and BPI were identified by
using polyclonal and monoclonal antibodies. In the IBD samples,
no antibodies against PR3, MPO, 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 two (2%) UC samples and six (5%) CD samples
reacted with the 55-kD doublet that was identified as BPI (Fig. 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 (Fig. 1, Table 1). Frequently, a
single sample contained antibodies to more than one antigen
(Table 2).

We compared the data obtained by immunodetection with the
data obtained by IIF for the two novel antigens. From the samples
reacting with the 57/56-kD antigen, 18 of the 36 UC samples and
five of the 29 CD samples were positive for ANCA by IIF. As
shown in Table 2, 18 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, seven samples
showed perinuclear staining, one sample showed atypical cyto-
plasmic staining, and 30 samples were negative by IIF.

From the samples reacting with the 47-kD antigen, five of the
10 UC samples and five of the 20 CD samples were positive for
ANCA by IIF. As shown in Table 2, four UC samples and 12 CD
samples reacted only with the 47-kD antigen and not with lacto-
ferrin, BPI, or the 57/56-kD antigen. Of these 16 monospecific

samples, six 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,
eight (10%) reacted with the 57/56-kD doublet, and five (6%)
reacted with the 47-kD protein (Table 1). All these samples were
negative for ANCA by IIF.

ELISAs
The presence of antibodies against lactoferrin and BPI was con-
firmed 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 four
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Fig. 1. Immunodetection on Western blot using a crude granulocyte extract as antigenic substrate. Lane 1, 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, MoAb against U937
enolase; lane 10, patient sample reacting with the 47-kD antigen.

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)

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

UC 36 10 25 2 54
(n¼ 96) (38%) (10%) (26%) (2%) (56%)
CD 29 20 12 6 54
(n¼ 112) (26%) (18%) (11%) (5%) (48%)
Healthy controls 8 5 0 0 13
(n¼ 78) (10%) (6%) (17%)

UC, Ulcerative colitis; CD, Crohn’s disease; LF, lactoferrin; BPI,
bactericidal/permeability-increasing protein.



of the six CD samples reacting with the 55-kD BPI doublet on
Western blot contained antibodies against BPI as measured by
ELISA.

Further purification and identification of the 57/56-kD and 47-kD
proteins
In an attempt to purify the 57/56-kD and 47-kD polypeptides, we
isolated granulocytes from fresh buffy coats and disrupted them by
sonication in 1M NaCl. By 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 (Fig. 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 humana-enolase (Table 4

[29]). The identity of the two novel antigens was confirmed by
immunodetection on Western blot. Both a rabbit polyclonal anti-
body against human erythrocyte 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 (Fig. 1) and in the enriched fraction (Fig. 2).
In addition, a MoAb against U937a-enolase reacted with the 47-
kD protein recognized by the IBD samples in the crude extract
(Fig. 1) and in the enriched fraction (Fig. 2).

DISCUSSION

In this study, we describe for the first time the presence of
autoantibodies against human granulocyte catalase anda-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 ANCA, particularly lactoferrin [5,6] and
BPI [7,8]. Cathepsin G [9–12], lysozyme [12,13], andb-glucur-
onidase [14] have also been reported as target antigens, although
these results were not confirmed by others [6,31]. Recent results
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Table 2. Reactivity of samples from IBD patients with neutrophil proteins as demonstrated by immunodetection on Western blot

LF LF
57/56 kD LF þ 57/56 kD þ BPI BPI None of these

Antigens 57/56 kD 47 kD LF BPI þ 47 kD þ 57/56 kD þ 47 kD þ 57/56 kD þ 47 kD antigens

UC (n¼ 96) 18 (19%) 4 (4%) 12 (13%) 2 (2%) 5 (5%) 12 (13%) 1 (1%) 0 0 42 (44%)
CD (n¼ 112) 20 (18%) 12 (11%) 8 (7%) 3 (3%) 5 (4%) 2 (2%) 1 (1%) 1 (1%) 2 (2%) 58 (52%)

UC, Ulcerative colitis; CD, Crohn’s disease; LF, lactoferrin; BPI, bactericidal/permeability-increasing protein.

Fig. 2. Immunodetection on Western blot using a partially purified extract of granulocytes. Lane 1, polyclonal antibody against granulocyte
catalase; lane 2, patient sample reacting with the 57/56-kD antigen; lane 3, healthy control sample; lane 4, MoAb against U937 enolase; lane 5,
patient sample reacting with the 47-kD antigen.



showed that nuclear antigens are recognized as well by P-ANCAþ

serum samples from UC patients [15].
Our data confirm the presence of antibodies against lactoferrin

and BPI in plasma samples from patients with IBD. Antibodies
against the well defined ANCA antigens PR3, MPO, elastase, and
cathepsin G were not detected in IBD samples by immunodetection
on Western blot using a crude granulocyte extract as the source of
antigens. However, by immunodetection on Western blot we
detected antibodies against two novel granulocyte antigens. 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 18% of CD samples. Antibody reactivity
to these novel antigens was observed previously by Mulder and
coworkers from our group in samples from patients with IBD [6],
primary sclerosing cholangitis, autoimmune hepatitis, primary
biliary cirrhosis [19], and RA [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 beinga-enolase. As far as we know,
autoantibodies against catalase have not been demonstrated before.
Autoantibodies againsta-enolase have been demonstrated by
Moodie and coworkers [33] in serum samples from patients with
vasculitis and systemic lupus erythematosus, but not in IBD.

Catalase [34,35] is a tetrameric molecule of< 240 kD, com-
posed of four identical subunits of< 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].

Enolase [37] is a glycolytic enzyme composed of two identical
subunits of < 47 kD. It exists as three highly homologous

isozymes,a, b andg; isozymea is found in most tissues, isozyme
b in muscle, and isozymeg is present mainly in the cytosol of
neuronal and neuroendocrine cells.

ANCA with specificity for PR3 and MPO 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-alpha (TNF-a) leads to expression of these
antigens on the cellular surface. ANCA are then able to bind their
target antigens and thus to stimulate granulocyte degranulation and
oxygen radical production [38–40]. In addition, it has been shown
that antibodies against PR3 and MPO are able to interfere with
physiological functions of their target antigens [41,42]. Finally,
animal models have also suggested a role for these antibodiesin
vivo [43].

Whether these pathophysiological mechanisms are also valid
for antibodies against catalase anda-enolase has to be investi-
gated. It is unknown whether cytokine priming leads to expression
of the cytosolic proteins catalase anda-enolase on the cellular
surface, and whether antibodies to catalase anda-enolase are able
to interfere with physiological functions of their target antigens.

Interestingly, when comparing data obtained by IIF with 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 21% of the IBD samples
positive for antibodies against catalase and negative for antibodies
against lactoferrin, BPI, ora-enolase were positive by IIF. Simi-
larly, only 38% of the IBD samples positive for antibodies against
a-enolase and negative for antibodies against lactoferrin, BPI, or
catalase were positive by IIF.

This large discrepancy between the two detection methods was
not observed for antibodies against other ANCA antigens. This
may be due to the difference in cellular localization of the target
antigens. The ANCA antigens PR3, MPO, elastase, BPI, cathepsin
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Table 3. Internal amino acid sequence analysis of a mixture of two cleavage fragments from the 57-kD protein: alignment with the published amino acid
sequence of human catalase [28]

Detected
sequence Val/Ala Trp/Phe Pro/Tyr His/Val Lys/Asn Asp/Val Tyr/Leu Pro?/Asn Leu?/Glu Ile?/Glu Pro?/Gln

Published
sequence
Position 302 303 304 305 306 307 308 309 310 311 312

Val Trp Pro His Lys Asp Tyr Pro Leu Ile Pro

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

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
a-enolase [29]

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

Published
sequence
Position 203 204 205 206 207 208 209 210 211 212 213 214 215

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



G and lactoferrin are located in the granules of neutrophils and
monocytes. However, both catalase anda-enolase are cytosolic
proteins from granulocytes. The fact that antibodies to granule
proteins show reactivity by IIF on granulocytes, whereas anti-
bodies to cytosolic proteins, like catalase anda-enolase, show no
reactivity, may be due to the relative concentration of the various
antigens within granulcoytes. As Moodie and coworkers state in
their discussion [33], the ANCA antigens that were originally
reported (MPO, PR3, elastase and lactoferrin) are present at high
concentration within the total cell volume (1–5% of total cellular
protein) and are packaged in even more concentrated form in the
granules. Abundant, concentrated granule proteins would be much
more likely to fix sufficient antibody for visualization by IIF than
more dispersed, dilute cytosolic proteins.

In the systemic vasculitides, ANCA of defined specificities, i.e.
antibodies against PR3 and MPO, are important diagnostic and
prognostic markers [2]. Specific antibodies are associated with
particular clinical syndromes. In IBD, a variety of autoantibodies
against granulocyte proteins can be detected, frequently simulta-
neously in one patient. As we report here, besides antibodies
against lactoferrin and BPI, antibodies against catalase anda-
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
clinical and pathophysiological roles of these autoantibodies in
IBD and other idiopathic inflammatory disorders.
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