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SUMMARY

Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver disease of unknown aetiology. Recent
studies have shown that genetic factors and both cellular and humoral immunological abnormalities are
important in the pathogenesis of PSC. The most prominent autoantibodies in PSC are anti-neutrophil
cytoplasmic antibodies (ANCA). The autoepitopes of ANCA in PSC are not well defined. The aim of
this study was to identify corresponding ANCA autoantigens in patients with PSC. A biochemical
approach with enrichment and partial purification of soluble neutrophil proteins, detection of
autoantibodies by Western blot and partial amino acid sequencing were used. Two new autoantigen/
autoantibody systems in patients with PSC were detected: catalase anda-enolase. The presence of
catalase autoantibodies in 9/15 (60%) anda-enolase autoantibodies in 4/15 (27%) was confirmed by
ELISA and Western blot. Furthermore, we showed immunoreactions of PSC sera with human biliary
epithelial cells, showed the reduction of fluorescence in anti-catalase absorption experiments and
observed partial co-localization of anti-catalase antibodies and PSC sera in double-staining experiments
on biliary epithelial cells. The anti-catalase antibody-positive PSC patients had a more severe course of
disease with a significantly higher alkaline phosphatase compared with the anti-catalase-negative PSC
patients (P<0·06). All ulcerative colitis control sera were anti-catalase antibody-negative. The
identified antigens catalase anda-enolase can partly explain the ANCA fluorescence on ethanol-
fixed and formaldehyde-fixed granulocytes in patients with PSC. Catalase is an important anti-oxidant
enzyme and prevents cell damage from highly reactive oxygen-derived free radicals. Catalase
autoantibodies might play a pathogenic role in patients with PSC. Our findings support the hypothesis
that oxidative stress is one of the pathogenic mechanisms in patients with PSC.
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INTRODUCTION

Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver
disease of unknown aetiology and characterized by chronic inflam-
mation and fibrosis of the entire biliary tree. The disease usually
leads to bile duct obliteration, biliary cirrhosis, hepatic failure and
frequently to cholangiocarcinoma. There is a close association with
ulcerative colitis (UC),< 70% of patients with PSC having
coexisting UC. As yet there is no specific medical therapy, and
the treatment of choice for end-stage PSC is liver transplantation.
Recent studies have shown that genetic factors and both cellular
and humoral immunological abnormalities are important in the
pathogenesis of PSC [1,2]. PSC has been strongly associated with
HLA DR52a, moreover associations with HLA B8, DR2 and DR3

have been found [2]. Low titres of antinuclear antibodies (ANA)
and smooth muscle antibodies (SMA) have been detected in
patients with PSC [3]. Further studies identified multiple autoanti-
bodies in patients with PSC against nuclear and cytoplasmic
antigens [4]. The most prominent autoantibodies in PSC are anti-
neutrophil cytoplasmic antibodies (ANCA). They have been found
in sera of patients with PSC in up to 87% [5–19]. The PSC and UC
associated P-ANCA yield a perinuclear staining pattern on alco-
hol-fixed neutrophils. Formalin fixation of granulocytes leads to a
cytoplasmic ANCA pattern, therefore a cytoplasmic localization of
the antigen/s was concluded [19–21]. The antigens of P-ANCA in
PSC and UC are different from proteinase 3 (PR3) and myeloper-
oxidase (MPO). It was shown that neutrophil granule components
are not the major PSC and UC specific antigens [17–21]. Despite
extensive work in a number of laboratories, the antigens recog-
nized by P-ANCA found in sera from patients with PSC and UC
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are still unclear. Antigenic determinants characterized from soni-
cated neutrophils by Western blot have been described for UC [20]
and PSC [10,18], but other authors [22] and we were unable to
detect specific bands in PSC and UC using crude neutrophil
extract. Up to now, there is no clear evidence for a pathogenic
role of ANCA in PSC.

We analysed 15 sera of patients with PSC for the presence of
autoantibodies against purified human granulocyte proteins. The
results of the present study identified two new autoantigen/anti-
body systems in patients with PSC.

PATIENTS AND METHODS

Patients
We studied sera from 15 PSC patients (median age 33 years, range
20–52 years). PSC was diagnosed on the basis of a cholestatic liver
enzyme profile, a typical cholangiogram and a liver biopsy specimen
demonstrating bile duct obliteration [1,2]. The clinical and autoanti-
body features are shown in Table 1. We included sera from 20 P-
ANCAþ patients with mildly to moderate active UC; diagnoses

were made on conventional clinicopathologic criteria. All patients
were diagnosed and treated in our Department. They underwent a
complete physical examination and concomitant immunological
disorders were recorded. Additional studies were performed if
clinical history, physical examination or laboratory values showed
abnormalities besides the liver or bowel diseases. Treatment was
administered in accordance with pre-established and internationally
accepted protocols. Sera from patients with autoimmune hepatitis
(AIH) type 1 (n¼ 20) and PBC (n¼ 20) were included, diagnoses
were made according to accepted criteria. Sera from 10 patients with
chronic hepatitis B virus (HBV), sera from 10 patients with chronic
hepatitis C virus (HCV) and sera from 50 healthy blood donors were
studied. All blood donors had no history of liver disease or auto-
immune disorder, were negative for hepatitis B surface antigen
(HBsAg), anti-HBc, anti-HCV, anti-HIV antibodies and showed
normal aspartate aminotransferase levels.

For ANCA testing, C-ANCAþ sea with PR3 specificity from
patients with Wegener’s granulomatosis (WG) and P-ANCAþ sera
with MPO specificity from patients with microscopic polyarteritis
were included. Sera were aliquoted and stored at¹208C.

Methods
Human granulocyte extract. Buffy coats were obtained from 40

healthy blood donors, mixed with an equal volume of 2% Dextran
T-500 (Pharmacia Biotech, Freiburg, Germany) and sedimented
for 1 h at room temperature. The granulocyte-rich upper layer was
collected and centrifuged at 200g for 10 min. To disrupt remaining
erythrocytes the pellet (20 ml) was resuspended in 100 ml ice-cold
H2O. After mixing for 30 s, 40 ml 0·6M NaCl were added to achieve
an isotonic solution. After another centrifugation at 150g for
10 min the supernatant was discarded. The pellet was washed twice
with PBS, and each washing step was followed by centrifugation at
150 g for 10 min. The pellet was resuspended in buffer A (20 mM

Tris–HCl pH 9·0, 5 mM CaCl2, 5 mM ZnCl2, 0·05% PMSF, 0·05%
DFP, 0·05% benzamidine hydrochloride) and transferred into a
nitrogen bomb (Parr Instruments, Frankfurt, Germany) for 20 min
at 3450 kPa. The granulocytes were disrupted after decompression.
Another centrifugation step at 48 000g for 2 h was added. The
pellet contained enriched cytoplasmic material including granulo-
cyte granules. The pellet was resuspended in buffer B (20 mM Tris–
HCl pH 8·5, 5 mM CaCl2, 5 mM ZnCl2, 0·02% NaN3, 0·005% DFP),
homogenized with an Ultraturrax homogenizer (Braun, Melsun-
gen, Germany) and centrifuged at 48 000g for 30 min. The resulting
supernatant contained soluble granulocyte cytoplasmic enzymes
and was subjected to SDS–PAGE and the following chromato-
graphic steps.

Chromatography of human granulocyte extract. Human gran-
ulocyte extract containing soluble cytoplasmic enzymes (F1) was
subjected to Zinc-Chelate-Sepharose CL-6B (Pharmacia Bio-
tech) and washed with buffer C (20 mM Tris–HCl pH 8·5,
5 mM CaCl2, 0·5 mM ZnCl2, 0·02% NaN3). The unretarded frac-
tion (F2) was collected. The yellow eluate (F3) was transferred
to DEAE-Sepharose (Pharmacia Biotech) and washed with
buffer C. The unretarded fraction after DEAE-Sepharose (F4)
was dialysed against buffer C and centrifuged at 48 000g for
30 min. The resulting pellet (F5) was resuspended in buffer C [23].
The DEAE-Sepharose was eluted with 2M NaCl and the eluate
was collected (F6). Protein concentrations were determined
according to Bradford [24] and the fractions were subjected to
SDS–PAGE.

SDS–PAGE and Western blot. SDS–PAGE was performed

508 T. Orth et al.

q 1998 Blackwell Science Ltd,Clinical and Experimental Immunology, 112:507–515

Table 1.Clinical, laboratory and histological data of 15 primary sclerosing
cholangitis (PSC) patients

Features (Mean6 s.d.)

Clinical features
Age, years 336 10
Sex (M/F) 10/5
Duration of disease, years 5·56 3·4
Concomitant ulcerative colitis 8/15
Concomitant Crohn’s disease 1/15
Intrahepatic bile duct involvement only 4/15
Intra- and extrahepatic bile duct involvement 10/15
Extrahepatic bile duct involvement only 1/15

Laboratory features
Aspartate aminotransferase (normal M<18, F<15 U/l) 496 54
Alanine aminotransferase (normal M<22, F<17 U/l) 686 56
Alkaline phosphatase (normal 60–170 U/l) 8356 593
g-glutamyl-transpeptidase (normal M<28, F<18 U/l) 1796 126
Bilirubin (normal<1·2 mg/dl) 2·06 1·77
g-globulin (normal 12–20%) 20·26 4·27
IgG (normal 7–16 g/l) 20·076 7·51

Histological findings
Destruction of small intrahepatic bile ducts 15/15

Autoantibody profile
ANCA 11/15
ANA $ 1:40 2/15
SMA $ 1:40 2/15
LKM-1 0/15
SLA 0/15
AMA M2 $ 1:40 0/15

HLA phenotypes (available for 12 patients)
DR 52 4/12
DR 53 4/12
DR2 5/12
DR3 3/12
A1, B8 6/12



according to Laemmli [25] under denaturing and reducing condi-
tions (25mg protein/lane, 4% SDS stacking gel, 4–20% SDS
resolving gel; Mini-Protean II, BioRad, Munich, Germany). West-
ern blot analysis was performed as described [26]. Briefly, proteins
were transferred electrophoretically (Fastblot; Biometra, Go¨ttin-
gen, Germany) from the gel to nitrocellulose sheets (Schleicher &
Schuell, Dassel, Germany) at 2·5 mA/cm2 for 1 h at room tempera-
ture (buffer, 25 mM Tris–HCl, 192 mM glycine, 10% methanol).
The remaining binding sites were blocked with PBS containing
1·5% (w/v) liquid gelatin overnight at 48C. The blots were
incubated with sera diluted with PBS containing 1·5% (w/v) liquid
gelatin for 2 h at room temperature (Mini-Protean II Multiscreen
Apparatus; BioRad). After five washings with PBS containing
1·5% (w/v) liquid gelatin, peroxidase-conjugated,g-chain-specific
goat anti-human IgG (A-6029; Sigma, Deisenhofen Germany)
diluted 1:5000 in PBS containing 1·5% (w/v) liquid gelatin was
added and incubated for 2 h at room temperature. The staining
reaction was performed with 4-chloro-1-naphthol and stopped after
5 min with distilled water.

Protein sequence analysis. For N-terminal sequencing
approaches the proteins were separated in 1D SDS–PAGE
and electroblotted onto PVDF membranes (Sartorius, Go¨ ttin-
gen, Germany). After staining with coomassie blue the bands
were excised and subjected to automated Edman degradation
using a protein sequencer (model 477A; Applied Biosystems,
Foster City, CA) connected to an on-line PTH-amino acid
analyser (model 120; Applied Biosystems). In cases of N-
terminally blocked proteins identification was achieved by
internal fragmentation either in the gel matrix or on the PVDF
membrane [27]. Briefly, coomassie blue-stained bands were
excised after SDS–PAGE and washed with water and water/
acetonitrile 1:1, and after shrinkage of the gel piece with aceto-
nitrile it was rehydrated by 0·1M ammonium bicarbonate buffer
pH 8·1 containing 1mg protease. Enzymatic digestion was per-
formed overnight at 378C, extraction of peptide fragments was
done using three volumes of water/trifluoroacetic acid (TFA) 1:1
and TFA/acetonitrile 1:1 each. The supernatant was evaporated to
dryness. The peptide fragments were re-dissolved in high perfor-
mance liquid chromatography (HPLC) starting buffer and iso-
lated by RP-HPLC (Vydac 218TP, 1·6×250 mm) using a TFA/
acetonitrile gradient. Fractionated samples were directly loaded
onto the sequencer. Forin situ fragmentation the PVDF mem-
branes were first quenched applying 0·2% PVP-40 for 30 min at
room temperature. Digestion and extraction were performed as
described above. Computer sequence analysis was carried out
performing a blast search at the National Center for Biotechnol-
ogy Information Blast network server [28]. The actual versions of
the protein and genomic databases were searched online for
homology.

ELISA of human granulocyte proteins. The protein antigens
(catalase, 219008, Calbiochem, Bad Soden, Germany;a-enolase,
E-6126, Sigma) were added to 96-well polystyrol microtitre plates
(1mg/well; Maxisorb, Nunc, Wiesbaden, Germany) in buffer
(34 mM Na2CO3–16 mM NaHCO3, pH 10·6) and incubated over-
night at 48C. The plates were then incubated for 30 min at 378C.
Remaining binding sites were blocked with PBS containing 1·5%
(w/v) liquid gelatin for 1 h at 378C. After washing three times with
PBS containing 0·05% (v/v) Tween 20, sera diluted with PBS
containing 1·5% (w/v) liquid gelatin were added and incubated for
2 h at 378C. The plates were washed three times with PBS/Tween
20. Peroxidase-conjugated,g-chain-specific goat anti-human IgG

diluted 1:5000 in PBS containing 1·5% (w/v) liquid gelatin was
added and incubated for 2 h at 378C. The plates were washed twice
with PBS/Tween and once with PBS. The staining reaction was
performed witho-phenylenediamine as substrate and was stopped
after 30 min at room temperature with 1M H2SO4. The optical
density (OD) was measured by a BioRad ELISA reader at 492 nm.
Anti-catalase antibodies were obtained from Calbiochem
(219010). All sera were tested in duplicate on the same day to
avoid day-to-day variation.

Removing catalase antibodies from ANCAþ PSC sera. To
remove catalase antibodies, anti-catalase-positive PSC sera as
determined by Western blot and ELISA (dilution 1:5) were
added to catalase (5 mg/ml) and incubated for 30 min at 378C.
After centrifugation at 30 000g for 30 min, the supernatant was
used for indirect immunofluorescence and in parallel read to
unabsorbed sera from the same patient. In another set of experi-
ments a catalase affinity column was prepared. Catalase (5 mg/ml)
was coupled to cyanogen bromide (CNBr)-activated Sepharose 4B
(Pharmacia). Patient sera were diluted 1:5 in coupling buffer (0·1M

NaHCO3, 0·5M NaCl, pH 8·0), applied to the column and elution
was achieved by change in pH. The unbound material (serum
without anti-catalase antibodies) and eluate (anti-catalase antibo-
dies) were collected and subjected to indirect immunofluorescence
and ELISA.

Culture of human gallbladder epithelial cells. Culture of
human gallbladder epithelial cells (HGBEC) was established
according to the method described by Authet al. [29] with minor
modifications. Gallbladders or parts of gallbladders obtained from
cholecystectomies because of cholecystolithiasis were turned inside
out. During incubation with 0·125% (w/v) collagenase type 4
(Sigma) under sterile conditions mechanical abradation of the
mucosa was performed every 5 min four times. The cell suspension
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Fig. 1. SDS–PAGE of human granulocyte extract. Granulocyte proteins
(25mg) were separated on SDS–PAGE (4–20% polyacrylamide), silver-
staining. Lane 1, low molecular weight standard; lane 2, human neutrophil
extract containing soluble granulocyte cytoplasmic enzymes (F1); lane 3,
unretarded fraction of Zinc-Chelate-Sepharose CL-6B (F2); lane 4, eluate
of Zinc-Chelate-Sepharose CL-6B (F3); lane 5, unretarded fraction of
DEAE-Sepharose (F4); lane 6, unretarded fraction of DEAE-Sepharose
after dialysis and centrifugation (F5); lane 7, 2M NaCl eluate of DEAE-
Sepharose (F6).



was centrifuged (85g for 5 min) and cells were grown in Dulbecco’s
modified Eagles’ medium (DMEM)/Ham’s F12 1:1 (Seromed,
Biomed, Berlin, Germany) in a humidified 5% CO2 gas mixed
atmosphere at 378C. Initially HGBEC formed characteristic clusters,
each consisting of 20–250 cells. After cell adhesion in the first 24–
72 h, the HGBEC spread out and formed a confluent monolayer. Cell
characterization was achieved with immunohistochemical methods;
the cells showed a positive staining pattern for cytokeratin and a
negative pattern for vimentin and factor VIII, indicating their
epithelial origin.

Indirect immunofluorescence on HGBEC and human neutro-
phil granulocytes (ANCA).HGBEC were passaged on eight-well
chamber slides (Lab-Tec; Nunc) and incubated in a humidified
atmosphere with 5% CO2 and 378C for 24 h. The cells were
incubated with PSC sera (1:100), control sera (1:100) and anti-
catalase antibodies (1:100) for 30 min at room temperature. After
extensive washing with PBS cells were incubated with anti-human
IgG FITC-labelled secondary antibodies (Dako, Hamburg, Ger-
many) diluted 1:100 in PBS, with FITC-labelled mouse anti-rabbit
IgG (Dako) diluted 1:100 in PBS for 30 min at room temperature.
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Fig. 2. Western blot showing the reactivity of primary sclerosing cholangitis (PSC) sera with purified human catalase. Catalase (1mg/lane)
was subjected to SDS–PAGE (4–20% polyacrylamide) and transferred to nitrocellulose sheets. Lane 1, prestained low molecular weight
standard; lanes 2–12, Western blot with PSC sera (dilution 1:200) showing immunoreactivity against catalase in lanes 2–12; lanes 13 and 14,
normal human sera.

Table 2. Identification of immunoreactive proteins with sera from primary sclerosing cholangitis (PSC) patients by amino acid
sequencing

Apparent molecular
Fraction mass on SDS–PAGE Obtained amino acid sequence Protein

3 60 kD 244–252 NLSVEDAAR Catalase
316–320 LVLNR (EC 1.11.1.6)
355–403 LFAYPDTHR MW 59756
432–444 FNTANDDNVTQVR
507–522 NAIHTFVQSGSHLAAR

3 50 kD 15–27 GNPTVEVDLFFSK a-enolase
269–280 YISPDQLADLYK (EC 4.2.1.11)
281–284 SFIK MW 47037

5 45 kD 46–52 MVGMGQK Actin
98–115 VAPEEHPTLLTEAPLNIK MW 41793



Detection of ANCA was performed according to the standard
procedure with minor modifications as described in detail [21].
Cells were analysed with a Zeiss Axiophot microscope, data were
documented with a Sony video camera, video processing unit and
video printer.

Statistical analysis. OD values exceeding 5 s.d. of healthy
blood donors were considered to be positive. Mann–Whitney rank
sum test was computed when appropriate (Primer of Biostatistics,
3rd edn, 1992; Singapore: McGraw-Hill).P<0·06 was considered
significant.

RESULTS

Chromatography of human neutrophil extract
Human granulocyte extract containing soluble granulocyte cyto-
plasmic enzymes was separated by Zinc-Chelate-Sepharose and
DEAE-Sepharose chromatography. The resulting fractions were
subjected to SDS–PAGE. An enrichment and partial purification
of soluble granulocyte enzymes was achieved (Fig. 1).

Characterization of immunoreactive proteins by Western blot
Granulocyte extract (F1) and the fractions F2–F6 obtained by
chromatography were loaded on SDS–PAGE and transferred to
nitrocellulose sheets. The sheets were incubated with sera from

PSC patients and control sera (sera dilution 1:200). In fraction 3
(eluate after Zinc-Chelate-Sepharose CL-6B) immunoreactivity
was found for 10/15 PSC sera with a 60-kD protein and for 7/15
PSC sera with a 48-kD protein. In fraction 5 (unretarded fraction of
DEAE-Sepharose) weak immunoreactivity was found for 10/15
PSC sera with a 43-kD protein. In fractions 2, 4 and 6 no dominant
immunoreactive proteins with PSC sera were found.

Identification of catalase,a-enolase and actin as antigens in
patients with PSC
The immunoreactive proteins detected by Western blot were
identified by partial protein sequencing. At least two tryptic
peptides were sequenced per gel band to identify unambiguously
catalase,a-enolase and actin (Table 2).

Autoantibody detection against catalase anda-enolase by Western
blot and ELISA
The content of catalase in fraction 3 was demonstrated by positive
reactions with anti-catalase antibodies. The specificity of catalase
autoantibodies in sera from patients with PSC was confirmed by
Western blot and ELISA. In Western blot with human catalase 11/
15 (73%) PSC sera were anti-catalase autoantibody-positive (Fig.
2), 9/15 (60%) sera were positive by ELISA. Moreover, CNBr
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Fig. 3.(a) Results of the ELISA for catalase autoantibodies. Fifteen patients
with primary sclerosing cholangitis (PSC), 20 patients with autoimmune
hepatitis (AIH), 20 patients with primary biliary cirrhosis (PBC), 10
patients with hepatitis B virus (HBV), 10 patients with hepatitis C virus
(HCV), 20 patients with ulcerative colitis (UC) and 50 healthy blood donors
(HBD) (20 are shown) were analysed. Mean of healthy blood donors was
0·176 0·04, cut off was set at 0·4. (b) Results of the ELISA fora-enolase
autoantibodies. Same patients as above. Mean of healthy blood donors was
0·146 0·05, cut off was set at 0·4. OD, Optical density.

Fig. 4. Western blot showing the reactivity of primary sclerosing cholan-
gitis (PSC) sera with purified humana-enolase.a-enolase (1mg/lane) was
subjected to SDS–PAGE (4–20% polyacrylamide) and transferred to
nitrocellulose sheets. Lane 1, prestained low molecular weight standard;
lanes 2–6, Western blot with PSC sera (dilution 1:200) showing immuno-
reactivity againsta-enolase in lanes 2–6.



fragments of human catalase where shown to be immunoreactive
with sera from patients with PSC. The catalase autoantibody was
restricted to patients with PSC and AIH, sera from 5/20 (25%)
patients with AIH type 1 contained catalase autoantibodies.
Patients with primary biliary cirrhosis (PBC), HBV, HCV and
UC were anti-catalase antibody-negative (Fig. 3a). Fora-enolase a
positive Western blot was obtained for 5/15 (33%) PSC sera (Fig.
4), in ELISA we found 4/15 (27%) anti-a-enolase antibody-
positive PSC sera (Fig. 3b). Of sera from patients with AIH type
1, 12/20 (60%), PBC 6/20 (30%), HBV 1/10 (10%), HCV 2/10
(20%) and UC 1/20 (5%) were found to be anti-a-enolase anti-
body-positive by ELISA (Fig. 3b).
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Fig. 5. Immunofluorescence studies on human gallbladder epithelial cells
(HGBEC). (A) Primary sclerosing cholangitis (PSC) serum produces a fine
granular cytoplasmic staining pattern on HGBEC. (B) Anti-catalase anti-
bodies on HGBEC lead to a fine granular cytoplasmic staining pattern. (C)
PSC serum after removing anti-catalase antibodies with affinity chromato-
graphy. The cytoplasmic staining pattern is reduced.

Fig. 6. Immunofluorescence studies on human neutrophils with anti-
catalase antibodies. (A) Anti-catalase antibodies on ethanol-fixed neutro-
phils lead to a fine granular cytoplasmic staining pattern. (B) Anti-catalase
antibodies on formaldehyde-fixed neutrophils produce a weaker fine
granular cytoplasmic pattern compared with ethanol-fixed neutrophils.
(C) Negative control on formaldehyde-fixed neutrophils.



Immunofluorescence studies on human gallbladder epithelial cells
and granulocytes
Immunofluorescence studies with PSC sera on HGBEC showed a
fine granular cytoplasmic immunofluorescence pattern in 9/15
(60%) sera which could be reduced after catalase absorption of
sera (Fig. 5). The same result was obtained when anti-catalase
antibodies were removed from sera by affinity chromatography
with the ligand catalase. When the eluted anti-catalase antibodies

were subjected to indirect immunofluorescence on HGBEC, again
a fine granular cytoplasmic fluorescence pattern was observed.
Staining of the cells with anti-catalase antibodies led to an indis-
tinguishable fine granular cytoplasmic pattern. Double-staining
studies of cells with PSC sera and anti-catalase antibodies with
different labelled secondary antibodies showed a partial but not
complete co-localization of positive immunofluorescence. Anti-
catalase antibodies on ethanol-fixed granulocytes showed a fine
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Table 3. Comparison of autoantibody profiles in patients with primary sclerosing cholangitis (PSC)

Patient Bile duct involvement IBD ANCA Anti-catalase Anti-a-enolase ANA SMA

1 i þ e P-ANCA þ

2 i C-ANCA þ þ

3 i þ e UC P-ANCA þ þ

4 i þ e UC P-ANCA
5 i þ e UC C-ANCA þ þ

6 e UC þ

7 i þ e UC P-ANCA þ

8 i þ e UC þ

9 i P-ANCA þ þ

10 iþ e UC P-ANCA þ

11 i
12 i P-ANCA þ

13 iþ e þ

14 iþ e UC P-ANCA
15 iþ e CD P-ANCA þ þ

9/15 11/15 9/15 4/15 2/15 2/15

Bile duct involvement: iþ e, intra- and extrahepatic involvement; IBD (inflammatory bowel disease), UC, ulcerative colitis; CD, Crohn’s disease; ANCA
(antineutrophil cytoplasmic antibodies): results are given for ANCA on ethanol-fixed granulocytes; ANA, anti-nuclear antibodies; SMA, smooth muscle
antibodies.

Table 4. Comparison of anti-catalase antibody positive and negative primary sclerosing cholangitis (PSC) patients

Anti-catalase antibody-positive Anti-catalase antibody-negative
(n¼ 6) (n¼ 9) Mann–Whitney rank sum test

Age, years 346 10 326 9
Sex (M/F) 7/2 3/3
Duration of disease, years 5·36 2·6 5·86 4·8
Concomitant ulcerative colitis 6 2
Concomitant Crohn’s disease 1 0
Intrahepatic bile duct involvement only 3 2
Intra- and extrahepatic bile duct involvement 5 4
Extrahepatic bile duct involvement only 1 0

Laboratory features
Aspartate aminotransferase (normal M<18, F< 15 U/l) 636 66 276 11 P>0·06
Alanine aminotransferase (normal m<22, F< 17 U/l) 886 65 376 10 P>0·06
Alkaline phosphatase (normal 60–170 U/l) 10996 606 4146 231 P<0·06
g-glutamyl-transpeptidase (normal m<28, F< 18 U/l) 2156 149 1216 45 P>0·06
Bilirubin (normal<1·2 mg/dl) 2·56 2·2 1·46 1 P>0·06
g-globulin (normal 12–20%) 20·76 5·5 18·46 3·3 P>0·06
IgG (normal 7–16 g/l) 23·86 7·2 15·16 5·3 P>0·06

Autoantibody profile
ANCA 7 4
ANA $ 1:40 1 1
SMA $ 1:40 1 1



granular cytoplasmic staining pattern, on formaldehyde-fixed
granulocytes a weak fine granular cytoplasmic pattern was
observed (Fig. 6).

Correlation of catalase autoantibodies and ANCA to clinical
parameters in patients with PSC
Eleven of 15 (73%) sera were positive for perinuclear ANCA, 9/15
(60%) of PSC sera were positive by ELISA for catalase autoanti-
bodies. Five of the nine anti-catalase antibody-positive PSC sera
were also P-ANCAþ, two anti-catalase-positive sera showed a
cytoplasmic pattern on ethanol-fixed granulocytes. Three ANCAþ

PSC sera were anti-catalase- and anti-a-enolase-negative. We did
not observe either a significant difference between catalase auto-
antibodies or a significant difference in ANCA prevalence between
PSC alone and PSCþ UC. All ANCAþ PSC patients with con-
comitant inflammatory bowel disease had an intra- and extrahepa-
tic bile duct involvement (Table 3). The catalase autoantibody and
ANCA positivity was not affected by age or duration of disease.
There was an association between anti-catalase and elevated
cholestatic liver enzymes. Values for alkaline phosphatase (AP)
were significantly higher in the anti-catalase antibody-positive
PSC group (P<0·06). Values for AST, ALT,g-GT, bilirubin
and IgG tended to be higher in the anti-catalase antibody-positive
PSC patients, but the differences were not statistically significant
(Table 4).

DISCUSSION

We and others [22] were not able to generate PSC-specific bands
by Western blotting using crude neutrophil extract. Therefore in
the present study an approach with partial purification of soluble
granulocyte proteins was chosen. Enrichment and partial purifica-
tion of soluble cytoplasmic granulocyte proteins, Western blot and
subsequent partial amino acid sequencing were successful in
identifying new autoantibodies in patients with PSC: catalase
and a-enolase. We found anti-catalase antibodies in 9/15 (60%)
of our PSC patients. They were restricted to sera from patients with
PSC and AIH.

Catalase is an oxidoreductase and a classical peroxisomal
marker in mammalian cells, including hepatocytes and biliary
epithelial cells [30]. The localization is cytoplasmic. It has been
shown that there is a shift from the granule fraction in immature
human leukaemic HL-60 promyelocytes to the cytosolic fraction in
mature neutrophils during the course of differentiation [31].
Catalase is an important anti-oxidant enzyme and prevents cell
damage from highly reactive oxygen-derived free radicals [32].

a-enolase is a glycolytic enzyme,a-enolase autoantibodies
have been detected in patients with vasculitis anda-enolase has
been considered as a minor ANCA antigen [33]. More recently,a-
enolase autoantibodies have been found in patients with PBC and
autoimmune hepatitis [34]. We detecteda-enolase autoantibodies
by ELISA in our PSC patients in 27%, and in PBC in 30%, a
similar percentage to the 28·6% observed by Akisawaet al. [34]. In
our AIH type 1 patients the frequency ofa-enolase autoantibodies
was higher than reported by Akisawaet al. (60%versus31·6%).
This discrepancy might be due to different patient populations.
However, the titres of anti-a-enolase antibodies were low, and this
result is in line with the reported data [34].

Ischaemic injury to the bile ducts may contribute to the
pathogenesis of PSC [1,35]. Catalase autoantibodies might have
a direct effect on biliary epithelial cells like PR3 antibodies in

patients with WG [36,37]. We studied HGBEC as a model for the
biliary tree and observed cytoplasmic immunofluorescence with
PSC sera and partial co-localization with anti-catalase antibodies.
The idea of biliary lesions due to oxidative stress is further
supported by the observation of liver transplant recipients with
ischaemic type bile duct lesions which can resemble the lesions
seen in patients with PSC [38]. To test this idea we examined five
sera from patients with ischaemic type bile duct lesions after
undergoing liver transplantation (PSC patients were not included),
and found anti-catalase antibodies in 3/5 patients. Moreover, the
subgroup of anti-catalase-positive PSC patients had significantly
higher values for AP and higher values forg-GT, bilirubin, AST,
ALT and IgG. Two interesting results have to be discussed: first, all
PBC sera were anti-catalase antibody-negative, second, all UC sera
were anti-catalase antibody-negative. These findings have two
important implications: first, the different autoantibody profile of
PSC and PBC might reflect different pathogenic mechanisms;
second, in patients with PSC and concomitant UC the UC is not
responsible for development of anti-catalase autoantibodies.

In conclusion, we have shown that PSC sera react with
gallbladder epithelial cells and contain different autoantibodies
against cytoplasmic proteins. We have demonstrated reactions of
catalase autoantibodies with human biliary epithelial cells and
granulocytes. The anti-catalase antibody-positive PSC patients had
a more severe course of disease with a significant higher alkaline
phosphatase compared with the anti-catalase-negative PSC
patients. All UC sera were anti-catalase antibody-negative. These
findings support the hypothesis that oxidative stress of biliary
epithelial cells contributes to the pathogenesis of PSC. The
suggested pathogenic role of anti-catalase antibodies has to be
investigated. Whether the autoantibodies againsta-enolase are due
to inflammation or are just an epiphenomenon must be established.
The identified antigens catalase anda-enolase cannot account for
all ANCA fluorescence in patients with PSC.
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