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SUMMARY

Fifty-®ve serum samples from patients with reactive arthritis (ReA), 40 from patients with ankylosing

spondylitis (AS) and three from patients with chronic sacroiliac joint arthritis were analysed for the

presence of ANCA of IgG class by means of enzyme immunosorbent assay using lactoferrin (Lf),

myeloperoxidase (MPO) and antigen extracted from azurophil granules (`a-antigen') containing

proteinase 3 (PR3) as substrate. IgG-ANCA were found in 31 (56%) patients with ReA. Twenty-

three (42%) had anti-Lf antibodies, nine (16%) had anti-MPO and eight (15%) had anti-a-antigen

antibodies, none of which reacted with PR3. Only six (14%) AS or sacroiliac joint arthritis patients had

ANCA (P < 0´001). Three (7%) had anti-Lf, two (5%) anti-MPO and two (5%) anti-a-antigen

antibodies. Yersinia and Salmonella bacteria were separated by SDS±PAGE and blots were incubated

with serum from rabbits immunized with human Lf. The hyperimmune serum recognized a band of

78 kD from both bacteria which was not seen when preimmune serum was used. The reaction to the 78-

kD antigen could be completely inhibited when anti-Lf antibodies were absorbed on Lf coupled to

cyanogen bromide-activated Sepharose, possibly indicating cross-reacting epitopes in Lf and entero-

bacterial antigen.
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INTRODUCTION

The occurrence of ANCA in patients with various forms of

vasculitis and crescentic necrotizing glomerulonephritis is well

documented [1,2]. By indirect immuno¯uorescence (IIF) micro-

scopy on ethanol-®xed human granulocytes, two distinct ANCA

staining patterns are recognized. The pancytoplasmatic pattern (c-

ANCA), corresponding to antibodies directed against proteinase 3

(PR3), is seen in Wegener's granulomatosis [3] and the artefactual

perinuclear staining pattern (p-ANCA), representing autoanti-

bodies directed against myeloperoxidase (MPO), occurs in other

necrotizing small vessel vasculitides, e.g. microscopic polyangiitis

and Churg±Strauss syndrome [1,2]. However, p-ANCA may also

be due to antibodies against leucocyte antigens such as elastase,

lysozyme, and lactoferrin (Lf) [4], and may occur in non-vasculitic

conditions, e.g. rheumatoid arthritis, systemic lupus erythematosus

and in¯ammatory bowel disease (IBD) [5±7].

Lf is a 78-kD cationic iron-binding protein residing in the

speci®c granules of polymorphonuclear neutrophil leucocytes

(PMNL) [8]. It is released upon neutrophil activation [9] and

exerts anti-microbial effects both by depriving bacteria of iron

essential for their growth and by direct bactericidal mechanisms

[10,11]. Lf has been shown to bind to the lipid A part of

lipopolysaccharides (LPS) [12]. It is also secreted for instance in

tears, milk, and pancreatic juice, and may play an important role as

a non-speci®c anti-phlogistic defence factor [13]. The generation

of hydroxyl radicals at sites of in¯ammation requires iron. By iron-

binding Lf can thus counteract the tissue-damaging effects of

oxygen free radicals [13]. Anti-Lf antibodies have experimentally

been shown to increase both the magnitude and duration of

hydroxyl radical formation [14]. Hypothetically, Lf-ANCA could

therefore have pathogenic importance by counteracting the anti-

in¯ammatory effect of Lf, thereby aggravating and prolonging the

in¯ammatory process.

Reactive arthritis (ReA) and ankylosing spondylitis (AS)

belong to the group of seronegative spondyloarthropathies parti-

cularly seen in individuals possessing the histocompatibility anti-

gen HLA-B27. Autoantibodies have not been considered features

of these disorders, and in an early study only low frequencies of

anti-leucocyte antibodies were found among patients with AS or

psoriatic arthritis [15]. However, we found that ANCA was

common among patients with ReA [16]. In the present study we
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con®rmed this ®nding, especially the occurrence of anti-Lf anti-

bodies in ReA, whereas ANCA was an infrequent ®nding in AS

patients. A unique feature is that the HLA-B27-associated ReA is

triggered by a few well known enteric or urogenital pathogens, all

of which are facultative or obligate intracellular parasites, in

most cases identi®ed by culture or serology [17]. This prompted

us to investigate whether Lf-ANCA could be the result of cross-

immunization against epitopes on the arthritogenic bacteria Yersi-

nia and Salmonella.

PATIENTS AND METHODS

Patients

Ninety-eight consecutive out-patients were enrolled in the study. A

diagnosis of ReA was made in 55 patients (11 women, mean age

43 years, and 44 men, mean age 36 years) if they ful®lled the

criteria of a seronegative mono- or oligo-arthritis following an

enteric or urogenital infection. The triggering microorganisms

were identi®ed by culture and or serology, routinely performed

at the Department of Clinical Microbiology. ReA patients were

divided into acute or chronic (i.e. > 1 year of disease). In cases

where no triggering infection could be determined, the diagnosis of

ReA was made based on a combination of arthritis and one or more

of the following manifestations: acute anterior uveitis/conjuncti-

vitis, urethritis, sacroiliac joint arthritis, circinate balanitis, kerato-

derma blennorrhagia or dactylitis.

Forty patients were diagnosed with AS; ®ve women (mean age

43 years) and 35 men (mean age 45 years). Mean duration of

disease was 20´3 years (range 1±39 years). A diagnosis of AS

was made when a patient presented with minimum 1 year of

disease including bilateral arthritis in the sacroiliac joints proven

by x-ray or computed tomographic scanning and characteristic

involvement of at least the lumbar spine either shown on roent-

genograms or judged clinically by a rheumatologist.

Three patients (two women, one man; mean age 37 years)

presented with chronic bilateral sacroiliac joint in¯ammation

(mean duration 16 years) without ful®lling our criteria of either

ReA or AS; they were, however, included because, apart from

being HLA-B27�, they shared the common characteristic features

of the seronegative spondyloarthropathy.

Rabbit anti-Lf antibodies

Pooled rabbit hyperimmune serum against human milk Lf was

produced as described elsewhere [7]. Western blot analysis con-

®rmed anti-Lf speci®city (see below). Anti-Lf antibodies were

af®nity-puri®ed by passing the hyperimmune serum over a cyano-

gen bromide (CNBr)-activated Sepharose-4B column (Pharmacia

Biotech, Uppsala, Sweden) to which Lf had been coupled accord-

ing to the protocol provided with the kit. Speci®c antibodies were

eluted from the column using 0´05 M glycine±HCl buffer pH 2´7.

The pH of the eluate was immediately restored to neutral using

solid Tris salt. Immunoglobulins were precipitated by mixing equal

volumes of the eluate and super-saturated ammonium sulphate

(SAS). The precipitate was pelleted by centrifugation, redissolved

in PBS, and passed over a Sephadex G-25 column (Pharmacia) to a

®nal concentration of 5´9 mg/ml. Rabbit anti-Lf antibodies were

absorbed from rabbit hyperimmune serum by passing it twice over

human Lf coupled to a CNBr-activated Sepharose column.

Absence of anti-Lf antibody activity was con®rmed by immuno-

blotting with Lf as antigen.

Hyperimmune rabbit serum containing IgG anti-dinitrophenyl

(DNP) antibodies was used as a source of irrelevant control

antibodies.

Monoclonal antibodies

A mouse monoclonal antibody preparation (ML 30 MoAb) recog-

nizing mycobacterial heat shock protein 65 (hsp65) was a gift from

Professor Ivanyi (MCR Tuberculosis and related infections Unit,

Royal Postgraduate Medical School, London, UK).

Two different mouse anti-human Lf MoAbs were used; one

was produced at the Department of Immunology, Statens Serum

Institute (Copenhagen, Denmark) (2´88 mg/ml), and one purchased

from American Research Products (Belmont, MA) (1 mg/ml).

Secondary antibodies

The following peroxidase-conjugated antibodies were used in

immunoblotting assays: goat anti-rabbit antibodies (Dako,

Glostrup, Denmark), g-chain-speci®c rabbit anti-human IgG

(Dako), and af®nity-puri®ed goat anti-mouse antibodies (Dako),

all diluted 1:1000 in PBS±Tween with 1% bovine serum albumin

(BSA). Alkaline phosphatase-conjugated g-chain-speci®c rabbit

anti-human IgG (Dako) diluted 1:1000 was used in the ELISA

assays, and FITC-conjugated rabbit antibodies speci®c for human

IgG g-chain (Dako) were used as secondary antibodies for IIF

microscopy.

Immunoblotting

Clinical isolates of Y. enterocolitica 0:3 and S. typhimurium were

cultured, washed three times in PBS pH 7´3, suspended in reducing

sample buffer at a concentration of 2 ´ 108 bacteria/ml and boiled

for 5 min. Insoluble constituents were removed by centrifugation.

Bacterial extract (20 ml) or 1 mg human milk Lf in sample buffer

were loaded in each well and separated by SDS±PAGE, 4±12%

linear gradient acrylamide gel (Novex, San Diego, CA) at 30 mA

for 1 h. The gels were electroblotted for 3 h onto polyvinylidene

di¯ouride (PVDF) membranes using a TRIS±glycine buffer

system. The membrane was washed in PBS and blocked overnight

at 48C in PBS±Tween with 5% BSA, washed three times in PBS±

Tween and incubated for 2 h at room temperature with primary

antibodies diluted with PBS±Tween containing 1% BSA (patient

sera were diluted 1:100, and rabbit immune sera 1:1000). The

membranes were again washed three times in PBS±Tween and

incubated for 1 h with peroxidase-conjugated secondary anti-

bodies. After washing, the blots were developed with the ECL

Western blotting detection system (Amersham, Aylesbury, UK).

IIF microscopy

Freshly isolated human neutrophils were ethanol-®xed on micro-

scope slides and used for ANCA detection by IIF microscopy as

described in detail elsewhere [4].

ELISA

ELISA for determination of MPO-ANCA, Lf-ANCA, or anti-

bodies against a PR3-containing acid extract of PMNL azurophil

granules (a-ANCA) have been described elsewhere [7]. Normal

human serum served as a blank (0% value), and a known positive

serum (Lf-ANCA, MPO-ANCA or PR3-ANCA) was included as a

100% reference. Sera producing optical density (OD) values > 3

s.d. above the mean of a normal reference material (218 healthy

blood donors) were considered positive. Sera producing positive

a-ANCA were further analysed for PR3 speci®city (PR3-ANCA).
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In this assay, microtitre strips were coated with puri®ed PR3

(Wieslab, Lund, Sweden) at a concentration of 1 mg/ml, and the

subsequent procedures were essentially the same as those for the

other ANCA-ELISA tests.

Inhibition ELISA

To investigate whether the anti-Lf antibodies in a serum sample

from a patient with Yersinia-triggered ReA could be adsorbed by

bacteria, serum was incubated at 378C for 45 min with a clinical

isolate of live and boiled Y. enterocolitica 0:3 in suspension. After

centrifugation, the supernatant was diluted serially and analysed

for Lf-ANCA by ELISA as described above. A non-incubated

serum sample from the same patient was run in parallel.

Other laboratory analyses

Anti-nuclear antibodies (ANA) of IgG class (IF microscopy; HEp-2

cells), IgM rheumatoid factor, and HLA-B27 were also analysed.

Blood samples to record haemoglobin, C-reactive protein (CRP)

and erythrocyte sedimentation rate (ESR) were drawn at the same

time as those for the ANCA tests.

Statistical analysis

The x2 test was used to compare the prevalence of ANCA between

various disease groups.

RESULTS

Thirty-®ve ReA patients had acute, and 20 had chronic or chronic-

intermittent disease course (mean duration 10 years, range 2±

26 years). The triggering infection was Y. enterocolitica in 12,

Salmonella species in four, Campylobacter jejuni in eight and

Chlamydia trachomatis in nine patients. In 22 cases no triggering

infection was found. Overall 82% carried the HLA-B27

antigen, relatively more patients with chronic than with acute

disease (85% versus 80%Ðsee Table 1 for details). Forty-two

percent had extra-articular manifestations, predominantly acute

anterior uveitis (AAU) at some time point along the course of their

disease.

Among the 43 patients with either AS or chronic sacroiliac

joint arthritis, 98% were HLA-B27�. Extra-articular features were

found in 51%, mainly AAU (for details see Table 2). Overall, ®ve

patients were weekly positive in ANA testing and two had a low

level of rheumatoid factor.

ANCA

IgG-ANCA as measured by ELISA was found in 31 out of 55

(56%) patients with ReA. Twenty-three (42%) had Lf-ANCA, nine

(16%) had MPO-ANCA, and eight (15%) had antibodies against

a-antigen, none of which reacted with PR3.

Among the 31 ANCA� patients the triggering infections were

Salmonella in two, Campylobacter in three, Yersinia in six and

Chlamydia in seven. In the remaining 12 patients no triggering

infection could be discovered.

Relatively more patients with chronic (75%) than acute disease

(46%) were ANCA� (P < 0´05) (Table 1). When sera were ana-

lysed by IIF, nine out of the 31 ELISA-positive (29%) showed a

p-ANCA pattern, typically those with the highest serum ELISA

values. Among the 43 patients with AS or chronic sacroiliac joint

arthritis a total of six (14%) were positive in ANCA-ELISA. Two

had anti-a-antigen antibodies (5%), although PR3-ANCAÿ. Two

had anti-MPO antibodies (5%) and three had anti-Lf antibodies

(7%). By IIF microscopy, one had c-ANCA (a-antigen�) and two

had p-ANCA patterns.

One patient with long-standing AS contracted an acute episode

of ReA due to Salmonella gastroenteritis. Prior to that he was

tested and found positive for anti-MPO and anti-Lf. The titres

did not change signi®cantly during or after the Salmonella

infection.

When CRP values, as indicators of in¯ammatory activity,

drawn at the same time point as the ANCA tests, were compared,

there were virtually no differences in mean CRP between the

patients with acute or chronic ReA (38 6 39 mg/l versus

31 6 32 mg/l), nor between the ANCA� patients from both

groups. However, patients with AS had a slightly lower mean

CRP of 26 6 20 mg/l. Neither were there any differences between

mean OD values for anti-Lf antibody titres among the three groups.

Diagrams illustrating the individual ANCA absorbance values in

percentage of the positive controls are shown in Figs 1 and 2. A

number of patients from all groups had serial testing done in order

to evaluate whether the ANCA titres varied according to in¯am-

matory activity. Although in a few cases there was a tendency

towards diminishing ANCA titres along with decreasing in¯am-

mation, the overall correlation was not obvious and therefore did

not allow any conclusions (data not shown). Some patients were

tested for ANCA in joint ¯uid aspirate (knee joints mostly) and the

values obtained correlated well to serum titres (data not shown).

When the ReA patients were divided into HLA-B27� and HLA-

B27ÿ, it revealed that among the 45 HLA-B27�, 23 were also

ANCA� (51%). Among the eight HLA-B27ÿpatients, seven were

ANCA� (88%). Two patients escaped HLA-B27 testing and were

not included. For patients with acute ReA the mean disease
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Table 1. ELISA results of IgG-ANCA among 55 patients with reactive

arthritis (ReA)

Extra-

ANCA HLA-B27 articular Anti- Anti-

(n) (�/ÿ) (�/ÿ) features Anti-a MPO lactoferrin

Acute ReA 16 (�) 11 (�) 3 6 3 10

(35) 19 (±) 17 (�) 9

Chronic 15 (�) 12 (�) 9 2 6 13

ReA (20) 5 (±) 5 (�) 2

Total 31(�) 45(�) 23 8 9 23

(%) (56) (82) (42) (15) (16) (42)

Table 2. ELISA results of IgG-ANCA among 43 patients with ankylosing

spondylitis (AS) and chronic sacroiliac joint arthritis

Extra-

ANCA HLA-B27 articular Anti- Anti-

(n) (�/ÿ) (�/ÿ) features Anti-a MPO lactoferrin

AS (43) 6 (�) 42 (�) 4 2 2 3

37 (±) 1 (±) 19

Total 6(�) 42(�) 23 2 2 3

(%) (14) (98) (53) (5) (5) (7)



duration was 6´5 6 4 months, and no difference was seen between

ANCA� and ANCAÿ cases.

Immunoblotting

When preimmune rabbit serum was incubated with electroblotted

extracts of Yersinia and Salmonella, each bacterial species pro-

duced three strong bands. Common for both species were bands of

18 and 35 kD. For Yersinia a further band was seen at 38 kD and for

Salmonella a band at 40 kD (lanes 1, 2, Fig. 3).

Preimmune serum did not react with human Lf (lane 3). When

af®nity-puri®ed rabbit anti-human Lf serum was used, two distinct

bands showed up for each bacterium (lanes 4, 5), one being

common and of approximately 78 kD, and the others were of

38 kD in Yersinia and 40 kD in Salmonella, similar to the bands

seen with the preimmune serum. The reactivity to the 78-kD

bacterial antigen was completely inhibited when rabbit hyper-

immune serum was passed over a CNBr-activated Sepharose

column to which Lf had been coupled.

When a Lf-ANCA� serum from a patient with Yersinia-

triggered ReA was applied to the same bacterial extracts, there

was a strong reaction against human Lf (lane 6) as well as reaction

to a 78-kD antigen in both bacteria. The human serum also

recognized the two antigens of 38 kD and 40 kD in Yersinia and

Salmonella, respectively (lanes 7, 8).

Rabbit preimmune serum bound to bands of the same mole-

cular weight (18 and 35 kD) when incubated with extract of

electroblotted Escherichia coli (not shown). The two mouse anti-

Lf MoAbs failed to recognize the 78-kD enterobacterial antigen,

when incubated with extracts of Yersinia and Salmonella. The

mouse MoAb against mycobacterial hsp65 recognized the two

bands of 18 and 38 kD in Yersinia and the single band of 40 kD in

Salmonella (lanes 9,10), just as the rabbit preimmune serum. There

was no reactivity to the 78-kD antigen. Neither did rabbit anti-DNP

immune serum react with the 78-kD band.

Inhibition ELISA

An Lf-ANCA� serum from a Yersinia ReA patient was preincubated

with live and heat-killed Yersinia bacteria in an attempt to block the

anti-Lf antibodies. When a dilution series was run on an Lf-coated

ELISA plate in parallel with non-preincubated serum from the same

patient, the two curves obtained were virtually identical, and did

not indicate that Lf antibodies could be blocked by means of cross-

reacting epitopes expressed on the Yersinia bacteria.

DISCUSSION

In this study we found that ANCA was prevalent among patients

with ReA, occurring in 31 out of 55 sera (56%) when tested by

ELISA for reactivity against Lf, or MPO, or an acid extract of

azurophil granules (a-antigen). By contrast, we found signi®cantly

less ANCA among the AS sera, in that only six out of 43 (14%)

were positive (P < 0´001). In ReA, Lf-ANCA dominated (42%),

followed by MPO-ANCA (16%) and a-ANCA (15%). The corre-

sponding ®gures for AS were 7%, 5% and 5%, respectively. The

a-antigen preparation allows detection of PR3-ANCA but not

MPO-ANCA [4]. Neither does it permit the detection of anti-

elastase antibodies (unpublished observations). Analysis of a-

ANCA� sera for reactivity against puri®ed PR3 consequently

turned out negative.

The highest proportion of ANCA was found among ReA

patients with a chronic persistent disease course (75%). This did

not seem to be correlated to degree of in¯ammatory activity, as

there was only a slight difference in mean CRP between the acute

and chronic group. The AS patients were found to be less

in¯ammatorily active, as judged by the CRP levels, although

great individual differences were noted. Just as in the case of

ReA, there was no obvious correlation between high disease

activity and ANCA positivity. Neither was there any connection

between ANCA and the presence of extra-articular manifestations,

HLA-B27 status or triggering infection. Although there have been

occasional reports on the presence of ANCA in sera from patients

with various infections [18±20], this does not seem to be a

common phenomenon.

A problem often encountered in analysing ANCA, as well as

other autoantibodies, is the inconsistency in results obtained by

different techniques of antibody detection. Thus, not all sera

positive for ANCA by IIF microscopy turn out positive in solid-

phase assays and vice versa. This may depend on several

factors such as the avidity of the autoantibodies, epitope exposure,
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Fig. 1. Negative (W) and positive (X) results of ELISA determinations of

IgG antibodies against human lactoferrin (Lf), myeloperoxidase (MPO) and

a-extract in 55 sera from patients with reactive arthritis. The lower limit for

positive ELISA is the mean value � 3 s.d. of 218 blood donors.
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Fig. 2. Negative (W) and positive (X) results of ELISA determinations of

IgG antibodies against human lactoferrin (Lf), myeloperoxidase (MPO) and

a-extract in 43 sera from patients with ankylosing spondylitis and chronic

sacroiliac joint arthritis. The lower limit for positive ELISA is the mean

value � 3 s.d. of 218 blood donors.



conformational changes/denaturation of the antigens, etc. Several

proteins, apart from PR3, MPO and Lf, have been characterized as

target antigens for ANCA, many of which are detected by IIF

microscopy. Still, it is highly likely that many ANCA target

antigens remain to be identi®ed. Only nine out of 35 (26%)

ELISA-positive ReA sera gave rise to positive immuno¯uores-

cence staining (p-ANCA pattern), all of which had either Lf or

MPO speci®city. Three AS sera were ANCA� as tested by IIF

microscopy, one c-ANCA (a-ANCA�) and two p-ANCA (one Lf-

ANCA�).

p-ANCA is a common ®nding in patients with IBD, mainly in

ulcerative colitis (UC) and to a lesser extend in Crohn's disease

[21±23]. Several candidate antigens for the p-ANCA reactivity

have been suggested. Some investigators have reported a high

prevalence of Lf-ANCA in UC [7,24,25]. There is a strong link

between IBD and the seronegative spondyloarthropathies, and gut

in¯ammation (mainly subclinical) resembling IBD has been

reported in about 70% of patients with ReA or AS [26]. Taking

this into account, it is not surprising that Lf-ANCA is a common

®nding not only in UC but also in spondyloarthropathies, as shown

in the present study.

The driving forces for the generation of autoantibodies are

obscure. One possibility may be immunological cross-reactivity

with microbial antigens. Human Lf has been found to cross-react

with mycobacterial hsp65, and T cells from rats with adjuvant

arthritis induced by heat-killed mycobacteria have been found to

proliferate upon exposure to human Lf [27,28]. As hsp are highly

conserved throughout nature and found in virtually all life forms,

great sequence homologies exist between human and microbial hsp

[29]. Comparisons between amino acid sequences of microbial/

human hsp60 and of autoantigens have revealed similarities in

many instances, e.g. MPO [30]. This gives at least a theoretical

possibility of cross-reaction between immunodominant regions on

microbial hsp and self antigens. However, immunization with

mycobacterial hsp65 does not result in the production of anti-Lf

antibodies [31,32].

To analyse possible antigenic cross-reactions between human

Lf and enterobacterial antigens, pooled rabbit preimmune serum,

pooled rabbit anti-Lf hyperimmune serum, and af®nity-puri®ed

rabbit anti-human Lf antibodies were analysed by Western blot on

extracts from Y. enterocolitica and S. typhimurium. The hyper-

immune serum, but not the preimmune serum, recognized an

enterobacterial antigen of approximately 78 kD in both bacterial

extracts. This antigen was not recognized by two separate MoAbs

against human Lf. However, reactivity with the 78-kD bacterial

antigen was completely inhibited by absorbing the hyperimmune

serum with human Lf coupled to CNBr-activated Sepharose. The

78-kD reactivity was recovered after elution of the absorbed

antibodies from the af®nity column. Reactivity with the 78-kD

enterobacterial antigen was not seen with an irrelevant rabbit

hyperimmune serum containing anti-DNP antibodies. An anti-

hsp65 MoAb recognized several antigens from both bacterial

strains, among other bands of 38 kD in Yersinia and 40 kD in

Salmonella (lanes 9, 10) indicating cross-reacting epitopes

between mycobacterial hsp65 and enterobacterial antigens. How-

ever, the MoAbs against mycobacterial hsp65 did not stain the 78-

kD antigen. Interestingly, a human Lf-ANCA serum from a

patient with long-standing Yersinia-triggered ReA recognized the
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Fig. 3. SDS±PAGE of human lactoferrin (Lf), bacterial extracts from Yersinia (Y) and Salmonella (S) incubated with rabbit and human

serum. Lanes 1±3, rabbit preimmune serum; lanes 4 and 5, rabbit anti-Lf serum; lanes 6±8, human serum from a patient with Yersinia-

triggered reactive arthritis positive for Lf-ANCA; lanes 9 and 10, mouse monoclonal antiserum against Mycobacterial 65-kD heat shock

protein; lane 11, molecular weight marker.



38/40-kD antigens as well as the 78-kD bands. The reactivity of

rabbit preimmune serum with 18 and 35 kD of E. coli probably

represents reactions to antigens normally found in the intestinal

¯ora of the animal (not shown).

We were not able to absorb the Lf-ANCA reactivity in this

serum with live or heat-killed Yersinia bacteria.

Although cross-immunization against bacterial antigens is a

possible explanation for the occurrence of Lf-ANCA, it cannot be

excluded that prolonged exposure to neutrophil antigens is the

driving force for autoantibody production. Massive neutrophil

in®ltration, either in the intestinal mucosa or in the synovium, is

a common feature of the clinical conditions where Lf-ANCA

occur, e.g. UC and ReA. The more indolent low active in¯amma-

tion in the enthesis of the axial skeleton characteristic of AS could

possibly explain the lower frequency of ANCA in this condition.

In conclusion, we have shown that ANCA, especially Lf-

ANCA, is a frequent ®nding in patients with ReA, whereas it

occurs only occasionally in AS. Lf-ANCA may possibly be gener-

ated by cross-immunization against arthritogenic enterobacteria.
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