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SUMMARY

Antibodies that are directed against cytoplasmic constituents of neutrophils and monocytes (anti-
neutrophil cytoplasm antibodies, ANCA) have been described in Wegener's granulomatosis,
microscopic polyarteritis (MPA) and some cases of segmental necrotizing glomerulonephritis
(SNGN). Other antibodies occasionally described in Wegener's granulomatosis and MPA include
anti-nuclear antibodies (ANA) and anti-glomerular basement membrane (GBM) antibodies. We
have studied the diversity of the corresponding antigens in ANCA-associated renal diseases. Sera
from 46 patients with active histologically proven Wegener's granulomatosis, MPA and SNGN were
tested for ANCA by indirect immunofluorescent examination of normal peripheral blood
neutrophils. Thirty-four sera (74%) were positive; 16 were associated with diffuse cytoplasmic
staining (cANCA) and 18 with perinuclear staining (pANCA). In addition, five demonstrated anti-
neutrophil-specific nuclear staining (ANNA). On Western blotting of the neutrophil extract, five sera
recognized a 29-kD molecule recently identified as neutrophil proteinase 3. Two sera with typical
cANCA bound to molecules of 36, 38 and 116 kD and another to a molecule of 22 kD. The final
serum associated with pANCA bound to a molecule of about 12 kD. Thirteen sera out of 46 (28%)
tested in an ELISA contained anti-myeloperoxidase antibodies; 10 of these were associated with
pANCA and two others with ANNA. Three sera of 17 (18%) tested contained anti-elastase
antibodies; these also contained anti-myeloperoxidase antibodies and were associated with pANCA.
However, eight sera with pANCA were negative for anti-myeloperoxidase antibodies and three of
these were also negative for anti-elastase antibodies, suggesting further unidentified target antigen or
antigens associated with the pANCA. Fifteen of the 34 sera positive for ANCA also demonstrated
anti-nuclear staining on Hep-2 cells (53%) in a speckled, homogeneous, or nucleolar pattern. ANA
were significantly associated with the presence of pANCA (P <0-01), and levels of ANA and ANCA
fell in parallel after treatment. One serum with a pANCA was also positive for anti-GBM antibodies.
Inhibition studies using ELISAs for anti-GBM antibodies indicated that there was no cross-reactivity
between target molecules recognized by these antibodies. The diversity of target molecules recognized
by ANCA suggests that cross-reactivity with bacterial structures is less likely as the primary
aetiological event in the development of these antibodies than tissue destruction; and that cross-
reactivity with vascular endothelium is also unlikely as the pathogenetic basis of vessel disease.
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INTRODUCTION and the findings of circulating immune complexes (Howell &
Epstein, 1976), rheumatoid factor, anti-nuclear antibodies

An autoimmune basis for Wegener's granulomatosis and (ANA) and occasionally other autoantibodies (Shillitoe et al.,
microscopic polyarteritis (MPA) has long been suspected on the 1974). The recent description of circulating antibodies directed
basis of the clinical response to cyclophosphamide (Fauci & against cytoplasmic constituents of human neutrophils (anti-
Wolff, 1971) and plasma exchange (Pusey & Lockwood, 1984) neutrophil cytoplasm antibodies, ANCA) (Davies et al., 1982;

van der Woude et al., 1985) has provided a highly specific
Correspondence: Dr J. Savige, Department of Haematology, Repa- immunologic marker for these conditions.

triation General Hospital, Private bag 1, Heidelberg West, Victoria, Two patterns of immunofluorescence can be distinguished
Australia when sera containing ANCA are tested on normal human
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neutrophils (Falk & Jennette, 1988). With some, mainly from
patients with Wegener's granulomatosis (Nolle et al., 1989)
there is uniform fine granular staining of the cytoplasm
(cANCA) and the antigen in many cases is a serine proteinase
with a molecular weight of 29 kD (Goldschmeding et al., 1989b)
that is probably human neutrophil proteinase 3 (Ludemann et
al., 1990). With other sera immunofluorescent staining of
ethanol-fixed neutrophils results in staining in a perinuclear
pattern (pANCA); this however is artefactual, and with cells
fixed in formalin-acetone these same sera produce diffuse
cytoplasmic staining (Falk & Jennette, 1988). Most pANCA are
directed gainst myeloperoxidase (Falk & Jennette, 1988)
although these antibodies may also be directed against elastase
(Goldschmeding et al., 1989a). pANCA are frequent in MPA,
segmental necrotizing glomerulonephritis (SNGN) and in
Wegener's granulomatosis confined to the kidney (Falk &
Jennette, 1988) but these antibodies may also be found in
occasional cases of rheumatoid arthritis (Savage et al., 1987)
and systemic lupus erythematosus (SLE) (Falk & Jennette,
1988).

Other auto-antibodies are common in Wegener's granulo-
matosis and MPA. Rheumatoid factor is recognized in 410%
(Savage et al., 1985), 5000 (Parlevliet et al., 1988) or 67%
(Pinching et al., 1983) of different series. The reported incidence
of ANA varies from 0%O (Shillitoe et al., 1974; Ronco et al.,
1983; Pinching et al., 1983) to 130% (Ludemann & Gross, 1987),
14% (Falk & Jennette, 1988), 18% (Parlevliet et al., 1988) and
210Yo (Savage et al., 1985). There have also been isolated reports
of antibodies directed against glomerular basement membrane
(GBM) (Wahls, Bonsib & Schuster, 1987), endothelial cells
(Savage et al., 1989), smooth muscle, thyroid microsomes and
heart muscle (Ludemann & Gross, 1987).

The present study examines the target molecules of the
antibodies found in ANCA-associated renal diseases and the
associations between these antibodies.

PATIENTS AND METHODS

Patients
Sera from 46 patients with active disease and histological
evidence of renal involvement by Wegener's granulomatosis
(eight), MPA (20) or SNGN (18) were studied. These diagnoses
were made on the basis ofclinical and renal histological features.
Where renal histology was insufficient to make the diagnosis of
Wegener's granulomatosis or MPA, these patients were
grouped under the heading SNGN.

Immunofluorescent staining of whole blood leucocytesfor ANCA
and anti-neutrophil-specific nuclear antibodies (ANNA)
The method is from the First International Workshop on
ANCA using a concentrated cytocentrifuge preparation of
whole-blood leucocytes (Wiik, 1988).

Ten millilitres of heparinized blood were centrifuged at 150g
and the platelet-rich plasma was removed. After mixing, the
blood was layered on a mixture of 2% methylcellulose:32-8%
sodium metrizoate (8:5) and allowed to settle for 30-40 min.
The supernatant was then removed, spun and the pellet
resuspended in 0-1 M phosphate-buffered saline (PBS) contain-
ing 1% human serum albumin. The leucocytes were deposited
on ethanol-cleaned slides by means of a cytocentrifuge (Shan-

don Cytopsin) at 350 g for 5 min. The slides were fixed in 100%
ethanol at 4°C, air-dried and stored at -20°C.

Slides were incubated with a 1/10 dilution of test sera for 30
min at room temperature in a moist chamber. When a positive
result was observed, the titre was measured using dilutions of
1/40, 1/160, 1/320 and 1/640. After washing the slides were
incubated with FITC-conjugated rabbit anti-human globulin
(DaKO), diluted 1/10 in PBS for 30 min. After further washing
the slides were mounted in 90% glycerol in PBS and examined
by epi-illumination using incident narrow-band blue light. They
were then scored for the presence and character of neutrophil
and monocyte cytoplasmic immunofluorescence, and neutro-
phil and lymphocyte nuclear staining by two independent
examiners. The titre was taken as the last dilution at which
specific staining was discernible.

Each set of tests included negative and positive standards
where the positive sera had been compared with the samples
provided by the Danish State Serum Institute.

Western blotting of antigens recognized by ANCA
Neutrophil cytoplasm extract was used for the Western blots.
The results were demonstrated to be reproducible. Neutrophils
were collected by sedimentation on 6% dextran/009% NaCl and
Ficoll gradients. They were then lysed in Triton X-100 (Sigma)
in the presence of freshly prepared protease inhibitors, 1 mM
PMSF, 2-5 mM EDTA and Trasylol (Bayer, 240 kallikrein
inactivator U/ml). The preparation was centrifuged at 15OOg for
10 min and the optical density (OD) at 280 nm of the
supernatant determined. The cytoplasmic extract was then
stored at -20 C at 20 mg/mi.

The extract was diluted with an equal volume of SDS buffer
(62 mM Tris HC1, pH 6 8, 0.2% SDS, 50 mM dithiothreitol, IO%
glycerol) and separated on a 6-20% gradient SDS acrylamide
resolving gel with a 5% stacking gel (Laemmli, 1970). A mixture
of low and high molecular weight markers (BioRad) had been
included in another track. Following electrophoresis the pro-
teins were transferred to nitrocellulose sheets (BioRad) with a
BioRad electroblot apparatus in transfer buffer (25 mmol/l Tris,
192 mmol glycine containing 200/0 methanol) for 6 h at room
temperature (Towbin, Staehlin & Gordon, 1984). After transfer
the remaining protein sites on the nitrocellulose were blocked at
room temperature with a solution of 500 non-fat dried milk
powder in PBS, pH 7 4 ('Blotto') (Johnson et al., 1984). The
nitrocellulose was then cut into strips about 0-5-cm wide and
each strip was probed with a serum containing ANCA diluted
1/25 in Blotto for 2 h at room temperature. After washing four
times with Blotto the strips were reacted with 25,Ci I251-protein
A (specific activity approximately 40 pCi/,ug) in 2 ml Blotto for
20 min, washed five more times, air-dried, covered with thin
plastic (Gladwrap, Union-Carbide) and autoradiographed
using Agfa Curix RP2 X-ray film and an intensifying screen
(Cronex, Dupont).

Anti-myeloperoxidase antibodies
In preliminary checkerboard experiments, the optimal concen-
tration of myeloperoxidase (Calbiochem) for coating plates was
determined (1 pg/ml in PBS). There was no contamination of
myeloperoxidase with elastase or any other major proteins on
SDS-PAGE. Myeloperoxidase was coated to polyvinylchloride
microtitre plates (Dynatech) for 18 h at 4 'C. Each serum was
assayed at a dilution of 1/8 and in triplicate and each assay
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Table 1. Anti-neutrophil cytoplasm antibodies (ANCA) and anti-neutrophil-specific
nuclear antibodies (ANNA) in ANCA-associated diseases

ANCA positive

cANCA pANCA ANNA positive ANCA positive

Disease n n 00 n % n % n 0%

WG 7 5 72 1 14 0 0 1 14
MPA 20 7 35 7 35 4 20 2 10
SNGN 19 4 21 10 53 1 5 4 21

Total (n = 46) 1 6 35 1 8 39 5 11 7 1 5

cANCA, ANCA with cytoplasmic staining on indirect immunofluorescence; pANCA,
ANCA with perinuclear staining on indirect immunofluorescence; WG, Wegener's
granulomatosis; MPA, microscopic polyarteritis; SNGN, segmental necrotizing glomerulo-
nephritis.

contained a positive and negative standard. Bound antibody
was detected with alkaline phosphatase-linked anti-heavy and
light chain antiserum (Dako) diluted 1/500 in PBS/Tween 20
(Sigma; PBS/T20) containing 0.10% bovine serum albumin
(BSA); the substrate used was p-nitrophenylphosphate (Sigma),
5 mg tablet in 5 ml 0-05 M carbonate buffer, pH 9-6, with 0 02%
MgCI2. All incubations were for 1 h and plates were washed
three times with PBS/T20 between incubations. The amount of
binding was determined in an ELISA plate reader at OD 405 nm
(Dynatech Instruments) and results were expressed as percent-
ages of a strongly binding reference standard. Intra-assay
variation was 7% and inter-assay variation 9%. The assays for
the detection of anti-myeloperoxidase and anti-elastase anti-
bodies are to be described in detail elsewhere (manuscript
submitted for publication).

Anti-elastase antibodies
Again the optimal concentration for coating elastase (Calbio-
chem) to microtitre plates was determined in preliminary
experiments (5 ,ug/ml in PBS). Elastase was not contaminated
with significant amounts of any other proteins on SDS-PAGE.
Elastase was coated to plastic microtitre plates (Dynatech) for
18 h at 4-C. The assay was then performed as for the anti-
myeloperoxidase ELISA.

Immunofluorescent staining of Hep-2 cells for ANA
Sera were tested on Hep-2 cells using a commercial kit
(Quantafluor, Kallestad). Two sera were examined using rat

liver as the source of nuclei. The serum dilutions and method
were similar to those described above for the detection of
ANCA.

Anti-GBM antibodies
The ELISA for anti-GBM antibodies is described elsewhere
(Savige, Mavrova & Kincaid-Smith, 1989); briefly, the non-

collagenous region of type IV collagen that contains the
Goodpasture antigen was obtained by the collagenase digestion
(collagenase type V, Sigma) of isolated GBM. This was coated
to microtitre plates at a concentration of 30 ,ug/ml for 18 h at

4"C. The assay was then performed as for the anti-myeloperoxi-
dase ELISA.

Inhibition studies were performed on the serum that con-
tained both anti-GBM antibodies and ANCA in order to detect
cross-reactive epitopes. Forty microlitres of neutrophil extract
or GBM (both at 3 mg/ml) were incubated with a 1/4 dilution of
serum in a total of 320 pil for 1 h at 37 C, immediately before the
assay was performed. Significant inhibition was considered to
have occurred if pre-incubation reduced binding by 15%
(Bowman & Lockwood, 1985).

In order to study the antigens recognized by anti-GBM
antibodies and ANCA, Western blots were performed as
described above. GBM and neutrophil extract were electrophor-
esed in loading buffer without dithiothreitol, transferred to
nitrocellulose, blotted with the serum that contained both anti-
GBM antibodies and ANCA and exposed to X-ray film.

Statistical analysis
Results were analysed using %2 analysis.

RESULTS

Immunofluorescent staining of whole blood leucocytes for ANCA
and ANNA
Of the 46 sera tested, 39 produced staining of whole blood
neutrophils (Table 1). In 16 the staining was diffuse throughout
the cytoplasm with a fine granular pattern with minimal
perinuclear accentuation (cANCA); these included five of the
sera from seven patients with Wegener's granulomatosis. In 18
others the staining was predominantly perinuclear (pANCA)
and this pattern was found in only one patient with Wegener's
granulomatosis but in about half of the patients with MPA or

SNGN. In the remaining five, the staining was predominantly
nuclear (ANNA) and there was no associated cytoplasmic
staining.

Target molcules recognized by ANCA
Nine sera from patients were examined in Western blots (Fig. 1).
By immunofluorescence, seven of these sera (no. 1, 2, 3, 5, 6, 7
and 8) contained typical cANCA but one (no. 4) contained
ANNA and one (no. 9) pANCA and anti-myeloperoxidase
antibodies.

Four sera with cANCA (no. 1, 2, 3 and 8) contained
antibodies that recognized a 29-kD molecule. One of these also
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Fig. 1. Heterogeneity of antigens recognized by anti-neutrophil cyto-
plasm antibodies (ANCA). Western blot of ANCA-containing sera.
Clinical diagnosis and pattern of staining seen with indirect immuno-
fluorescence. Lane 1, microscopic polyarteritis (MPA), ANCA with
cytoplasmic staining (cANCA); lane 2, Wegener's granulomatosis
(WG), cANCA; lane 3, MPA, cANCA; lane 4, MPA, anti-neutrophil-
specific nuclear antibodies (ANNA); lane 5, WG, cANCA; lane 6, WG,
cANCA; lane 7, segmental necrotizing glomerulonephritis (SNGN),
cANCA; lane 8, SNGN, cANCA with speckled anti-nuclear antibodies
(ANA) on Hep-2 cells; lane 9, MPA, ANCA with perinuclear staining
on indirect immunofluorescence (pANCA).

Table 2. Anti-nuclear antibodies (ANA) in renal diseases associated
with anti-neutrophil cytoplasm antibodies (ANCA)

Speckled Homogeneous Nucleolar Negative

Disease n n 0% n % n 0/, n 0%

WG 7 0 0 0 0 0 0 7 100
MPA 20 5 25 2 10 1 5 12 60
SNGN 19 4 21 3 16 0 0 12 63

Total (n = 46) 9 20 5 1 1 1 2 31 67

WG, Wegener's granulomatosis; MPA, microscopic polyarteritis;
SNGN, segmental necrotizing glomerulonephritis.

Table 3. Inhibition studies of antibody with anti-
neutrophil cytoplasm antibodies (ANCA) and anti-
glomerular basement membrane (GBM) antibody

activity in anti-GBM ELISA

PBS GBM Neutrophil extract

Patient J 0-601 0 146 (24-3%) 0-620 (103%)

The patient's serum contains ANCA and anti-
GBM antibodies. Inhibition could be readily demon-
strated by pre-incubation of this serum with GBM but
not by pre-incubation with the neutrophil extract.

PBS, phosphate-buffered saline.

kD

200

!64.

16b1

42-

31

22-

_ 2

Fig. 2. Western blot of serum containing anti-glomerular basement
membrane (GBM) antibodies and anti-neutrophil cytoplasm antibodies
(ANCA). Lane 1, collagenase-digested GBM blotted with serum shows
typical bands found with anti-GBM serum; lane 2, neutrophil extract
blotted with serum shows a whole band in the 38-42-kD range that does
not corespond to any of those seen on collagenase-digested GBM.

recognized a molecule of about 58 kD that would be consistent
with a dimer of the 29 kD molecule. The serum withANNA also
recognized the 29-kD molecule. In contrast, two sera with
cANCA recognized molecules of 36, 38 and 116 kD (in one).
Finally, one serum with pANCA and anti-myeloperoxidase
antibodies also recognized a molecule of about 12 kD.

Anti-myeloperoxidase antibodies
Thirteen of the 46 sera tested contained anti-myeloperoxidase
antibodies (28%); 10 of these produced perinuclear staining on
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indirect immunofluorescence but in two others the staining was
predominantly nuclear on the normal peripheral blood neutro-

phils (ANNA). Low-titre anti-myeloperoxidase antibodies were

found associated with a weak cANCA and speckled ANA.

However, anti-myeloperoxidase antibodies were absent from

eight further sera with typical perinuclear staining and from the

remaining three sera with ANNA.

Anti-elastase antibodies
These were present in three of the 17 sera tested. All were

associated with pANCA by immunofluorescence, and con-

tained anti-myeloperoxidase antibodies. The remaining 14 sera

that were negative for anti-elastase antibodies included six in

which pANCA were demonstrated by immunofluorescence. Of

the eight sera with pANCA that were negative for anti-

myeloperoxidase antibodies, three were also negative for anti-

elastase antibodies.

Anti-nuclear antibodies
These were detected in 15 sera. The patterns of staining in the

different diagnostic groups are summarized in Table 2. In 13

sera ANA were associated with ANCA or ANNA (P< 0-01).
Titres were low: 1/40 or less in nine cases and 1/160 in six.

Follow-up sera were available in six patients who had both
ANA and ANCA. In all cases there was a reduction in titres of
both ANA and ANCA after treatment, and in one case a

speckled ANA was replaced by a homogeneous pattern. In one

serum initially negative for ANA, a weak homogeneous pattern

developed 10 months after the initial presentation at a time
when ANCA had completely disappeared.

Anti-GBM antibodies
Ten sera containing ANCA were also tested for anti-GBM
antibodies. One was positive (10bo). This serum contained
pANCA and the presence of anti-myeloperoxidase antibodies
was confirmed by ELISA.

Pre-incubation of this serum with GBM in the anti-GBM
ELISA resulted in inhibition (Table 3) but there was no

inhibition with an equal concentration of the neutrophil extract.

This suggests that the binding of the serum in the anti-GBM
ELISA is specific, and that there is no cross-reactivity between
the epitopes recognized by the anti-GBM antibodies and the
neutrophil extract. That is, ANCA and anti-GBM antibodies
occur together in this patient incidentally.

This observation was confirmed by the results of the Western
blots (Fig. 2). The serum that contained both anti-GBM
antibodies and ANCA demonstrated the typical pattern of

bands on GBM but a single band in the region of 38-42 kD on

the neutrophil extract. The single band did not correspond to

any of the bands seen on GBM.

DISCUSSION

ANCA are found commonly in Wegener's granulomatosis,
MPA and in SNGN (where a vasculitic illness is suspected).
However, ANCA are not specific for Wegener's granulomatosis
and MPA, and have also been described in SLE (Falk &

Jennette, 1988) and rheumatoid arthritis (Savage et al., 1987).
Both cANCA and pANCA were identified in Wegener's

granulomatosis, MPA and SNGN. pANCA were uncommon in

Wegener's granulomatosis (one out of seven sera) but both

cANCA and pANCA were found almost equally in MPA and
SNGN. Three target molecules for cANCA and pANCA have
been identified so far. The molecule corresponding to cANCA is
often neutrophil proteinase 3, with a molecular weight of 29 kD,
but we have demonstrated with Western blots that cANCA may
be directed against other molecules, whose origin is at present
unclear. Secondly, while most pANCA are directed against
myeloperoxidase and elastase our data from specific ELISAs
show that pANCA may be directed against other molecules and
that both of these antibodies may occur together in the one
serum. Thus ANCA encompasses a family of antibodies
directed against neutrophil cytoplasm constituents (all of which
currently identified molecules are enzymes).

In anti-GBM disease in addition to the characteristic
antibodies against the non-collagenous domain of type IV
collagen, antibodies directed against the triple helix of collagen
type IV and other basement membrane proteins may also be
detected. Likewise we have demonstrated that ANA are com-
mon in some ANCA-associated diseases, occurring in nearly
half of all cases of MPA and SNGN, but rarely in Wegener's
granulomatosis. ANA were of various specificities with speckled
and homogeneous patterns predominating. Nucleolar anti-
bodies were present in only one serum. ANA were found more
often when pANCA were present and levels correlated with the
activity ofANCA. The parallel development of these antibodies
suggests a common aetiopathogenetic mechanism. Further
evidence of this would come with the observation that both
antibodies recurred simultaneously in disease relapse.

We noted ANNA in five sera. These antibodies have been
described in a variety of disorders, including primary biliary
cirrhosis, inflammatory bowel disease (Snook et al., 1989),
rheumatoid arthritis and the seronegative arthritides (Faber &
Elling, 1966; Elling, 1967). The antigen or antigens have not
been identified and may not even be nuclear in origin. The
characteristic staining pattern may arise from artefactual distri-
bution depending on the fixatives used (Briggs et al., 1981) as is
the case for anti-myeloperoxidase antibodies (Falk & Jennette,
1988).
pANCA were associated with anti-GBM antibodies in one

case. Both antibodies were present in the initial serum and
further samples were not available. There was no cross-
reactivity demonstrable between ANCA and anti-GBM anti-
bodies in this serum. It is unlikely, although possible, that the
anti-GBM antibodies arose secondary to ANCA-mediated
GBM damage. This mechanism has been described in membra-
nous glomerulonephritis (Klassen et al., 1974; Kurki et al., 1984)
and in IgA disease (Savige & Kincaid-Smith, 1989). If this were
the case, anti-GBM antibodies could arise secondary to lung-
localized Wegener's granulomatosis since the Goodpasture
antigen against which anti-GBM antibodies are directed, is
found in the alveolar basement membrane too. In the patient
described here there was no histological evidence to support a
diagnosis of Wegener's granulomatosis.

Because of the number of antigens identified by ANCA,
ANA and other autoantibodies it is improbable that they all
arise by cross-reactivity with an external stimulus such as a
bacterial organism. However, infections have been implicated in
both the onset and relapses of Wegener's granulomatosis and
MPA. Chronic suppurative diseases of the respiratory tract such
as otitis media, sinusitis, bronchiectasis and tuberculosis have
been described prior to Wegener's granulomatosis (Pinching et
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al., 1983). Infections with cytomegalovirus, hepatitis (Ronco et
al., 1983) and various arboviruses have been implicated in the
onset of MPA and Wegener's granulomatosis. However,
ANCA and ANA may develop in response to tissue breakdown,
especially of neutrophils, from various causes. ANCA were first
described in conditions where neutrophils lyse after multiple
blood transfusions (Calabresi, Edwards & Schilling, 1959).
However, ANCA are not simply markers of tissue injury since
they are not commonly found in SLE, rheumatoid arthritis,
primary biliary cirrhosis or inflammatory bowel disease. Their
origin and significance remain to be elucidated.
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