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SUMMARY
Classic anti-neutrophil cytoplasmic autoantibodies (C-ANCA) are disease-specific markers of
Wegener's granulomatosis (WG). The possible pathogenetic role of these autoantibodies, which are
directed against Proteinase 3 (PR3), is not yet clear. We studied the effect of C-ANCA on PR3
proteolytic activity and on the complexation of PR3 with alpha1-antitrypsin (CaAT). C-ANCA IgG
from eight patients with active WG significantly inhibited PR3 proteolytic activity, particularly
towards elastin (median 84-2% inhibition). C-ANCA IgG significantly inhibited the complexation of
PR3 with Tc1AT (median 58-8% inhibition). Moreover, addition of purified PR3 to C-ANCA-positive
sera from WG patients yielded less complexes with FI1AT (median 44 8%) compared with sera
containing perinuclear anti-neutrophil cytoplasmic autoantibodies (P-ANCA) or ANCA-negative
sera. These findings indicate the existence of a hitherto unknown property ofC-ANCA, which may be
of importance in the pathogenesis of WG.
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INTRODUCTION MATERIALS AND METHODS
Classic anti-neutrophil cytoplasmic autoantibodies (C-ANCA)
are sensitive and specific markers for the diagnosis of active Sera
Wegener's granulomatosis (WG) and have been suggested to be Sera. . > , , ..~~~~~~~Serum samples were collected from eight patients with activeresponsible for the development of WG 1-4]. In addition,C' and proven WG. All eight sera were C-ANCA-positive asANCA titre recurrence or increase often precedes relapses of determined by standard immunofluorescence (IF) (14] and
WG and treatment based on changes in serum C-ANCA titre

reacted specifically with PR3 as determined by antigen captureprevents disease relapses [5,6]. C-ANCA are specifically directed ELISA [7,15]. Furthermore, seven sera containing perinuclear
against Proteinase 3 (PR3), a neutral serine protease present in anti-neutrophil cytoplasmic autoantibodies (P-ANCA) withthe azurophil granules of neutrophils [7-10]. However, the exact

different specificities (five anti-myeloperoxidase (MPO), tworole of C-ANCA in the pathogenesis ofWG is not yet clear. It antineutrophil elastase (NE)) and five ANCA-negative serahas been suggested that activation of primed neutrophils by C-
w. , . . ~~~~~~~~~~~~~wereincluded in the study.ANCA might play a role [11]. Alternatively, C-ANCA may

interfere with PR3 biological activity. In vitro, PR3 degrades a
variety of matrix proteins including elastin, and it induces Purification of IgG
emphysema upon intratracheal insuffiation in hamsters [12,13]. IgG was purified from all collected sera by affinity chromato-Stimulation of cytochalasin B-treated neutrophils with fMLP

graphy using protein A Sepharose CL-4B (Pharmacia, Uppsala,Induces release of PR3 which indicates that in vivo C-ANCA
Sweden). All purified IgGs contained no detectable functionalmay interact with PR3 after its release upon inflammatory

stimulation [7]. We have studied the effect of C-ANCA on the OITa eemndb aiimnasy(I) ecie
sotimulv actn[7]. fWehavenstudied the efflentofC-ANC onP the by Abbink et al. [16]. IgGs purified from C-ANCA-positive seraprtelyi acivt of PR an on the omplexaion of R3wit (C-ANCA IgG) specifically reacted with PR3, IgGs from P-
alha-nttrpin(x1T) hemjo ihbio o P3[1] ANCA-positive sera (P-ANCA IgG) specifically reacted either
Correspondence: DrR.Goldschmeding, do Publication Secretariat, with MPO or NE as determined by solid phase ELISA (see

Central Laboratory of the Netherlands Red Cross Blood Transfusion below). ANCA titre in the C-ANCA IgGs was determined by
Service, P0 Box 9406, 1006 AK Amsterdam, The Netherlands. standard IF.
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Solid phase ELISA for determining IgG specificity tinuously measuring the change ofabsorbance at 405 nm during
Purified PR3 (see below), NE and MPO (both obtained from a 1-h period using a Titertek Twinreader. To study the effect of
Elastin Products Co., Pacific, MO) were coated overnight at 40C C-ANCA on PR3 elastinolysis and MeO-Suc-Ala-Ala-Pro-Val-
at protein concentrations of 1 pg/ml in l00-pl volumes contain- pNA proteolysis, 114 9 and 25 nm PR3 respectively were
ing PBS on flat-bottomed microtitre plates (Microelisa, M 129B, incubated with a 45-fold molar excess of C-ANCA IgG for 30
Dynatech, Plochingen, Germany). All subsequent incubations min at room temperature. Subsequently, elastinolysis and MeO-
were performed in 100-pl volumes of I h at room temperature. Suc-Ala-Ala-Pro-Val-pNA proteolysis were measured. In addi-
Between all incubation steps, the plates were washed five times tion, after incubation of 25 nm PR3 with a 45-fold molar excess
with PBS containing 0-02% (v/v) Tween-20. After coating, ofC-ANCA IgG, a1AT was added in a 28-fold molar excess (to
residual binding sites were blocked with PBS containing 1% (w/ PR3). After 30 min incubation at room temperature, MeO-Suc-
v) bovine serum albumin (BSA). Subsequently, purified IgG Ala-Ala-Pro-Val-pNA proteolysis was measured and compared
samples diluted in PBS containing 0-02% (v/v) Tween-20 and with PR3 proteolytic activity incubated only with C-ANCA
0-2% (w/v) gelatin (PTG) were incubated. Bound IgG was IgG.
detected by incubation with horseradish peroxidase-conjugated
mouse monoclonal anti-human IgG (CLB MH-16-01-ME, RIA for the detection of NE-a,A Tand PR3-a,AT complexes
prepared in our institute) diluted 1:1000 in PTG. The plates NE-otAT complexes were detected using a RIA as described by
were developed with 3,3',5,5'-tetramethylbenzidine (Merck, Nuijens et al. [21]. PR3-a,AT complexes were detected using a
Darmstadt, Germany) at 100,g/ml in 0- 11 M sodium acetate pH similar RIA. Briefly, test samples were incubated with Sephar-
5 5 containing 0-003% (v/v) H202. After termination of colour ose-bound MoAb 12.8 (anti-PR3) [7]. Bound PR3-cxAT com-
development with 2 M H2SO4, absorbance was measured in a plexes were detected by subsequent incubation with '25l-labelled
Titertek Twinreader (Flow Laboratories, Irvine, UK) at 450 MoAb AT15 which is specific for complexed a1AT [16]. Levels
nm. Antibody positivity was defined as 2 s.d. above the mean of of PR3-a,AT complexes were calculated by reference to a
a panel of sera from healthy bloodbank donors. Antibody standard dose-response curve of preformed complexes prepared
activity in each ELISA was expressed in arbitrary units by by incubating purified PR3 with purified c,1AT. The detection
reference to a standard sample containing ANCA with the level for PR3-oc1AT complexes was 0-5 nm. To study the effect of
concerned specificity. C-ANCA on the complexation of PR3 with a1AT, 23 nm PR3

was first incubated with a 45-fold molar excess ofC-ANCA IgG
Puriffcation of Proteinase 3 for 30 min at room temperature and subsequently, a 28-fold
PR3 was purified polymorphonuclear leucocyte granules as molar excess of a1AT (to PR3) was added. After 30 min
described by Kao et al. [12]. The PR3 preparation contained no incubation at room temperature, PR3-LxAT complexes were
detectable NE and cathepsin G as measured by antigen capture measured. The formation ofPR3-aAT complexes in serum was
ELISA [7,17]. The preparation appeared to be homogeneous by studied by measuring PR3-a,AT complexes in C-ANCA-
SDS-PAGE analysis and PR3 migrated as a 29-kD triplet [17]. positive, P-ANCA-positive and ANCA-negative serum samples
PR3 protein concentration was measured according to Brad- (using 1:40 dilution) to which 34-5 nm purified PR3 had been
ford [18] using BSA as a standard. added, after 30 min incubation at room temperature.

Active site titrations Statistical analysis
Active site titrated bovine chymotypsin (CT) was purchased Pairwise comparisons between the subject groups (C-ANCA-,
from the National Institute for Biological Standards and P-ANCA- and ANCA-negative) were analysed with the Wil-
Control (Herts, UK). The activity of cx1AT (Calbiochem, San coxon-Mann-Whitney test. Correlations were analysed with
Diego, CA) was determined essentially as described by Beatty et the Spearman rank correlation analysis. Two-tailed P-values of
al. [19] using CT as the primary standard and MeO-Suc-Arg- less than 0 05 were considered to indicate a significant difference
Pro-Tyr-pNA (S2586, KabiVitrum, Stockholm, Sweden) as or correlation. All calculations were performed on a IBM-
substrate. The active protein concentration of a1AT was found compatible computer using SPSS statistical software.
to be 62-5%. This a1AT was used as a secondary standard for
determining the activity of PR3 and NE according to Rao et al. R
[13] using MeO-Suc-Ala-Ala-Pro-Val-pNA (M4765, Sigma ESULTS
Chemical Co., St Louis, MO) as substrate. The preparations of Effect ofC-ANCA IgG on PR3 proteolytic activity
PR3 andNE were found to be 90% and 85% active, respectively. C-ANCA IgG inhibited elastinolysis with a median inhibition of
In all experiments total protein concentrations for PR3 and NE 84-2% (range 70-100; P=0-0032) compared with IgG from
and active protein concentrations for a1AT were used. ANCA-negative sera (controls) as shown in Fig. Ia. MeO-Suc-

Ala-Ala-Pro-Val-pNA proteolysis was also inhibited by C-
Proteolytic assays ANCA IgG with a median inhibition of63-3% (range 16-3-98-4;
Proteolysis ofelastin (elastinolysis) by PR3 and NE was assayed P= 0-0281) compared with the controls (Fig. 2a). With one C-
using FITC-labelled elastin (ICN Biochemicals Inc., Cleveland, ANCA IgG an increase in MeO-Suc-Ala-Ala-Pro-Val-pNA
OH) according to Campanelli et al. [20]. Proteolysis of the proteolysis by PR3 (53 5% compared with the controls) was
synthetic substrate MeG-Suc-Ala-Ala-Pro-Val-pNA was observed while the IgG preparation itself contained no proteo-
assayed in a 200-pl total volume consisting of 2 mM. substrate, lytic activity. ANCA-negative IgG had no effect on PR3
PBS with 0-1% (v/v) Tween-80, I ~25% (v/v) dimethylsulphoxide proteolytic activity towards both substrates compared with PR3
and 25 nMi PR3 or 1 nMv NE at 370C in microtitre plates. MeG- activity in the absence of IgG (results not shown). A clear dose-
Suc-Ala-Ala-Pro-Val-pNA proteolysis was determined by con- dependent effect of (the three strongest inhibiting) C-ANCA
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Fig. 1. Effect of classic anti-neutrophil cytoplasmic autoantibodies (C- Val-pNA proteolysis by Proteinase 3 (PR3) (a) and neutrophil elastase
ANCA) IgG on Proteinase 3 (PR3) (a) and neutrophil elastase (NE) (b) (NE) (b). PR3 (25 nM) or NE (I nM) was incubated with increasing
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plasmic autoantibodies (P-ANCA) IgG and ANCA-negative IgG negative IgG (indicated on the abscissa as molar ratio ofIgG to PR3 and

NE respectively). Subsequently, proteolytic activity was measured(controls) for 30 mmn at room temperature. Subsequently, elastinolysis spcrpoomtial at45n n xrse scag fasr
was assayed using FITC-labelled elastin and expressed in arbitrary units
of fluorescence measured fluorospectrophotometrically. Results repre- bance per mm (delta absorbance/min) x 1000. Results represent the
sent the mean of two experiments and the median value of each subject mean of two experiments. 0,CANCA 1;., CANCA 2; A,CANCA 3;
group is shown. A, P-ANCA; v, ANCA negative.
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Fig. 4. Effect of classic anti-neutrophil cytoplasmic autoantibodies (C-
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IgGs on the inhibition of MeO-Suc-Ala-Ala-Pro-Val-pNA
proteolysis by PR3 was observed when the molar ratio of C- proteolytic activity after the addition ofaIATwas observed. No
ANCA IgG to PR3 was varied (Fig. 3a). Half-maximal significant inhibition of PR3 proteolytic activity towards both
inhibition was observed at relatively small molar excesses ofIgG substrates was observed by P-ANCA IgG. The inhibiting effiect
to PR3 (ranging from approximately 3- to 9-fold) with the three of C-ANCA IgG was not due to contamination by aIAT (see
strongest inhibiting C-ANCA IgGs. The residual activity of Materials and Methods). Moreover, no effect ofC-ANCA IgG
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30() (b) sera (controls), formation ofPR3-cxAT complexes in C-ANCA-
positive sera was reduced, median 44-8% (range 1 9-744;

a), 20[ UP > [ ; P=O0057) compared with the controls (Fig. 6a). In one C-
20 £̂ Ns ANCA-positive serum an increase in PR3-aAT complexation

0 \ \ (35 3% compared with the controls) was observed. However,
-a 1O complexation of PR3 with purified a1AT was inhibited by the

C._ purified IgG from this particular serum. The a1AT concentra-

O s tions of all sera fell within normal range values as determined by
0.1 10 100 0.I 10 100 nephelometry (1-7-3 2 mg/ml). Functional activity of oxIAT in

each serum was likely to be sufficient for complete inactivation
ofPR3 since NE-a1AT complexation in C-ANCA sera (to which

Fig. 5. Effect of various concentrations of classic anti-neutrophil purified NE had been added) did not differ from the complexa-
cytoplasmic autoantibodies (C-ANCA) IgG on proteinase-3 alpha, tion in ANCA-negative sera (see below).
-antitrypsin (PR3-a1AT) (a) and neutrophil elastase (NE)-aoAT (b)
complexation. PR3 (23 nM) or NE (23 nM) was incubated with increasing Control experiments with NE
concentrations of three C-ANCA IgGs, one perinuclear anti-neutrophil To ex pecim esintE
cytoplasmic autoantibody (P-ANCA) IgG (anti-NE) and one ANCA- To exclude aspecific measurements in the experiments described
negative IgG (indicated on the abscissa as molar ratio of IgG to PR3 and above, identical experiments were performed with NE instead of
NE respectively) for 30 min at room temperature. Subsequently, a 28- PR3. They showed that C-ANCA IgG did not affect either the
fold molar excess of a1AT (to PR3 and NE respectively) was added. proteolytic activity ofNE (Figs I b and 2b) nor the complexation
After 30 min incubation at room temperature, formed complexes were of NE with M1AT (Fig. 4b). Likewise, complexation of NE with
measured by RIA and expressed in nMol concentrations. Results MxAT in C-ANCA-positive sera to which purified NE had been
represent the mean of two experiments. 0, C-ANCA 1; *, CANCA 2; added, did not differ from the complexation in ANCA-negative
A, C-ANCA 3; *, P-ANCA; v, ANCA negative. sera (Fig. 6b). P-ANCA IgG had no effect on the proteolytic

activity ofNE (Figs lb and 2b) nor on the complexation of NE

50 (a) (b) with a1AT (Fig. 4b). One P-ANCA IgG with specificity against
NE caused a limited inhibition of both the proteolytic activity of
NE towards MeO-Suc-Ala-Ala-Pro-Val-pNA (Fig. 3b) and the

40 - complexation of NE with x1AT (Fig. Sb) if the molar ratio of
S*-e*--IgG to NE exceeded 45. Complexation of NE with M1AT in P-

Q~ 30 _ * H- g *t | . | .: | | ASANCA-positive sera to which purified NE had been added did
E . : * not differ from the complexation in ANCA-negative sera (Fig.2 6b).
E 20

Relation of C-ANCA inhibitory activity with IF titre
10 Spearman rank correlation analysis was performed for deter-

mining correlations between C-ANCA inhibitory activity and
o C-ANCA titres in purified IgG and sera as determined by
Controls P-ANCA C-ANCA Controls P-ANCA C-ANCA standard IF. C-ANCA titres in C-ANCA IgG correlated

Fig. 6. Proteinase-3-alphal -antitrypsin (PR3-a1AT) (a) and neutrophil significantly with both the inhibition of PR3 elastinolysis
elastase (NE)-a1AT (b) complexation in classic anti-neutrophil cyto- (r= 085, P=0 0067) and the inhibition ofPR3-a1AT complexa-
plasmic autoantibody (C-ANCA)-positive sera. PR3 or NE was added tion (r-83, P=0 011), but not with the inhibition of PR3
to C-ANCA-positive sera, perinuclear anti-neutrophil cytoplasmic MeO-Suc-Ala-Ala-Pro-Val-pNA proteolysis (rw=0-28, P=0 5).
autoantibody (P-ANCA)-positive sera and ANCA-negative sera (con- MOSCAla-Aia-a-pA proteolysisn(ra=028,ePat05)
trols) for 30 min at room temperature (yielding final concentrations of C-ANCA titres in C-ANCA sera had no significant correlation
34.5 nM for both PR3 and NE and final serum dilutions of 1:40). withthereductioninPR3-axATcomplexationinC-ANCAsera
Subsequently, formed complexes were measured by RIA and expressed (r= 0-37, P= 0-36).
in nMol concentrations. Results represent the mean of two experiments
and the median value of each subject group is shown. DISCUSSION

16-7-90-3; P=0 0034) compared with the controls (ANCA- Because C-ANCA titres correlate with disease activity it has
negative IgG, which had no effect on PR3-cLxAT complexation been suggested that C-ANCA are directly involved in the
compared with PR3-ocAT complexation in the absence of IgG, pathogenesis ofWG [1-4]. Activation of primed neutrophils by
results not shown). C-ANCA IgG inhibited PR3-ocAT corm- C-ANCA has been observed in vitro and this may be an
plexation in a clear dose-dependent manner (Fig. 5a). Half- important mechanism in the development of the disease [11].
maximal inhibition was observed with approximately an aver- Our findings indicate that C-ANCA also have other effects
age of a 10-fold molar excess of IgG to PR3 with the three which may be of pathogenetic importance as well. In this study,
strongest inhibiting C-ANCA IgGs. No significant inhibition we have demonstrated that C-ANCA significantly inhibit the
was observed by P-ANCA IgG. proteolytic activity of PR3, particularly towards elastin. In

addition, C-ANCA interfere with the complexation of PR3 with
PR3-cL,AT compkexation in C-ANCA-positive sera MiAT. The inhibition by C-ANCA of PR3-oaAT complexation
Whereas in P-ANCA-positive sera PR3-oaAT complexes were was observed with purified IgG but also after the addition of
formed at levels comparable to those formed in ANCA-negative PR3 to C-ANCA-positive sera. The latter experiment more
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closely reflects the physiologic situation and suggests that also in
vivo C-ANCA may inhibit the complexation ofPR3 with cHAT.
These effects ofC-ANCA on PR3 were specific since C-ANCA
had no effect on NE proteolytic activity and the complexation of
NE with oHAT, and since P-ANCA had no effect on the
proteolytic activity of PR3 and the complexation of PR3 with
cx1AT. The limited amount of C-ANCA IgG necessary to cause
the observed effects on PR3 suggests unusual high proportions
of specific anti-PR3 IgG in WG patients (up to 16% considering
bivalent binding by IgG), but this seems unlikely. Alternative
mechanisms may be involved, for example modification of the
active site of PR3 by C-ANCA followed by dissociation of C-
ANCA from PR3. Further studies are clearly necessary to
clarify possible mechanisms. A significant correlation was found
between C-ANCA titres in purified IgG determined by standard
IF and C-ANCA inhibitory activity towards PR3 elastinolysis
and PR3-aAT complexation. However, no significant correla-
tion was found between C-ANCA titres in sera and the
reduction in PR3-LxAT complexation in sera. This discrepancy
might possibly be explained by differences in the total amount of
IgG or aAT in the sera. Previous studies showed that C-ANCA
predominantly belong to the IgGl, IgG3 and IgG4 subclass
[22,23]. Since protein A chromatography, which has a low
affinity for IgG3, was used for the purification of IgG, the
contribution of this particular subclass to C-ANCA (inhibitory)
activity might have been overlooked. However, no differences in
C-ANCA inhibitory activity were found between protein A
purified IgG and protein G purified IgG from three C-ANCA-
positive sera (results not shown).

PR3 activity in vivo is controlled by the proteinase inhibitors
21AT and alpha2-macroglobulin [13]. Presumably, inhibition of
PR3-21AT complexation by C-ANCA implicates defective
inactivation of PR3 by cc1AT. The same C-ANCA IgGs
inhibited PR3 proteolytic activity, and therefore act like
alternative inhibitors. In most cases tested, residual proteolytic
activity of PR3 after complexation with C-ANCA IgG was
completely inhibited by c1AT. However, one C-ANCA IgG
prevented complexation with ajAT, but did not interfere with
PR3 proteolytic activity. In this way PR3 might escape from its
physiologic control, which emphasizes the possible pathogene-
tic role of C-ANCA. The different effects of the C-ANCA IgGs
are probably due to differences in epitope specificities.

In vivo, PR3 might be accessible to circulating C-ANCA
either by its presence on the outer membrane of primed
neutrophils or by its release upon activation of neutrophils
[7,24]. Subsequently, upon binding of PR3 C-ANCA could
cause derailment of the inflammatory process by a number of
different mechanisms. The inhibition of PR3 complexation with
ocIAT by C-ANCA might interfere with the clearance of PR3
released from activated neutrophils. Presumably, protease-
serpin complexes are cleared from the circulation by binding of
the serpin moiety to specific receptors present on hepatocytes, as
has been described for NE-otAT complexes [25]. Persistence of
antibody-protease complexes in the tissues may lead to damage
either through residual antibody-bound PR3 activity or through
dissociation of active PR3 from the complex. The inhibition of
PR3 proteolytic activity by C-ANCA might lead to persistence
of inflammatory stimuli, resulting in granuloma formation.
Alternatively, C-ANCA might serve as an alternative inhibitor
for PR3 instead of o1AT, especially in the microenvironment of
activated neutrophils where HxAT can be inactivated by reactive

oxygen derivates, and thus protect against tissue damage [26].
Possible other biological functions of PR3, for example its
antimicrobial activity observed in in vitro experiments [20], are
not well defined, but could also be influenced by C-ANCA.
The pathophysiological meaning ofC-ANCA is thus difficult

to assess. Both transversal and longitudinal studies should be
undertaken to investigate the correlation between the effects of
C-ANCA on different functions of PR3 and the clinical
manifestations ofWG patients. One out of two P-ANCA IgGs
with specificity against NE showed limited inhibition of NE
proteolytic activity and complexation of NE with EjAT.
Whether this finding has pathogenetic importance in case of
anti-NE associated disease should be studied.

We found marked effects of C-ANCA on the activity of its
target antigen PR3 with sera from eight WG patients. We
suggest that this may be of importance in the pathogenesis of
WG.
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