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The activation of the neutrophil respiratory burst by anti-neutrophil cytoplasm
autoantibody (ANCA) from patients with systemic vasculitis requires tyrosine
kinases and protein kinase C activation
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SUMMARY

The ability of antineutrophil cytoplasm autoantibodies (ANCA) from patients with systemic vasculitis
to stimulate protein kinase C (PKC) and tyrosine kinases was examined in human neutrophils. Using the
superoxide dismutase-inhibitable reduction of ferricytochrome C, the kinetics of ANCA-induced
superoxide (@) production were characterized and subsequently manipulated by specific inhibitors
of PKC and tyrosine kinases. With this approach, ANCA IgG, but not normal IgG or ANCA'z(ab
fragments caused a time and dose dependent releasg &fo® TNF-« primed neutrophils. The
kinetics of ANCA-induced @ production showed an initial 10—15 min lag phase compared tdthe
formyl-L-methionyl+-leucyl+-phenylalanine response, suggesting differences in the signalling path-
ways recruited by these two stimuli. Inhibitor studies revealed that ANCA-activation involved members
of both the C4*-dependent and -independent PKC isoforms and also tyrosine kinases. ANCA IgG
resulted in the translocation of tig isoform of PKC at a time corresponding to the end of the lag phase
of O production, suggesting that PKC activity may be instrumental in processes regulating the activity
of the NADPH oxidase in response to ANCA. Tyrosine phosphorylation of humerous proteins also
peaked 10-15 min after stimulation with ANCA but not normal IgG. These data suggest that PKC and
tyrosine kinases regulate;(pbroduction from neutrophils stimulated with autoantibodies from patients
with systemic vasculitis.
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INTRODUCTION Current knowledge of the components of ANCA induced
signal transduction leading tozOproduction is limited. Studies
%y Lai and Lockwood [6,7] have suggested that ANCA activation
ecff neutrophils leads to the translocation (an indication of activation)

f PKC. A recent study [8] suggested that Ffabr cross-linked Fab
ragments of ANCA are capable of initiatingo(production from
cytokine primed neutrophils, whilst others suggest a role for Fc
receptor engagement [9,10]. Controversy thus exists as to the
echanism of activation of neutrophils by ANCA.

Protein kinase C (PKC) is suggested to play a pivotal role in
many signal transduction systems [11]. Eleven isoenzymes of PKC
have been identified in mammalian tissues to date and can be
divided into three groups according to their calcium and phospho-
lipid requirements and their ability to be activated by the phorbol
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The primary small vessel vasculitides such as Wegeners granul
matosis (WG) and microscopic polyangiitis (MPA) are multi-
system disorders characterized by inflammation of blood vess
walls and are an important cause of acute renal failure in adults [1
WG and MPA are strongly associated with high levels of circulat-
ing antineutrophil cytoplasm autoantibodies (ANCA), autoreactive
IgG antibodies directed towards myeloperoxidase (MPO) or
proteinase 3 (PR3). A pathogenic role has been suggested &P
ANCA, with supporting evidence that vitro, ANCA are capable
of directing neutrophil cytotoxicity towards cultured endothelial
cells [2,3] and the ability of ANCA to activate primed neutrophils
to degranulate and undergo a respiratory burst [4,5].
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to calcium, DAG or PMA, but, as with all isoforms of PKC, require Fc fragments and undigested whole 1gG were removed using
phosphatidylserine for maximal activation. Differences in tissueaffinity chromatography on protein G and the remaining Hab
distribution, intracellular location, cofactor requirement and enzy-fragments dialysed against PBS. Purity of the Bgafragments
matic activity suggest a different role for each isoform of PKC in was assessed by SDS-PAGE and was always greater than 95%
cellular function. pure. Importantly, F(ah, fragments prepared in this manner were
Neutrophils have been shown to express five PKC isofoams; still able to bind neutrophil antigens as assessed by both indirect
B, and@, from the c-PKCsy from the n-PKCs and from the a-  immunofluorescence on ethanol fixed neutrophils and by antigen
PKCs [14-16]. It has been suggested that PKC may regulatedpecific ELISA (data not shown). Three MPO-ANCA and two
activate @ production from the neutrophil NADPH oxidase PR3-ANCA F(ab), preparations were compared.
system in response to external stimuli such as PMAl-dormyl-
t-methionylt-leucyli-phenylalanine  (fMLP) [17]. NADPH  syperoxide generation

oxidase activation by fMLP has also been shown to be dependerdyperoxide production was determined discontinuously &€ 37
on the activity of tyrosine kinases, possibly Lyn [18]. using a kinetic microplate assay [21] with minor modifications. In
The purpose of this study was to examine signal transduction ishort, 96-well plates were incubated with Aheutrophil suspen-
neutrophils fO"OWing ANCA |gG stimulation. In initial studies, the sion (1)( 105 Ce”s/we”)’ 7511/M ferricytochrome c (S|gma) prepared
ability of ANCA to induce a respiratory burst from primed and jn PBS containing 0-9 m CaCb, 0-5ma MgCl,, 7-5m1 Glucose
unprimed neutrophils was examined and compared with that o(szg), either 300 U/ml superoxide dismutase (SOD) (Sigma) or
known activators, namely fMLP and PMA. The effects of ANCA an equal volume of PBSG and stimulus. IgG preparations were
I9G and ANCA F(ah), fragments used alone or cross-linked were added at a concentration of 10§/ml for MPO-ANCA and 20Qig/m
compared to establish the surface receptor-binding requirementsR3-ANCA. fMLP and PMA, Jum and 100 ng/ml, respectively,
for activation. Subsequently, the role of PKC isoforms and terSin%erved as positive controls. The p|ates were scanned at 10 min
kinases in the ANCA-induced respiratory burst were examinedntervals over 100 min using a MultiscaBichromatic plate reader
using specific inhibitors, with confirmation of the activities of PKC (Lifescienses, Hampshire, UK), with the plates maintained &€37
and terSine kinases over time detected by Western blot analysi%etween readings_ pproduction was calculated using a molar
Determination of the processes involved in ANCA activation of extinction coefficient for ferricytochrome c of 21x10°m~tem ™2
neutrophils should help us to gain a better insight into theand a light path of 0-6 cm for a final well volume of 280Each
mechanisms of autoimmunity. test was performed in triplicate, on at least three different neu-
trophil donors.

MATERIALS AND METHODS

Isolation (.)f neutrophns . . . eutrophils were resuspended t& 20%ml in prewarmed PBSG.
Neutrophils were isolated using discontinuous plasma percol

. . . ; ollowing incubation with 2ng/ml TNFe for 15min at 37C,
gmigtsataz ilgss/f:lb?nd gﬁgguciys [;ﬁ](;slsr?:ttgo%Tj'flfservggri;ﬁ:ssﬁeutrophiIs were incubated in the presence or absence of ANCA
(PBS) (Sigma Chemical Co., Poole, Dorset, UK) prepared inF(ab)z fragments (15@2)/@ml) for a further 15min at 3T with

! LooE e . gentle agitation. The F(gh fragments were added at 1p6/ml as
pyrogen free water. Un_less otherwise |_nd|cated, prior t_o aIIthis concentration was shown to give equivalent binding to 100
experiments the neutrophils were treated witlgfiml cytochalasin /ml of the whole 1aG b . ific ELISA using doubli
B (Sigma) for 5 min at 37C, followed by a priming dose of 2 ng/ml #g/mi of the whole Ig& by antigen specific using douing

. : dilution. Unbound ANCA F(al), fragments were removed by
- 0,
Ii':;g éNlthi’nLbﬁggoetcngofsra%ngg' Nui:tfpngzg’nv::gxgﬁ rf) washing in cold PBSG. The neutrophils were then resuspended to
y trypan °p y y 2x10°ml in prewarmed PBSG and treated withu@ml cyto-
and eosin staining.

chalasin B for 5 min at 3. O, production was then measured in
response to 100g/ml of an F(ab), preparation of sheep antihuman

IgG isolation : o 5
IgG was isolated either from patient sera taken during activeIgG F(ab), antibody (Binding Site, UK).

disease or from normal human sera by affinity chromatography

using a HiTrap protein G affinity column (Pharmacia, Upsala, Inhibition of PKC _ _ _
Sweden) using pyrogen free materials as described previously [20§0F the_assgss_m_ent of the involvement of PKC in neutrophil O
The specificity of anti-PR3 or anti-MPO ANCA was assessed byProduction, inhibitors were added over a range of one log below to
antigen specific ELISA and indirect immunofluorescence ontWo l0gs above the published 4gvalues for inhibition of PKC in
ethanol-fixed neutrophils. All IgG samples were free of contam-an in-vitro assay —system: = Chelerytherine Chloride 5¢IC
inating endotoxin as assessed by the limulus ameobocyte assaf’KCl=0-66um [22]), Bisindolylmaleimide I (IGo [cPKC—a,
Furthermore, neutrophil stimulation assays were carried out in thé» Si andy] 0-02um [23] [NPKC— 8] = 0-21um; [NPKC— €] =

absence of serum to avoid binding and activation by endotoxin. 0-13um; [APKC— (] = 5-8um [24]), GE6976 (IGso [cPKC—a, 6,
By andy] =2-10m [24]). In all cases cytochalasin B and TNF-

F(ab), isolation primed neutrophils were preincubated with inhibitor for 5min at

F(ab), fragments were prepared by digestion with pepsin gel37 C. before the addition of stimulus.

(Pierce, Chester, UK) in 20msodium acetate buffer pH4-0 for

16 h at 37C. The reaction was terminated by neutralization with Inhibition of tyrosine kinases

10mv Tris-HCI pH 7-5 and removal of the pepsin gel by centri- Cytochalasin B and TNk primed neutrophils were preincubated
fugation at 100@ for 5min. The preparations were then filtered for 30 min in the presence or absence of eithepud0r 150um
(0-2u) to remove any traces of the pepsin gel. The contaminatingyenistein, prior to addition of stimulus (1gG, fMLP or PMA).

Cross-linking studies
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Translocation of PKC: cell stimulation and fractionation thoroughly and visualized using enhanced chemiluminescence

Human neutrophils were resuspended t018°/ml in prewarmed  (Pierce).

PBSG, treated with pg/ml cytochalasin B for 5 min and primed

with 2 ng/ml TNF« for a further 15 min. Each time point required Statistical analysis

4x 10" neutrophils which were incubated in the presence of eitherAll data are expressed as mearSEM. Where appropriate the

500ug/ml MPO-ANCA or 500ug/ml normal IgG at 37C. At the results were analysed for level of significance using the Wilcoxon

appropriate time points, the reaction was stopped by rapid censigned ranks testP<0-05 was considered to be statistically

trifugation (2500 r.p.m., 1 min), the supernatant discarded and theignificant.

resulting cell pellet resuspended in 5d00f ice cold extraction

buffer (20mu Tris (pH7-4) 0-2% sucrose, 10m DTT, 2mv RESULTS

EDTA, 2mv EGTA) with freshly added protease inhibitors

(100ug/ml aprotinin, 10Qug/ml pepstatin, 1m PMSF and ANCA-induced superoxide production

100ug/ml leupetin) and immediately snap frozen in liquid nitrogen In the absence of any priming event, isolated human neutrophils

to lyse the neutrophils. The neutrophils were then further disrupte@onstitutively produced appreciable levels of Gver the 60 min

by sonication on ice. The resulting homogenates were centrifugethcubation period (4-6& 0-25nmol), which remained largely

at 100 00@ for 45 min at 4C, with the supernatant resulting from unaffected by the addition of ANCA or normal IgG (Fig. 1a),

this spin (the cytosolic protein fraction) collected and maintainedwith only fMLP producing a significant increase iy @roduction

on ice. The pellet was resuspended in extraction buffer containing7-17=+ 0-66 nmol,P <0-05).

fresh protease inhibitors and 2% 3-[(cholamidopropyl)dimethyl-  Priming with TNF« alone increased the overall level of O

ammonio]-1-propane-sulphate, left on ice for 5 min and sonicategroduced (11-1% 0-47 nmol/100 min for cells alone), but did not

on ice until the pellet had dispersed. Following centrifugation atpermit stimulation with ANCA or normal IgG to cause a significant

100000g for a further 45min at 4C the supernatant (the mem- increase of @ production above basal levels (Fig. 1b). Again, only

brane protein fraction) was removed and kept on ice. All5 stimulation with fMLP promoted a significant increase iy O

aliquot of each of the protein fractions was removed for proteinproduction (15-24- 0-69 nmol/100min,P<0-05). It was only

estimation, with the remainder resuspended in an equal volume affhen neutrophils were pretreated with cytochalasin B (CTB) and

2xSDS loading buffer and boiled for 5min. All extracts were primed with TNFe that the ability of ANCA to stimulate

stored at— 20°C until needed. increased levels of Pwas revealed. Figure 1(b) demonstrates
that inclusion of CTB and TNFein the assay dramatically reduced

Anti-phosphotyrosine studies: cell stimulation and fractionation the basal level of @ production by cells alone (11-11 0-47

Tyrosine phosphorylation was determined as described previouslgmol/100 min with TNFe aloneversusl-0* 0-09 nmol/100 min

[25], with modifications. Neutrophils were resuspendedxd 8%/mi with  TNF-« and CTB), and in response to normal 1gG

in prewarmed PBSG, treated wittug/ml cytochalasin B for 5min  (9-89+ 0-82 nmol/100 min with TNFx alone versus 1.76*

and primed with 2ng/ml TNFe for a further 15min. Primed 0-17 nmol/100 min with TNFx and CTB). In contrast, consider-

neutrophil suspensions were divided into 1 ml aliquots and preable levels of @ production were still produced in response to

incubated for 5min at 3T. Individual aliquots were stimulated fMLP (15-24=+ 0-67 nmol/100 min with TNFe versus12-45+

with either 50Qug/ml ANCA IgG, 500ug/ml normal 1gG or Jum 0-57nmol/100 min with  TNFRe and CTB) or ANCA IgG

fMLP for the appropriate time. Reactions were stopped by rapid9-55+ 0-33 nmol/100 min with TNFe alone versus 9-66=*

centrifugation for 30s and the cellular pellet resuspended in icel-87 nmol/100 min with TNk and CTB).

cold 2xSDS loading buffer. All samples were then boiled for The effects of ANCA on cytochalasin B treated, Thfprimed

5 min to completely denature the proteins. Again, all fractions werehuman neutrophils were studied further. ANCA positive 1gG lead

stored at- 20°C. In some experiments, cytochalasin B and T&F- to a time (Fig. 2) and dose (Fig. 3) dependent productionfl®

primed neutrophils were incubated in the presence or absence abntrast to the rapid production otGtimulated by fMLP, which

150pm genistein for 15—20 min prior to stimulation. was maximal within 10min (Fig. 2), ANCA IgG stimulation
showed an initial lag period of 10—15 min, where little or ng O
SDS-PAGE and immunoblotting production was observed, with maximal production occurring at

Neutrophil extracts were electrophoresed in 10% SDS-approximately 100 min. Normal IgG was non stimulatory; O
polyacrylamide gels. For the PKC studies, proteins were loadegroduction from MPO-ANCA stimulated neutrophils was consis-
at 20ug per lane for the cytosolic proteins and @ per lane for  tently greater than from PR3-ANCA (Fig. 3). Thus, in all subse-
the membrane fractions. For the antiphosphotyrosine studiesjuent studies MPO-ANCA was added at 1@@ml and PR3-
neutrophil lysates were added ak10° cell equivalents. In all ANCA at 200ug/ml to allow the study of comparable levels of
cases, proteins were transferred to nitrocellulose membranes. TH®, production from ANCA positive 1gG.

resulting blots were blocked at room temperature for 1h in 5%  F(ali), preparations of ANCA IgG failed to initiate 20
nonfat milk in TBST (10w Tris (pH7-4), 150m NaCl and  production (Fig. 4). Typical values for Oproduction of whole
0-05% Tween-20). For the antiphosphotyrosine studies, 2% BSAntibodyversusF(ali), were; anti-PR3 ANCA 8-46 2-25versus
was substituted for the 5% nonfat milk at all stages. Blots were0-23+ 0-35nmol/100 min R <0-001), anti-MPO ANCA 11.-6Z
incubated at room temperature for at least 2h with the approi:-39versusl-48+ 0-17 nmol/100 min® < 0-05). The mean value
priate antibodies diluted in TBST. This was followed by exten- for whole normal 1IgG was 1-39 0-27 nmol/100 min.

sive washing of the membranes in TBST (five changes over

40 min). Subsequently, the blots were incubated for 1 h with anCross-linking

appropriate horseradish peroxidase-conjugated secondary anfileither pretreatment of neutrophils with ANCA F(gl(150xg/ml)
body (dilution 1:2000) in 5% nonfat milk in TBST, washed or subsequent cross-linking with 1A6/ml of a sheep antihuman
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Fig. 1. Effects of priming on @ release from neutrophils.Zproduction
was measured in response to 1@0ml of either MPO-ANCA, or normal
1gG and to Ium fMLP in the absence of priming (a) or in the presence 2 ng/
ml TNF-«, alone (b, open bars) or in combination withdml cytochalasin

B (b, solid bars). Results are expressed as nmdl(f cells/60 min. Data
shown are meant SEM for at least two experiments performed in
triplicate.

F(al), resulted in @ release. In these experiments, neutrophil O
production in response to ANCA F(3pwas 1-06= 0-09 nmol/
100 min/1x 1C° cells, in the presence of cross-linking antibody O
production reached only 0-560-12 nmol/100 min/% 1C° cells.
The cross-linking antibody alone had no effect op @oduction
(0-80+ 0-09 nmol/100 min/k 1¢° cells).

Effect of PKC inhibitors on ANCA-induced
superoxide production
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Fig. 2. Time course of neutrophil Dproduction (1x 10° cells) in response
to fMLP (), 100 ng/ml PMA W), 100ug/ml ANCA IgG (d) or 100ug/ml
normal IgG K). The results show meanSEM of a single experiment
representative of at least three experiments performed in triplicate.
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Fig. 3. Effect of increasing 1gG dose on neutrophi} @roduction. Each
value represents meanSEM of three experiments performed in triplicate

the potential role of PKC in the stimulation of;Qproduction by
ANCA was examined using a range of PKC inhibitors chosen to
distinguish between the involvement of those isoforms of PKC
regulated by calcium (c-PKCs) and those that are calcium inde-
pendent (n- and a-PKCs).

Chelerythrine chloride is a highly selective inhibitor of PKC,
IC500-66um [22]. Figure 5 shows the dose responsive inhibition of

100

20 40 60 80 120

Superoxide production (nm)

Time (min)

Fig. 4. Oy production from neutrophils stimulated with 1§/ml MPO-
ANCA 1gG (#) or 150ug/ml of a corresponding F(8 fragment O) or
100pg/ml normal IgG W). Each point represents mearSEM of a single

Initial studies using chelerythrine chloride suggested that PKCexperiment performed in triplicate and is representative of at least three

could be involved in ANCA induced D production. Thereafter,

individual experiments.
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Fig. 5. Effects of increasing concentrations of chelerythrine chloride Fig. 7. Effects of increasing concentrations of @76 (IGo=>5nv) on
(IC50=0-66um) on neutrophil @ production stimulated by either, neutrophil G production stimulated by either, 208/ml PR3-ANCA,
200ug/ml PR3-ANCA, 10Qug/ml MPO-ANCA or 1um fMLP. Results 100pg/ml MPO-ANCA or 1um fMLP. Results are expressed as percentage
are expressed as percentage inhibition of the maximal effect seen with eadhhibition of the maximal effect seen with each stimulus. Data are shown as
stimulus. Data are shown as meal$EM of at least three individual meant SEM of at least three individual experiments performed in
experiments performed in triplicate. triplicate.

O5 production observed when neutrophils were stimulated in the

presence of increasing concentrations of chelerythrine chlorideThe effect of G6976 on the fMLP response was significant but

Almost complete inhibition of the fMLP response (94:1-4%) less pronounced than that seen with ANCA, with inhibition reach-

was observed at 50 chelerythrine chloride. Inhibition of the ing 30-4%=4-0% at 50m (P<0-002).

ANCA-induced response was highly significant at 74-Z-2% for

PR3-ANCA and 72-6 3-4% for MPO-ANCA. The PMAresponse Effect of genistein on ANCA-induced superoxide production

(not shown) was inhibited by 90:81-6% at 5Qum. Pretreatment of primed neutrophils with genistein led to a dose
The involvement of ¢c-PKC isoforms was assessed using thelependent reduction inQproduction (Fig. 8) stimulated by either

selective c-PKC inhibitor, bisindolylmaleimide I. Whilst not being ANCA, or fMLP. At 150um genistein the PR3-ANCA response

specific for the c-PKC isoformsx( 8, 8, andy), bisindolylma-  was inhibited by 42-36-3% @<0-001), the MPO-ANCA

leimide | is over 10 times less potent as an inhibitor of the n-PKCsresponse by 445 8:6% P<0-001) and the fMLP response by

(6 ande) and over 300 times weaker for the a-PKCFigure 6  56-1+ 4-2% P <0-0001). No significant decrease i3 @roduc-

demonstrates that bisindolylmaleimide | inhibited the response tdion was seen following stimulation with PMA (8263-9%).

fMLP by 41-0+5:1% P<0-005). Inhibition of the ANCA

induced @ response was similar to that of fMLP, with 383  Translocation/activation of PKC isoenzymes

9:-8% for PR3-ANCA and 46-2 8-6% for MPO-ANCA P<0-005  PKC translocates from the cytosol to the membrane fraction of

for both). G&976 is a potent PKC inhibitor with a high selectivity cells upon activation. Figure 9 shows the typical time-course of

for the c-PKC isoforms and little or no ability to inhibit of the n- PKC translocation/activation in response to ANCA or normal IgG.

and a-PKCs. Inhibition of the ANCA induced,®esponse (Fig. 7) It can be seen that for ANCA, but not normal 1gG, P&C

was dose responsive and at the highest concentration of inhibitdranslocated from the cytosol to the membrane transiently at 5

used (50 m) PR3-ANCA induced @ production was inhibited by  and 10 min following stimulation. It can be seen that there was also

63+ 8:0% P <0-001) and MPO-ANCA by 5% 2-7% @ <0-001),  a slight movement of PKg;,; in response to normal IgG, but this

nearly as great as the inhibition seen with chelerytherine chlorideappeared to occur later (10 min) and was not accompanied by an

H2nv 200 nm

_ o 020 nm A2 um c 122_

(] -

SE g § § 55 60

é% 60 %7 %7 %:\f 40

’ PR3-CA MPO-ANCA f|\/| ’ PR3-ANCA MPO-ANCA  fMLP PMA

Fig. 6. Effects of increasing concentrations of bisindolylmaleimide | Fig. 8. Effects of 25um (solid bar) and 15@wm (hatched bar) genistein on
(IC50=0-02um) on neutrophil @ production stimulated by either, neutrophil @ production stimulated by either, 208/ml PR3-ANCA,
200ug/ml PR3-ANCA, 10Qug/ml MPO-ANCA or 1um fMLP. Results 100ug/ml MPO-ANCA, 1um fMLP or 100ng/ml PMA. Results are
are expressed as percentage inhibition of the maximal effect seen with ea@xpressed as percentage inhibition of the maximal effect seen with each
stimulus. Data are shown as meaiSEM of at least three individual stimulus. Data are shown as meaiSEM of at least three individual
experiments performed in triplicate. experiments performed in triplicate.
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Fig. 9. Translocation of PKC isoforms in response to ANCA or normal IgG. Cytosolic and membrane proteins were isolated from cytochalasin

B and TNFe primed neutrophils stimulated with either 50/ml of ANCA IgG or 500xg/ml normal IgG, with the reaction terminated at the
time points indicated. The results were obtained usingg?6f cytosolic protein or 40g/ml membrane protein for each lane.

associated loss from the cytosol. The other PKC isoenzymesransduction processes dependent on PKC have been implicated
expressed in neutrophils; PKC PKCB,, PKCs and PKG did [6,7,9,10].

not translocate in response to ANCA or normal IgG. The data presented here confirm that ANCA IgG are capable of
inducing the activation of the neutrophil respiratory burst. Furthermore,
Tyrosine phosphorylation of neutrophil proteins our observations support a requirement for the intact IgG molecule

Figure 10 demonstrates that the tyrosine phosphorylation ofind indicate that ANCA F(d)y fragments, whilst being important
numerous neutrophil proteins was observed in response téor antigen recognition, do not provide a sufficient signal for full
ANCA, but not normal IgG. The typical time-course of tyrosine neutrophil activation. This is consistent with a reported role for Fc
phosphorylation is also shown, and as it can be seen, increasesiieceptor lla engagement in ANCA-induced; Oproduction
phosphorylation were transient, observed as early as 5min, max9,10,27]. There is controversy regarding the requirement of the
imal at 10-15min and almost completely absent by 20 min.Fc portion of ANCA IgG, even Kettritet al. [8], whilst proposing
Proteins phosphorylated in response to ANCA include those wittthat antigen recognition and binding of human ANCA Fialwas
molecular weights of;, 34, 36, 38, 40, 42, 45, 74, 85, 110,sufficient for neutrophil activation, found that antigen recognition
115and 150kDa. Figure 10 also demonstrates that pretreatmeby a mouse monoclonal PR3-ANCA F(ab was ineffective
of the neutrophils with 15am genistein, completely abolished compared to the intact IgG molecule.
tyrosine phosphorylation in response to subsequent challenge with In agreement with other studies of ANCA-induceg froduc-
ANCA. tion as assessed by the reduction of ferricytochrome C, our data
demonstrate the requirement of pretreating neutrophils with cyto-
DISCUSSION chalasin B and TNFee [4,8,10]. The kinetics of @ production are
different from that induced by the chemotactic peptide fMLP. In
Inappropriate neutrophil activation within the microvasculature iscontrast to the rapid<(5 min) production of @ by fMLP, Oy
thought to play a significant role in the inflammation and tissueproduction by ANCA shows an initial lag phase of 10—15 min,
destruction seen in the systemic vasculitides. That ANCA arewith maximal G production after 90 min. The time scale of the
capable of neutrophil activation, with the release of lytic enzymesMLP response demonstrates that the cellular machinery for O
and reactive oxygen species, was first suggested bydtalk [4]. production is in place during the first 15min. Thus, the lag seen
In addition, ANCA activation of neutrophils also results in the with ANCA may be the result of the recruitment of specific signal
production of other pro-inflammatory agents such as $L[20] transduction components unique for the ANCA induced response.
and IL-8 [26], all of which serve to amplify the inflammatory We show for the first time that protein kinase C and tyrosine
focus. This diversity of responses must involve the recruitment andinases are involved in the mechanism by which ANCA activate
strict coordinated regulation of multiple signal transduction sys-neutrophils to produce reactive oxygen specieg)(@ role for
tems. The mechanism by which ANCA activates neutrophils ha®®KC in ANCA activation of neutrophils has been suggested
yet to be elucidated, although{-ceceptor engagement and signal previously [6]. To our knowledge, this is the first report to show
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Fig. 10.Time course of tyrosine phosphorylation in neutrophils stimulated with ANCA or normal 1gG. Primed neutroptile®(&I) were

stimulated in the presence or absence of g@@l ANCA or normal IgG, or 50@.g/ml ANCA following pretreatment of the neutrophils with

150um genistein for 30 min. The reactions were terminated at the time points indicated. Results shown are representative of at least two other
experiments.

a role for a specific isoform of PKC, namely PKg}; in the For this reason, PKC inhibitors were chosen to distinguish between
activation of neutrophils by ANCA. Chelerythrine chloride is a these groups. The staurosporine analogue bisindolylmaleimide |
highly selective and potent inhibitor of protein kinase C showingshows an increased selectivity for the inhibition oPCaensitive
competitive inhibition with respect to substrate phosphorylation,c-PKC isoforms [23]. In the presence of bisindolylmaleimide 4, O
but noncompetitive inhibition with respect to ATP [22]; thus the production in response to either fMLP or ANCA was decreased by
relatively high concentration of ATP found in most cells should nota maximum of 45%. Whilst indicating that the c-PKCs play a role
reduce the potency of chelerythrine in whole cell assays as useid the establishment of Dproduction in response to ANCA, the
here. Whilst almost completely abolishings; Gproduction in  lack of more extensive inhibition (compared to the 70% seen with
response to either fMLP or PMA, chelerythrine inhibited the chelerythrine) suggests that involvement of members of the other
ANCA mediated response by a maximum of 70%. The effects ofgroups of PKC isoforms cannot be ruled out. To clarify the
this highly specific PKC inhibitor indicate that PKC is involved in involvement of the c-PKC isoforms in the ANCA stimulated
ANCA stimulated @ production, although this is less dependent respiratory burst, G8976, a selective inhibitor of the c-PKC
on PKC than the PMA or fMLP response in primed neutrophils. isoforms was used. The lack of extensive inhibition of the fMLP
Having established a role for PKC in ANCA induced, O response by G&8976 is in accordance with studies by others [28]
production, the involvement of the various groups of PKC isoformsand suggests that n-PKCs are required in addition to c-PKC
was examined. Human neutrophils have been shown to possesoforms to mediate maximal activation of the NADPH oxidase.
members of the conventional and novel isoforms of PKC [14-16].The 60% inhibition seen with @976 for the ANCA-induced
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response, strongly suggests a major role for c-PKC isoforms in
ANCA activation of G production, with a smaller contribution
from the n- (or possibly the a-) PKC isoforms.

The involvement of C& -dependent isoforms in the ANCA
response is further supported by the translocation ofthsoform
in response to ANCA (Fig. 10). This translocation was observed at
times during, and towards the end of the lag period gfr€lease. 7
This strongly suggests that this isoform is involved in the establish-
ment of the respiratory burst.

The production of @ stimulated by ANCA was significantly 8
reduced in the presence of the tyrosine kinase inhibitor genistein,
suggesting that tyrosine phosphorylation plays a role in the estab-
lishment of the ANCA induced respiratory burst. However, the O 9
response can only be partially dependent on tyrosine kinases as
preincubation of the neutrophils with 1p8 genistein, while
completely abolishing tyrosine phosphorylation in response to
ANCA (Fig. 10), reduced @ production by a maximum of 50%
(Fig. 8). In accordance with previous reports genistein also;q
significantly inhibited the fMLP response [29-31].

An increase in tyrosine phosphorylation of a number of 12
neutrophil proteins has been observed in response to a variety of
stimuli [32,33]. Here, it is demonstrated that ANCA activation 13 Nishizuka Y. Intracellular signaling by hydrolysis of phospholipids and
of cytochalasin B and TN primed neutrophils results in the ~ activation of protein-kinase-C. Science 19288607-14. ‘
tyrosine phosphorylation of numerous proteins in a time dependent? ﬁjﬁ;gﬂiiﬁ?ﬁﬁ:”&gh g'j]”(s:tl'iinl_sgg mSésTrf££2k$2a53eog subtypesin
[i‘;f]zge[)-y' %C;iiSSESTstty.rfj||2§oah§§gh§xt?:3: et Srm:)t/”eféa_bﬁ Majumdar S, Kane LH, Rossi M\t al Protein kinase C isotypes and

. ) o signal-transduction in human neutrophils: selective substrate specificity
15min when the response peaked and’ In th? majority of _Cases, Was o calcium-dependeng-PKC and novel calcium-independent nPKC.

almost completely absent by 20 min. As with the recruitment of  gjochim Biophis Acta 19931176276-86.

PKC gy, tyrosine phosphorylation peaks towards the end of the lagie Dang P, Hakim J, Perianin A. Immunochemical identification and

phase of @ production, confirming that the lag phase is a period of  transloaction of protein kinase C zeta in human neutrophils. FEBS

active signal transduction. Letts 1994;349338-42.

In conclusion, intact ANCA IgG stimulated primed neutrophils 17 Curnutte JT, Erickson RW, Ding ét al. Reciprocal interactions
to undergo a respiratory burst via mechanisms distinct from those Petween protein kinase C and components of the NADPH oxidase
used by fMLP or direct activation of PKC by PMA. The ANCA- cgmplex may regulate _superoxide production by neutrophils stimulated
induced response is heavily dependent off ‘@ependent iso- with phprbol ester. J.B'OI Chem 199%910813_9' . .
forms of PKC, and requires the phosphorylation of tyrosine 8 P_taszmk A, Prossnitz ER, Yoshikawa _a_al. A tyrosme_km‘ase‘

. ’ . o2 signalling pathway accounts for the majority of phosphatidylinositol
residues on a number of proteins. Furthermore, the inhibition of 3,4,5-trisphosphate formation in chemoattractant-stimulated human
the ANCA stimulated respiratory burst by inhibitors of PKC provide  neutrophils. J Biol Chem 199@71:25204—7.
an attractive basis for novel therapeutic strategies. Indeed, the antig Toothill VVJ, Van-Mourik JA, Niewenhuis Hiét al. Characterization of
inflammatory effects of several PKC inhibitors have been demon- the enhanced adhesion of neutrophil leukocytes to thrombin-stimulated
strated [34—37] and may provide one approach to more successful endothelial cells. J Immunol 199045283-91.
and specific therapies for patients with systemic vasculitis. 20 Brooks CJ, King WJ, Radford Det al. IL-18 production by human

polymorphonuclear leukocytes stimulated by anti-neutrophil cytoplas-

mic autoantibodies: relevance to systemic vasculitis. Clin Exp Immunol

1996;106273-9.

21 Mayo LA, Curnutte JT. Kinetic microplate assay for superoxide
production by neutrophils and other phagocytic cells. Methods
Enzymol 1990;186567—-75.

22 Herbert JM, Augereau JM, Gleyeeflal. Chelerythrine is a potent and
specific inhibitor of protein kinase C. Biochem Biophys Res Comm
1990;172993-9.

23 Toullec D, Pianetti P, Coste dt al. The bisindolylmaleimide GF-
109203X is a potent and selective inhibitor of protein kinase C. J Biol

autoantibodies induce neutrophils to degranulate and produce oxygen
radicals in vitro. Proc Natl Acad Sci USA 19987:4115-9.
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Lai KN, Lockwood CM. The effect of anti-neutrophil cytoplasm
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