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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 (O2

¹) 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 F(ab0)2

fragments caused a time and dose dependent release of O2
¹ from TNF-a primed neutrophils. The

kinetics of ANCA-induced O2
¹ production showed an initial 10–15 min lag phase compared to theN-

formyl-L-methionyl-L-leucyl-L-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 Ca2þ-dependent and -independent PKC isoforms and also tyrosine kinases. ANCA IgG
resulted in the translocation of thebII isoform of PKC at a time corresponding to the end of the lag phase
of O2

¹ production, suggesting that PKC activity may be instrumental in processes regulating the activity
of the NADPH oxidase in response to ANCA. Tyrosine phosphorylation of numerous proteins also
peaked 10–15 min after stimulation with ANCA but not normal IgG. These data suggest that PKC and
tyrosine kinases regulate O2

¹ production from neutrophils stimulated with autoantibodies from patients
with systemic vasculitis.
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INTRODUCTION

The primary small vessel vasculitides such as Wegeners granulo-
matosis (WG) and microscopic polyangiitis (MPA) are multi-
system disorders characterized by inflammation of blood vessel
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 for
ANCA, with supporting evidence that,in 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].

Current knowledge of the components of ANCA induced
signal transduction leading to O2

¹ production is limited. Studies
by Lai and Lockwood [6,7] have suggested that ANCA activation
of neutrophils leads to the translocation (an indication of activation)
of PKC. A recent study [8] suggested that F(ab0)2 or cross-linked Fab
fragments of ANCA are capable of initiating O2

¹ production from
cytokine primed neutrophils, whilst others suggest a role for Fcg

receptor engagement [9,10]. Controversy thus exists as to the
mechanism 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
ester, 4b-phorbol 12-myristate 13-acetate (PMA) [12,13]. The
conventional (‘c’) PKCs (a, bI, bII andg) are calcium-dependent
and activated by 1,2-diacylglycerol (DAG) or PMA. The novel
(‘n’) PKCs (d, e, h andv) are calcium-independent but responsive
to DAG or PMA. Atypical (‘a’) PKCs [z andi(l)] are unresponsive
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to calcium, DAG or PMA, but, as with all isoforms of PKC, require
phosphatidylserine for maximal activation. Differences in tissue
distribution, intracellular location, cofactor requirement and enzy-
matic activity suggest a different role for each isoform of PKC in
cellular function.

Neutrophils have been shown to express five PKC isoforms;a,
bI andbII from the c-PKCs,d from the n-PKCs andz from the a-
PKCs [14–16]. It has been suggested that PKC may regulate/
activate O2

¹ production from the neutrophil NADPH oxidase
system in response to external stimuli such as PMA orN-formyl-
L-methionyl-L-leucyl-L-phenylalanine (fMLP) [17]. NADPH
oxidase activation by fMLP has also been shown to be dependent
on the activity of tyrosine kinases, possibly Lyn [18].

The purpose of this study was to examine signal transduction in
neutrophils following ANCA IgG stimulation. In initial studies, the
ability of ANCA to induce a respiratory burst from primed and
unprimed neutrophils was examined and compared with that of
known activators, namely fMLP and PMA. The effects of ANCA
IgG and ANCA F(ab0)2 fragments used alone or cross-linked were
compared to establish the surface receptor-binding requirements
for activation. Subsequently, the role of PKC isoforms and tyrosine
kinases in the ANCA-induced respiratory burst were examined
using specific inhibitors, with confirmation of the activities of PKC
and tyrosine kinases over time detected by Western blot analysis.
Determination of the processes involved in ANCA activation of
neutrophils should help us to gain a better insight into the
mechanisms of autoimmunity.

MATERIALS AND METHODS

Isolation of neutrophils
Neutrophils were isolated using discontinuous plasma percoll
gradients as described previously [19]. Neutrophils were resus-
pended at 2×106/ml in Dulbecco’s phosphate buffered saline
(PBS) (Sigma Chemical Co., Poole, Dorset, UK) prepared in
pyrogen free water. Unless otherwise indicated, prior to all
experiments the neutrophils were treated with 5mg/ml cytochalasin
B (Sigma) for 5 min at 378C, followed by a priming dose of 2 ng/ml
TNF-a (NISBC, London, UK) for 15 min. Neutrophils were 99%
viable by trypan blue exclusion and> 98% pure by haematoxylin
and eosin staining.

IgG isolation
IgG was isolated either from patient sera taken during active
disease or from normal human sera by affinity chromatography
using a HiTrap protein G affinity column (Pharmacia, Upsala,
Sweden) using pyrogen free materials as described previously [20].
The specificity of anti-PR3 or anti-MPO ANCA was assessed by
antigen specific ELISA and indirect immunofluorescence on
ethanol-fixed neutrophils. All IgG samples were free of contam-
inating endotoxin as assessed by the limulus ameobocyte assay.
Furthermore, neutrophil stimulation assays were carried out in the
absence of serum to avoid binding and activation by endotoxin.

F(ab0)2 isolation
F(ab0)2 fragments were prepared by digestion with pepsin gel
(Pierce, Chester, UK) in 20 mM sodium acetate buffer pH 4·0 for
16 h at 378C. The reaction was terminated by neutralization with
10 mM Tris-HCl pH 7·5 and removal of the pepsin gel by centri-
fugation at 1000g for 5 min. The preparations were then filtered
(0·2m) to remove any traces of the pepsin gel. The contaminating

Fc fragments and undigested whole IgG were removed using
affinity chromatography on protein G and the remaining F(ab0)2

fragments dialysed against PBS. Purity of the F(ab0)2 fragments
was assessed by SDS-PAGE and was always greater than 95%
pure. Importantly, F(ab0)2 fragments prepared in this manner were
still able to bind neutrophil antigens as assessed by both indirect
immunofluorescence on ethanol fixed neutrophils and by antigen
specific ELISA (data not shown). Three MPO-ANCA and two
PR3-ANCA F(ab0)2 preparations were compared.

Superoxide generation
Superoxide production was determined discontinuously at 378C
using a kinetic microplate assay [21] with minor modifications. In
short, 96-well plates were incubated with 50ml neutrophil suspen-
sion (1×105 cells/well), 75mM ferricytochrome c (Sigma) prepared
in PBS containing 0·9 mM CaCl2, 0·5 mM MgCl2, 7·5 mM Glucose
(PBSG), either 300 U/ml superoxide dismutase (SOD) (Sigma) or
an equal volume of PBSG and stimulus. IgG preparations were
added at a concentration of 100mg/ml for MPO-ANCA and 200mg/ml
PR3-ANCA. fMLP and PMA, 1mM and 100 ng/ml, respectively,
served as positive controls. The plates were scanned at 10 min
intervals over 100 min using a Multiscan Bichromatic plate reader
(Lifescienses, Hampshire, UK), with the plates maintained at 378C
between readings. O2

¹ production was calculated using a molar
extinction coefficient for ferricytochrome c of 21·1×103

M
¹1 cm¹1

and a light path of 0·6 cm for a final well volume of 250ml. Each
test was performed in triplicate, on at least three different neu-
trophil donors.

Cross-linking studies
Neutrophils were resuspended to 2×106/ml in prewarmed PBSG.
Following incubation with 2 ng/ml TNF-a for 15 min at 378C,
neutrophils were incubated in the presence or absence of ANCA
F(ab0)2 fragments (150mg/ml) for a further 15 min at 378C with
gentle agitation. The F(ab0)2 fragments were added at 150mg/ml as
this concentration was shown to give equivalent binding to 100
mg/ml of the whole IgG by antigen specific ELISA using doubling
dilution. Unbound ANCA F(ab0)2 fragments were removed by
washing in cold PBSG. The neutrophils were then resuspended to
2×106/ml in prewarmed PBSG and treated with 5mg/ml cyto-
chalasin B for 5 min at 378C. O2

¹ production was then measured in
response to 100mg/ml of an F(ab0)2 preparation of sheep antihuman
IgG F(ab0)2 antibody (Binding Site, UK).

Inhibition of PKC
For the assessment of the involvement of PKC in neutrophil O2

¹

production, inhibitors were added over a range of one log below to
two logs above the published IC50 values for inhibition of PKC in
an in-vitro assay system: Chelerytherine Chloride (IC50

[PKC] ¼ 0·66mM [22]), Bisindolylmaleimide I (IC50 [cPKC¹ a,
bI, bII andg] 0·02mM [23] [nPKC¹ d] ¼ 0·21mM; [nPKC¹ e] ¼

0·13mM; [aPKC¹ z] ¼ 5·8mM [24]), Gö6976 (IC50 [cPKC¹ a, bI,
bII andg] ¼ 2–10 nM [24]). In all cases cytochalasin B and TNF-a

primed neutrophils were preincubated with inhibitor for 5 min at
378C, before the addition of stimulus.

Inhibition of tyrosine kinases
Cytochalasin B and TNF-a primed neutrophils were preincubated
for 30 min in the presence or absence of either 30mM or 150mM

genistein, prior to addition of stimulus (IgG, fMLP or PMA).
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Translocation of PKC: cell stimulation and fractionation
Human neutrophils were resuspended to 5×106/ml in prewarmed
PBSG, treated with 5mg/ml cytochalasin B for 5 min and primed
with 2 ng/ml TNF-a for a further 15 min. Each time point required
4×107 neutrophils which were incubated in the presence of either
500mg/ml MPO-ANCA or 500mg/ml normal IgG at 378C. At the
appropriate time points, the reaction was stopped by rapid cen-
trifugation (2500 r.p.m., 1 min), the supernatant discarded and the
resulting cell pellet resuspended in 500ml of ice cold extraction
buffer (20 mM Tris (pH 7·4) 0·25M sucrose, 10 mM DTT, 2 mM

EDTA, 2 mM EGTA) with freshly added protease inhibitors
(100mg/ml aprotinin, 100mg/ml pepstatin, 1 mM PMSF and
100mg/ml leupetin) and immediately snap frozen in liquid nitrogen
to lyse the neutrophils. The neutrophils were then further disrupted
by sonication on ice. The resulting homogenates were centrifuged
at 100 000g for 45 min at 48C, with the supernatant resulting from
this spin (the cytosolic protein fraction) collected and maintained
on ice. The pellet was resuspended in extraction buffer containing
fresh protease inhibitors and 2% 3-[(cholamidopropyl)dimethyl-
ammonio]-1-propane-sulphate, left on ice for 5 min and sonicated
on ice until the pellet had dispersed. Following centrifugation at
100 000g for a further 45 min at 48C the supernatant (the mem-
brane protein fraction) was removed and kept on ice. A 15ml
aliquot of each of the protein fractions was removed for protein
estimation, with the remainder resuspended in an equal volume of
2×SDS loading buffer and boiled for 5 min. All extracts were
stored at¹ 208C until needed.

Anti-phosphotyrosine studies: cell stimulation and fractionation
Tyrosine phosphorylation was determined as described previously
[25], with modifications. Neutrophils were resuspended to 5×106/ml
in prewarmed PBSG, treated with 5mg/ml cytochalasin B for 5 min
and primed with 2 ng/ml TNF-a for a further 15 min. Primed
neutrophil suspensions were divided into 1 ml aliquots and pre-
incubated for 5 min at 378C. Individual aliquots were stimulated
with either 500mg/ml ANCA IgG, 500mg/ml normal IgG or 1mM

fMLP for the appropriate time. Reactions were stopped by rapid
centrifugation for 30 s and the cellular pellet resuspended in ice
cold 2×SDS loading buffer. All samples were then boiled for
5 min to completely denature the proteins. Again, all fractions were
stored at¹ 208C. In some experiments, cytochalasin B and TNF-a

primed neutrophils were incubated in the presence or absence of
150mM genistein for 15–20 min prior to stimulation.

SDS-PAGE and immunoblotting
Neutrophil extracts were electrophoresed in 10% SDS-
polyacrylamide gels. For the PKC studies, proteins were loaded
at 20mg per lane for the cytosolic proteins and 40mg per lane for
the membrane fractions. For the antiphosphotyrosine studies,
neutrophil lysates were added at 1×106 cell equivalents. In all
cases, proteins were transferred to nitrocellulose membranes. The
resulting blots were blocked at room temperature for 1 h in 5%
nonfat milk in TBST (10 mM Tris (pH 7·4), 150 mM NaCl and
0·05% Tween-20). For the antiphosphotyrosine studies, 2% BSA
was substituted for the 5% nonfat milk at all stages. Blots were
incubated at room temperature for at least 2 h with the appro-
priate antibodies diluted in TBST. This was followed by exten-
sive washing of the membranes in TBST (five changes over
40 min). Subsequently, the blots were incubated for 1 h with an
appropriate horseradish peroxidase-conjugated secondary anti-
body (dilution 1 : 2000) in 5% nonfat milk in TBST, washed

thoroughly and visualized using enhanced chemiluminescence
(Pierce).

Statistical analysis
All data are expressed as mean6 SEM. Where appropriate the
results were analysed for level of significance using the Wilcoxon
signed ranks test.P<0·05 was considered to be statistically
significant.

RESULTS

ANCA-induced superoxide production
In the absence of any priming event, isolated human neutrophils
constitutively produced appreciable levels of O2

¹ over the 60 min
incubation period (4·696 0·25 nmol), which remained largely
unaffected by the addition of ANCA or normal IgG (Fig. 1a),
with only fMLP producing a significant increase in O2

¹ production
(7·176 0·66 nmol,P<0·05).

Priming with TNF-a alone increased the overall level of O2
¹

produced (11·116 0·47 nmol/100 min for cells alone), but did not
permit stimulation with ANCA or normal IgG to cause a significant
increase of O2

¹ production above basal levels (Fig. 1b). Again, only
stimulation with fMLP promoted a significant increase in O2

¹

production (15·246 0·69 nmol/100min,P<0·05). It was only
when neutrophils were pretreated with cytochalasin B (CTB) and
primed with TNF-a that the ability of ANCA to stimulate
increased levels of O2

¹ was revealed. Figure 1(b) demonstrates
that inclusion of CTB and TNF-a in the assay dramatically reduced
the basal level of O2

¹ production by cells alone (11·116 0·47
nmol/100 min with TNF-a aloneversus1·06 0·09 nmol/100 min
with TNF-a and CTB), and in response to normal IgG
(9·896 0·82 nmol/100 min with TNF-a alone versus 1·766
0·17 nmol/100 min with TNF-a and CTB). In contrast, consider-
able levels of O2

¹ production were still produced in response to
fMLP (15·246 0·67 nmol/100 min with TNF-a versus12·456
0·57 nmol/100 min with TNF-a and CTB) or ANCA IgG
(9·556 0·33 nmol/100 min with TNF-a alone versus 9·666
1·87 nmol/100 min with TNF-a and CTB).

The effects of ANCA on cytochalasin B treated, TNF-a primed
human neutrophils were studied further. ANCA positive IgG lead
to a time (Fig. 2) and dose (Fig. 3) dependent production of O2

¹. In
contrast to the rapid production of O2

¹ stimulated by fMLP, which
was maximal within 10 min (Fig. 2), ANCA IgG stimulation
showed an initial lag period of 10–15 min, where little or no O2

¹

production was observed, with maximal production occurring at
approximately 100 min. Normal IgG was non stimulatory. O2

¹

production from MPO-ANCA stimulated neutrophils was consis-
tently greater than from PR3-ANCA (Fig. 3). Thus, in all subse-
quent studies MPO-ANCA was added at 100mg/ml and PR3-
ANCA at 200mg/ml to allow the study of comparable levels of
O2

¹ production from ANCA positive IgG.
F(ab0)2 preparations of ANCA IgG failed to initiate O2

¹

production (Fig. 4). Typical values for O2
¹ production of whole

antibodyversusF(ab0)2 were; anti-PR3 ANCA 8·466 2·25versus
0·236 0·35 nmol/100 min (P<0·001), anti-MPO ANCA 11·676
1·39versus1·486 0·17 nmol/100 min (P<0·05). The mean value
for whole normal IgG was 1·396 0·27 nmol/100 min.

Cross-linking
Neither pretreatment of neutrophils with ANCA F(ab0)2 (150mg/ml)
or subsequent cross-linking with 100mg/ml of a sheep antihuman
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F(ab0)2 resulted in O2
¹ release. In these experiments, neutrophil O2

¹

production in response to ANCA F(ab0)2 was 1·066 0·09 nmol/
100 min/1×105 cells, in the presence of cross-linking antibody O2

¹

production reached only 0·566 0·12 nmol/100 min/1×106 cells.
The cross-linking antibody alone had no effect on O2

¹ production
(0·806 0·09 nmol/100 min/1×106 cells).

Effect of PKC inhibitors on ANCA-induced
superoxide production
Initial studies using chelerythrine chloride suggested that PKC
could be involved in ANCA induced O2

¹ production. Thereafter,

the potential role of PKC in the stimulation of O2
¹ production 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,
IC50 0·66mM [22]. Figure 5 shows the dose responsive inhibition of
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O2
¹ production observed when neutrophils were stimulated in the

presence of increasing concentrations of chelerythrine chloride.
Almost complete inhibition of the fMLP response (94·16 1·4%)
was observed at 50mM chelerythrine chloride. Inhibition of the
ANCA-induced response was highly significant at 74·76 4·2% for
PR3-ANCA and 72·66 3·4% for MPO-ANCA. The PMA response
(not shown) was inhibited by 90·36 1·6% at 50mM.

The involvement of c-PKC isoforms was assessed using the
selective c-PKC inhibitor, bisindolylmaleimide I. Whilst not being
specific for the c-PKC isoforms (a, bI, bII andg), bisindolylma-
leimide I is over 10 times less potent as an inhibitor of the n-PKCs
(d and e) and over 300 times weaker for the a-PKCz. Figure 6
demonstrates that bisindolylmaleimide I inhibited the response to
fMLP by 41·06 5·1% (P<0·005). Inhibition of the ANCA
induced O2

¹ response was similar to that of fMLP, with 38·36
9·8% for PR3-ANCA and 46·26 8·6% for MPO-ANCA (P<0·005
for both). Gö6976 is a potent PKC inhibitor with a high selectivity
for the c-PKC isoforms and little or no ability to inhibit of the n-
and a-PKCs. Inhibition of the ANCA induced O2

¹ response (Fig. 7)
was dose responsive and at the highest concentration of inhibitor
used (50 nM) PR3-ANCA induced O2

¹ production was inhibited by
636 8·0% (P<0·001) and MPO-ANCA by 576 2·7% (P< 0·001),
nearly as great as the inhibition seen with chelerytherine chloride.

The effect of Go¨6976 on the fMLP response was significant but
less pronounced than that seen with ANCA, with inhibition reach-
ing 30·46 4·0% at 50 nM (P<0·002).

Effect of genistein on ANCA-induced superoxide production
Pretreatment of primed neutrophils with genistein led to a dose
dependent reduction in O2

¹ production (Fig. 8) stimulated by either
ANCA, or fMLP. At 150mM genistein the PR3-ANCA response
was inhibited by 42·36 6·3% (P<0·001), the MPO-ANCA
response by 44·56 8·6% (P<0·001) and the fMLP response by
56·16 4·2% (P<0·0001). No significant decrease in O2

¹ produc-
tion was seen following stimulation with PMA (8·66 3·9%).

Translocation/activation of PKC isoenzymes
PKC translocates from the cytosol to the membrane fraction of
cells upon activation. Figure 9 shows the typical time-course of
PKC translocation/activation in response to ANCA or normal IgG.
It can be seen that for ANCA, but not normal IgG, PKCbII

translocated from the cytosol to the membrane transiently at 5
and 10 min following stimulation. It can be seen that there was also
a slight movement of PKCbII in response to normal IgG, but this
appeared to occur later (10 min) and was not accompanied by an
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associated loss from the cytosol. The other PKC isoenzymes
expressed in neutrophils; PKCa, PKCbI, PKCd and PKCz did
not translocate in response to ANCA or normal IgG.

Tyrosine phosphorylation of neutrophil proteins
Figure 10 demonstrates that the tyrosine phosphorylation of
numerous neutrophil proteins was observed in response to
ANCA, but not normal IgG. The typical time-course of tyrosine
phosphorylation is also shown, and as it can be seen, increases in
phosphorylation were transient, observed as early as 5 min, max-
imal at 10–15 min and almost completely absent by 20 min.
Proteins phosphorylated in response to ANCA include those with
molecular weights of; 34, 36, 38, 40, 42, 45, 74, 85, 110,
115 and 150 kDa. Figure 10 also demonstrates that pretreatment
of the neutrophils with 150mM genistein, completely abolished
tyrosine phosphorylation in response to subsequent challenge with
ANCA.

DISCUSSION

Inappropriate neutrophil activation within the microvasculature is
thought to play a significant role in the inflammation and tissue
destruction seen in the systemic vasculitides. That ANCA are
capable of neutrophil activation, with the release of lytic enzymes
and reactive oxygen species, was first suggested by Falket al. [4].
In addition, ANCA activation of neutrophils also results in the
production of other pro-inflammatory agents such as IL-1b [20]
and IL-8 [26], all of which serve to amplify the inflammatory
focus. This diversity of responses must involve the recruitment and
strict coordinated regulation of multiple signal transduction sys-
tems. The mechanism by which ANCA activates neutrophils has
yet to be elucidated, although Fcg receptor engagement and signal

transduction processes dependent on PKC have been implicated
[6,7,9,10].

The data presented here confirm that ANCA IgG are capable of
inducing theactivationof theneutrophil respiratoryburst.Furthermore,
our observations support a requirement for the intact IgG molecule
and indicate that ANCA F(ab0)2 fragments, whilst being important
for antigen recognition, do not provide a sufficient signal for full
neutrophil activation. This is consistent with a reported role for Fcg

receptor IIa engagement in ANCA-induced O2
¹ production

[9,10,27]. There is controversy regarding the requirement of the
Fc portion of ANCA IgG, even Kettritzet al. [8], whilst proposing
that antigen recognition and binding of human ANCA F(ab0)2 was
sufficient for neutrophil activation, found that antigen recognition
by a mouse monoclonal PR3-ANCA F(ab0)2 was ineffective
compared to the intact IgG molecule.

In agreement with other studies of ANCA-induced O2
¹ produc-

tion as assessed by the reduction of ferricytochrome C, our data
demonstrate the requirement of pretreating neutrophils with cyto-
chalasin B and TNF-a [4,8,10]. The kinetics of O2

¹ production are
different from that induced by the chemotactic peptide fMLP. In
contrast to the rapid (< 5 min) production of O2

¹ by fMLP, O2
¹

production by ANCA shows an initial lag phase of 10–15 min,
with maximal O2

¹ production after 90 min. The time scale of the
fMLP response demonstrates that the cellular machinery for O2

¹

production is in place during the first 15 min. Thus, the lag seen
with ANCA may be the result of the recruitment of specific signal
transduction components unique for the ANCA induced response.

We show for the first time that protein kinase C and tyrosine
kinases are involved in the mechanism by which ANCA activate
neutrophils to produce reactive oxygen species (O2

¹). A role for
PKC in ANCA activation of neutrophils has been suggested
previously [6]. To our knowledge, this is the first report to show
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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 TNF-a primed neutrophils stimulated with either 500mg/ml of ANCA IgG or 500mg/ml normal IgG, with the reaction terminated at the
time points indicated. The results were obtained using 20mg of cytosolic protein or 40mg/ml membrane protein for each lane.



a role for a specific isoform of PKC, namely PKCbII in the
activation of neutrophils by ANCA. Chelerythrine chloride is a
highly selective and potent inhibitor of protein kinase C showing
competitive inhibition with respect to substrate phosphorylation,
but noncompetitive inhibition with respect to ATP [22]; thus the
relatively high concentration of ATP found in most cells should not
reduce the potency of chelerythrine in whole cell assays as used
here. Whilst almost completely abolishing O2

¹ production in
response to either fMLP or PMA, chelerythrine inhibited the
ANCA mediated response by a maximum of 70%. The effects of
this highly specific PKC inhibitor indicate that PKC is involved in
ANCA stimulated O2

¹ production, although this is less dependent
on PKC than the PMA or fMLP response in primed neutrophils.

Having established a role for PKC in ANCA induced O2
¹

production, the involvement of the various groups of PKC isoforms
was examined. Human neutrophils have been shown to possess
members of the conventional and novel isoforms of PKC [14–16].

For this reason, PKC inhibitors were chosen to distinguish between
these groups. The staurosporine analogue bisindolylmaleimide I
shows an increased selectivity for the inhibition of Ca2þ sensitive
c-PKC isoforms [23]. In the presence of bisindolylmaleimide I, O2

¹

production in response to either fMLP or ANCA was decreased by
a maximum of 45%. Whilst indicating that the c-PKCs play a role
in the establishment of O2

¹ production in response to ANCA, the
lack of more extensive inhibition (compared to the 70% seen with
chelerythrine) suggests that involvement of members of the other
groups of PKC isoforms cannot be ruled out. To clarify the
involvement of the c-PKC isoforms in the ANCA stimulated
respiratory burst, Go¨6976, a selective inhibitor of the c-PKC
isoforms was used. The lack of extensive inhibition of the fMLP
response by Go¨6976 is in accordance with studies by others [28]
and suggests that n-PKCs are required in addition to c-PKC
isoforms to mediate maximal activation of the NADPH oxidase.
The 60% inhibition seen with Go¨6976 for the ANCA-induced
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Fig. 10.Time course of tyrosine phosphorylation in neutrophils stimulated with ANCA or normal IgG. Primed neutrophils (5×106/ml) were
stimulated in the presence or absence of 500mg/ml ANCA or normal IgG, or 500mg/ml ANCA following pretreatment of the neutrophils with
150mM genistein for 30 min. The reactions were terminated at the time points indicated. Results shown are representative of at least two other
experiments.



response, strongly suggests a major role for c-PKC isoforms in
ANCA activation of O2

¹ production, with a smaller contribution
from the n- (or possibly the a-) PKC isoforms.

The involvement of Ca2þ-dependent isoforms in the ANCA
response is further supported by the translocation of thebII isoform
in response to ANCA (Fig. 10). This translocation was observed at
times during, and towards the end of the lag period of O2

¹ release.
This strongly suggests that this isoform is involved in the establish-
ment of the respiratory burst.

The production of O2
¹ stimulated by ANCA was significantly

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 O2

¹

response can only be partially dependent on tyrosine kinases as
preincubation of the neutrophils with 150mM genistein, while
completely abolishing tyrosine phosphorylation in response to
ANCA (Fig. 10), reduced O2

¹ production by a maximum of 50%
(Fig. 8). In accordance with previous reports genistein also
significantly inhibited the fMLP response [29–31].

An increase in tyrosine phosphorylation of a number of
neutrophil proteins has been observed in response to a variety of
stimuli [32,33]. Here, it is demonstrated that ANCA activation
of cytochalasin B and TNF-a primed neutrophils results in the
tyrosine phosphorylation of numerous proteins in a time dependent
manner. Increases in tyrosine phosphorylation were firmly estab-
lished by 5 min post-stimulation and continued rising until 10–
15 min when the response peaked and, in the majority of cases, was
almost completely absent by 20 min. As with the recruitment of
PKCbII , tyrosine phosphorylation peaks towards the end of the lag
phase of O2

¹ production, confirming that the lag phase is a period of
active signal transduction.

In conclusion, intact ANCA IgG stimulated primed neutrophils
to undergo a respiratory burst via mechanisms distinct from those
used by fMLP or direct activation of PKC by PMA. The ANCA-
induced response is heavily dependent on Ca2þ-dependent iso-
forms of PKC, and requires the phosphorylation of tyrosine
residues on a number of proteins. Furthermore, the inhibition of
the ANCA stimulated respiratory burst by inhibitors of PKC provide
an attractive basis for novel therapeutic strategies. Indeed, the anti-
inflammatory effects of several PKC inhibitors have been demon-
strated [34–37] and may provide one approach to more successful
and specific therapies for patients with systemic vasculitis.
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