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Target antigens for anti-neutrophil cytoplasmic autoantibodies (ANCA) are on the
surface of primed and apoptotic but not unstimulated neutrophils
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SUMMARY

The reaction of ANCA with ANCA antigens on the surface of neutrophils may play a critical role in the
pathogenesis of ANCA vasculitis. Therefore, an understanding of the circumstances that result in surface
expression of these antigens is important for an understanding of pathogenic mechanisms. In this study
we investigated the surface expression of ANCA antigens on quiescent, primed, and apoptotic
neutrophils. ANCA antigens and other granule constituents were not detected on the surface of
neutrophils in freshly heparinized blood. ANCA antigens were on the surface of neutrophils primed by
in vitro incubation for 4 h and 8 h. These cells did not show evidence of apoptosis. After 24 h
incubation, about 30% of the neutrophils were apoptotic, and ANCA antigens and other granule
constituents were present on the surface of both apoptotic and non-apoptotic cells. Our data indicate that
there are no ANCA antigens on the surface of quiescent neutrophils, but that they are on the surface of
primed neutrophils before the cells become apoptotic, and remain on the surface of cells after they
become apoptotic. Based on these observations, we hypothesize that ANCA can react in vivo with
primed but not quiescent neutrophils. Previously published observations indicate that the interaction of
ANCA with primed neutrophils results in neutrophil activation, which may be involved in the

pathogenesis of ANCA vasculitis.
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INTRODUCTION

ANCA are specific for proteins in the cytoplasmic granules of
neutrophils and the lysosomes of monocytes [1-4]. The two major
ANCA antigens are myeloperoxidase (MPO) and proteinase 3
(PR3), although there are other less frequent ANCA antigens, such
as elastase, cathepsin G, anti-bactericidal/permeability-increasing
protein, lactoferrin, azurocidin, and lysozyme [1-4]. ANCA,
especially MPO-ANCA and PR3-ANCA, are closely associated
with a spectrum of vasculitides, including Wegener’s granulo-
matosis, microscopic polyangiitis, and Churg—Strauss syndrome
[1-4].

There is increasing evidence that ANCA are involved in the
pathogenesis of ANCA vasculitis [1-4]. Most of the proposed
pathogenic mechanisms require that ANCA antigens are trans-
located from the cytoplasm to the surface of neutrophils in order
for ANCA to bind to the antigens and activate neutrophils. We and
other investigators have concluded that ANCA antigens are
displayed at the surface of viable neutrophils that have been
primed by cytokines, such as tumour necrosis factor (TNF) [5-9].
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Gilligan and associates have contended that ANCA antigens occur
on the surface of apoptotic neutrophils in the absence of prior
neutrophil priming [10]. The theoretical pathogenic potential of
ANCA is very different if ANCA antigens are expressed only on
apoptotic neutrophils rather than primed viable neutrophils. This
study addresses two major controversies pertaining to the surface
expression of ANCA antigens by neutrophils: (i) whether or not
ANCA antigens are expressed by quiescent neutrophils, and (ii)
whether or not ANCA antigens are expressed by neutrophils that
are primed or have become apoptotic. In the following study we
demonstrate that ANCA antigens are not on the surface of
quiescent neutrophils, but are on the surface of incubated (primed
and activated) neutrophils as well as cells that have become
apoptotic.

MATERIALS AND METHODS

Preparation of antibodies

Human anti-PR3 IgG and human anti-MPO IgG were isolated
from PR3-ANCA™ or MPO-ANCA ™ sera by ammonium sulphate
precipitation and chromatographed on HiTrap Protein G column
by fast protein liquid chromatography (FPLC; Pharmacia Biotech,
Uppsala, Sweden) [9]. Mouse monoclonal anti-human PR3, rabbit
anti-human PR3, and rabbit anti-human azurocidin antibodies
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were prepared in our laboratory. The specificities of these
antibodies were confirmed by ELISA, Western blot and indirect
immunofluorescence assay. Monoclonal mouse and polyclonal
rabbit anti-human MPO antibodies (Dako, Carpinteria, CA), rabbit
anti-human elastase antibody (Calbiochem, San Diego, CA),
rabbit anti-human cathepsin G antibody (Calbiochem), sheep anti-
human lysozyme antibody (Calbiochem), and rabbit anti-human
lactoferrin antibody (Biodesign Int., Kennebunk, ME) were pur-
chased. Normal human IgG was obtained from Pierce (Rockford,
IL) and normal rabbit serum from Sigma (St Louis, MO).

Incubation of whole blood

To avoid neutrophil priming during isolation procedures, 2-ml
aliquots of heparinized venous blood from 12 healthy volunteers
were directly pipetted into 12 X 75 mm polypropylene culture
tubes (Fisher, Fair Lawn, NJ) and maintained in a humidified
tissue culture incubator at 37°C in an atmosphere of 5% CO,/95%
air for 0, 4, 8 or 24 h.

Immunofluorescence staining

For immunofluorescence staining, 100-u1 aliquots of whole blood
from each time point were added to the bottom of 12 x 75 mm
tubes and kept in ice. Primary antibodies, either human anti-MPO
IgG (25 wg/ml), polyclonal anti-MPO antibody (1:100), mono-
clonal anti-MPO antibody (1:40), human anti-PR3 IgG (25 wg/ml),
rabbit anti-PR3 serum (1:20), monoclonal anti-PR3 (1:2), rabbit
anti-elastase antibody (1:20), rabbit anti-azurocidin serum (1:20),
rabbit anti-cathepsin G antibody (1:20), sheep anti-lysozyme
antibody (1:10), or rabbit anti-lactoferrin antibody (1:20) were
directly added to the blood and incubated for 30 min at 4°C. The
samples were washed with ice-cold PBS and pelleted at 200 g for
5 min at 4°C. The samples were resuspended to 100 wl with
FITC-conjugated affinipure F(ab’), fragment donkey anti-human
IgG + IgM (H + L), donkey anti-rabbit IgG (H + L), donkey
anti-mouse IgG (H + L), or donkey anti-sheep IgG (H + L)
(Jackson, West Grove, PA) that was diluted 1:200 with 0-2% goat
serum/PBS and incubated for 20 min at 4°C. After washing twice
with PBS, erythrocytes were lysed and leucocytes were fixed with
Dako Uti-Lyse reagent (Dako). Cells treated with 2 ng/ml of
recombinant TNF-a for 30 min to cause surface expression of
ANCA antigens were used as positive control. Negative controls
included normal human IgG (25 wg/ml) and normal rabbit serum
(1:20) as primary antibody, and secondary antibody alone.

Detection of surface expression

Surface expression of ANCA antigens was detected by both
fluorescence microscopy and flow cytometry after immunofluor-
escence staining. After immunofluorescence staining, cells were
observed with a Nicon FXA microscope with FITC filter, excita-
tion 450—490 nm and emission long pass 510 nm (Nikon, Garden
City, NY), and the surface expression of ANCA antigens was
identified by cell surface staining.

After immunofluorescence staining, cells were analysed by a
FACScan flow cytometer (Becton Dickinson, Mountain View,
CA) linked to a Cicero/Cyclops system (Cytomation, Fort Collins,
CO) for data acquisition and analysis, in which only neutrophils
were gated and 20 000 events per sample were collected. The
surface expression of ANCA antigens was confirmed by the
increase of fluorescence intensity of cells.

Assessment of release of ANCA antigens

Release of ANCA antigens from neutrophils was assessed by
measuring the increased concentration of ANCA antigens in
plasma of incubated blood using anti-MPO and anti-lactoferrin
ELISA. Microtitre plates (Costar, Cambridge, MA) were coated
overnight with plasma (100 wl/well). After blocking, the plates
were incubated with polyclonal rabbit anti-MPO antibody
(1:3000) or rabbit anti-lactoferrin antibody (1:50) for 2 h at room
temperature. Bound antibodies were detected with an alkaline
phosphatase-conjugated affinity-purified donkey anti-rabbit IgG
(H + L) (1:10 000) (Jackson) and alkaline phosphatase substrate
kit (BioRad, Hercules, CA). Optical density (OD) was read at
405 nm and the results were calculated from MPO (Calbiochem)
and lactoferrin (Calbiochem) standard curves [11].

Measurement of apoptosis

Cell apoptosis was measured by flow cytometry using both
annexin V and propidium iodide (PI) detection. Unseparated
leucocytes were obtained from incubated blood at different time
points by lysis of erythrocytes with ammonium chloride lysing
buffer [12]. Unfixed leucocytes were incubated with 100 wl
Annexin-V-Fluos labelling solution containing 2 wl FITC-con-
jugated Annexin-V-Fluos labelling reagent (Boehringer, Mannheim,
Germany) and 0-1 g PI (Sigma) in incubation buffer (0-01 mol//
HEPES/NaOH pH 7-4, 0-14 mol/l NaCl, 0-005 mol/l CaCl,) per
sample for 15 min in the dark, at room temperature and then
another 0-4 ml incubation buffer was added. Cells were analysed
by a FACScan flow cytometer linked to a Cicero/Cyclops system,
in which only neutrophils were gated and 20 000 events per
sample were collected. Apoptotic and non-apoptotic cells were
differentiated by annexin V, which is a sensitive probe for
phosphatidylserine exposed on the outer leaflet of the cell
membrane in the early stages of apoptosis, and necrotic cells
were excluded by PI* staining.

For PI detection, unseparated leucocytes were fixed in ethanol
overnight and stained with PI mixture [13]. DNA content was
determined with a FACScan flow cytometer and 20 000 events
per sample were collected. Ethanol fixation caused an increase of
cell permeability allowing low molecular weight DNA fragments
to leak out of cells. Thus, apoptotic cells were identified by a
decrease in DNA content and formed the apoptotic sub-Gy/G;
population peak to the left of the Go/G; peak [13].

Analysis of relationship of surface expression and apoptosis
The relationship of surface expression of ANCA antigens and
apoptosis of neutrophils was analysed by fluorescence microscopy
and flow cytometry using concurrent staining for ANCA antigen
expression and apoptosis. For fluorescence microscopy, cells were
stained with 1 wg/ml 4’,6-diamidino-2-phenylindole (DAPI,
Sigma), a DNA-specific dye, for 10 min after immunofluores-
cence staining using polyclonal anti-MPO antibody as primary
antibody. The morphological features of neutrophils, including
pyknotic nuclei, nuclear and cytoplasmic condensation, and the
formation of apoptotic bodies, were considered as evidence of
apoptosis [13—16]. The same cells were observed under micro-
scopy by both a DAPI filter (excitation 330—-380 nm and emission
420 nm) to detect nuclear morphology indicative of apoptosis, and
a FITC filter for surface expression of ANCA antigens.

By flow cytometry, leucocytes were simultaneously incubated
with 100 wl Annexin-V-Fluos labelling solution and 10 w1 R-PE-
conjugated anti-human MPO MoAb (Caltag Labs, Burlingame,
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Fig. 1. Fluorescence photomicrographs of neutrophils after immunofluorescence staining using monoclonal anti-proteinase 3 (PR3)
antibody as primary antibody (all three photographs had identical exposure time). (A) Positive control, neutrophil treated with 2 ng/ml of
tumour necrosis factor for 30 min, shows surface staining. (B) Neutrophil from fresh whole blood shows no surface staining. (C) Neutrophil

from blood cultured 8 h shows surface staining.

CA) for 20 min, at room temperature. Cells were analysed by a
FACScan flow cytometer, in which only neutrophils were gated.
The surface expression of MPO was measured by the mean of
fluorescence R-PE intensity in both living non-apoptotic and
apoptotic cells, which were differentiated by annexin V and were
excluded of necrosis by PI.

Statistical analysis

Analysis of variance was used to determine if any differences
between group means were seen at specific time points within
each experiment. When overall differences were found within the
experiment, Dunnett’s #-test was used to further compare means of
each incubation and its associated time to the mean of the control
group specific to the experiment [17]. This test evaluated the
minimum significant difference between each group and control
compared with the critical value of Dunnett’s ¢ at the P = 0-05
level, while controlling for multiple testing. PROC ANOvA and
PROC GLM in SAS® were used for calculating the statistical tests
[18].
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RESULTS

Surface expression of ANCA antigens detected by
immunofluorescence microscopy

No immunofluorescence surface staining was observed on
neutrophils in freshly isolated blood; however, surface staining
for ANCA antigens, including MPO, PR3 and lactoferrin, was
observed on almost all neutrophils cultured for 4, 8 or 24 h using
polyclonal anti-MPO, monoclonal or polyclonal anti-PR3, or
rabbit anti-lactoferrin as primary antibodies (Fig. 1). Surface
staining was also observed on positive control neutrophils treated
with 2 ng/ml of TNF for 30 min using anti-PR3 MoAb as primary
antibody (Fig. 1), and no surface staining was observed on
negative control neutrophils with secondary antibody alone.

Surface expression of ANCA antigens detected by flow cytometry
By flow cytometry after immunofluorescence staining, neutrophils
incubated for 4, 8 or 24 h showed positive staining with mono-
clonal anti-PR3, rabbit anti-PR3, human anti-PR3 IgG, polyclonal
anti-MPO antibody, human anti-MPO IgG, rabbit anti-elastase

TTT17 TT1 11

Fluorescence intensity

Fig. 2. Fluorescence intensity of neutrophils by flow cytometry using human IgG antibodies as primary antibodies; myeloperoxidase
(MPO)-ANCA IgG (a), proteinase 3 (PR3)-ANCA IgG (b), and normal human IgG (c). White peaks are neutrophils from uncultured fresh
whole blood, dark peaks cultured 8 h, and grey peaks cultured 24 h. ANCA antigens, MPO and PR3, are present on the surface of cultured
cells, but not on fresh cells. The three peaks do not separate in the control group using normal human IgG as primary antibody.

© 2000 Blackwell Science Ltd, Clinical and Experimental Immunology, 121:165-172



168 J. J. Yang et al.

antibody, rabbit anti-azurocidin serum, rabbit anti-cathepsin G anti-
body, sheep anti-lysozyme antibody, and rabbit anti-lactoferrin
antibody as primary antibody (Figs 2 and 3). Compared with
freshly cells, the means of fluorescence intensity increased with
incubation for 4, 8, or 24 h (Fig. 4). Negative controls using
normal human IgG or normal rabbit serum as primary antibody
had means of fluorescence intensity that were the same as those of
freshly isolated cells (Figs 2 and 3). Using monoclonal anti-MPO
(Dako) as primary antibody, there were no differences in the
fluorescence intensity of incubated cells and unincubated cells.
Our study indicated that ANCA antigens were not expressed
on the surface of neutrophils in unseparated fresh whole blood, but
ANCA antigens were on the surfaces of unincubated neutrophils
which were isolated by dextran sedimentation and Hypaque—
Ficoll gradient centrifugation [19] or ammonium chloride lysis
buffer [12]. The mean fluorescence intensity of unincubated

Cell number

neutrophils from whole blood was 30-4 * 8.2 using normal rabbit
serum as primary antibody and was 27-1 * 24.7 using rabbit anti-
PR3 serum, 26-5 = 24-1 using polyclonal rabbit anti-MPO
antibody, and 41-3 * 22.3 using rabbit anti-lactoferrin antibody
as primary antibody. The mean increased to 3582 = 218.3,
320-6 = 335.9, and 326-8 = 3472 in unincubated neutrophils
isolated by dextran and Hypaque—Ficoll, and 101.5 * 31-0,
104-4 = 831, and 106-2 = 47-5 by lysis buffer, respectively,
using rabbit anti-PR3 serum, polyclonal rabbit anti-MPO anti-
body, or rabbit anti-lactoferrin antibody as primary antibody. The
fluorescence of unincubated neutrophils revealed two intensity
peaks in 11% of samples using whole blood and in 50% of
samples using isolated neutrophils for immunofluorescence
staining.

As would be expected, the surface expression of ANCA
antigens also was detected on incubated monocytes, but not on

Fluorescence intensity

Fig. 3. Fluorescence intensity of neutrophils by flow cytometry using rabbit IgG as primary antibodies; anti-myeloperoxidase (MPO) (a),
anti-proteinase 3 (PR3) (b), anti-elastase (c), anti-cathepsin G (d), anti-lactoferrin (e), and normal rabbit serum (f). White peaks are
neutrophils from uncultured fresh blood, dark peaks cultured 8 h, and grey peaks cultured 24 h. ANCA antigens, including MPO, PR3,
elastase, cathepsin G, and lactoferrin, are present on the surface of cultured cells, but not on fresh cells. Three peaks do not separate in

control group using normal rabbit serum as primary antibody.
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Fig. 4. Time course of surface expression, release of granule antigens, and
apoptosis in neutrophils from blood cultured for the indicated times. (a)
Myeloperoxidase (MPO; H) and lactoferrin ((J) surface expression by flow
cytometry using rabbit antibodies to MPO and lactoferrin as primary
antibodies and depicted as mean of FITC intensity. (b) The concentration
of MPO and lactoferrin in plasma of cultured blood. (c) The percent of
apoptotic neutrophils by flow cytometry using annexin V. *Statistically
different from control (P < 0-05). Values are means * s.e.m., n = 8 (a,c),
n =12 (b).
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Percent apoptotic cells

4 h

incubated lymphocytes. Using polyclonal anti-MPO antibody as
primary antibody, the means of fluorescence intensity were
significantly increased in neutrophils and monocytes after
incubation for 8 h, but not increased in lymphocytes (Fig. 5).

Release of ANCA antigens from neutrophils

By ELISA, release of ANCA antigens from neutrophils incubated
from 4 h to 24 h increased in a time-dependent manner. The
primary granule protein, MPO, in plasma was 1289 = 39-7 ng/ml
after 4 h, 131-0 = 38:6 ng/ml after 8 h, and 166-7 £ 39-4 ng/ml
after 24 h. The secondary granule protein, lactoferrin, in plasma
was 207-0 = 61-1 ng/ml after 4 h, 231-6 = 62.7 ng/ml after 8 h,
and 216-8 £ 61-2 ng/ml after 24 h. The increase of concentration
of MPO after 4-24 h and lactoferrin after 8 h in plasma were
statistically significant compared with unincubated neutrophils
(86:9 = 23-5 ng/ml for MPO and 1622 * 422 ng/ml for
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Fig. 5. Myeloperoxidase (MPO) surface expression in neutrophils,
monocytes and lymphocytes unincubated (CJ) or incubated for 8 h (H)
by flow cytometry using rabbit anti-MPO antibodies as primary antibodies
and represented as mean of fluorescence intensity. MPO is on the surface
of incubated neutrophils and monocytes at 8 h, but not on surface of
incubated lymphocytes. *Statistically different from 0 h (P < 0-05).
Values are means =* s.d.

lactoferrin) (Fig. 4). The release of neutrophil granule proteins
into the plasma is a reflection of full activation of neutrophils or
neutrophil necrosis or both.

Apoptosis and necrosis of neutrophils

By flow cytometry, there was no significant increase in apoptosis
until samples were incubated for 24 h using either annexin V or PI
detection. The proportions of apoptotic neutrophils were
83 1.1% at4h, 7.9 = 2.7% at 8 h and 27-3 = 7-2% at 24 h
by annexin V detection, and the proportions of apoptotic unsepar-
ated leucocytes were 1-9 * 2:6%, 2-3 = 2-0% and 12-3 = 8-3%,
respectively, by PI. Compared with 4.7 = 3-5% by annexin V and
1-5 = 1-8% by PI at O h, the changes were only significant at 24 h
by both annexin V and PI detection (Figs 4 and 6). The proportion
of necrotic cells as determined by the annexin V flow cytometry
profile was 2.9 = 0-4% at O h and 11-5 * 3-5% at 24 h.

Relationship of surface expression of ANCA antigens and
apoptosis

By fluorescence microscopy, neutrophils in whole blood were
analysed for concurrent MPO expression and apoptosis with both
FITC immunofluorescence using polyclonal anti-MPO IgG and
DNA dye, DAPI. With blood incubated 4 h or 8 h, the neutrophils
showed MPO surface expression on non-apoptotic neutrophils
with green cell surface staining and intact segmented blue nuclei.
After incubation for 24 h, the cells demonstrated MPO surface
expression either on apoptotic cells with pyknotic blue nuclei with
chromatin condensation or on non-apoptotic cells with intact
segmented blue nuclei (Fig. 7).

By flow cytometry, neutrophils were analysed for the
relationship of MPO surface expression and apoptosis by
simultaneously staining cells with annexin V and PI for apoptosis
and with R-PE-conjugated mouse anti-human MPO for MPO
surface expression. In freshly isolated cells, the mean of PE

© 2000 Blackwell Science Ltd, Clinical and Experimental Immunology, 121:165-172



170 J. J. Yang et al.

800 -
600 |-
800 - 400[-
50 100 150 200 250
600 - 200
8h
800 - 400 |- UL :
0 50 100 150 200 250
600 |- 200
400 | 0 | | | \ 4h \

0 50 100 150 200 250
200

0h
\ \ \ \

0
0 50 100 150 200 250
DNA content

Fig. 6. DNA content of leucocytes by flow cytometry using propidium iodide (PI) detection. DNA distributions were obtained following
fixation of cells with ethanol and staining with PL. Cells containing degraded DNA representing apoptotic cells were located to the left of the
G peak. Cells were cultured for 0, 4, 8, or 24 h and apoptotic peaks were observed only in cells cultured for 24 h.

fluorescence intensity was 39-1 = 28.-0. After cells incubated These data indicate that ANCA antigens were present on the
24 h, about 30% of neutrophils became apoptotic. The mean surface of both apoptotic and non-apoptotic cells.

surface expression was 760 = 32:6 in apoptotic cells and
88-2 £ 15-4 in non-apoptotic cells. Thus, there was no significant

difference between the mean MPO surface expression on DISCUSSION
apoptotic and non-apoptotic cells incubated for 24 h; however, ANCA are found in the circulation of most patients with a
both means were higher than the mean for freshly isolated cells. distinctive category of small vessel vasculitis that includes

Fig. 7. Double exposure fluorescence photomicrographs of neutrophils with double staining by both FITC immunofluorescence using
polyclonal anti-myeloperoxidase (MPO) IgG as primary antibody (green staining) and DNA dye, 4/,6-diamidino-2-phenylindole (DAPI)
(blue staining). (A) This neutrophil from blood cultured 8 h shows granular green cell membrane staining for MPO and a blue normally
segmented nucleus with differences in brightness between heterochromatin and euchromatin. (B) This neutrophil from blood cultured 24 h
shows cell surface MPO staining and a homogeneous pyknotic nucleus indicative of apoptosis.
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Wegener’s granulomatosis, microscopic polyangiitis, Churg—
Strauss syndrome, and renal-limited disease with necrotizing and
crescentic glomerulonephritis [1-4]. In vitro and in vivo evidence
is mounting that ANCA are directly involved in the pathogenesis
of this category of vascular inflammation [1-9,20-22]. For
example, ANCA cause cytokine-primed neutrophils to degranu-
late and undergo a respiratory burst [5,6,9] that result in
endothelial cell killing in vitro [20,21].

Most current pathogenic hypotheses require that ANCA anti-
gens be expressed at the surface of neutrophils so that they can
interact with ANCA to cause neutrophil activation [1-9,20-22].
Although a number of groups, including our own, have
demonstrated that ANCA antigens, such as MPO and PR3, are
expressed on the surface of primed neutrophils, there is contro-
versy over whether or not ANCA antigens are expressed on
normal quiescent (unstimulated) neutrophils [23—26], and whether
or not neutrophils that are progressing toward apoptosis express
ANCA antigens prior to undergoing apoptosis [10]. Our data
indicate that unstimulated neutrophils in fresh blood from healthy
donors do not express ANCA antigens on their surfaces. However,
even the minor trauma caused by in vitro incubation for several
hours or by neutrophil isolation procedures is enough stimulation
to cause surface expression and slight release of ANCA antigens,
as well as other neutrophil granule constituents, as has previously
been proven by others [27—29]. This observation may explain the
contention by some groups that ‘unstimulated’ neutrophils express
ANCA antigens on their surfaces, because these groups have
evaluated neutrophils after they had undergone the trauma of
various isolation procedures [23—26]. The findings in our study
indicate that isolation trauma is a crucial consideration when
evaluating other published observations about ANCA antigen
expression by ‘unstimulated’ neutrophils.

Our data confirm the observations of Gilligan et al. [10] that
apoptotic neutrophils express ANCA antigens on their surfaces.
However, in contradistinction to their contention that ANCA
antigens appear on the surface of apoptotic neutrophils in the
absence of prior neutrophil priming, our data indicate that neutro-
phils undergo priming and expression of ANCA antigens before
there is any evidence of apoptosis. Given the mild degree of
neutrophil perturbation that is required for priming, it would be
surprising if they could sustain a stimulus intense enough to
initiate apoptosis without inducing priming events. However, our
data do not directly demonstrate that all neutrophils that become
apoptotic have previously been primed.

The expression of ANCA antigens on the surface of apoptotic
neutrophils may be important in both the afferent (immunogenic)
and efferent (pathogenic) limbs of ANCA disease induction by
enhancing the immunogenicity of ANCA antigens and by aug-
menting the inflammatory response at sites of vasculitis, respec-
tively. Enhanced immunogenicity of self antigens in apoptotic
bodies has been incriminated in the pathogenesis of a number of
autoimmune diseases, especially systemic lupus erythematosus
[30-32]. Opsonization of apoptotic cells enhances the immuno-
genicity of antigens in apoptotic bodies that are phagocytosed by
macrophages [30—32]. Thus, the display of ANCA antigens in the
context of neutrophil apoptotic bodies might be an important
stimulus for initially breaking self tolerance to ANCA antigens. In
addition, once an ANCA autoimmune response has been mounted,
opsonization of apoptotic neutrophils by ANCA might accelerate
and augment the ANCA autoimmune response.

There is substantial neutrophil apoptosis at sites of ANCA

vasculitis, which is the major basis for the ‘leukocytoclastic’
appearance of the vascular inflammation at sites of ANCA
vasculitis. Under physiologic conditions, apoptotic cells do not
evoke significant inflammation; however, opsonization of apop-
totic cells by antibodies causes greater activation of macrophages
that phogocytose the apoptotic cells with increased secretion of
proinflammatory cytokines, such as TNF-a [30]. Thus, opsoniza-
tion of apoptotic neutrophils by ANCA could result in amplification
of inflammation at sites of vasculitis.

In conclusion, we have demonstrated that (i) quiescent
neutrophils have no ANCA antigens on their surface, (ii) there
is expression of ANCA antigens and other granule constituents on
neutrophil surfaces as the cells become primed and activated, and
(iii)) ANCA antigens are on surfaces of apoptotic neutrophils.
ANCA on the surface of primed neutrophils is available to interact
with ANCA to cause full-blown neutrophil activation that may be
the basis for the inflammation of ANCA vasculitis. ANCA
antigens on the surface of apoptotic neutrophils may be involved
in the initiation of the ANCA autoimmune response, and might
augment inflammation at sites of ANCA vasculitis.
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