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ABSTRACT

Objective. Theinteraction of extracellu -
lar anti-neutrophil cytoplasmic autoanti -
bodies (ANCA) with neutrophilic gran -
ules may play an important role in the
pathogenesis of ANCA-related disor -
ders. It has been confirmed that apopto -
sisisan essential trigger associated with
trandocation of the cytoplasmic gran -
ules to the cell surface, and with the
expression of ANCA antigens. Snce cell

penetration by autoantibodies and apop -
tosis may be associated processes, we
tested the hypothesis that penetration of

ANCA-autoantibodies into polymor -
phonuclear leukocytes (PMNs) has an

effect on apoptosis and thereby canin -
fluence surface antigen expression.

M ethods. PMNswereisolated fromthe
blood of healthy volunteers and incu -
bated in the presence of anti-protein -
ase3 (PR3) enriched 1gG or normal hu -
man 1gG. For each period of incuba -
tion (40 minutes or 12 hours) we evalu -
ated: 1) PMN morphology by light mi -
croscopy (LM) and transmission elec -
tron microscopy (TEM) for general es -
timation of the apoptotic process, and

2) ANCA binding to the target antigen

by immunogold electron microscopy
(IgEM).

Results. Both normal and anti-PR3

1gG penetrate PMNSs. The labeled PR3-

ANCA were localized on PR3 granules,

regardless of the granules’ location

within the cell, and in the sites where
the PMN destruction processes were
most expressed. The destructive pro -
showed extensive apoptotic char -
acteristics, in contrast to PMNs pene -
trated by normal 1gG.

Conclusion. PR3 ANCA penetrate
PMNSs and, via the interaction between

PR3-ANCA and PR3-containing gran -
ule components, initiate a modification

of the apoptotic process.
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Introduction

Anti-neutrophil cytoplasmic autoanti-
bodies (ANCA) are considered to be a
class of antibodies directed against pro-
teins in both the cytoplasmic granules
of neutrophils and the lysosomes of
monocytes (1). ANCA are associated
with small vessel vasculitis, especially
Wegener’s granulomatosis and micro-
scopic polyangiitis (2). Increasing evi-
dence for the direct involvement of
ANCA in the pathogenesis of this type
of vascular inflammation has emerged
from several lines of studiesin vivoand
in vitro (3-9). There have been substan-
tial developments in the understanding
of the pathogenic role of ANCAand the
mechanisms of ANCA-induced neu-
trophil activation (9). The most impor-
tant and difficult issue connected with
these investigations was to understand
the interaction between extracellular
ANCA and intracellular granule com-
ponents. Several proposed mechanisms
suggest that ANCA cause a release of
toxic oxygen radicals and granule en-
zymes from normal human neutrophils
with their subsequent activation (4).
ANCA-induced neutrophil activation
results from an engagement of neutro-
phil Fc g receptors (5) or from cross-
linking of ANCAtarget antigens on the
neutrophil surface with ANCA F(ab’),
fragments (6). The priming of neutro-
phils by cytokines, particularly by tu-
mor necrosis factor-a (TNF-a), effects
enhanced expression of the target anti-
gens on their surfaces (4,7). Apoptosis
of neutrophils also seemsto lead to the
surface expression of the ANCA target
antigens (7, 8). Yang and associates
found that neutrophils undergo priming
and expression of ANCA antigens be-
fore any manifestation of apoptosis (7).
Gilligan et al. have concluded that apop-
tosis of unprimed PMNs is associated
with tranglocation of the cytoplasmic
granulesto the cell surface (8).
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Alarcon-Segovia et al . described auto-
antibody penetration into living cells
and opened a new way of explaining
the different aspects of the interaction
between autoantibodies and target cells
(10-13). Several observations reinforce
their views by showing that certain
autoantibodies directed against intra-
cellular antigens may modify the cell
function with induction of immunodys
regulation (14-17). These experimental
findings, coupled with evidence of
autoantibody-induced apoptosis, led to
the hypothesis that apoptosis may
sometimes be linked to cell penetration
by antibody (18). The purpose of our
study was to define the influence of
ANCA penetration on human PMN
apoptosis using TEM and IgEM.

Materials and methods

Human 1gG preparations

The present study was conducted at the
Sheba Medical Center, Tel Hashomer,
Israel, in accordance with the princi-
ples of the Declaration of Helsinki. 1gG
fractions with anti-PR3 activity were
purified from sera of active Wegener's
granulomatosis patients (n=3) with
high level of anti-PR3 activity (100-
150 ELISA units) by affinity chroma-
tography on protein G column (Phar-
macia) according to the manufacturer’s
instructions. The normal human 1gG
fractions were purified from sera of
healthy subjects (n=3) as described
above. The purity of both IgG prepar-
tions was checked by polyacrylamide
gel electrophoresis (PAGE). Restricted
reactivity of patients 1gG preparations
to PR3 was confirmed by cross-ELISA
assay with different (myel operoxidase,
elastase, lactoferrin, BPl) ANCA anti-
gens (AESKULISA, Aeskus Diagnos-
tic GMBH, Wendelsheim, Germany).
All experiments were performed at
least three times.

Isolation of human PMN

PMN were isolated from heparinized
blood derived from healthy volunteers
using the standard procedure of dextran
(mol wt. 500,000, Sigma Chemical Co,
St Louis MO) sedimentation and Fi-
coll-Hypaque (Pharmacia, Uppsala,
Sweden) density gradient centrifuga
tion as previously described (19). Con-

taminating erythrocytes were removed
by hypotonic lysis with ice cold sterile
H,O, and norma osmolarity was re-
stored by addition of 3.5% NaCl. PMNs
were finally resuspended in complete
culture medium (RPMI-1640 with 1%
penicillin—streptomycin—nystatin solu-
tion). The suspension contained > 96%
PMNs and the viability was > 99% as
determined by trypan blue exclusion.

Cell culture

PMNs (1 x 10° cells/ml) were incubat-
edin RPMI 1640 culture medium in the
presence of either 100 pg/ml of anti-
PR3 enriched 1gG or norma human
IgG for up to 12 hours at 37° C in 5%
CO, in humidified atmosphere. After a
careful investigation of samples at dif-
ferent periods of incubation, 40 min
and 12 h cultures were selected as char-
acteristic of short and long periods of
incubation. At the different periods of
incubation, the PMN cultures contain-
ed different proportions of normal,
transitional and apoptotic forms. At
both periods, the majority of cells had
intact plasma membrane.

Light microscopy

PMN dlides for light microscopy were
prepared using a Shandon Cytospin cy-
tocentrifuge. Following staining with
May-Grunvald-Giemsa, a minimum of
1000 cellswere analyzed due to the un-
even distribution of normal and apop-
totic neutrophils on the slides. The
staining was used for the evaluation of
the general morphological characteris-
tics of the populations and for the de-
termination of direction of the apoptot-
ic process (20,21). Apoptotic cells at
the light microscopic level were recog-
nized by their rounded shape, even out-
lines, and clear, dense, round nuclei, or
micronuclei (20).

Transmission €l ectron microscopy

Portions of neutrophil sediments were
fixed with 2.5% glutaraldehyde in Kar-
novski’s buffer, washed in Serenson’s
phosphate buffer (pH 7.4), and post-
fixed for one hour with 1% osmium te-
troxide in the same buffer. Samples
were washed in phosphate and veronal
acetate buffers and placed into a 1%
solution of uranyl acetate. After dehy-
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dration and treatment with propylene
oxide, the samples were positioned in a
1:1 Epon-propylene oxide mix and into
Epon 812-Araldite epoxy-resin. Poly-
merization occurred overnight at 64°C.
Ultrathin sections were prepared with
an LKB-3 ultramicrotome, stained with
uranyl acetate and lead citrate, and
examined using a JEOL 1200 Ex EM at
an operating voltage of 80 kV.

Immunogold staining

Immunogold labeling was performed
on ultrathin sections of neutrophils de-
rived from different populations incu-
bated with PR3-ANCA or normal hu-
man 1gG. After blocking with 1% BSA
and 1% GSA in PBS (pH 8.2) PMNs
were treated with 18 nm colloidal gold
conjugated goat-anti-human 1gG (Jack-
son ImmunoResearch Laboratories,
Inc, West Grove, PA) diluted 1:20.

Apoptosis measurement

Apoptosis of PMN was additionally as
sessed by image analysis using double
staining with FITC-Annexin V and
propidiumiodide (PI). Briefly, one mil-
lion cells were washed with PBS and
resuspended in binding buffer (140
mM NaCl, 2.5 mM CaCl,, ImM Hep-
es, and pH 7.4). FITC-Annexin V (R&
D Systems, Minneapolis, MN) and Pl
(Sigma Chemical Co.) at final concen-
trations of 1 and 4 ng/ml, respectively,
were added simultaneously and cells
were incubated for 15 min in the dark
at room temperature. About 300 cells
were assessed in a sample. Cells were
analyzed by Olympus motorized up-
right epi-fluorescence BX51 micro-
scope, equipped with a Mercury light
source. The emitted fluorescence was
imaged using CoolSNAP HQ mono-
chrome CCD camera, or DV C color ca-
mera. Digital image analysis from cel-
lular fluorescence was performed by
Image Pro plus software. Statistical an-
alysis was performed by the ANOVA
test.

Results

Fluorescence and light microscopy
analysis of PMN apoptosis

The effect of PR3 ANCA on PMN
apoptosis was initialy evaluated by
fluorescence and light microscopy.



Freshly isolated PMN contained 6 +
1.5% Annexin V positive (early apop-
totic) cellsand 8 £ 1.5% of Annexin V
and Pl double positive (late apoptotic)
cells. The percentage of Annexin V
positive cells following 40 min incuba-
tion of freshly isolated PMNs in the
presence of PR3 ANCA (Table 1) was
significantly higher (p < 0.05) than the
percentage of Annexin V positive cells
following exposure to normal human
1gG (46+6.2 and 17 +4.5% apoptotic
cells, respectively). Most PMNs which
externalized phosphatidylserine were
at the early stage of apoptosis, eviden-
ced by their Pl negative state. After 12
h incubation, high proportions of apop-
totic cells were shown by Annexin V
staining of PMNs incubated either with
PR3 ANCA or norma human 1gG
(Tablel, Fig. 1).

Light microscopy analysis reveded a
similar pattern, but in this method, the
distinction between PMNs after expo-
sure to the different groups of antibod-
ies was more pronounced after long in-
cubation. PMNs exposed to PR3 AN-
CAfor 12 hours showed a significantly
higher proportion of apoptotic cells
(Fig. 2C, Table I) than PMNs cultured
with normal human antibodies (Fig.
2B, Table I): 57.4+15% and 32.3+
16.8%, (p<0.05) respectively (Fig. 2A,
Table 1). Moreover, out of the 57.4 +
15% of PR3 ANCA exposed apoptotic
cells, 38.08+ 14.27% exhibited vacu-
oles of various sizes, whereas upon in-
cubation with normal 1gG no vacuoles
were found — a phenomenon to be fur-
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Fig. 1. Light (A) and fluorescence (B) micro-
graphs of PS externalization and plasma mem-
brane integrity in PMN population following
12h exposure to PR3 ANCA.

ther examined by electron microscopy
(Fig. 4).

Although the kinetics of the apoptotic
process, as shown by Annexin V/PI
staining and by light microscopy, were
not the same, both techniques demon-
strate a tendency toward the augmenta-
tion/alteration of PMN cell death upon
exposure to PR3 ANCA.

Ultrastructure of PMNs incubated with
PR3 ANCA or normal human IgG
Regardless of the |gG preparation used,
following 40-minute incubation PMNs
had normal neutrophil characteristics
with moderately irregular contours;
segments of nuclei were filled with
both eu- and heterochromatin. The cy-
toplasm contained the elements of the
cytoplasmic net, mitochondria, and a
moderate quantity of granules (Fig.
3A). Incubation of PMNs with normal
human 1gG for 12 hours, yielded sever-

Tablel. The proportions of apoptotic cells within PMN cell populations exposed to normal
human 1gG or PR3 ANCAas determined by fluorescent and light microscopy. Freshly iso-
lated PMN contained 6 + 1.5% Annexin V positive (early apoptotic) cells and 8 + 1.5% of
AnnexinV and PI double positive (late apoptotic) cells. According to light microscopy, 7 £
2% of freshly isolated PMN were apoptotic. The results are of at least three identical exper-
iments. Theresults are presented as mean + SEM. About 300 cells were assessed by the flu-
orescence tests. At least 1000 cells were analyzed by light microscopy. Significance was
determined by the ANOV Atest. Results were considered to be significant at p < 0.05 (*).

Incubation Fluorescence microscopy Light microscopy
time % Apoptotic cells % Apoptotic cells
Normal 1gG PR3 ANCA Normal 1gG PR3 ANCA
Annexin V. Annexin+ Pl AnnexinV Annexin +
positive positive positive Pl positive
40 min 17+ 45 10+ 15 46+62* 8+21 245+6.05 31.4+19.7
12h 54+6.2 9+34 579+8 114+46 323+16.8 57.4+15.1*
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Fig. 2. Light microscopy shows that the PMN
populations include: (A) mainly normal cells
after 40 min incubation with normal human 19G;
(B) mainly transitional (arrows) and apoptotic
forms (double arrows) after 12h incubation with
normal human 1gG; (C) After 12 h incubation
with PR3 ANCA, a considerable part of apoptot
ic cells is comprised of apoptotic forms with
large autolytic vacuoles (arrows).

a predominant apoptotic appearances,
mainly associated with the structura
changes of the nucleus and cytoplasm.
PMNs exhibited a coalescence of nu-
clear lobes into a single nucleus or
formed 2-3 micronuclei filled with
condensed chromatin. Alterations of
the cytoplasm were characterized by a
gradua increase in the density of the
cytoplasmic matrix and a portion of the
vacuolized organelles, as well as by an
increased number of vesicles gradually
moving to the cytoplasmic membrane
(Fig. 3B).
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Fig. 3. Electron micrographs of PMN. (A) Neu-
trophils from the PMN population incubated for
40 min with normal 1gG. Cells have the ultra-
structural characteristics of normal neutrophils.
Bar: 2 um. (B) An apoptotic PMN at the stage of
complete apoptotic phenotype formation (after
12 h of incubation with normal 1gG). This apop-
totic neutrophil variant is characterized by
smooth contours, approximate electron density
of the cytoplasm, and round, dense apoptotic
micronuclei. Bar: 1 um.

Apoptotic PMNs having altered gran-
ules with flocculent content (Fig. 4
A,B,C) were predominant after 12 hour
exposure to anti-PR3 1gG. Notably, al-
tered or destroyed granules were usual-
ly localized in the immediate proximity
of the forming big autolytic vacuoles.
At a later stage, vacuoles and granule
residues are trandl ocated to the cell sur-
face (Fig. 4C).

Immunogold electron microscopy

of PMNs incubated with anti-PR3

enriched 1gG or normal human 1gG

Single gold labels on the cytoplasmic
membrane and within distinct sites of
the cytoplasm were found in PMNs
that had undergone 40 min incubation
whether with norma 1gG or PR3
ANCA (data not shown). Similar indi-
vidual gold label distribution was
found in PMNs incubated for 12 h with
normal human 1gG (Fig. 5A’,A). On
the other hand, in PMNs exposed for
12 h to anti-PR3 IgG, the gold markers

Fig. 4. Apoptotic neutrophils from PMN culture
incubated for 12 h with PR3 ANCA. (A)A por-
tion of an apoptotic neutrophil. Arrow indicates
therelease of the granular content to the vacuolar
cavity. Lysosomes are also present. (B) An apop-
totic neutrophil. Short thin arrow indicates
altered swollen granules with flocculent content.
Thick arrow indicates vacuoles, characteristic
of thistype of cells, releasing their content to the
cell outside. (C) A neutrophil in afina stage of
apoptosis. Vacuoles (long arrows) and granule
residues (short arrows), positioned near the cell
surface. Bar: 2 um.

resided on altered granules, formed
aggregates on decomposing granules,
and also accumulated in large lytic vac-
uoles (Fig. 5B,C).

Discussion

Wegener’'s granulomatosis is an auto-
immune disease which is characterized
by the presence of highly sensitive and
specific ANCA (22). In recent years,
considerable data have been accumu-
lated regarding the direct involvement
of ANCA in the pathogenesis of vas-
culitis. Special attention has been paid
to the interaction of extracellular AN-
CA with intracellular primary granule
components. Several experimental mo-
dels established ANCA Ag expression
by employing different priming events
of apoptosis which might trigger trans-
location of primary granules to the sur-
face of PMNSs (3-8).

The aim of the present study was to
show the antibody penetration into
PMN and its relation to PMN apopto-
sis. In comparison to PMNs treated
with normal human 1gG, incubation of
cells with anti-PR3 antibodies modi-
fied PMN apoptosis. The gold particles
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were associated with primary granules,
formed aggregates on decomposing
PR3-containing granules, and also ac-
cumulated in big lytic vacuoles.

The first report that whole antibody
molecules were actually competent to
penetrate living cellswas carried out by
Alarcon—Segovia et al. in 1978 (10).
Subsequent observations of intracellu-
lar events by the same group appeared
to indicate that anti-ribonucleoprotein
1gG entering Tg lymphocytes caused
their deletion and the abrogation of
suppressor function (12, 13). Since
then, several additional studies have
addressed a connection between these
two processes. apoptosis and cell pene-
tration by antibody (23-25). The same
phenomenon of cell penetration specif-
ically associated with anti-dsDNAanti-
body was demonstrated (23,24). One
of the most interesting reports has been
published by Adamuset al., which ver-
ified apoptotic death of retinal rod cells
following entrance of 1gG anti-recov-
erin antibodies (25). An exciting hypo-
thesis, suggesting that apoptosis and
cell penetration by autoantobodies may
correspond to different stages of the
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Fig. 5. (a’) The general appearance of an apop-
totic cell from a population incubated for 12 h
with normal 1gG (small magnification). Bar: 1
um. (A) The selected part of the apoptotic cell in
large magnification. Bar: 1 um. IgEM shows
that, in this case as well, the single markers were
distributed mainly in the cytoplasm. (B) A frag-
ment of an apoptotic neutrophil from a popula
tion incubated for 12 h with PR3-ANCA. IgEM
shows destructive PMN granule alteration and
accumulation of the markersin the areas of gran-
ular disintegration (thin arrows). These gran-
ules are often found near large autolytic vac-
uoles. Single markers are seen in the vacuole
(thick arrows). Bar: 200 nm. (C) PMN, in a
state of maximal apoptotic phenotype manifesta-
tion, after 12 h incubation with PR3-ANCA. Al-
tered PR3 granules associated with markers
(short arrows) as a rule are found near large
autolytic vacuoles, which also often contain
markers (ar rows) accumulated near the vacuolar
membrane. Bar: 500 um.

same linked process, was proposed by
Williams and Peen (18). However, it
has not yet been conclusively establish-
ed which stage comes first. Recently,
several investigators have provided
experimental proofsindirectly support-
ing the validity of this hypothesis in
ANCA-associated diseases. In a study
of PMNSs from patients with Wegener’'s
granulomatosis, Csernok et al. (26)
have demonstrated both the presence of
intra-cytoplasmic 1gG antibodies and
overexpression of the autoantigen,
PR3, on the cell surfaces. Thiswas in
contrast to results seen in normal sub-
jects. Gilligan's group (8) have aso
noted that apoptosis of unprimed
PMNs was associated with transloca-
tion of cytoplasmic granules to the cell
surface. Moreover, it has been shown
that autoantigens such as nucleosomal
DNA, and small nuclear and cytoplas-
mic ribonucleoproteins targeted in
SLE, can be found on the surface of
apoptotic keratinocytes in the apoptotic
blebs (27).

In the present study, we provide evi-
dence of PMN penetration by anti-PR3
antibodies with a concomitant en-
hancement of the apoptotic process by:
a) the appearance of immunogold parti-
cles associated with cytoplasmic gran-
ules, independent of the granules loca-
tion within the cell; b) the difference
between the dynamics of immunogold
particle accumulation in PMN cultures
incubated with PR3 ANCAand normal
1gG; c) the clear correlation of immu-
nogold accumulation with the intensity
of the destructive process.

A variety of methodologies may sup-
port these findings. In our preliminary
study (data not included in the present
report), we used complete highly anti-
PR3 active sera of Wegener's granulo-
matosis patients, since isolated 1gG
fractions are known to sometimes form
irreversible aggregates, and obtained
similar results. However, in the report-
ed study we used isolated purified 1gG
fractions and repeated the experiments
a least three times to ensure that the
specific ANCA penetrate the PMN
with subsequent modification/enhance-
ment of apoptosis. In the present study,
in addition to the highly reliable elec-
tron microscopical anaysis, we aso
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assessed the early events of PMN apop-
tosis by image analysis using double
staining with FITC-Annexin V and
propidium iodide (PI), with an epifluo-
rescent cytometric system. Although
the dynamics of apoptosis, asindicated
by light microscopy and Annexin V
and Pl staining, were not the same,
there is a common tendency toward the
enhancement of apoptosis following
incubation with anti-PR3 1gG as com-
pared to normal 1gG. Our results show
that ANCA penetration and apoptosis
are interrelated processes, however,
this does not exclude the possibility of
subsequent or parallel antigen engage-
ment by ANCA on the cell surface.
The obtained results may have rele-
vance to the understanding of patho-
genesis of ANCA-related disorders,
particularly in view of the interference
of these autoantibodies with intracellu-
lar granule components. Finaly, our
results may contribute to the under-
standing of the initiation of the autoim-
mune response in ANCA-associated
vasculitis. Thus, our data are compati-
ble with previously accumulated evi-
dence that “apoptotic” autoantigens are
the natural targets for different types of
autoantibodies. We believe that the
autoantibody penetration may be used
in the future for specific delivery of
conjugated drugs/toxins to the leuko-
cytes.
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