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Introduction

Summary

The neutrophil serine protease proteinase 3 (PR3) is a main autoantigen
in anti-neutrophil cytoplasmic antibody-associated vasculitis. PR3 surface
presentation on neutrophilic granulocytes, the main effector cells, is patho-
genically important. PR3 is presented by the NB1 (CD177) glycoprotein, but
how the presentation develops during neutrophil differentiation is not
known. An N-terminally unprocessed PR3 (proPR3) is produced early during
neutrophil development and promotes myeloid cell differentiation. We there-
fore investigated if PR3 presentation depended on NB1 during neutrophil
differentiation and if PR3 and proPR3 could both be presented by NB1. In
contrast to mature neutrophils, differentiating neutrophils showed an early
NBI1-independent PR3 surface display that was recognized by only two of four
monoclonal anti-PR3 antibodies and occurred in parallel with proPR3, but
not PR3 secretion, suggesting that the NB1-independent surface PR3 was
proPR3. PR3 gene expression preceeded NB1. When the NB1 receptor was
detected on the surface, a mode of PR3 surface display similar to mature
neutrophils developed together with the degranulation system. Ectopic
expression studies showed that NB1 was a sufficient receptor for PR3 but not
proPR3. ProPR3 display on the plasma membrane may influence the bone
marrow microenvironment. NBl-mediated PR3 presentation depended on
PR3 N-terminal processing implicating the PR3—N-terminus as NB1-binding
site.
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receptor [14,15]. We have provided evidence recently that
NBI acts as a PR3 receptor on the neutrophil plasma

Anti-neutrophil cytoplasmic antibody (ANCA)-associated
vasculitides are characterized by small vessel inflammation,
often presenting with life-threatening pulmonary and renal
manifestations including haemorrhage and necrotizing cres-
centic glomerulonephritis with acute renal failure [1-3].
Neutrophilic granulocytes (neutrophils) are key effector cells
of the disease [4]. ANCA can induce neutrophils to produce
superoxide and alter their apoptosis [5-7]. Proteinase 3
(PR3) and myeloperoxidase (MPO) are the main ANCA
autoantigens [8,9]. PR3 has the unique feature to be dis-
played on a percentage of neutrophils in most individuals
[10-13]. A high percentage of membrane PR3-positive neu-
trophils is a risk factor for both onset and worse outcome of
the disease [12,13]. The PR3 displaying subpopulation is
identical to the subpopulation that carries the NB1 glyco-
protein, a glycophosphatidylinositol-linked membrane

membrane.

Neutrophil differentiation is a complex process of sequen-
tial gene expression and protein packing into granule sub-
types [16]. PR3 mRNA expression occurs early during
myeloid differentiation [17-19]. From gene array data, PR3
and NBI appear to be expressed sequentially [20]. It is cur-
rently not clear what determines a neutrophil progenitor to
express NB1 mRNA [21]. Parallel studies concerning PR3
and NBI1 protein expression and granule localization are
lacking. It has also not been reported when NB1 and PR3
surface presentation develop. While others and we have
shown that PR3 and NB1 can associate on the cell surface, it
is unclear at present if they already associate in the cell
[14,22]. This would have implications for possible future
therapeutic interventions aiming at inhibition of PR3
surface display.
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The NB1-PR3 binding mechanism has not yet been
elucidated. Exogenous purified neutrophil PR3 can bind
ectopically expressed NB1; however, there are currently no
published data addressing the question if other specific
myeloid molecules are necessary for trafficking of PR3 to
the surface and how PR3 processing affects binding to NBI.
PR3 mRNA includes regions for an N-terminal signal
peptide and an N-terminal dipeptide [23,24]. While the
signal peptide is removed immediately, a form containing
the N-terminal dipeptide (proPR3) is secreted early during
myeloid differentiation [18,25,26]. Dipeptide removal is
required for PR3 proteolytic activity [23,27-30]. The
dipeptide is not removed when PR3 is expressed ectopically
in HEK293 epithelial cells [29,31]. ProPR3 has differentiat-
ing and anti-proliferative effects on myeloid progenitors
[26,32].

To characterize the development of NB1-PR3 binding, we
studied PR3 membrane presentation during neutrophil dif-
ferentiation and found that an additional mode of PR3, most
probably proPR3, presentation existed that was independent
of NB1. NB1 was sufficient for PR3 surface presentation after
ectopic co-expression non-myeloid cells. NB1-mediated
surface display depended on PR3 N-terminal processing.

Methods

Subjects, neutrophil and stem cell isolation and culture

Neutrophils were obtained from normal volunteers after
informed consent was obtained, according to Internal
Review Board (IRB) requirements. Umbilical cord blood
was obtained from normal term deliveries at this hospital,
also after informed IRB-designated consent. Neutrophils
were isolated from heparinized whole blood by red blood
cell sedimentation with dextran 1%, followed by Ficoll-
Hypaque density gradient centrifugation and hypotonic
erythrocyte lysis, as described previously [33]. Cell viability
was detected in every cell preparation by trypan blue exclu-
sion and exceeded 99%. The neutrophil percentage in the
suspension was > 95% by Wright—Giemsa staining. For iso-
lation of CD34" progenitors, procedures were as described
[12,14]. Mononuclear cells from heparin anti-coagulated
cord blood were obtained by centrifugation over a
LSM1077 (PAA, Pasching, Austria) gradient (800 g,
30 min). Cells were washed and stained with direct CD34*
progenitor isolation kit (Miltenyi, Bergisch-Gladbach,
Germany) and sorted according to the manufacturer’s
instructions. Cells were cultivated in stem span serum-free
medium (Stem Cell Technologies, Vancouver, Canada)
supplemented with penicillin/streptomycin, 100 ng/ml stem
cell factor, 20 ng/ml TPO and 50 ng/ml FLT3-L (Peprotech,
London, UK) for expansion. Neutrophil differentiation was
in RPMI-1640 with 10% fetal calf serum (FCS) and
10 ng/ml granulocyte—colony-stimulating factor (G-CSF)
(Peprotech).

PR3 presentation on neutrophils

Nitrogen bomb cavitation and Percoll density gradient

Neutrophil disruption and two-layer density gradient cen-
trifugation were essentially as described [34]. The three
granule bands and cytosolic supernatant were aspirated
and remaining Percoll removed by centrifugation at
100 000 g for 2h. In the resulting fractions, MPO was
assessed as a marker of primary granules and activity deter-
mined by MPO activity assay with the substrate 2,2"-azino-
bis(3-ethylbenzthiazoline-6-sulphonic acid) and alkaline
phosphatase (AP) served as a marker of plasma membranes
measured the substrate p-nitrophenylphosphate (both
Sigma-Aldrich, St Louis, MO, USA), according to the
manufacturer’s instructions. Optical densities (OD) were
measured in a Versa Max tunable microplate reader
(Molecular Devices, Sunnyvale, CA, USA). Enzymatic
activities in each fraction were determined immediately
after density gradient centrifugation. The results expressed
as a percentage of total enzymatic activity of the prepara-
tion were as follows: MPO; primary granules: 63% * 7,
secondary/tertiary granules: 29% = 5, secretory vesicles
and plasma membranes 7% = 3, cytosol 2% * 1 and AP;
primary granules: 4% * 4, secondary/tertiary granules:
8% *= 5 secretory vesicles and plasma membranes:
87% * 7, cytosol: 1% = 1. Protein content of each fraction
was determined by Coomassie protein assay (Pierce, Rock-
ford, IL, USA). We wish to thank Professor N. Borregaard
for help with gradient centrifugation.

Reverse transcription—polymerase chain reaction

Total RNA were isolated with Trizol™ according to the
manufacturer’s  instructions  (Invitrogen, Karlsruhe,
Germany) and treated with DNAse (Promega, Mannheim,
Germany). cDNA was transcribed with Superscript II fol-
lowing the manufacturers protocol (Invitrogen). Quantita-
tive Reverse transcription—polymerase chain reaction (RT-
PCR) (qPCR) was performed using TagMan technology
(Applied Biosystems, Darmstadt, Germany). The following
oligonucleotides were used for human NB1 (hCD177):
forward  primer 5-TTGATGCTCATTGAGAGCGG-3/,
reverse primer 5-GCCTCCGTGCAGCCCT-3’, and the
probe Fam 5-CCCCAAGTGAGCCTGGTGCTCTCC-3
Tamra. For PR3, we used human PR3 (hPR3) 465F 5'-
TGTCACCGTGGTCACCTTCTT-3’, hPR3611R 5’-CCCCA
GATCACGAAGGAGTCTAT-3" and the probe hPR3504
Fam 5’-TTGCACTTTCGTCCCTCGCCG-3" Tamra (Biotez,
Berlin, Germany). RT-PCR and quantification were per-
formed using an Applied Biosystems 7700 Sequence detector
and qPCR Mastermix Plus (Eurogentec, Koln, Germany).
Each sample was measured in triplicate, and expression
levels were normalized to 18S housekeeper expression.
For RNA quantification, the fluorescence signal was mea-
sured at each PCR cycle, and the increase in the fluorescence
normalized reporter signal (RN) was documented in an
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amplification plot. Using non-template controls, the thresh-
old was set in the log phase to subtract unspecific fluores-
cence signals.

Antibodies

PR3 was detected using monoclonal antibodies (mAbs) 12-8
(CLB, Amsterdam, the Netherlands), 4A5 and 6A6 (Wieslab,
Lund, Sweden), and MCPR3-2 (Dianova, Hamburg,
Germany), the NB1 antibody was clone MEM166 (BD
Pharmingen and Biolegend, San Diego, CA, USA) and
(FITC) and
phycoerythrin-conjugated F(ab)-fragments of goat anti-
mouse immunoglobulin G (IgG) were from Dako
(Hamburg, Germany), goat anti-mouse Alexa fluor 647 was
from Invitrogen, anti-CD11b and CD66b were from Immu-
notech (Krefeld, Germany) and CD35 from Cymbus Biotech
(Hants, UK). Horseradish peroxidase (HRP)-labelled goat
anti-mouse IgG was from Santa Cruz Biotechnology (Santa
Cruz, CA, USA) and HRP-labelled donkey anti-rabbit Ig
(IgG) was from GE Healthcare (Munich, Germany). Poly-
clonal rabbit anti-PR3 was a gift from Professor R. Falk,
Chapel Hill, NC, USA.

secondary  fluorescein  isothiocyanate

Flow cytometry

Flow cytometry was used as described previously to evaluate
the membrane protein expression [33]. If indicated, cells were
stimulated with 2 ng/ml tumour necrosis factor-o. (Genzyme,
Risselsheim, Germany) or N-formyl-Met-Leu-Phe (Sigma,
Deisenhofen, Germany) for 20 min at 37°C. Incubation with
neutrophil PR3 (The Binding Site, Birmingham, UK) was at
1 pg/ml on ice for 2 h, followed by washing twice. Samples
were incubated on ice for antibody binding, washed and
counted using a FACScan (Becton Dickinson, Heidelberg,
Germany); 10 000 events per sample were collected and
analysed with CellQuest Pro software (Becton Dickinson).

Confocal microscopy

Live cells were analysed immediately after staining using a
Zeiss LSM 510 Meta mounted on an Axiovert 200 M using a
63x phase-contrast plan-apochromat oil objective (numeri-
cal aperture 1-4) at room temperature. Acquisition settings
for all images were UV/488/543/633, and specific parameters
for the fluorophores were FITC excitation at 488 nm light,
detected with a 500-530 bandpass filter; Alexa 647 was
excited at 633 nm and detected with a 650 nm longpass filter.

Cell lysis, sodium dodecyl sulphate-polyacrylamide gel
electrophoresis, Western blot

Cells were incubated on ice in lysis buffer (20 mM Tris HCL
pH 8-8, 138 mM NaCl, 10% glycerol, 2 mM ethylenediamine
tetraacetic acid, 1% Triton X 100, 1% NP40 supplemented
with proteinase inhibitors (10 mg/ml quercetin, 10 mg/ml

leupeptin, 0-1 mM aprotinin, 5 mM iodoacetamid), 0-2 mM
Na;VO,, 20 mM NaF and 1 mM phenylmethylsulphonyl
fluoride) for 10 min, insoluble material was pelleted and
samples were boiled without beta-mercaptoethanol and run
in 10% sodium dodecyl sulphate-polyaerylamide gel electro-
phoresis gels. Protein was transferred to polyvinylidene
difluoride-Western blot membranes (Roche, Mannheim,
Germany), and detected by enhanced chemiluminescence
Western blot reagent (Pierce, Rockford, IL, USA) on hyper-
film (GE Healthcare). OD were determined using arbitrary
units with NIH image 1-61.

Vectors and cell line transfection

PR3 and NB1 plasmids have been described [29]. We wish to
thank Professor U. Specks for the PR3 expression plasmids.
pcDNA4  beta-galactosidase (Invitrogen) was used for
control transfection. All plasmids were sequenced using an
ABI PRISM 377 DNA sequencer (Applied Biosystems,
Darmstadt, Germany) prior to use. Plasmids were amplified
in Escherichia coli One Shot Top 10 (Invitrogen) and purified
by endotoxin-free Qiagen Maxi-Prep kit (Qiagen, Hilden,
Germany). HEK293 cells were cultured in Dulbecco’s modi-
fied Eagle’s medium high glucose supplemented with 10%
FCS, r-glutamine and penicillin/streptomycin (Biochrom,
Berlin, Germany), transfected with FugeneHD transfection
kit (Roche, Indianapolis, IN, USA) and stained for flow
cytometry 48—72 h after transfection. Transfection efficiency
was > 80%.

Statistics

Statistics were calculated using StatView 4-5 (Abacus
Concepts). Correlations are given with 95% confidence
interval. Values are given with standard error of the mean.
For comparison of two groups, a two-sided #-test was
applied. P-values < 0-05 were considered significant.

Results

Proteinase 3 surface display on differentiating
neutrophils

When exactly during neutrophil differentiation PR3 is
brought to the neutrophil surface has not yet been reported.
Live cell flow cytometry (Fig. 1a) of stem cells during neu-
trophilic differentiation showed that PR3 surface display
occurred within 24 h of G-CSF exposure. This was found
using two mAbs (MCPR3-2 and 4A5) that recognize two
different PR3-epitopes [35]. However, two other mAbs (12-8
and 6A6), that also recognize neutrophil PR3, proPR3 and
recombinant forms [31] and detect surface PR3 reliably on
neutrophils, did not detect this surface PR3 form. The results
were confirmed by confocal microscopy (Fig. 1b). In con-
trast to results with neutrophils from peripheral blood, we
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(a)
NB1
PR3:
12-8
4A5
MCPR3-2
6A6
(b)
Fig. 1. NBI and proteinase 3 (PR3) surface
display during neutrophilic differentiation in
vitro. (a) Typical example of NB1 and PR3
surface presentation on live cells using 12-8,
4A5, 6A6 and MCPR3-2 monoclonal anti-PR3
antibodies that give two different patterns of ©

membrane PR3 development. Confocal
microscopy (b) demonstrates that the
MCPR3-3 anti-PR3 antibody recognizes surface
PR3 on developing neutrophils without NB1.
(c) Quantification of NB1 and PR3 surface
display development. Percentages of
membrane-positive cells for either NB1 or PR3
cells are shown with the isotype set to 5%
positive cells; #n = 4 independent experiments
per time-point during 10 days of
differentiation.
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observed PR3 surface display on NB1 negative cells. Time—
courses and percentages of membrane-positive cells during
neutrophil differentiation were monitored by flow cytom-
etry (Fig. 1c). NB1 was found on the cell surface from day 2
of G-CSF treatment and the percentage of NB1-positive cells
increased up to day 7 of differentiation. The final percentage
of NB1 positive cells after in vitro differentiations (38% * 9
compared with 5% for isotype control) was very similar for
different donors, with a wide variety of membrane positive
cells in the peripheral blood. An exception were NBI1-
negative donors who remained negative during in vitro dif-
ferentiation (n=2). A PR3 surface presentation that was
detected by all four mAbs developed after NB1 was present
on the cell membrane and at day 7 was similar to NB1
(27% = 8). These data suggest an NB1-independent mecha-
nism of PR3 surface display early during neutrophil differ-
entiation, whereas an NBIl-dependent mechanism is
involved at later time-points.

Parallel PR3 and NBI1 surface presentation on adult
and neonatal neutrophils

To confirm the earlier finding of identical subsets of mature
neutrophils displaying PR3 and NB1 on their membrane, we
now tested all four mAbs in neutrophils from peripheral
blood (Fig. 2). All PR3 antibodies gave identical results for
adult neutrophils. In addition, we tested membrane presen-
tation of both proteins in neonatal neutrophils that are dis-
tinct from adult in several surface markers and functional
assays [36]. Again, we found very similar membrane PR3 and
NBI percentages, with all antibodies confirming and extend-
ing our previous results to neonatal cells.

Proteinase 3 and NB1-mRNA are expressed
sequentially during neutrophil differentiation

To validate the neutrophil differentiation model from
umbilical cord CD34* haematopoietic stem cells for the lon-
gitudinal study of PR3 and NBI, we assessed mRNA levels
during the differentiation phase. We observed a high level of
PR3 mRNA expression that was down-regulated during
differentiation with G-CSE whereas NB1 expression was
up-regulated in response to G-CSF and persisted during the
time of in vitro culture (Fig. 3a). This is in accord with gene
chip data in myeloid precursors from bone marrow [20].
Neutrophil proteins are sorted into different granule sub-
types depending on their expression time-point [37]. There-
fore, protein granule distribution in mature neutrophils
should confirm their expression time. We assessed NB1 and
PR3 specifically in granules from peripheral blood neutro-
phils after separation by Percoll density gradient centrifuga-
tion (Fig. 3b). Purity of fractions was confirmed by content
of MPO and AP. In accordance with previous reports, we
found that PR3 was concentrated in primary, NB1 in
secondary and tertiary granules [38,39], supporting the
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Fig. 2. NBI1 and proteinase 3 (PR3) surface display on

neutrophils from peripheral blood. The correlation coefficient
between percentage of PR3 and NBI-positive neutrophils was R = 0-99
in all cases, independent of the antibodies used (adult neutrophils
[polymorphoneutrophil (PMN)]: n =26 for 12-8, n = 22 for 4A5,

n =8 for MCPR3-2, n = 6 for 6A6). Neonatal, cord blood neutrophils
(CB-PMN): n = 34 for 12-8, n = 8 for 4A5, n =4 for MCPR3-2, n=5
for 6A6).

conclusion that the sequence of gene expression in our dif-
ferentiation model was correct.

Proteinase 3 and NB1 protein expression and
translocation during neutrophilic differentiation

Protein expression was assessed by immunoblot analysis in
cell lysates and supernatants of differentiating neutrophilic
progenitors (Fig. 4). In the cell lysates, a low amount of high
molecular weight PR3 was observed at the starting point
of differentiation. After a few days of G-CSF exposure,
mature PR3 appeared and high molecular weight forms
disappeared. Accordingly, no high molecular weight PR3 was
detected in granules from peripheral blood neutrophils
(Fig. 3b). NB1 protein was first detected in cell lysates on day
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Fig. 3. Proteinase 3 (PR3) and NBI1 gene expression during
neutrophil differentiation. (a) PR3-mRNA showed a gradual decline
during in vitro differentiation, NBl mRNA was up-regulated after
addition of granulocyte—colony-stimulating factor and remained
elevated during the observation period. Values are shown as
percentage of housekeeper (18s). One typical of four independent
experiments is shown. (b) PR3 and NB1 subcellular distribution in
granules of peripheral blood neutrophils. Subcellular distribution is
an indicator for the time of expression during development. PR3 was
stored mainly in primary granules (OD = optical density: primary
granules (1°): 94 * 16, secondary/tertiary granules (2°/3°): 16 * 4,
secretory vesicles and plasma membranes (m./s.v) 11 £ 2, cytosol (c)
13 £ 2), NB1 in secondary and tertiary granules (OD: primary
granules: 23 * 15, secondary/tertiary granules: 100 * 0, secretory
vesicles and plasma membranes 28 = 6, cytosol 14 * 2). Immunoblot
of a typical experiment and densitometric analysis from three (NB1)
or four (PR3) independent experiments are shown.

2. In the cell culture supernatant, a high molecular weight
PR3 (35 kDa), consistent with proPR3, was detected from
day 2, similar to that described in another model of in vitro
differentiation [28]. The 29 kDa PR3, together with NBI,
appeared in the supernatant at later stages of differentiation
(days 7-14). These data show that NB1 protein expression
and cell surface display develop in parallel during neutro-
philic differentiation and appear to be independent of
detectable amounts of secreted NB1 in the supernatant.
The two patterns of PR3 surface display detected by flow

PR3 presentation on neutrophils

cytometry parallel the occurrence of proPR3 and PR3,
respectively, in the cell culture supernatant. Thus, the data
suggest that proPR3 accounts for the NBl-independent
surface expression early during differentiation.

Although PR3 was processed to a 29 kDa mature form in
the neutrophil progenitors from day 2 PR3 display on the
surface, in a form that was detected by all antibodies that
recognize NB1-bound PR3 in mature neutrophils, appeared
only several days later. To test if NBI-PR3 binding on the
neutrophil progenitor surface was altered making PR3 inac-
cessible to two of the mAbs, we incubated the cells with
purified neutrophil PR3. We found that the percentage of
PR3 membrane positivity detectable with all antibodies
increased to levels similar to NB1 positivity. This result is
consistent with the idea that NB1 was functional as a recep-
tor of mature PR3 already at early stages of differentiation
(Fig. 5a). Fully processed PR3 is stored in granules and their
translocation may be required for NBl-mediated PR3
display. We therefore tested translocation of markers for
primary granules (CD66b), secondary/tertiary (CD11b) and
secretory vesicles (CD35) in response to the chemotactic
peptide N-formyl-Met-Leu-Phe during differentiation
(Fig. 5b). NB1-dependent PR3 surface display developed in
parallel to degranulation ability, suggesting that granule
translocation machinery is involved in this process.

NBI1-receptor expression is sufficient for PR3
surface presentation

Our previous data, showing that NB1 can act as a PR3 recep-
tor, were obtained using either endogenous or purified neu-
trophil PR3. As PR3 processing is complex, we wanted to test
if certain steps, especially N-terminal processing, influence
PR3-NB1 interaction. When PR3 and proPR3 were trans-
fected, similar amounts of both PR3 proteins were detected
by immunoblot in cell lysates and supernatants (data
not shown). Single transfection of either form of PR3 did
not result in significant surface display. In contrast,

Cells Supernatants
o< oxZ
OrAOTVON~-—r OrANOSTNON=~=
T TTTTTTOTTO holholholholholholholholholholal
[ ML L E T I &
PR3| “—"I -&
NBI | e — -

Fig. 4. Proteinase 3 (PR3) and NB1 protein expression during
neutrophilic differentiation. PR3 as detected by immunoblot was
processed to a 29 kDa form by day 2 in the cells; in the cell culture
supernatant, a 35 kDa proPR3 appeared on day 1; the 29 kDa PR3 was
only detected from day 7. NB1 appeared in the cells on day 2 and in
the supernatant on day 7. Lane loading was normalized for cell
number and cell concentration respectively. PR3 was assessed by
MCPR3-2 and polyclonal rabbit anti-PR3 giving similar results.

A typical of three independent differentiations is shown.
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Fig. 5. Proteinase 3 (PR3) binding to neutrophil progenitors and
translocation to the plasma membrane. (a) Binding of purified
neutrophil PR3 to neutrophilic progenitors (days 3—6 of
differentiation) was assessed by flow cytometry. Percentages of
membrane-positive cells for PR3 and NB1 from six independent
experiments are shown (*P < 0-05). (b) Degranulation in response to
20 min stimulation with 10° M N-formyl-Met-Leu-Phe (fMLP) as
percentage increase in membrane display of surface anchored marker
molecules for primary granules (CD66b), secondary/tertiary (CD11b)
and secretory vesicles (CD35) (MFI = mean fluorescence intensity).
The increase in translocation after differentiation was especially
marked for mature PR3 (*P < 0-05). Means of three independent
differentiations are shown.

co-transfection of NB1 with PR3, but not proPR3, led to PR3
membrane display (Fig. 6). Protease activity of PR3 was not
required in this process. Results were similar for different
anti-PR3mAbs (12-8, 4A5 or MCPR3-2). These results are
the first to show that ectopic co-expression of PR3 and NB1
leads to PR3 surface presentation in a non-myeloid cell line.
The data also underscore the role of NB1 as the specific
receptor of mature PR3.

Discussion

Neutrophil surface display of the serine protease PR3 plays
an important role for activation by autoantibodies. We
found two distinct patterns of PR3 surface display during
neutrophil differentiation. In addition to presentation via
the NB1 receptor, as in mature neutrophils, there was NB1-
independent membrane PR3 presentation early during

differentiation that displayed only some of the PR3 epi-
topes detected on mature neutrophils. This up-regulation
occurred concomitant with secretion of proPR3 into the
supernatant and before PR3 secretion. The data suggest
therefore that this early surface PR3 is proPR3. These data
demonstrate a new mode of neutrophil autoantigen display.
However, membrane display of proPR3 may also serve spe-
cific physiological purposes. Secreted proPR3 has an impor-
tant role in myeloid differentiation. It inhibits proliferation
and promotes differentiation [26]. Membrane-bound neu-
trophil serine proteases have altered activities [40—42]. Pos-
sibly, membrane-bound proPR3 exerts more stable and at
the same time more localized signals to the direct progenitor
environment. Similar membrane display during neutrophil
differentiation was reported recently for another neutrophil
serine protease, elastase [43].

How proPR3 surface presentation during neutrophil
development is mediated on a molecular level remains to be
elucidated. We did not observe similar amounts of proPR3
on the surface after transfection into HEK293 epithelial
cells. This finding makes participation of another molecule
in proPR3 trafficking or presentation likely. On peripheral
blood neutrophils, our study confirms that no NBI-
independent mode of PR3 presentation was present. As no
proPR3 protein was detectable in cell lysates of mature neu-
trophils from peripheral blood, it cannot be differentiated if
mature neutrophils still have the potential to membrane
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display proPR3. Subpopulations of membrane PR3-positive
cells in a given individual are stable over years, even during
chemotherapy [44,45]. However, recently an increase in
membrane PR3-positive circulating neutrophils measured
by a new mAb was reported in patients with a massive leu-
cocyte left shift who had developed fatal sepsis [46]. Whether
or not this presentation is NB1-dependent is unknown. If
not, the presentation may have been a proPR3 display on
neutrophil precursors mobilized during massive left shift.

Proteinase 3 surface display on a percentage of peripheral
blood neutrophils mediated by the NBI1 receptor is a risk
factor in ANCA vasculitis [12,13,45]. Our second major
finding is that a non-myeloid cell line develops PR3 surface
expression when PR3 and NBI are co-transfected. Neither
protease activity nor other myeloid specific molecules were
required for this interaction. This situation, together with our
new data on parallel membrane presentation of NB1 and PR3
on neonatal neutrophils, increases further the evidence that
NBI acts as the PR3 receptor on human neutrophils [14]. PR3
surface presentation by the NBIl-receptor was limited to
mature PR3 without the N-terminal PR3-propeptide. This
suggests that the PR3 N-terminus is an element of the PR3-
NBI binding site. Studies using recombinant PR3 demon-
strated that nearly all ANCA sera from patients with vasculitis
recognize PR3 irrespective of its N-terminus [30,31,47—49].
In fact, clinical data show that ANCA binding not only to
mature PR3 but also to proPR3 have the same or even better
predictive power for disease progression in patients with
ANCA vasculitis [8,50]. This indicates that the PR3 N-
terminus is not a pathophysiologically relevant ANCA
binding site. Our findings suggest a mechanistic explanation
for these clinical data. If PR3 presented on the neutrophil
surface via the NB1 receptor is bound at its N-terminus, the
N-terminus is less accessible to autoantibodies on the neutro-
phil surface. Therefore, anti-PR3 ANCA binding to other
epitopes would have the greatest potential for neutrophil
activation leading to tissue damage. Further analysis of the
PR3-NB1 binding site is limited by the fact that the three-
dimensional structure of NB1 or near family members is not
known. This will be a prerequisite for better description of the
PR3-NB1 interaction.

This study is the first to describe the time—course of neu-
trophil membrane PR3 presentation during neutrophil dif-
ferentiation and found a novel mode of PR3 surface display.
It also shows that the PR3 N-terminal region is essential for
PR3-NB1 binding with implications for PR3 epitopes acces-
sible to autoantibodies on the neutrophil surface.
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