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Objectives: Increased numbers of neutrophils expressing proteinase 3 on their membrane (mPR3) have been
reported in anti-neutrophil cytoplasm antibody (ANCA)-associated vasculitis (AAV) and are suggested to be
involved in AAV immunopathogenesis. In most studies, neutrophils were analysed for mPR3 expression
without priming with TNFa, suggesting that mPR3 expression on neutrophils is dependent on other priming
events, such as isolation procedures . These priming events can be variable. Therefore, we analysed mPR3
expression on neutrophils before and after priming with TNFa to assess whether standardised assessment of
mPR3 expression requires priming. Using neutrophils before and after priming with TNFa, we assessed
percentages of mPR3+ neutrophils in patients with AAV and in disease and healthy controls.
Methods: Neutrophils from patients with PR3-AAV and MPO-AAV, systemic lupus erythematosus (SLE) and
rheumatoid arthritis (RA), and from healthy controls were analysed before and after priming with TNFa for
mPR3 expression.
Results: 42% of all individuals analysed showed minimal expression for mPR3 on all neutrophils before
priming with TNFa, whereas after priming a clear mPR3+ subset was observed next to mPR3– neutrophils,
corresponding to bimodal mPR3 expression. In patients with PR3-AAV or MPO-AAV, the percentage of
mPR3+ neutrophils after priming with TNFa was significantly increased (p,0.01 and p,0.05, respectively)
compared with healthy controls. Percentages of mPR3+ PMN were also increased in patients with SLE
(p,0.01) but not in RA.
Conclusion: Standardised assessment of proteinase 3 on the membrane of neutrophils requires priming with
TNFa. Percentages of mPR3+ PMN are increased in AAV and SLE, but not in RA.

P
roteinase 3 (PR3) is a proteolytic enzyme that is mainly
stored in the azurophilic granules and, to a lesser extent, in
the specific granules and secretory vesicles of neutrophils.1–3

Upon stimulation with a low dose of pro-inflammatory cytokines
such as TNFa,4–6 by isolation procedure7 or by in vitro incuba-
tion,7 8 the enzyme proteinase 3 is translocated to the cell
membrane. This process is called priming . Translocation of PR3
from the different pools to the cell membrane is sequentially
regulated, starting with exocytosis of readily mobilisable secre-
tory vesicles, followed by specific granules and, finally, by limited
exocytosis of azurophilic granules.1–3 On the basis of membrane-
bound proteinase 3 (mPR3) expression, two subsets of neutro-
phils can be defined: neutrophils that hardly express proteinase 3
(mPR3– neutrophils) after priming, and neutrophils that sub-
stantially express proteinase 3 (mPR3+ neutrophils) after prim-
ing.7 9–11 The percentage of mPR3+ neutrophils ranges from 0% to
100% of the total population of neutrophils within individuals.7 9–

12 Individuals in whom both subsets are simultaneously present
are designated as bimodal for mPR3 expression. When only one
subset (a population of only mPR3– or mPR3+ neutrophils) is
present, individuals are designated as monomodal in mPR3
expression. In addition, the percentage of mPR3+ neutrophils is
stable over time in a particular individual and is not affected by
neutrophil activation, disease activity or treatment, which implies
genetic control.7 9 10 12

In Wegener’s granulomatosis (WG), the percentage of mPR3+

neutrophils increases.7 10 12 13 WG is a systemic autoimmune
disease characterised by the presence of ANCA, which are in
most cases directed against PR3.14–16 PR3-ANCA can activate
neutrophils in vitro, resulting in degranulation and oxidative

burst.4 17–19 mPR3 expression is a prerequisite for neutrophil
activation after stimulation with PR3-ANCA and, as such, of
major importance in immunopathogenesis.20 21

In RA, the percentage of mPR3+ neutrophils has been
reported to increase as well,7 although others did not find
increased numbers of mPR3+ neutrophils in chronic inflam-
matory disease controls such as RA or SLE.6 In these studies,
neutrophils were analysed for mPR3 expression without
priming with TNFa. mPR3 expression on mPR3+ neutrophils
is normally not observed in whole-blood experimental proce-
dures, implying that neutrophils need priming to express
mPR3.7 8 Isolation procedures alone can prime neutrophils,
possibly owing to mechanical stress during centrifugation
procedures, which results in translocation of PR3 to the plasma
membrane.22 Induction of mPR3 expression on mPR3+ neu-
trophils during isolation procedures is not controllable and may
vary between experiments. Hence, percentages of mPR3-
expressing neutrophils may not be accurately assessed when
neutrophils are not additionally primed with TNFa.

In the present study, we first analysed mPR3 expression on
neutrophils before and after priming with TNFa to investigate
whether assessment of mPR3 expression on neutrophils
requires ex vivo priming with TNFa. Furthermore, we studied
expression of activation markers on mPR3– and mPR3+

neutrophils. Using neutrophils before and after priming with
TNFa, we assessed whether the percentage of mPR3+ neutro-
phils increased in patients with ANCA-associated vasculitis. To
assess the specificity of the suggested increase in percentages of
mPR3+ neutrophils for AAV, we included disease controls from
patients with RA and SLE.
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MATERIALS AND METHODS
Patients and controls
The percentage of mPR3+ neutrophils is thought to be
genetically determined, and so it is not affected by age, disease
activity or treatment.7 9 10 12 Therefore, we included consecutive
patients with ANCA-associated vasculitis, SLE and RA.

N ANCA-associated vasculitis: A diagnosis of WG, Churg Strauss
syndrome (CSS) or microscopic polyangiitis (MPA) was
established according to the Chapel Hill criteria.23 PR3–ANCA
or MPO-ANCA was determined by an indirect immuno-
fluorescence (IIF) assay on ethanol-fixed neutrophils and by
capture ELISA with specificity for PR3 or MPO, as described
in previous reports .24 25 The PR3-AAV group consisted of 25
patients with WG. The MPO-AAV group consisted of five
patients with WG, five patients with MPA, two patients with
CSS and two patients with unclassified MPO-associated
vasculitis.

N Rheumatoid arthritis(RA): 25 patients fulfilling the criteria of
the American College of Rheumatology for definite RA were
included.26

N Systemic lupus erythematosus(SLE): 25 patients fulfilling the
American College of Rheumatology criteria for SLE were
included.27

N Healthy controls: Healthy laboratory personnel were included
as controls (n = 25).

Additional information on patients and controls is given in
Table 1.

Isolation and priming of neutrophils
Neutrophils were isolated from EDTA-anticoagulated blood by
centrifugation on PolymorphprepTM (Nycomed, Oslo, Norway)
and hypotonic lysis of contaminating erythrocytes with ice-cold
ammonium chloride buffer. Cells were washed with cold Hanks’
balanced salt solution (HBSS) without Ca2+/Mg2+ (GIBCO/Life
Technologies, Breda, The Netherlands) and resuspended in HBSS
with Ca2+/Mg2+ (GIBCO/Life Technologies, Breda, The
Netherlands) to obtain 16107 cells/ml. Part of the sample was
primed with 2 ng/ml of recombinant TNFa (Boehringer
Mannheim, Germany) for 15 min at 37̊ C before analysis of
membrane expression. Non-primed neutrophils were analysed
for membrane expression immediately after isolation.

Membrane expression on neutrophils
Membrane expression of proteinase 3, elastase, TNFa receptor I,
TNFa receptor II and CD35 (or complement receptor 1, CR1)
were measured using flow cytometry as previously described.10

All steps were performed on ice. Shortly , samples containing
106 neutrophils were fixed with 0.5% paraformaldehyde for
10 min, washed with PBS/1% BSA by centrifugation at 1200 g,
4 C̊ for 3 min, and incubated with 0.5 mg/ml heat-aggregated
goat immunoglobulins (IgG; Sigma) for 15 min to saturate Fcc
receptors. Next, cells were stained with a saturating dose of
mouse monoclonal IgG1 antibody (MAb) directed against
human PR3 (PR3G-3),28 human elastase (NP57, Dako
Cytomation, Glosstrup. Denmark), TNFRI (clone:16830, R&D
systems, Minneapolis, USA), TNFRII (clone: 22235, R&D
systems, Minneapolis, USA), human CD35 (Ber-Mac-DRC,
Dako Cytomation, Glosstrup, Denmark) or with an irrelevant
IgG1 control antibody (MCG1; IQProducts, Groningen, The
Netherlands) for 30 min. Next, non-bound antibodies were
washed off with PBS/1% BSA. This step was followed by 30 min
incubation with phycoerythrin (PE)-conjugated goat anti-
mouse antibody (Southern Biotechnology Associates,
Birmingham, AL USA) in the presence of 0.5 mg/ml heat-
aggregated goat IgG and a subsequent washing step.
Fluorescence intensity was analysed on an ELITE flow
cytometer (Becton Dickinson Immunocytometry Systems,
Mountain View, CA, USA) and calibrated using Flow-SetTM

fluorospheres (Beckman Coulter, Hialeah, FL, USA). Bimodal
mPR3 expression was defined as the presence of 10%–90%
mPR3+ cells.10 The percentage of mPR3+ cells within primed
neutrophils was calculated by integration of the peak repre-
senting the mPR3+ cells compared with the peak of mPR3– cells,
irrespective of the isotype control. The level of PR3– or CD35
expression was calculated as mean fluorescence intensity (MFI
of PR3 or CD35) of specific binding corrected for non-specific
binding of the isotype control antibody (MFI NSB).10

Statistical analysis
Results are expressed as mean¡SEM. Statistical analysis was
performed using Mann–Whitney and GraphPad Prism, version
3.0 (GraphPad Software, San Diego, CA).

RESULTS
Patterns of mPR3 expression before and after priming
with TNFa
We analysed mPR3 expression on neutrophils of patients
(n = 89) and healthy controls (n = 25) before and after priming
with TNFa (2 ng/ml). On the basis of the percentage of mPR3-
expressing neutrophils before and after priming with TNFa, we
could distinguish the following mPR3 expression patterns: (1)
individuals (n = 48) who did not have a separate population of
mPR3-expressing neutrophils before priming with TNFa
(monomodal low mPR3 expression), but after priming had a
separate population of mPR3-expressing neutrophils (10–90%
mPR3+ cells) that could be observed (bimodal mPR3 expres-
sion) (fig 1A and E); (2) individuals (n = 38) in whom bimodal
mPR3 expression could be observed before and after priming
with TNFa (fig 1B and F); (3) individuals (n = 16) in whom all
neutrophils showed apparent mPR3 expression before and after
priming with TNFa (.90% mPR3+ cells) (fig 1C and G); and (4)
individuals (n = 12) in whom all neutrophils showed a lack of
mPR3 expression before and after priming with TNFa (,10%
mPR3+ cells) (fig 1D and H). Thus, additional priming with
TNFa was needed to translocate PR3 substantially to the
membrane of neutrophils in 41% of the individuals analysed
(compare fig 1A with B).

Next, we compared levels of the activation marker CD35 on
neutrophils of individuals with monomodal low mPR3 expres-
sion before priming with TNFa with bimodal mPR3 expression
after priming , with the expression of this marker on
neutrophils from individuals already bimodal in mPR3 expres-
sion before priming. A significantly higher level of CD35

Table 1 Patient characteristics

HC PR3-ANCA
MPO-
ANCA RA SLE

Number 25 25 14 25 25
Gender
Male 15 20 5 7 4
Female 10 5 9 18 21
Mean age (years) 42¡9 59¡16 53¡18 50¡13 49¡14
Inactive disease — 24(96%) 12(93%) 15(60%) 24(96%)
Treatment at the
time of testing:
CP, AZA, MTX or
MMF

— 12(48%) 5(38%) 18(72%) 9(36%)

Prednisolone — 7(28%) 5(38%) 1(4%) 10(40%)

HC, healthy control; PR-ANCA, PR3-ANCA-associated vasculitis; MPO-
ANCA, MPO-ANCA-associated vasculitis; RA, rheumatoid arthritis; SLE,
systemic lupus erythematosus; CP, cyclophosphamide; AZA, azathioprine;
MTX, methotrexate; MMF, mycophenolate mofetil.
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expression was present on neutrophils of the latter individuals
compared with neutrophils of the former individuals before
priming (382¡41 MFI, n = 38, and 278¡21 MFI, n = 48;
p,0.05) (fig 2). CD35 expression reflects the activation state of
neutrophils. The presence of a higher level of CD35 expression
on neutrophils that express mPR3 without additional priming
with TNFa suggests therefore that these neutrophils already
have a higher level of activation compared with neutrophils
that lack mPR3 expression before priming but become mPR3+

afterwards. After priming with TNFa, no significant difference
in CD35 expression was present between both of these groups
(data not shown).

Differential mPR3 expression is independent of other
activation markers
To investigate whether differential mPR3 expression in bimodal
individuals results from differences in mobilisation of the
secretory vesicles that transport PR3 to the membrane, we
analysed CD35 levels on mPR3+ and mPR3– subsets in bimodal
individuals. mPR3+ neutrophils in bimodal individuals did not
have higher levels of CD35 compared with mPR3– neutrophils
in these bimodal individuals, indicating that there are no
differences in mobilisation of secretory vesicles between the
subsets (data not shown). In addition, analysis of the
expression of TNFa receptor I and TNFa receptor II on

Figure 1 Patterns of mPR3 expression
before and after priming with TNFa.
Neutrophils were isolated and stained for
mPR3 expression before (A–D) and after
priming with TNFa (E–H). (A, E)
Representative overlay of an individual with
monomodal expression of mPR3 on
neutrophils before priming (A), and (E) a
bimodal expression of mPR3 observed after
priming. (B, F) An individual in whom before
(B) and after priming (F) bimodal mPR3
expression is observed. (C, G) An individual
in whom all neutrophils before (C) and after
priming (G) show apparent mPR3 expression
(.90% mPR3+ cells). (D, H) An individual in
whom all neutrophils show a lack of mPR3
expression before (D) and after (H) priming
(.90% mPR3– cells). The grey peak
represents isotype control; the black line
represents mPR3 expression, and CD35
expression is represented by the dashed line.
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neutrophils in bimodal individuals demonstrated uniform
expression of these receptors on mPR3+ and mPR3– subsets,
suggesting that differential mPR3 expression after priming with
TNFa is not caused by differences in expression of TNFa
receptor between mPR3+ and mPR3– subsets (fig 3A). The
percentage of mPR3-expressing neutrophils in bimodal indivi-
duals were stable before and after priming with TNFa (data not
shown). Membrane expression of elastase on non-primed and
primed neutrophils was weakly present and always uniform
(fig 3B and 3C). Occasionally, we observed a slight upregulation
of mPR3 after priming with TNFa on the mPR3– subset in
bimodal individuals that was comparable with elastase expres-
sion. (fig 3B and C).

Percentage of mPR3-expressing neutrophils in
inflammatory diseases
Priming with TNFa is required for standardised assessment of
mPR3 expression on neutrophils, and so we analysed the
percentage of neutrophils expressing mPR3 in patients with
PR3-AAV (n = 25), MPO-AAV (n = 14), SLE (n = 25), RA
(n = 25) and healthy controls (n = 25) after priming with
TNFa. In this analysis, individuals who were monomodal in
mPR3 expression were also included. To define monomodal
mPR3– or mPR3+ individuals, we analysed mPR3 expression on
the mPR3– subset and the mPR3+ subset in a random sample of
25 bimodal individuals (fig 4A). mPR3 expression on neutro-
phils of the mPR3– subset never reached expression levels
higher than 60 MFI. Therefore an MFI of 60 was defined as the
cut-off value for mPR3 expression (fig 4A).

On the basis of this definition, monomodal mPR3+ indivi-
duals were defined as individuals in whom .90% of
neutrophils had mPR3 expression exceeding 60 MFI, and
monomodal mPR3– individuals as individuals in whom .90%
of neutrophils had mPR3 expression below 60 MFI. Patients
and controls who had a monomodal expression of mPR3 are
depicted in figure 4b with their respective mPR3 expression and
subsequent division into monomodal mPR3– and mPR3+

individuals. Including both monomodal and bimodal mPR3
individuals, we observed that patients with PR3-AAV and
MPO-AAV had a significantly higher percentage of mPR3+

neutrophils (68.9¡4.1%, n = 25, and 69.8¡3.9%, n = 14,

respectively ) than healthy controls (51.2¡4.7%, n = 25;
p,0.01 and p,0.05, respectively) (fig 5). Furthermore, patients
with SLE also showed significantly higher percentages
(69.3¡3.6%, n = 25; p,0.01 ) of mPR3+ neutrophils compared
with controls (fig 5). Percentages of mPR3+ PMN were not
increased in patients with RA (48.5¡5.7%, n = 25) (fig 5).

DISCUSSION
In the present study, we first analysed whether priming of
neutrophils is required for standardised assessment of the
percentage of mPR3-expressing neutrophils among individuals.
In almost half of all individuals with bimodal mPR3 expression,
substantial mPR3 expression on mPR3+ neutrophils was only
seen after priming with TNFa. In these individuals, distinction
between mPR3–and mPR3+ neutrophils could only accurately
be made after ex vivo priming with TNFa. Neutrophils of these
individuals had a lower expression of the activation marker
CD35 than individuals already showing bimodal mPR3 expres-
sion before priming with TNFa. Therefore, neutrophils expres-
sing mPR3 without additional priming with TNFa have a
higher state of activation than neutrophils that do not express
mPR3 before but do express mPR3 after priming. This suggests
that neutrophils expressing mPR3 without additional priming
with TNFa are already in a primed state. By contrast,
neutrophils not expressing mPR3 before priming with TNFa
but doing so after priming have not reached the level of
activation needed for mPR3 expression on their potentially
mPR3-expressing neutrophils. Therefore, priming with TNFa is
necessary to establish the percentage of mPR3+ neutrophils
among individuals.

We, additionally, observed that the presence of mPR32 and
mPR3+ neutrophils among individuals with bimodal mPR3
expression did not originate from differential mobilisation of
secretory vesicles or differences in activation state between both
subsets of neutrophils after priming with TNFa because both
mPR3+ and mPR3– subsets expressed comparable levels of
CD35. Elastase, another proteinase, showed uniform expression
on all neutrophils as well. Analysis of the expression of TNFa
receptor I and II on neutrophils demonstrated uniform
expression of these receptors on the two mPR3 subsets,
suggesting that differential mPR3 expression is not caused by
differences in responsiveness to priming with TNFa. These
observations are in line with other studies7 9 20 showing that the
presence of mPR3+ and mPR3 subsets of neutrophils is not the
result of differences in activation, mobilisation of vesicles or
responsiveness of those subsets to priming with TNFa. By
contrast, the present study suggests that mPR3+ neutrophils
have to reach a certain level of activation to substantially
express proteinase 3 on their membrane. So, mPR3+ neutro-
phils translocate proteinase 3 to the membrane when primed,
and the percentage of this subset of neutrophils is stable within
an individual, which is in agreement with other studies.7 9 10 12

How PR3 is attached to the membrane of neutrophils is still
not clear. One may hypothesise that these binding sites of PR3,
which have, as yet, not been characterised, vary among
individuals. This variance may explain the presence of the
mPR3–and mPR3+ subsets. By contrast, the observed subsets of
neutrophils could, as well, be the result of differences in
transport of PR3 from granules or vesicles to the membrane of
neutrophils.

In the present study, we standardised the assessment of
mPR3 expression on neutrophils in patients with AAV and
disease controls by priming isolated neutrophils with TNFa. The
percentage of mPR3+ neutrophils increased in patients with
PR3-AAV and MPO-AAV and SLE compared with healthy
controls, but not in RA. Also in a small subgroup (n = 3) of
patients with rheumatoid vasculitis, the percentage of mPR3+

Figure 2 CD35 expression on non-primed neutrophils from individuals
with different patterns of mPR3 expression before and after priming with
TNFa. Analysis of CD35 expression showed a significantly (p,0.05) lower
level of CD35 expression on neutrophils of individuals who were
monomodal before priming but bimodal for mPR3 expression after priming
compared with individuals already bimodal in mPR3 expression before
priming. The horizontal line denotes the mean. *p,0.05.
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neutrophils was not higher than that in the remaining 22 RA
patients without vasculitis (data not shown). This contrasts
with a study by Witko-Sarsat et al. who showed increased
percentages of mPR3+ neutrophils in RA.7 In the study of
Witko-Sarsat et al., however, neutrophils were not additionally
primed with TNFa, and, as we show in the present study,
neutrophils need to be primed for standardised assessment of
the percentage of mPR3+ neutrophils among individuals.

Figure 3 Monomodal expression of TNFRI, TNFRII, elastase and CD35 in
bimodal mPR3 individuals. (A) Neutrophils of a bimodal mPR3 individual
were isolated and stained for TNFRI (black line) and TNFRII (dashed line).
Isotype control is represented by the grey peak. (B, C) Neutrophils of a
bimodal mPR3 individual showing monomodal expression of elastase and
CD35 before (B) and after (C) priming with TNFa.

Figure 4 mPR3 expression on mPR3 subsets in bimodal individuals and
monomodal individuals. In (A), a random sample of bimodal individuals
(patients and healthy controls, n = 25) was analysed for expression of mPR3
after priming of neutrophils with TNFa. On the basis of these values, mPR3–

neutrophils were defined as having an mPR3 expression (60 MFI and
mPR3+ neutrophils as having an mPR3 expression .60 MFI. In (B), mPR3
expression of all individuals monomodal in their mPr3 expression is
depicted. Results are expressed as MFI of mPR3 from which binding of an
irrelevant isotype control was withdrawn.

Figure 5 The percentage of mPR3+ neutrophils increased in ANCA-
associated vasculitis and SLE after priming with TNFa. Patients with PR3-
ANCA-associated vasculitis (PR3-ANCA, n = 25), MPO-ANCA-associated
vasculitis (MPO-ANCA, n = 14), SLE (SLE, n = 25), RA (RA, n = 25) and
healthy controls (HC, n = 25) were analysed for their percentage of mPR3+

neutrophils after priming with TNFa. *p,0.05, **p,0.01. The horizontal
line denotes the mean.
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Therefore, assessment of the percentage of mPR3+ neutrophils
without additional priming, as carried out by Witko-Sarsat et
al., is less accurate and more dependent on priming resulting
from isolation procedures in vitro or active disease in vivo.
Muller-Kobold et al. have already showed that neutrophils from
patients with WG with active disease have an increased
expression of mPR3 on mPR3+ neutrophils compared with
patients with quiescent disease.29

In PR3-AAV, autoantibodies directed against PR3 (PR3-
ANCA) activate neutrophils by binding to PR3 on the
membrane of neutrophils.4 19–21 As a consequence, increased
numbers of neutrophils able to express PR3 after priming are an
obvious risk factor in this disease.10 Increased numbers of
mPR3+ neutrophils were also found in MPO-AAV and SLE,
although the group of MPO-AAV was relatively small in
number and heterogeneous in clinical presentation. The clinical
significance of the increased mPR3 expression on neutrophils in
these disorders is not yet clear. Increased mPR3 expression
might play a part in the pathophysiology of autoimmune
inflammatory diseases. mPR3 on neutrophils is catalytically
active against extracellular matrix proteins such as fibronectin
and, surprisingly, resistant to inhibition by physiological
inhibitors.30 PR3 has diverse functions, such as cleavage of
major pro-inflammatory cytokines such as TNFa, IL-1 and IL-
18 into a bioactive form, whereas other neutrophil serine
proteases such as elastase do not.31 Furthermore, PR3 has
caspase-like activities because it cleaves the cell-cycle inhibitor
p21, and, as such, induces apoptosis in endothelial cells.32

Having these functions, PR3 can be regarded as an important
regulator of inflammation.31 Membrane expression of bioactive
PR3 can, therefore, contribute to the inflammatory process.

In conclusion, standardised assessment of proteinase 3 on
the membrane of neutrophils requires priming. Furthermore,
the presence of mPR3–and mPR3+ neutrophils within indivi-
duals with bimodal mPR3 expression does not originate from
differences in state of activation, mobilisation of vesicles or
responsiveness to TNFa between these two subsets. The
percentage of neutrophils that express proteinase 3 after
priming with TNFa is increased in PR3-AAV and MPO-AAV
and SLE, but not in RA. Whereas a pathophysiological role for
(increased) mPR3 expression has been strongly suggested in
PR3-AAV, its role in other AAVs and SLE requires further study.
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