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Abstract
Objective

In patients with Wegener’s granulomatosis (WG) or microscopic polyangiitis (MPA) autoantibodies to
myeloid granule proteins (ANCA), particularly proteinase 3 (Pr3) and myeloperoxidase (MPO), and to
endothelial cells (AECA) are frequently detected. The role of these autoantibodies in the development of

vascular injury is incompletely understood. Since the expression of E-selectin and the production of
interleukin 6 by endothelial cells is an early step in the sequence of events leading to vascular injury, we
examined the capacity of IgG fractions from patients with WG and/or MPA to activate endothelial cells to
the expression of E-selectin and the production of IL-6. We related those findings to the presence of ANCA

and AECA in the IgG preparations.

Methods
Human umbilical vein endothelial cells (HUVEC) were incubated with immunoglobulin (IgG) prepara-

tions from 28 patients (17 positive for anti-Pr3, 10 for anti-MPO, and one for anti-Pr3/MPO) with active
vasculitis and from 10 healthy volunteers. The final IgG concentration in the activation assay was 2 mg/

ml. TNF  (10 ng/ml) and LPS (10 ng/ml) were used as positive controls for HUVEC activation. The extent
of HUVEC activation was assessed by the measurement of E-selectin expression by flow cytometry (after 4

hours of incubation) and the production of interleukin 6 by ELISA (after 24 hours).

Results
We found that 11 of the 28 ANCA positive IgG samples were capable of activating endothelial cells: six
samples induced IL-6 production alone, one sample upregulated E-selectin expression alone, and four

samples induced both IL-6 production and E-selectin upregulation. Five of 17 anti-Pr3 positive samples
(one of which was also positive for AECA) and 6 of 10 anti-MPO positive samples (all simultaneously

positive for AECA) induced endothelial cell activation. AECA positive samples that induced endothelial
cell activation (n = 7) had higher AECA titres than samples that did not induce endothelial cell activation

(n = 6).

Conclusion
Our data suggest that the activation of endothelial cells in patients with WG and MPA can be induced by

circulating autoantibodies. Both ANCA and AECA can be responsible for this effect.
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Introduction
Primary or idiopathic vasculitic syn-
dromes form a group of inflammatory
disorders characterized by inflammation
and necrosis of blood vessels. Within the
spectrum of vasculitides, small vessel
vasculitides, in particular Wegener’s
granulomatosis (WG) and microscopic
polyangiitis (MPA), are strongly associ-
ated with anti-neutrophil cytoplasmic
antibodies (ANCA). ANCA in those dis-
orders are generally directed against pro-
teinase 3 and myeloperoxidase (1, 2).
The pathophysiology of small vessel
vasculitis is not completely understood.
Both leukocyte and endothelial cell ac-
tivation are essential in the disease proc-
ess of vasculitis (3). Upon cell activa-
tion the expression of adhesion mol-
ecules, which mediate the interaction be-
tween leukocytes and endothelial cells,
is upregulated. The effects of ANCA on
the process of cell activation and cell
adhesion have only been partially unra-
veled. In vitro experiments have shown
that ANCA have the potential to activate
primed neutrophils to the increased ex-
pression of adhesion molecules and to
the production of reactive oxygen spe-
cies and the release of lytic enzymes (4-
9). Furthermore, both anti-Pr3 and anti-
MPO positive IgG fractions from pa-
tients with ANCA associated vasculitides
have been demonstrated to activate en-
dothelial cells in vitro . This activation
results in the increased expression of
adhesion molecules, such as E-selectin,
VCAM-1 and ICAM-1, and the increas-
ed expression of tissue factor (10-14).
In patients with WG or MPA, anti-en-
dothelial cell antibodies (AECA) have
also been demonstrated in 80% of pa-
tients (15). These AECA may also be
candidates for the observed endothelial
cell activation by IgG preparations from
patients with WG or MPA (16).
In the present study, we investigated
whether IgG preparations from patients
WG or MPA are capable of stimulating
the expression of E-selectin and the pro-
duction of interleukin 6 (IL-6) by cul-
tured endothelial cells. In order to ana-
lyze the differential role of various auto-
antibodies in endothelial cell activation,
we related our results to the presence of
anti-Pr3 ANCA, anti-MPO ANCA, and
AECA in these IgG preparations.

Patients and methods
Patients and controls
The patient group consisted of consecu-
tive patients admitted to our hospital or
seen at the outpatient clinic with a diag-
nosis of WG or MPA. The diagnoses of
WG and MPA were established accord-
ing to clinical and histological criteria
(2). All patients fulfilled the Chapel Hill
Consensus Conference definitions for
WG and/or MPA (17). Vasculitis disease
activity was measured according to the
Birmingham Vasculitis Activity Scoring
index (BVAS) (18). Healthy laboratory
personel served as normal controls.

IgG isolation
Purified immunoglobulin G fractions
were prepared from plasma samples of
patients with active vasculitis, before
treatment was instituted, and from
healthy controls. EDTA anti-coagulated
blood samples were drawn and immedi-
ately put on ice. Next, samples were cen-
trifuged at low speed (1000 rpm 10 min.)
to prevent leukocyte activation. The
supernatant plasma was subsequently
centrifuged at 3100 rpm for 10 min to
spin down the platelets. Finally, the
plasma was recalcified by the addition
of a surplus of calcium.
Initially we used sequential ammonium
sulphate precipitation and protein G
chromatography (fast flow protein G,
Pharmacia Fine Chemicals AB, Uppsala,
Sweden). Since endotoxin contamination
could not be excluded using this method,
and since it involved many time-consum-
ing steps, immunoglobulin preparations
were also isolated using a commercially
available protein G column (MabTrap,
Pharmacia Biotech, Uppsala, Sweden).
This method is rapid and can be carried
out in a sterile hood, thus minimizing the
risk of endotoxin contamination. In brief,
serum samples were diluted with an
equal volume of binding buffer (Mab-
Trap, Pharmacia) and infused on a Mab-
Trap column using a syringe. Subse-
quently, the column was washed with
binding buffer and then eluted with elu-
tion buffer (MabTrap). The collected IgG
fractions were dialysed overnight at 4°C
against sterile phosphate buffered saline,
pH 7.4. The column was washed thor-
oughly with binding buffer and stored
until re-use.
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Protein content of the fractions was ana-
lysed according to Bradford (BioRad
Protein Assay, BioRad Laboratories
GmbH, München, Germany). The frac-
tions were tested for purity by sodium
dodecil sulphate polyacrylamide gel
electrophoresis (SDS PAGE).
All IgG preparations were tested for en-
dotoxin contamination using the limu-
lus amoebocyte assay (Bio-Whittaker,
Boehringer Ingelheim Bioproducts Part-
nership, Vervier, Belgium). An endotoxin
concentration < 0.5 U/ml was considered
negative. To rule out possible effects of
endotoxin contamination, experiments
yielding positive results were repeated
with the addition of 50 mg/ml polymyxin
B (Sigma Chemical Co, St Louis, USA).
The ANCA titre was determined prior to
and after isolation in all samples. IgG
preparations were centrifuged (15000
rpm, 15 min) prior to their use in the
stimulation experiments to remove ag-
gregates.

ANCA detection
ANCA were detected by indirect immun-
ofluorescence on ethanol-fixed granulo-
cytes as previously described (19). Pa-
tient and control sera were tested at a di-
lution of 1:20, and further at two-fold di-
lutions. Slides were read by two inde-
pendent observers, and a titre 1: ≥ 40 was
considered positive.
The specificity of ANCA for either Pr3,
MPO or human leukocyte elastase (HLE)
was detected by direct ELISA as previ-
ously described (20). Sera were consid-
ered positive for one of the aforemen-
tioned specificities when values exceed-
ed the mean + 2 standard deviations of
normal controls (n = 50).

Endothelial cell isolation and culture
In all experiments human umbilical vein
endothelial cells (HUVEC) were used.
HUVEC were isolated as previously de-
scribed (21) with minor modifications
(22). Briefly, endothelial cells were har-
vested from human umbilical cord veins
using chymotrypsin (Sigma Chemical
Co.) and cultured in 1% gelatin- (Sigma
Chemical Co.) coated 25 cm2 tissue cul-
ture flasks (Costar, Cambridge, USA) in
endothelial cell growth medium (RPMI
1640 (Bio-Whittaker), 20% fetal calf
serum (Integro BV, Zaandam, The Neth-

erlands), endothelial cell growth factor
50 mg/ml, heparin 5 U/ml (Leo Pharma-
ceutical Products BV, Weesp, The Neth-
erlands), L-glutamine 2 mM (Gibco-
BRL, Paisley, Scotland), penicillin 100
U/ml (Yamanouchi Pharma BV, Leider-
dorp, The Netherlands) and 0.1 mg/ml
streptomycin (Radiumfarma, Fisiophar-
ma, Italy). Cells were characterized by
microscopic analysis, in which a typical
endothelial cobblestone morphology was
identified, and by the demonstration of
the presence of von Willebrand factor
and CD31. HUVEC cells were used at
passages three to five.

Anti-endothelial cell antibody (AECA)
assay
Anti-endothelial cell antibodies were
detected in serum using a cyto-ELISA
on unfixed endothelial cells (15, 16). In
brief, endothelial cells were isolated and
cultured as described above until con-
fluency and used at passages 3 to 5. The
cells were washed and incubated for 45
min at 4°C with a washing buffer con-
sisting of RPMI (Bio-Whittaker) pH 6,
supplemented with 1% fetal calf serum
(Integro BV). Subsequently, serum sam-
ples were incubated in duplicate at three-
fold dilutions starting with a dilution of
1:30 for 90 minutes at 4°C. Cells were
then gently washed 3 times with wash-
ing buffer and alkaline phosphatase con-
jugated goat anti-human IgG antibody
(Jackson ImmunoResearch Laboratories
Inc., Westgrove, PA, USA) was incuba-
ted at a dilution of 1:3000 for 1 hr at 4°C.
After washing, the bound antibody was
detected using p-nitrophenyl-phosphate
disodium as a substrate. The optical den-
sities (OD) were read at 405 nm. In all
tests a positive reference serum was used
at two-fold dilutions, starting at a dilu-
tion of 1:50 to obtain a calibration curve.
The OD value of the 1:100 dilution of
this reference sample was set at 1 arbitra-
ry unit. Sera were expressed in arbitrary
units and corrected for the dilution fac-
tor used. Sera were considered positive
for AECA when values exceeded the
mean + 2 SD of normal controls (n = 17).

Endothelial cell stimulation by IgG
preparations
To investigate the effects of the IgG pre-
parations on endothelial cell activation,

endothelial cells were incubated with
IgG preparations at a final concentration
of 2 mg/ml. As positive controls tumor
necrosis factor α (TNFα) (Boehringer
Ingelheim, Ingelheim am Rhein, Ger-
many) at a concentration of 10 ng/ml
and/or endotoxin (Sigma Chemical Co.)
at a concentration of 10 ng/ml were used.

Analysis of endothelial cell activation
Endothelial cell activation was analysed
in two ways, in terms of E-selectin ex-
pression as assessed by flow cytometry,
and interleukin-6 production measured
by ELISA.
IgG preparations were considered to in-
duce endothelial cell activation, as dem-
onstrated by an increased E-selectin ex-
pression or IL-6 production, when val-
ues of E-selectin expression or IL-6 pro-
duction were above the cut-off point,
defined as the mean value of the healthy
control samples (10 healthy control sam-
ples per experiment), which were run in
the same experiment, plus two times
their standard deviation.

Analysis of E-selectin expression by
flow cytometry
After stimulating the endothelial cells for
4 hours to induce E-selectin expression,
the cells were detached from the surface
by trypsin/EDTA (Sigma Aldrich Co Ltd,
Irvine, UK), at 37°C, and washed with
20% fetal calf serum (Integro) in RPMI
(Bio-Whittaker). The first antibody (anti-
E-selectin, H18/7-ABC, which was kind-
ly provided by Prof. M.A. Gimbrone Jr.,
Boston, MA, USA) was incubated for 30
minutes at 4°C. After washing the cells
with RPMI supplemented with 5% fetal
calf serum, a FITC conjugated goat anti-
mouse antibody (Dako, Dakopatts, Glos-
trup, Denmark) was added for 30 min-
utes at 4°C. Subsequently, the cells were
washed and stored until flow cytometric
analysis was performed. Analysis of sur-
face marker expression was performed
using a Coulter Epics ELITE flow cy-
tometer (Coulter, Hiaelea, Florida, USA)
on the same day. Data were expressed
as mean fluorescence intensities (MFI).

Analysis of interleukin 6 production
by ELISA
IL-6 levels were determined in the su-
pernatant of endothelial cells which were
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incubated with IgG fractions for 24 hrs.
IL-6 concentrations were analyzed by
ELISA according to Helle et al. (23) with
modifications. In brief, microtitre plates
(no. 9018, Costar, The Netherlands) were
coated overnight at room temperature
(RT) in PBS with a monoclonal antibody
against human IL-6 (CLB.MIL6/16,
Central Laboratory of Blood Transfusion
Services (CLB), Amsterdam, The Neth-
erlands) at a dilution of 1:500. After
washing with 0.025 M Tris.HCL, 0.15M
NaCl and 0.05% Tween-20, the plates
were blocked with 2% BSA/0.05%
Tween-20 in PBS for 1 hour at RT. As a
reference, recombinant IL-6 was used
(highest concentration 2000 pg/ml).
Subsequently, patient and healthy con-
trol IgG samples (two-fold dilutions)
were incubated for 2 hours. Wells were
washed and biotinylated sheep polyclo-

nal antibody against human Il-6 was
added (CLB.SIL6-D, CLB, Amsterdam)
at a dilution of 1:3000 for 1 hour at RT
in the dark. IL-6 was detected by the
addition of streptavidin horse radish per-
oxidase (CLB, M2032 STREPTA-E+)
for 30 min at RT in the dark. Finally, the
plates were washed and the color reac-
tion was initiated by the addition of sub-
strate (tetramethylbenzidine (TMB), and
H2O2). After 20 minutes the color reac-
tion was stopped by adding 100 µl per
well of 2N H2SO4. The plates were scan-
ned at 450 - 575 nm.
IgG preparations were considered to in-
duce endothelial cell activation, as dem-
onstrated by IL-6 production, when the
values for the IL-6 concentrations were
above the cut-off point, defined as the
mean value of the healthy control sam-
ples run in the same experiment + 2 SD.

C-reactive protein (CRP)
CRP concentrations were measured us-
ing a particle-enhanced nephelometric
method and NA latex CRP reagents
(Behring, Marburg, Germany).

Statistical analysis
Differences in the AECA titres between
patients and controls were analysed by
the Mann-Whitney test. Fisher’s exact
test was performed to analyse associa-
tions between the presence of AECA and
anti-Pr3 or anti-MPO antibodies and en-
dothelium activating capacities.

Results
Twenty-eight patients (11 females and 17
males; mean age 64 years, range 18 - 91
years) with active WG or MPA were in-
cluded in this study. Seventeen patients
were positive for anti-Pr3 antibodies and

Table I. Patient and IgG characteristics.

Renal in- Ser. creatinine CRP Birmingham ANCA ANCA ANCA AECA
Pt. Sex Age Diagnosis volvement (µmol/L) (mg/L) VAS specificity before after (units)

1 F 26 WG yes 120 22 21 MPO 640 160 33.1

2 M 74 WG yes 289 191 45 MPO, Pr3 40 160 50

3 M 22 WG no 76 4 7 Pr3 640 80 21.5

4 F 40 WG no 76 4 6 Pr3 160 160 12.8

5 M 67 WG no 95 4 12 Pr3 80 40 6.5

6 M 60 WG yes 268 31 29 Pr3 640 80 29

7 M 46 WG yes 110 53 13 Pr3 640 160 8.2

8 M 80 WG yes 136 163 21 Pr3 > 640 ND 17.2

9 M 77 WG yes 874 101 32 MPO > 640 > 640 30.8

10 M 52 MPA yes 455 29 21 Pr3 40 - 80 40 35.1

11 F 52 WG no 74 111 9 Pr3 160 80 29.3

12 M 16 MPA yes 52 76 12 MPO 640 20 16

13 M 67 WG yes 110 192 3 Pr3 40 40 1.8

14 M 67 WG yes 211 71 33 Pr3 320 320 20.6

15 F 66 WG yes 780 40 20 Pr3 320 ND 10

16 M 57 MPA yes 634 105 12 MPO 640 80 30.6

17 M 62 WG yes 659 151 26 Pr3 > 640 ND 7.9

18 F 51 MPA yes 233 96 19 MPO > 640 160 36.9

19 M 53 WG yes 97 20 21 Pr3 640 80 23.1

20 F 71 WG yes 249 122 30 Pr3 > 640 320 10.9

21 M 70 MPA yes 482 53 21 MPO 320 ND 20.2

22 M 91 WG yes 1013 99 23 Pr3 160 40 18.1

23 F 81 WG yes 479 5 16 MPO 320 320 37.3

24 M 71 WG yes 211 34 20 Pr3 320 80 14.4

25 F 77 WG yes 316 5 21 MPO 640 160 29.9

26 F 75 WG yes 190 18 18 MPO > 640 40 51

27 F 37 WG yes 829 262 23 MPO 320 20 58.4

28 F 31 WG yes 93 190 21 Pr3 > 640 80 45.8

WG: Wegener’s granulomatosis; MPA: Microsopic polyangiitis; Pr3, proteinase 3; MPO, Myeloperoxidase; AECA, anti-endothelial cell antibodies (cut-off point 27 units).
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10 for anti-MPO antibodies, whereas one
patient was simultaneously positive for
anti-Pr3 and anti-MPO antibodies. Heal-
thy laboratory personnel served as the
healthy controls. The patients’ character-
istics are shown in Table I.

AECA
Thirteen of 28 patients (46 %) were pos-
itive for AECA. Of these 13 patients, 4
had anti-Pr3 antibodies (24% of all anti-
Pr3 positive patients), 8 had anti-MPO
antibodies (80% of all anti-MPO posi-
tive patients), and 1 had both anti-Pr3
and anti-MPO antibodies. Data are pre-
sented in Table I and Figure 1. ANCA in
the AECA positive samples were more
frequently directed against MPO than
against Pr3 (p = 0.0069). No correlations
were found between the AECA and
ANCA titres, nor between the AECA ti-
tre and disease activity, as determined by
the BVAS score, CRP values or serum
creatinine. In addition, no relationship
was found between the number of organs
involved and the presence of AECA.

Endotoxin contamination of IgG
preparations
Endotoxin (LPS) contamination was ab-
sent (< 0.5 pg/ml) in 22 of 28 IgG pre-
parations, and low (< 100 pg/ml LPS) in
5 preparations, whereas a level of > 1000
pg/ml LPS was found in one IgG prepa-
ration which was isolated by sequential
ammonium sulphate precipitation and
protein G chromatography. IgG prepar-
ations that were contaminated with LPS
were always used in our assays in com-
bination with 50 µg/ml of polymyxin B.
Fifty µg/ml of polymyxin B blocks 85%
of the LPS effects up to a concentration
of 5 ng/ml of LPS (Fig. 2) without af-
fecting E-selectin upregulation and/or
IL-6 production by TNF.

Endothelial cell activation (E-selectin
expression and IL-6 production)
Upon stimulation with 10 ng/ml TNFα
or 10 ng/ml endotoxin, E-selectin expres-
sion on endothelial cells increased com-
pared to basal expression. In addition,
stimulation with TNFα or endotoxin re-
sulted in high IL-6 production, whereas
only low levels of IL-6 could be detected
without stimulus. Polymyxin B alone or
in combination with TNFα had no ef-

fect on HUVEC activation, whereas en-
dothelial cell activation with 10 µg/ml
of LPS was inhibited by the addition of
50 µg/ml of polymyxin B (Fig. 2).
E-selectin expression was induced by
IgG samples from 5 patients (2 anti-Pr3
and 3 anti-MPO). Four of these 5 patients
were also positive for AECA (1 anti-Pr3,
3 anti-MPO). No differences in the E-
selectin inducing capacity of IgG sam-
ples were found between patients with
WG or MPA, between Pr3 ANCA- or

MPO ANCA-containing samples, be-
tween AECA positive or AECA negative
samples, or between samples contami-
nated with endotoxin (and tested in com-
bination with polymyxin B) and samples
without endotoxin.
Production of IL-6 by endothelial cells
was induced by IgG samples from ten
patients (4 anti-Pr3, 6 anti-MPO). Seven
of these 10 patients were also positive
for AECA (1 anti-Pr3, 6 anti-MPO).
ANCA in AECA positive samples that

Fig. 1. Detection of anti-endothelial cell antibodies (AECA) in patients with Wegener’s granulomatosis
or microscopic polyangiitis as compared to healthy controls. Data are presented in arbitrary units. Dashed
line indicates the cut-off value, as defined by the mean + 2 standard deviations (SD) of normal controls
(n = 17), above which value samples were considered positive for AECA.

Fig. 2. Endothelial E-selectin expression induced by increasing concentrations of endotoxin (LPS) (striped
bars). Inhibition of endotoxin-induced E-selectin expression by 50 µg/ml Polymyxin B (black bars).
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induced IL-6 production by endothelial
cells were directed against MPO more
frequently than against Pr3 (p = 0.0333).
No differences in the IL-6 inducing ca-
pacity of IgG samples were found be-
tween patients with WG or MPA, be-
tween AECA positive or AECA negative
samples, or between samples contami-
nated with endotoxin (and tested in com-
bination with polymyxin B) and samples
without endotoxin.
Taken together, within the group of pa-
tients with WG or MPA, 11 of 28 patient
IgG fractions induced endothelial cell
activation, either by inducing E-selectin
expression alone, or by inducing IL-6
production alone, or by inducing both.

7/11 ANCA positive IgG preparations
that induced endothelial cell activation
were also positive for AECA and 4 of
these were AECA negative. Otherwise,
7 of 13 AECA positive IgG samples (6
anti-MPO, 1 anti Pr3) were capable of
inducing endothelial cell activation. A
schematic representation of these results
is given in Figure 3. The results of rep-
resentative experiments on the induction
of E-selectin expression and IL-6 pro-
duction are shown in Figure 4.

Relationship between endothelial cell
activation, ANCA or AECA titre,
and disease activity
The ANCA titres of patients whose IgG

activated endothelial cells showed some
tendency to be higher than samples that
did not activate endothelial cells (p =
0.165). In addition, the AECA titres of
patients whose IgG induced endothelial
cell activation were higher than the
AECA titres of patients whose IgG did
not activate endothelial cells (p = 0.033)
(Fig. 5). No relationship was found be-
tween the capacity of these samples to
induce endothelial cell activation and the
disease activity, as expressed by the
BVAS scores, CRP values or serum cre-
atinine, nor with the extent of organ in-
volvement.

Discussion
In this study we found that a significant
number of IgG fractions from patients
with WG or MPA were capable of acti-
vating endothelial cells in vitro. We re-
lated our findings to the presence of
ANCA and AECA, which are both can-
didates for the activation of endothelial
cells (10-16), and found that both AECA
positive/ANCA positive and AECA neg-
ative/ANCA positive samples could in-
duce endothelial cell activation.
Some controversy exists as to whether
the capacity of ANCA positive IgG to
activate endothelial cells is due to the
presence of ANCA IgG in these samples
(10, 11, 13, 14, 24) or rather to the pres-
ence of other autoantibodies such as
AECA (12, 16). Both del Papa et al. (16)
and Johnson et al. (12) demonstrated that
the capacity of ANCA positive IgG to
activate endothelial cells did not dis-
appear when anti-Pr3 reactivity was re-
moved by pre-absorbing the IgG frac-
tions on a Pr3 colomn or by co-incuba-
ting the IgG fractions with purified
ANCA antigens, respectively.
We found that 11 of 28 ANCA positive
IgG fractions were able to induce endo-
thelial cell activation, resulting in E-se-
lectin expression and/or IL-6 production.
Within this group some samples were
ANCA positive but AECA negative,
whereas others were positive for both
ANCA and AECA. Interestingly, these
ANCA positive, AECA negative samples
all contained anti-Pr3 antibodies.
Mayet et al. showed that the activation
of endothelial cells in vitro by cytokines
results in the translocation of Pr3 from
the cytoplasm to the cell membrane (13,

Fig. 3. Schematic representation of the endothelial cell-inducing capacity (induction of E-selectin ex-
pression, or interleukin 6 (IL-6) production by endothelial cells) of ANCA (n = 29) and/or AECA (n = 14)
positive IgG preparations from patients with ANCA-associated vasculitides.
(A) All ANCA positive samples taken together; (B) all anti-Pr3 positive samples; and (C) all anti-MPO
positive samples. Numbers indicate the number of samples with the defined characteristics, such as
AECA positivity, capacity to induce E-selectin expression, and/or IL-6 production.
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25). Consequently, Pr3 may be accessi-
ble for anti-Pr3 antibodies. However, at
least two groups were unable to confirm
the expression of Pr3 on endothelial cells
(26, 27). Alternatively, Pr3 may bind to
endothelial cells as a planted antigen, and
thus serve as a target for ANCA. In vitro
studies have demonstrated that Pr3 is
capable of binding to endothelial cells

(12, 28) or the extracellular matrix (29).
Since a specific receptor for Pr3 may be
present on endothelial cells (30), the ac-
tivation of endothelial cells may be in-
duced by Pr3/ANCA complexes which
could have been present in the IgG pre-
parations that we used.
Endothelial cell activation might also be
induced by anti-MPO positive samples.

In the present study,  we found that all
of the anti-MPO positive IgG fractions
that induced endothelial cell activation
were simultaneously positive for AECA.
Therefore, AECA and not anti-MPO may
have been responsible for the endothe-
lial cell activation by these IgG fractions.
Indeed, MPO expression on endothelial
cells has not been demonstrated (27) and
no specific MPO receptor has been found
on endothelial cells. Furthermore, mod-
erately higher AECA titres were ob-
served in samples that activated endothe-
lial cells than in AECA positive samples
that did not activate endothelial cells.
This relationship between AECA titre
and endothelial cell activation may sug-
gest a pathophysiological role for AECA
in WG or MPA. Unfortunately, the tar-
get antigens of AECA in these diseases
are not yet known (15), a fact which pre-
cludes for the moment any further elu-
cidation of the mechanisms involved.
Surprisingly, patients with IgG fractions
that stimulated endothelial cell activation
were not suffering from a more severe
disease pattern than those with fractions
that did not stimulate endothelial cell
activation. Therefore, the clinical signifi-
cance of these in vitro findings is not yet
clear.
IgG fractions commonly harbour con-
stituents other than IgG, such as cyto-
kines and natural autoantibodies, includ-
ing autoantibodies to cytokines, which
may carry cytokines into the fractions
because of their high affinity for these
proteins. The IgG preparations used in
this study were isolated on a protein G
column, and for this reason naturally oc-
curring autoantibodies may have been
isolated as well. However, the stimula-
tion experiments were performed with
both patient and healthy control IgG,
both of which were isolated over a pro-
tein G column and thus both possibly
containing naturally occurring autoanti-
bodies. By comparing the results for pa-
tient IgG and healthy control IgG on
endothelial cells, we probably excluded
the effects of these natural antibodies in
these experiments.
In conclusion, IgG from patients with
WG or MPA are capable of stimulating
endothelial cells, as assessed by the in-
duction of either E-selectin expression
or IL-6 production. Both samples posi-

Fig. 4.  Interleukin-6 production (pg/ml, Y-axis) induced by 10 ng/ml of TNFα, 10 ng/ml endotoxin
(LPS) and 2 mg/ml IgG preparations (all with 50 mg/ml polymyxin B) from a selected number of pa-
tients with anti-MPO and anti-Pr3 antibodies and from healthy controls (HC). Dashed line indicates the
cut-off value as defined by the mean + 2 SD of healthy controls (n = 7). *Samples capable of inducing IL-
6 production by endothelial cells.

Fig. 5. Titres of anti-endothelial cell antibodies (AECA) of IgG preparations capable of inducing en-
dothelial cell activation (indicated as ‘yes’) and IgG preparations not capable of inducing endothelial cell
activation (indicated as ‘no’). Data are represented as arbitrary units. Dashed line indicates the cut-off
value, as defined by the mean + 2 SD of normal controls (n = 17).
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tive for AECA and samples negative for
AECA were capable of inducing en-
dothelial cell activation. Importantly, en-
dothelial cell activation by AECA-nega-
tive IgG samples was only observed in
anti-Pr3 positive samples, suggesting
that Pr3 is expressed on endothelial cells.
The lack of a relationship between en-
dothelial cell activating capacity and dis-
ease severity does not support a direct
pathophysiological role for these in vitro
findings.
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