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Autoantibodies to endothelial cells and neutrophil cytoplasmic
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SUMMARY

The interaction of circulating autoantibodies with the endothelium may be an important mechanism
in the pathogenesis of systemic vasculitis. In a prospective study, we looked for circulating anti-
endothelial cell autoantibodies (AECA) and anti-neutrophil cytoplasm autoantibodies (ANCA) in
80 patients with suspected systemic vasculitis. AECA were measured using an isotype-specific cellular
ELISA incorporating human umbilical vein endothelial cells. ANCA activity was determined by
indirect immunofluorescence and radioimmunoassay. Sequential studies were performed on sera

from four cases with dual positivity, where autoantibody binding was compared with von Willebrand
factor (vWF) concentration and disease activity. IgG AECA were significantly higher in the 27
ANCA-positive sera as compared with normal controls (P=0-027) with IgG (P=0 009) and IgA
(P= 0 046) AECA isotypes correlating with ANCA positivity; in contrast, no differences were found
between AECA levels in the ANCA-negative sera and the normal controls. Cross-inhibition studies
pointed to the co-existence of two autoantibody populations. An association between autoantibody
binding, disease activity and vWF concentration was found for both ANCA and AECA. Some
patients with systemic vasculitis have detectable AECA that recognize different epitopes to ANCA
and like ANCA, their titre correlates with disease activity and thus they may have a pathogenetic role
in these conditions.
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INTRODUCTION

Humoral and cellular mechanisms are implicated in the patho-
genesis of systemic vasculitis (Nolasco et al., 1987; Falk &
Jennette, 1988). Circulating autoantibodies directed against
neutrophil cytoplasmic antigens (ANCA) are specific markers
for systemic vasculitides such as Wegener's granulomatosis and
microscopic polyarteritis (van der Woude et al., 1985; Falk et
al., 1989). They have been proposed to have a pathogenetic role
in vasculitis due to the correlation of ANCA titre and isotype
with disease expression (van der Woude et al., 1985; Jayne et al.,
1989a) and the cross-reactivity of ANCA with glomerular and
endothelial targets (Abbott et al., 1989); dose-dependent effects
ofANCA on neutrophil signal transduction and activation have
also been reported (Falk et al., 1989; Lai & Lockwood, 1990).
Anti-endothelial cell autoantibodies (AECA) are present in
Kawasaki disease (Savage et al., 1989), a childhood ANCA-
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positive vasculitis, and a pathogenetic role has been demon-
strated (Leung et al., 1989). AECA have also been found in
systemic lupus erythematosus (SLE) (Cines et al., 1984) with or
without renal involvement, rheumatoid arthritis with vasculitis
(Heurkens et al., 1989), progressive systemic sclerosis (Holt et
al.,), overlap syndrome and systemic vasculitis (Bagueley et al.,
1987; Bagueley & Hughes, 1988; Brasile et al., 1989; Ferraro et
al., 1990).

We sought to determine the occurrence of AECA in an
unselected population of 80 patients with suspected systemic
vasculitis; and to correlate positivity for AECA with that for
ANCA using isotype-specific assays. AECA were detected by
the binding of sera to resting human umbilical vein endothelial
cells (HUVEC) in a cellular ELISA. In cases positive for both
AECA and ANCA, cross-reactivity between the assays was
assessed by cross-inhibition assays. Sequential estimations of
AECA and ANCA were performed on sera from a group of
patients who had both autoantibodies; antibody binding was
then compared with von Willebrand factor (vWF) concentra-
tion, a marker of endothelial cell injury (Brown et al., 1986) and
clinical disease activity.
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PATIENTS AND METHODS

Samples
Sera from 80 patients with suspected systemic vasculitis were
studied. They had been referred for ANCA estimation to a
reference laboratory, which has been routinely performing
ANCA assays since 1986. Control sera were obtained from
48 healthy adults. Sequential samples covering a period of 3-8
months were collected in four patients positive for both AECA
and ANCA. All samples were separated into aliquots and stored
at -75 C. Clinical diagnosis and the use of immunosuppressive
therapy at the time of the assay was determined. ANCA and
AECA assays were performed in two centres without knowledge
of the clinical diagnosis or the other antibody result.

Patients
Four patients with both autoantibodies were further studied.
ANCA and AECA binding was compared to vWF levels and
clinical disease activity, assessed on a scale of 0-2 (0, remission;
1, partial remission; and 2, active disease).

Anti-endothelial cell antibody ELISA
HUVEC were isolated and cultured using standard techniques
(Jaffe et al., 1973). Second passage HUVEC were seeded at
2 x 104 in 100 Ml of RPMI 1640 containing 20% fetal calf serum
(FCS) (GIBCO, Paisley, UK), 10 U/ml heparin (Leo Laborator-
ies, Princes Risborough, UK) and 30 yg/ml endothelial growth
factor (Sigma, Poole, UK) on sterile polystyrene 96 x 6-mm
diameter well plates (Nunc, Roskilde, Denmark) precoated with
100 ,ul of 1% gelatin (Sigma). After 48 h of culture at 370C in a
humidified 5% CO2 incubator, the plates were washed with
0 15 M phosphate-buffered saline (PBS), pH 7 4. One-hundred
microlitres of 2% bovine serum albumin (BSA) (Sigma) in PBS
were added to each well for 1 h and incubated at room
temperature to block non-specific binding of immunoglobulins.
After three washes in PBS, 100 pl of duplicate or triplicate
samples of test serum diluted 1/75 for IgA, 1/300 for IgM and
1/400 for IgG in 2% BSA/PBS were added to each well, and
incubated for 1 h at room temperature. After three washes,
100 j of affinity-purified goat anti-human IgA, IgM or IgG
alkaline phosphate conjugate (Tago, Burlingame, CA) diluted
1/500 in 2% BSA/PBS were added to each well for a further 1 h
incubation at room temperature. After three washes, 100 p1 of
p-nitrophenyl phosphate (Sigma) at a concentration of 1 mg/ml
in 10% v/v diethanolamine buffer, pH 9 8 were added to each
well for 1 h at room temperature. The absorbance (OD at
410 nm) was read in a Dynatech ELISA spectrophotometer.
The results were expressed as the percentage binding of a
standard laboratory positive, for IgG and IgM AECA the sera
was from a patient with SLE and for IgA AECA, a patient with
IgA nephropathy. A normal range was established from the
bank ofcontrol sera. The intra-assay coefficient of variation was
6% and the inter-assay coefficient of variation was 10% for all
three isotypes.

Anti-neutrophil cytoplasm antibody assay
Indirect immunofluorescence (IIF). This method has been

previously described (Lockwood et al., 1987). Briefly, test or
control sera diluted 1/8 in PBS were layered onto cytospin
normal human neutrophil preparations. The neutrophils were
separated from heparinized whole blood on a methyl cellulose/

hypaque gradient and fixed in absolute alcohol for 5 min at 4°C.
Binding was detected by a FITC-conjugated polyclonal rabbit
anti-human immunoglobulin (F200, Dako) diluted 1/32. Incu-
bations were both for 1 h at room temperature and the slides
were examined under u.v. microscopy. Two patterns of positive
staining are recognized, a granular cytoplasmic pattern
(cANCA) which has been associated with binding to serine
proteinase 3 (Ludemann, Utecht & Gross, 1990), and a
predominantly peri-nuclear staining (pANCA), which has been
associated with reactivity to myeloperoxidase (Falk & Jennette,
1988).

Solid-phase radioimmunoassay (RIA). This method is an
adaptation of one described before (Savage et al., 1987). Briefly,
neutrophils were separated as above, then incubated with 0 2 M
sodium acetate, pH 4-2, for 2 h at 4°C. Following sonication the
supernatant was separated into aliquots and stored at - 800C.
The neutrophil extract was coated at 20 ,g/ml onto multititre
plates (Dynatech) in PBS. Test and control sera diluted 1/20 in
PBS containing 1% gelatin and 0-1% Tween 20 (Sigma) (PBS-
G-T), was added in triplicate. Binding was detected by either
monoclonal mouse anti-human IgG diluted 1/2000 (Unipath,
Bedford, UK), monoclonal mouse anti-human IgA diluted
1/500 (Sigma) or monoclonal mouse anti-human IgM diluted
1/1000 (Sigma); followed by '25l-labelled, affinity-purified poly-
clonal goat anti-mouse immunoglobulin 2 x I05 ct/100 yl per
min (Sigma) (4 pCi/yg). The plates were counted in a Packard
Crystal II gammacounter. All incubations were of 1 h at 37°C,
dilutions of reagents were in PBS-G-T and plates were washed
three times between stages with PBS. Results were expressed as
percentage binding of the test sample against a standard
laboratory positive for each isotype assay.

Cross-inhibition studies
An endothelial cell extract was prepared using 5 x 106 second
passage endothelial cells removed from the culture flask using
0-2% EDTA in Puck's saline, pH 7 4, and washed twice with
HBSS. Cells were lysed with a solution containing 50 mm Tris/
HCL, 5 mm EDTA, 0 5% NP-40, I mm PMSF, pH 7-4. This
procedure yielded 0-5-1 0 mg/ml of cell membrane protein.
Platelets or lymphocytes from normal controls were also
prepared using the same lysing methods.

Sera positive for both ANCA and AECA, diluted 1/200 in
4% BSA/PBS for the AECA assay, or 1/100 in PBS-G-T for the
ANCA assay, were then incubated with neutrophil extract at
50 pg/ml, endothelial lysate at 20 pg/ml and PBS alone.
Incubations were for 18 h at 4°C or 1 h at 37°C, prior to
estimation in the AECA and ANCA assays. Inhibition was
determined as the percentage reduction in binding after incuba-
tion with the respective cell extract compared with incubation
with PBS alone. A reduction in the AECA assay after pre-
incubation with the neutrophil extract, or in the ANCA assay
after pre-incubation with the endothelial cell lysate would
suggest cross-reactivity of one autoantibody species, and sub-
sequent lack of reduction in either assay would point to the co-
existence of two autoantibody populations.

vWF assay
This was performed following a previously described procedure
(Brown et al., 1986).
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Serum immunoglobulin concentrations
Serum IgG, IgM and IgA levels were measured using established
ELISA methods.

RESULTS

Anti-neutrophil cytoplasm antibody assay
Of the 80 patient sera, 27 were positive for ANCA by IIF. Of
these 27, 16 had IgG ANCA on solid phase RIA, two had IgM
ANCA, one had IgA ANCA, four had IgG plus IgA ANCA and
three had IgG plus IgM ANCA, and one had no reactivity in the
solid-phase assays.

Anti-endothelial cell antibody assay
Normal control sera. The spread of AECA binding was not

normally distributed, so parametric statistics were not used. The
95% percentile ofAECA for normal controls (n = 48) was used
to establish the normal range for each isotype. Therefore, values
ofIgG AECA > 20%, IgM > 26% and IgA > 34% were regarded
as elevated.

Patient sera. IgG AECA were significantly higher in the
27 ANCA-positive patients as compared with the 48 controls
(P=0-027, Wilcoxon rank sum test) (Fig. 1). In contrast, no
statistical difference was found between the 53 ANCA-negative
patients and controls (P=0 55). 30% (eight out of 27) of the
ANCA-positive patients had elevated IgG AECA levels com-
pared with 6% (three out of 53) of the ANCA-negative patients
or 2% (one out of 48) of the normal controls (Fig. 1).

Of the ANCA-positive patients 19% (five out of 27) had
raised IgM AECA levels compared with 9% (five out of 53) of
the ANCA-negative patients or 4% (two out of 48) of the
controls (Fig. 2). However, there were no significant differences
between IgM AECA for ANCA-positive patients (P=0 97),
ANCA-negative patients (P=0-28) or the normal controls.
Similarly, although 30% (eight out of 27) of the ANCA-positive
patients had elevated IgA AECA compared with 9% (five out of
53) of the ANCA-negative patients or 4% (two out of 48) of the
controls, we found no significant differences in IgA AECA levels
when comparing the whole groups of ANCA-positive (P= 0 2)
or ANCA-negative patients (P= 0 78) with the controls (Fig. 3).

Some concordance was seen between AECA isotypes in that
one patient was positive for all three isotypes, six patients had
IgG AECA in association with either IgM AECA or IgA
AECA, but none was positive for both IgM and IgA.

Specificity ofAECA
There were no statistical associations between AECA levels and
serum immunoglobulin concentrations (IgG, P=027; IgM,
P= 0-25; and IgA, P= 0-06). Furthermore, AECA ofall isotypes
could be inhibited from binding to endothelial cells when they
were incubated with endothelial cell lysate prior to the appli-
cation onto our cellular ELISA. Maximum percentage inhibi-
tions obtained for the IgG isotype were 70%, 38%, 36% and
54%; for the IgM isotype 62% and 40%; and for the IgA isotype
85% and 50%.
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Fig. 1. IgG anti-endothelial cell autoantibodies (AECA) in 27 patients
positive for anti-neutrophil cytoplasm autoantibodies (ANCA), 53
ANCA-negative patients and 48 healthy control. The dashed line
represents the upper limit of the normal range.
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Fig. 2. IgM anti-endothelial cell autoantibodies (AECA) in 27 patients
positive for anti-neutrophil cytoplasm autoantibodies (ANCA), 53
ANCA-negative patients and 48 healthy control. The dashed line
represents the upper limit of the normal range.
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Fig. 3. IgA anti-endothelial cell autoantibodies (AECA) in 27 patients
positive for anti-neutrophil cytoplasm autoantibodies (ANCA), 53
ANCA-negative patients and 48 healthy control. The dashed line
represents the upper limit of the normal range.
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Fig. 4. Inhibition ofIgG anti-endothelial cell autoantibodies (AECA) by
endothelial cell lysates (0) and neutrophil extract (0) in a patient
positive for AECA and anti-neutrophil cytoplasm autoantibodies
(ANCA).

Endothelial cells cultured from multiple donors were used in
the ELISA assays. Sera from those patients with vasculitis
which contained AECA, bound to endothelial cells from all
donors. Furthermore, AECA activity could not be adsorbed by
prior incubation with platelets or lymphocytes from several
donors (data not shown). This suggests therefore that these
antibodies were not directed against HLA class I antigens.

Association ofAECA with ANCA
ANCA measured by 11F were strongly associated with IgG
AECA (P=0-009, x2 with Yates' correction), they were weakly
associated with IgA AECA (P= 0 046) and were not associated
with IgM AECA (P= 0 59). Similar associations were obtained
when ANCA isotype measured by SPRIA was compared with
AECA: IgG ANCA to IgG AECA (P=0-028), IgA ANCA to
IgA AECA (P=0 001) and IgM ANCA to IgM AECA (P=
0-13). Of six patients with Wegener's granulomatosis or micro-
scopic polyarteritis on immunosuppressive therapy negative for
ANCA, five were negative for AECA and one had IgM AECA.

Cross-inhibition studies
Inhibition ofIgG AECA with neutrophil extract. Of three sera

tested, maximum inhibitions of AECA binding of 70%, 38%
and 36% were obtained with an endothelial cell lysate and of
30%, 3% and 0%, respectively, for the neutrophil extract

(Fig. 4).
Inhibition of IgG ANCA with endothelial lysate. Binding of

the three sera was inhibited by the neutrophil extract by 65%,
60% and 55%, and by the endothelial cell lysate by 0%, 0% and
10%, respectively.

Clinical diagnosis and treatment
The clinical diagnoses of the ANCA-positive patients were:

Wegener's granulomatosis (14), microscopic polyarteritis (13);
of these, none were receiving immunosuppressive therapy.
Diagnosis of the ANCA-negative patients were: cutaneous
vasculitis (four), Henoch-Sch6nlein purpura (two), anti-glomer-
ular basement membrane disease (four), SLE (one), idiopathic
chronic renal failure (eight), proliferative glomerulonephritis
(three), renal transplant rejection (one), polyarteritis nodosa
(one), idiopathic rapidly progressive glomerulonephritis (two),
retroperitoneal fibrosis one, diabetes with atheroma one, tuber-
culosis (one), pulmonary eosinophilia (one), polymyositis (one),
Wegener's granulomatosis or microscopic polyarteritis on

immunosuppressive therapy (six), undetermined vasculitis
(three) and unknown (13).

Cases 1 and 4 had Wegener's granulomatosis which was

brought under control by prednisolone and cyclophosphamide
during the study. Cases 2 and 3 had microscopic polyarteritis,
case 2 had a fluctuating level of disease activity and received
prednisolone and cyclophosphamide throughout the study
period; case 3 was in remission at the start of the study and
taking prednisolone alone, but relapsed and cyclophosphamide
was added to the therapy. Immunosuppressive treatment was

given at standard doses of prednisolone 60 mg/day falling to
10 mg/day after 6 weeks and cyclophosphamide 2 mg/kg per
day.

Sequential AECA and ANCA assays
Three patients, 1, 2 and 4, clinically active at the start of the

study initially had elevated AECA and ANCA levels. Following
immunosuppressive therapy both antibodies fell; however, in
two patients AECA and ANCA rose after induction therapy.
For patient 2 this occurred at a time of increased disease activity
but for patient 1 there was no concurrent clinical relapse (Fig. 5).
For patient 3 a relapse of disease activity was clearly reflected by
elevations in ANCA and AECA levels.
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Fig. 5. Sequential anti-neutrophil cytoplasm autoantibodies (ANCA),
IgA anti-endothelial cell autoantibodies (AECA) and von Willebrand
factor (vWF) in four patients (1-4) with dual positivity for ANCA and
AECA. Normal ranges are shadowed.

vWF assays
vWF was elevated in the four cases studied and changes in vWF
activity mirrored changes in ANCA, AECA and disease activity
(Fig. 5). In patients 1 and 4, vWF levels remained elevated
despite clinical remission, but in patients 2 and 3 vWF levels fell
into the normal range during the recovery phase (Fig. 5).

DISCUSSION

We report that 30% ofthe ANCA-positive patients in this study,
with either Wegener's granulomatosis or microscopic polyarter-
itis, had positive IgG AECA, compared with 6% of the ANCA-
negative disease controls. This rose to 52% when AECA of all
isotypes were included. In a recent report, cytotoxic, comple-
ment-fixing autoantibodies to HUVEC were detected using a

standard cross-match technique in 86%h of 21 patients with
confirmed systemic vasculitis (Brasile et al., 1989); a further
study (Ferraro et al., 1990) demonstrated the presence ofAECA
in 500o of patients with Wegener's granulomatosis and micro-
scopic polyarteritis but could not find lytic activity of AECA-
positive sera against endothelial cells. The variance in results
may be accounted for by methodological differences or by a

highly selected patient group. In our study one-third of the
patients were already receiving immunosuppression at the time
of the sample. We have found that AECA levels reflect clinical
disease activity, and we have also shown a prompt fall once

treatment is started (Fig. 5).
The correlation ofANCA with IgG AECA is not explained

by cross-reactivity between the two assay systems, but appears

to be due to two distinct autoantibody populations. Although
ANCA have been implicated to have a role in the pathogenesis
of vasculitis, there must be other important factors, because
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there is frequently a discrepancy during the remission phase of
vasculitis between the serological relapse of ANCA and the
appearance of clinical disease relapse (Jayne et al., 1990). One
possible explanation requires both ANCA and cytolytic AECA
for injury; as ANCA are capable of activating neutrophils and
ANCA also bind to monocytes, they may be capable of
producing release of cytokines by monocytes (van der Woude et
al., 1985; Falk et al., 1989). In Kawasaki disease, excess
monocyte cytokine release is followed by endothelial cell
activation and lysis by circulating AECA; recovery is associated
with a fall in cytokine release, and not a fall in AECA (Leung et
al., 1989).

AECA appear to be markers for disease activity in systemic
vasculitis, in a way similar to ANCA. The sequential studies
showed a close relation ofAECA binding to changes in disease
activity for all patients studied. The increase in ANCA and
AECA towards the end of the study in patient 1 occurred
without clinical relapse; however, at this time the patient was
still receiving prednisolone and cyclophosphamide which may
have prevented disease expression (Fig. 5). IfANCA and AECA
levels do move together, they may be under similar immuno-
regulatory control; a role for autoanti-idiotypes has been
demonstrated in the control of the ANCA response, and it is
interesting to speculate that AECA may carry a common
idiotype to those on ANCA and thus be subjected to the same
regulation (Jayne et al., 1989b). This situation may be similar to
the polyclonal activation of autoantibodies induced in the BN
rat with mercuric chloride, where the subsequent autoantibody
kinetics show two different patterns, reflecting differing regula-
tion; anti-glomerular basement membrane and anti-thyroglo-
bulin antibodies rise and fall at the time of tissue injury; in
contrast, anti-DNA and anti-RNA antibodies appear and
remain at the same titre (Pusey et al., 1990). Polyclonal
activators such as penicillamine and hydralazine also cause
systemic vasculitis in man (Banfi, Imbasciati & Guerra, 1983;
Mason & Lockwood, 1986).

As sera from patients with Wegener's granulomatosis has
already been shown to contain IgG that binds to human
cultured glomerular endothelial cells (Abbott et al., 1989), data
generated from a HUVEC system may have more general
importance. However, the target for AECA needs to be defined
before the relevance of AECA to pathogenesis can be deter-
mined. An alternative explanation for the presence of AECA is
that they are an epiphenomenon, generated by an immune
response to hidden endothelial self-antigens exposed after
endothelial cell damage by cytotoxic T cells or neutrophils. The
correlation we have found ofAECA with disease activity as well
as the ability of AECA to cause endothelial cell lysis in other
systems would argue against this explanation. However, we
know little of the autoreactive T cell response in vasculitis,
infiltrating T cells are present in vasculitic tissue and they may
have a dominant role in these autoimmune disease (Nolasco et
al., 1987).
ANCA were the first autoantibodies consistently found in

systemic vasculitis and they have rapidly led to advances in the
diagnosis, management and classification of these conditions.
Although less specific for vasculitis, we have confirmed the
presence of AECA in a proportion of vasculitic sera and have
demonstrated a dynamic relation to disease activity and release.
The high incidence ofAECA together with its known potential
to cause cytotoxicity indicates that this antibody system could
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play a major role in the pathogenesis of vasculitis. The
correlation of antibody levels with disease activity would also
support this. Further study of the clinical characteristics of
AECA-positive and AECA-negative patients is required, but it
is possible that AECA, like ANCA, will be important in the
classification of vasculitis as well as advancing our understand-
ing of its pathogenesis.
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