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SUMMARY

Cardiovascular manifestations are common in systemic lupus erythematosus (SLE). Oxidized low-
density lipoprotein (oxLDL) is implicated in cardiovascular disease, especially atherosclerosis, and
cross-reacts with antibodies to cardiolipin (aCL).b2-GPI is a plasma protein participating in the
coagulating cascade, and is also cofactor for aCL, and some aCL have been shown to be directed against
b2-GPI and/or complexes betweenb2-GPI and phospholipids. Lysophosphatidylcholine (LPC) is a
phospholipid present both in oxLDL and in damaged endothelium, and we recently showed that LPC is
involved in the antigenicity of oxLDL. Antibodies to endothelial cells (aEC) correlate with disease
activity in SLE and vasculitis, and we recently showed that aEC are enhanced in cardiovascular diseases
such as borderline hypertension and early atherosclerosis. aEC were determined using EC from adult V.
Saphena Magna. Antibody levels were determined by ELISA. aEC of IgG type were enhanced in 184
patients with SLE compared with 85 healthy controls. There was a close correlation between aoxLDL,
aCL, aLPC, ab2-GPI and aEC. Binding of sera to EC was competitively inhibited byb2-GPI, LPC and
oxLDL. Taken together, the data indicate that EC share antigenic epitopes withb2-GPI and with
oxLDL, especially LPC. Phospholipids in EC membranes may thus be antigenic epitopes.b2-GPI may
bind to these phospholipids, and become an autoantigen. LPC is formed by oxidation of phospholipids
and/or proinflammatory factors leading to activation of phospholipase A2, and the findings indicate the
potential role of both lipid oxidation and phospholipase A2 in SLE.
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INTRODUCTION

Patients with systemic lupus erythematosus (SLE) have a
decreased life expectancy, and enhanced risk of cardiovascular
disease is a major factor behind this [1]. Cardiovascular disease in
SLE includes thrombo-embolic complications, where haemostatic
factors, often related to enhanced antibody levels to phospholipids
such as cardiolipin (CL), are important, but also premature athero-
sclerosis and vasculitis may play a role [2–8]. These findings
indicate that damage to or activation of the endothelium may be an
important underlying feature in SLE. Recently, a cofactor for
antibody binding to CL,b2-GPI, has been defined [9,10]. However,
the precise relation between antibodies to CL (aCL) and ab2-GPI
is not clear, though recent studies show that aCL recognize

oxidized phospholipids and some aCL may bind to adducts of
oxidized phospholipid andb2-GPI [10,11].

In line with this are recent findings indicating that antibodies to
endothelial cells (aEC) from human umbilical veins are enhanced
in SLE [12–14] and may be related to disease activity [13]. We
recently showed that aEC were associated with early atherosclero-
sis, and with borderline hypertension, and that some of the aEC in
this patient group bound tob2-GPI [15]. A directly pathogenic role
of aEC is suggested by animal experiments where aEC caused
vasculitis [16], though little is known about the role in disease
development of aEC in human disease.

Atherosclerosis is a chronic inflammation in the artery wall,
and the major underlying cause of cardiovascular disease [17].
According to a leading hypothesis, oxidized low-density lipoprotein
(oxLDL) may play a pivotal role in atherosclerosis [18]. Anti-
bodies against oxLDL (aoxLDL) are present in the atherosclerotic
plaque and are related to progression of atherosclerosis [19].
Furthermore, aoxLDL antibodies cross-react with CL in SLE
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patients [20]. Lysophosphatidylcholine (LPC) is formed during
oxidation of LDL [21] or enzymatically from phosphatidylcholine
by enzymes with phospholipase A2-activity [22]. Recently we
showed that LPC is an important antigen in oxLDL [23]. Further-
more, we identified secretory phospholipase A2 type II (sPLA2-II,
non-pancreatic type) expression and activity in both normal and
atherosclerotic arterial wall [24]. LPC may thus be generated in the
arterial wall by extracellular hydrolysis of phospholipids in
retained LDL, as well as in platelets, smooth muscle cells and
EC [25]. We here present evidence thatb2-GPI, oxLDL and LPC
share antigenic epitopes with EC. The potential implications for
cardiovascular disease in SLE are discussed.

PATIENTS AND METHODS

Study group
The study group consisted of 184 unselected patients with SLE
from the Rheumatology Clinic, Karolinska Hospital, Stockholm.
All patients fulfilled the 1982 revised criteria of the American
Rheumatism Association for classification of SLE [26]. The study
was approved by the local Ethics Committee of Karolinska
Hospital and conducted in accordance with the Helsinki Declara-
tion. The control group consisted of 85 age-matched healthy
volunteers (blood donors). The SLE group consisted of 160
females and 24 males aged 46·66 11·5 years (mean6 s.d.)
There were 61 females and 24 males (46·26 13·5 years) in the
control group.

Lipids and reagents
L-a-lysophosphatidylcholine (LPC; from egg yolk type 1, produced
by PLA2 treatment) and CL (from bovine brain) were from Sigma
(St Louis, MO).

LDL was isolated from plasma of healthy donors by sequential
preparative ultra-centrifugation in a 50·3 Ti Beckman fixed angle
rotor (Beckman L8-80 ultracentrifuge) for 48 h at 18C and col-
lected in the density interval 1·025–1·050 kg/l. The protein content
was determined according to Lowry and adjusted to 200mg/ml
[27,28]. The LDL was dialysed against PBS pH 7·4 for 24 h and
then oxidized by exposure to 5mM CuSO4 for 18 h at 378C. This
procedure has previously been shown to result in extensive oxida-
tion of LDL [29].

MDA-LDL was prepared by incubating LDL for 3 h at 378C
with 0·5M MDA at a constant ratio of 100ml/ml of LDL. MDA
(0·5M), freshly generated from malonaldehyde bis dimethylacetal,
was incubated with 12ml 4 N HCL and 400ml H2O at 378C for
10 min. The reaction was then stopped by adjusting the pH to 7·4
by the addition of 1N NaOH and the volume was brought to 1 ml
with water. After conjugation, MDA-LDL was extensively dia-
lysed against PBS to remove any unreacted MDA. The degree of
MDA modification was determined by trinitrobenzenesulphonic
acid assay (TNBS) and averaged 77% of the lysine residues for a
typical preparation. In addition, the electrophoretic mobility of the
MDA-LDL was compared with that of native LDL by electro-
phoresis using 1% agarose gels in borate buffer pH 8·6.

Purified protein derivative (PPD; 2·5 mg/ml) was from Statens
Seruminstitut (Copenhagen, Denmark), and EBNA was from
Biotest (Dreieich, Germany).

Cell culture
EC were isolated and cultured from 3 to 5 cm long segments of
the saphenous vein, derived from patients undergoing coronary

by-pass surgery, as described in detail previously [30]. Briefly, the
vein was rinsed and then filled with a collagenase solution (0·1%;
Worthington, Freehold, NJ). Harvested cells were routinely cul-
tured in minimum essential medium (MEM; GIBCO BRL, Paisly,
UK) with the addition of 40% pooled heat-inactivated (568C,
30 min) human serum (HS), antibiotics and cyclic AMP elevating
compounds. Two days prior to the experiments, the EC were gently
detached using a 0·1% trypsin–0·02% EDTA 1:1 solution. The
cells were seeded on gelatin-coated plastic wells (24-well plates;
Costar, Cambridge, MA) at a density corresponding to 100 000
cells/cm2 in MEM containing only 30% HS and antibiotics. The
EC were characterized as endothelial using immunohistochemical
staining of von Willebrand factor-related antigen, PGI2 production
and by their typical cobblestone appearance. In each experiment,
cells from a single donor from the passages 4–7 were used. The use
of human great saphenous veins was approved by the ethics
committee at the Karolinska Hospital.

Detection of antibody levels to EC
Antibodies to EC were detected essentially as described earlier
[31]. The EC were suspended in the RPMI 1640 medium contain-
ing 20% heat-inactivated fetal calf serum (FCS) and seeded on the
96-well flat-bottomed tissue culture plates at a density of 1×104

cells/well. After the EC were incubated for 2 days, the plates were
washed three times with PBS pH 7·4. The EC were fixed for 15 min
at room temperature with 0·2% glutaraldehyde. The fixed cells
were washed four times in the washing buffer (PBS–0·2% bovine
serum albumin (BSA)). The plates were blocked by 200ml of
blocking buffer (PBS–1% BSA and 0·1M glycine) for 1 h at room
temperature. The serum samples were diluted 1:50 in PBS and
100ml of this dilution were added to each well and incubated at
378C for 2 h.

Determination of antibody levels to lipids and EBNA
IgG and IgM antibodies against oxLDL, MDA-LDL and native
LDL were determined by an ELISA essentially as described [29].
OxLDL and LDL were diluted to 2mg/ml in coating buffer
(carbonate-bicarbonate buffer 50 mM pH 9·7), and 100ml/well
were used to coat ELISA plates (Costar 2581). The plates were
kept at 48C overnight, washed three times with PBS containing
0·05% Tween-20, and then blocked with 20% adult bovine serum
in PBS (20% ABS–PBS) for 2 h at room temperature. They were
then incubated with 100ml serum diluted 1:30 in 20% ABS–PBS at
48C overnight.

Antibodies against CL and LPC were analysed essentially as
described [23,32]. Briefly, Titertek 96-well polyvinylchoride
microplates (Flow Labs, Costa Mesa, CA) were coated with
50ml/well of 50mg/ml lipid dissolved in ethanol and allowed to
dry overnight at 48C. Blocking was accomplished with 20% ABS–
PBS for 2 h. Serum samples (50ml) diluted 1:30 in 20% ABS–PBS
were added to each well.

Antibody reactivity to EBNA in Epstein–Barr virus (EBV) was
detected with ELISA according to the manufacturer’s description
(Blotest). Briefly, 100ml/well of 50 ng/ml EBNA was used to coat
ELISA plates (Costar 2581). Blocking was accomplished with
20% ABS–PBS for 2 h. They were then incubated with 100ml
serum diluted 1:30 in 20% ABS–PBS at 48C overnight.

Antibody reactivity tob2-GPI was detected by coating irra-
diated Titertek 96-well polyvinylchoride microplates (Flow Labs)
with 50ml/well of (30mg/ml) b2-GPI (Calbiochem B18287) dis-
solved in 10 mM HEPES, 150 mM NaCl pH 7·4 (HEPES buffer) at
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48C overnight. The plates were blocked with 0·3% gelatin for 1 h.
After washing, the wells were incubated with 50ml of 50× diluted
samples for 1 h at room temperature (2 mM of EDTA was included
in buffer). Control assay were performed in the absence ofb2-GPI .

After four washings with PBS the plates were incubated with
50 (or 100)ml/ml of alkaline phosphatase-conjugated goat anti-human
IgG (Sigma A-3150) diluted 1:9000, or IgM (Sigma A-3275) diluted
1:7000 with PBS at 378C for 2 h. After four washings, 100ml of
substrate (phosphatase substrate tablets; Sigma 104) 5 mg in 5 ml
diethanolamine buffer pH 9·8 were added. The plates were incu-
bated at room temperature for 30 min and read in an ELISA
Multiskan Plus spectrophotometer at 405 nm. Each determination
was done in triplicate. The coefficient of variation between
triplicate tests was<5%.

Analysis of total serum immunoglobulin levels
Serum immunoglobulins, IgG and IgM were determined by immu-
noturbidimetry. Specific anti-IgG and anti-IgM reagents and cali-
brators were obtained from Dako (Copenhagen, Denmark). The
turbidimetric reaction was quantified in a Hitachi 911 analyser by
measuring light transmission at 340 nm wavelength.

Cross-reactivity between antibodies to LPC, oxLDL and CL
In order to investigate if there was an immunological cross-
reactivity between aEC and LPC, oxLDL, LDL, MDA-LDL,b2-
GPI, CL or PPD, competition assays were performed. Sera, at a
dilution giving 50% of maximal binding to EC, were preincubated
with EC or with the different competitors at 48C, and inhibition of
binding to EC was tested. The percentage of inhibition was
calculated as follows:

Percent inhibition¼
OD control ¹ OD with competitor

OD control
× 100

Statistical analysis
Conventional methods were used for calculation of means and s.d.
Simple regression was used to analyse the correlations between the
antibodies, and between age and antibodies. Paired Student’st-test
was used to compare inhibition of binding to EC with control and
between compounds tested.

RESULTS

Antibody levels
The levels of aEC of IgG type were enhanced in SLE (OD4056 s.d.
was 0·2496 0·106 in SLE patientsversus0·2046 0·073 in con-
trols;P¼ 0·0011) but not IgM type (0·4786 0·263 in SLE patients
versus0·4586 0·204 in controls;P¼ 0·8272). In females and
males separately, aEC levels of IgG were significantly enhanced
in SLE patients compared with controls (P<0·01), but aEC of IgM
type showed no significant difference.

Antibody levels against CL, oxLDL,b2-GPI and LPC were
significantly higher (P< 0·05) in the patient group compared with
the control group (data not shown).

A box plot where aEC, aCL, aoxLDL, ab2-GPI and aLPC of
IgG type are compared in SLE and control groups is shown in
Fig. 1.

Total IgG and IgM levels were significantly higher in the
patient group compared with the control group (IgG 21·16 8·2 g/l
versus12·66 5·2 g/l and IgM 2·16 3·4 g/l versus 1·36 0·8 g/l,
respectively).

Analysis of antibodies against EC
The correlation between aEC and aLDL, aoxLDL, aLPC, aCL,
ab2-GPI and aEBNA, and also correlations with total immunoglo-
bulin are shown in Table 1. There was a significant correlation
(P<0·001) between antibody levels against EC on the one hand
and LPC,b2-GPI, oxLDL, LDL, and CL both of IgG and IgM
isotype in the patient group. In the control group, only ab2-GPI
correlated with aEC. There was no correlation between antibodies
to an unrelated antigen, EBNA, and antibodies to EC and there was
no correlation between total IgG or IgM levels and aEC.

Cross-reactivity of aEC with different antigens
To study possible cross-reactivity between the antibodies, we
performed competition experiments in eight randomly chosen
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Fig. 1. Box plots of antibody levels (OD405) of IgG to endothelial cells
(EC), cardiolipin (CL), oxidized low-density lipoprotein (oxLDL),b2-GPI
and lysophosphatidylcholine (LPC) of IgG type in systemic lupus erythe-
matosus (SLE) patients (n¼ 184) and controls (n¼ 85).

Table 1. Association of antibodies to endothelial cells (EC) with antibodies
against oxidized low-density lipoprotein (oxLDL), LDL, cardiolipin (CL),

lysophosphatidylcholine (LPC) orb2-GPI

Controls (n¼ 85) SLE (n¼ 184)

Antibody type R value P value R value P value

Total immunoglobulin IgG 0.187 0.087 0.083 0.2646
Total immunoglobulin IgM 0.12 0.2732 0.008 0.9191
OxLDL IgG 0.12 0.2753 0.472 0.0001
OxLDL IgM 0.244 0.0244 0.685 0.0001
CL IgG 0.133 0.2248 0.345 0.0001
CL IgM 0.212 0.0516 0.503 0.0001
LPC IgG 0.173 0.1137 0.408 0.0001
LPC IgM 0.422 0.0001 0.527 0.0001
b2-GPI IgG 0.312 0.0037 0.268 0.0002
b2-GPI IgM 0.487 0.0001 0.398 0.0001
EBNA IgG 0.163 0.1351 0.045 0.5443
EBNA IgM 0.114 0.2982 0.027 0.72



high aEC patient sera. As a control an unrelated antigen, PPD, was
used. The sera were tested at a dilution giving 50% of maximal
binding to EC. To test if antibodies to EC could be competed out by
EC themselves, serum was added to wells for 24 h and then the
serum was moved to another plate coated with EC. When oxLDL,
LPC, b2-GPI and EC were compared with controls in the eight
samples tested, they showed a significant inhibition. CL was a
weak and non-significant competitor for binding of antibodies to
EC. An unrelated antigen, PPD, did not inhibit binding to EC
(Table 2). Figure 2 shows a representative experiment where
oxLDL and LPC at different concentrations inhibited serum bind-
ing to EC to various degrees in three different individuals.

DISCUSSION

SLE is characterized by elevated antibody production against a
large variety of autoantigens. Enhanced antibody levels to endothe-
lial cells (aEC) have been reported in SLE [12–14] and also in
several other supposedly autoimmune diseases, including rheuma-
toid arthritis with systemic manifestations, Wegener’s granuloma-
tosis and vasculitis [12]. Furthermore, we recently showed that
aEC are enhanced in borderline hypertension, and correlated with

endothelin, a very potent vasoconstrictor, but it is not known if
these antibodies actually induce hypertension, though this possi-
bility has not been excluded [15]. Enhanced aEC have been
suggested to be the disease activity marker in SLE [13]. EC from
the long saphenous vein from adults were used here, as opposed to
these previous investigators, who use EC from umbilical veins
(HUVEC). Functional characteristics and antigenic properties may
show differences between HUVEC and the EC from adults used
here, and we believe that endothelial cells from the great saphenous
vein (VSMEC) represent an advantage in studies of autoantibodies
in adults, as here [15,33].

We here demonstrate that antibodies to EC of IgG type are
common in SLE, with significantly higher antibody levels com-
pared with controls. The total IgG levels were significantly higher
in SLE patients compared with controls, but did not correlate with
aEC. Furthermore, antibodies to an unrelated and common antigen
of EBV, EBNA, did not correlate with aEC. The enhanced levels of
aEC are thus not likely merely to reflect the total immunoglobulin
levels.

OxLDL is generally believed to be pivotal in the development
of atherosclerosis, which is a chronic inflammatory disease in
arteries, mainly confined to the intima [17,18]. A main focus of our
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Table 2. Percentage inhibition of antibody binding to endothelial cells (EC) by different antigens (100mg/ml) in eight high-titre sera compared with control
values without antigen

Antigen 1 2 3 4 5 6 7 8 Mean6 s.d. P

EC 72 40 49 45 67 52 33 30 48·56 15 0·0001
OxLDL 46 24 48 36 24 20 11 15 286 13·8 0·0033
b2-GPI 44 37 48 45 30 40 22 21 35·96 10·4 0·0002
LPC 51 26 16 37 19 38 19 8 26·86 14·2 0·0046
CL 20 0 36 0 16 2 0 21 11·96 13·5 0·1420
PPD 6 0 15 9 0 0 0 10 56 5·9 0·6293
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Fig. 2.Effect of oxidized low-density lipoprotein (oxLDL) (X), lysophosphatidylcholine (LPC) (B) and purified protein derivative (PPD) (W)
on serum binding to endothelial cells (EC) in a representative experiment with three individuals. Sera were incubated with the antigens of
different concentrations and as indicated, at 48C overnight. After this, the binding to ELISA plates coated with EC was investigated. Results
are presented as mean of duplicate determinations.



research recently has been to define the proinflammatory effects
and antigenic properties of oxLDL, and we and others have
suggested that oxLDL may be an important factor causing athero-
sclerotic inflammation, since oxLDL can induce enhanced
endothelial adhesiveness [33–35] and monocyte and lymphocyte
activation [36–39]. These proinflammatory effects are largely
mediated by platelet-activating factor (PAF)-like lipids in
oxLDL [40], and we recently found that LPC is one such PAF-
like lipid either in itself or as a precursor (unpublished observa-
tion), and also a major antigen in oxLDL [23].

We here show that both oxLDL and LPC inhibited antibody
binding to EC, indicating that similar epitopes are present in LPC,
oxLDL and EC.

SLE patients have enhanced risk of early death due to cardi-
ovascular disease [1] and several studies indicate accelerated
atherosclerosis may contribute to this. SLE patients also have
enhanced risk of thrombosis, especially when aCL or ab2-GPI
are elevated [2–8].

Recently, an important cofactor for antibody binding to CL,b2-
GPI, was reported to be implicated in antibody binding to EC [41].
We confirm and extend these findings, demonstrating thatb2-GPI
is involved in the binding of aEC from SLE patients. The precise
roleb2-GPI in the binding of aEC is not clear. Recent studies show
that some phospholipid antibodies may bind to adducts of oxidized
phospholipid andb2-GPI [10], which may in principle be the case
also for phospholipids in EC.

Lysophospholipids in general are formed during oxidation of
phospholipid membranes, but they are also produced by a hetero-
geneous group of enzymes with PLA2 activity [25]. Phosphatidyl-
choline is the dominant membrane phospholipid, so LPC is likely
to be formed. In inflammatory diseases like rheumatoid arthritis
and SLE, PLA2 activity in serum is enhanced [42,43]. In most cell
types, PLA2s are induced by proinflammatory cytokines, including
tumour necrosis factor-alpha (TNF-a) and IL-6, which are present
in increased levels in sera from SLE patients [44]. It is therefore
possible that these cytokines and also other proinflammatory
factors induce PLA2 in the vessel wall, generating enhanced
formation of LPC, and a subsequent immune reaction to LPC in
the endothelium, which theoretically may lead to vasculitis,
thrombosis and aggravated atherosclerosis.

It is also possible that inflammatory factors such as superoxide
induce oxidation in LDL, and phospholipid-containing membranes
such as those in EC, generating LPC. Antibodies to oxLDL are
related to atherosclerosis [19] and an immune reaction to oxLDL or
oxidized membrane phospholipids may predispose to aggravated
atherosclerosis in SLE. Furthermore, antibodies to EC may react
with LPC or other oxidized phospholipids present also in other
phospholipid-containing membranes, e.g. in erythrocytes and
platelets, and may thus be involved both in thrombosis and other
complications seen in SLE, such as haemolysis, nephritis and
thrombocytopenia.

Low levels of aEC were present in most individuals, both
patients and controls. The role of these normally occurring anti-
bodies is not known. One possibility is that they are involved in
removal of obnoxious compounds with potentially damaging
effect, such as those produced during oxidation of phospholipids
in cell membranes. This may be the case also in SLE patients. If
these oxidized antigens reach a certain level, and the antigens
remain in the vessels, the antibodies may become pathogenic.

Taking all data together, aEC may recognize LPC and oxLDL
in vessels of different sizes, leading to an inflammatory reaction

due to immune complex deposition, complement activation, and
possibly uptake by macrophages, foam cell formation, and
increased risk of thrombosis and vasculitis and other manifesta-
tions of SLE.
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