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Low Levels of Antibodies Against Oxidized but not
Nonoxidized Cardiolipin and Phosphatidylserine Are
Associated with Atherosclerotic Plaques in Systemic
Lupus Erythematosus
Jun Su, Anna G. Frostegård, Xiang Hua, Thomas Gustafsson, Tomas Jogestrand, 
Ingiäld Hafström, and Johan Frostegård

ABSTRACT. Objective.We have reported that the prevalence of atherosclerotic plaques and their echolucency was
increased in systemic lupus erythematosus (SLE). We here study antibodies against oxidized cardio-
lipin (anti-OxCL) and phosphatidylserine (anti-OxPS) in SLE and in relation to atherosclerosis
measures.
Methods. Patients with SLE (n = 114) were compared with age- and sex-matched population-based
controls (n = 122). Common carotid intima-media thickness and plaque occurrence were determined
by B-mode ultrasonography. Plaques were graded according to echogenicity as 1–4, with 1 being
echolucent. Antibodies were determined by ELISA.
Results. In the SLE group, the prevalence of low IgM anti-OxPS and low total IgM levels (below
33rd percentile) was increased compared to controls (p = 0.045 and p = 0.0079, respectively).
Among SLE patients with atherosclerotic plaques, the prevalence of low IgM anti-OxPS 
(p = 0.0019) and anti-OxCL (p = 0.031) was increased. Only IgM anti-OxPS remained significant 
(p = 0.019) after adjusting for other significant factors. Echolucent plaques (total, or left side) were
more prevalent among SLE patients with low IgM anti-OxCL and anti-OxPS when controlled for
other significant factors (p < 0.05). Low total IgM was independently associated with echolucent
plaque on left side (p < 0.05), but not other atherosclerosis measures. IgM anticardiolipin antibodies
(aCL) and antiphosphatidylserine antibodies (anti-PS) were higher among SLE patients with
cardiopulmonary disease, including arterial, valvular, and venous disease (p < 0.05). There were no
associations between antibodies and other disease manifestations or activity. Both anti-OxCL and
anti-OxPS, in contrast to aCL, and anti-PS, were cofactor–β2-glycoprotein I (β2-GPI)-independent. 
Conclusion.The prevalence of low levels of IgM anti-OxCL and anti-OxPS (both cofactor-β2-GPI-indepen-
dent) is associated with the presence of plaques and echolucent plaques in SLE. (First Release Sept
15 2013; J Rheumatol 2013;40:1856–64; doi:10.3899/jrheum.121173)
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Atherosclerosis is the leading cause of cardiovascular
disease (CVD) and is an inflammatory condition in which
activated immune-competent cells, producing mainly pro-
inflammatory cytokines, are present in the lesions1. The
inflammatory nature of atherosclerosis was described in the

early 19th century by Rokitansky and Virchow2. Develop-
ment of atherosclerosis can be modulated by immune
system, as demonstrated in animal models in which
immunization with putative antigens [oxidatively modified
forms of low-density lipoprotein (OxLDL)] ameliorates
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atherosclerosis3. A potential protective function of B cells
has been suggested in human studies where posttraumatic
splenectomy was linked to an increased risk of myocardial
infarction4. 

In systemic lupus erythematosus (SLE), the risk of CVD
is raised and a combination of traditional and nontraditional
risk factors appears to account for this. Increased prevalence
of atherosclerotic plaques is associated with CVD in both
general and SLE population in several independent
case-control studies5,6,7,8. 

Traditional risk factors for CVD in SLE include dyslipi-
demia and hypertension, while nontraditional inflamma-
tion-related factors include raised activity of tumor necrosis
factor, levels of platelet-activating factor acetylhydrolase,
and C-reactive protein, as well as circulating OxLDL8,9,10,11,12.
Recently, we have demonstrated that natural IgM antibodies
against phosphorylcholine (anti-PC) are protection
biomarkers for atherosclerosis and CVD in both general13

and SLE populations14,15. 
Antiphospholipid antibodies (aPL) and the antiphospho-

lipid antibody syndrome are of special interest in SLE,
because aPL in SLE represent a major risk factor for stroke,
deep venous thrombosis, and pulmonary embolism6,8. Of
note, aPL levels measured in such a clinical context are very
high. Typically, routinely-used methods define aPL as
present with levels 2–3 above SD compared to a general
population control group. Prothrombotic aPL properties
[anticardiolipin (aCL) in particular] might involve inter-
ference with annexin A5 binding to endothelium16,17.
Importantly, CL and phosphatidylserine (PS) have been
described as major aPL antigens, when presented in associ-
ation with cofactors such as β2-glycoprotein I (β2-GPI).

Rupture of atherosclerotic plaques is of major impor-
tance in CVD, and it is crucial to identify factors promoting
this. We reported that prevalence of echolucent plaques, as
determined by ultrasound (US) measurements, are increased
in SLE14. This finding may explain the increased risk of
CVD in SLE because plaque echolucency is suggested to
indicate increased vulnerability18,19.

To our knowledge, the clinical appearance or associa-
tions with plaque presence of IgM anti-OxCL and
anti-OxPS have not been described previously in SLE or
other autoimmune conditions.

MATERIALS AND METHODS
Study group. The study group consisted of 114 patients with SLE from the
Karolinska University Hospital, Huddinge, and 122 sex-matched and
age-matched population-based controls. The details of this SLE Vascular
Impact Cohort (SLEVIC) study have been published14. 

All patients fulfilled the 1982 revised criteria of the American College
of Rheumatology for SLE. The study was approved by the Karolinska
Institutet Research Ethics Committee and performed in accordance with the
Helsinki Declaration. All subjects gave informed consent before entering
the study.
Study protocol. The investigation included a written questionnaire, an

interview, a physical examination by a rheumatologist, laboratory determi-
nations, and an US examination of the carotid arteries in all but 3 patients.
SLE activity was determined by the Systemic Lupus Activity Measure and
also by the Systemic Lupus Erythematosus Disease Activity Index20. Organ
damage was determined through the Systemic Lupus International
Collaborating Clinics Damage Index20. 
Assays. To determine oxidation of CL and PS, they were purchased as
ethanol solution (Sigma GmbH) and stored at –20°C. CL and PS were
oxidized in aqueous solutions containing 1.5 mmol/l tert-butylhydroper-
oxide and CuSO4 in 20 µmol/l. Phospholipids were measured with mass
spectrometry (electrospray ionization mass spectrometer, Micromass), to
confirm that CL and PS had been oxidized by copper and tert-butyl-
hydroperoxide.

IgM and IgG antibodies to OxCL and OxPS were determined by
ELISA. Serum from a healthy donor was used as internal standard and
tested on every plate, and set at 100 arbitrary units as a standard to which
the SLEVIC cohort sera were compared. The plateau of antibody binding
was reached with the antigen concentration of 10 µg/ml. Immulon 1B
plates (Thermo Labsystems) were coated with OxCL or OxPS (10 µg/ml)
50 µl/well in ethanol. Coated plates were incubated overnight at 40°C.
After 5 washings with phosphate buffered saline (PBS), the plates were
blocked with 2% bovine serum albumin (BSA)-PBS for 2 h at room
temperature and washed as described. Serum samples were diluted (1:50)
in 0.2% BSA-PBS and added at 50 µl/well. 

Plates were incubated overnight at 40°C and washed as described.
Alkaline phosphatase (ALP) conjugated goat antihuman IgM (diluted
1:7000 in the sample buffer) and IgG (diluted 1:7000 in the sample buffer)
were added at 100 µl/well and incubated at 40°C overnight. After 5
washings, color was developed by adding the ALP substrate at 100 µl/well
and incubating the plates for 60 min at room temperature in the dark. The
plates were read in an ELISA Multiscan Plus spectrophotometer at 405 nm.
All samples were measured in duplicates in a single assay, and the coeffi-
cient of variation was below 10–15%.

IgM antibodies to CL and PS where measured by a standard ELISA kit
(Orgentec Diagnostika GmbH) according to the manufacturer’s
description, although samples were diluted 10 times less than the instruc-
tions indicated, so that not only very high antibody levels were measured. 
Carotid B-mode US. The right and left carotid arteries were examined with
a duplex scanner (Sequoia, Siemens Acuson) using a 6 MHz linear array
transducer, as described14. 

The far wall of the common carotid artery (CCA), 0.5 to 1.0 cm
proximal to the beginning of the carotid bulb, was used for measurements
of the intima-media thickness (IMT). The IMT was defined as the distance
between the leading edge of the lumen-intima echo and the leading edge of
the media-adventitia echo. The CCA lumen diameter was defined as the
distance between the leading edge of the intima-lumen echo of the near
wall and the leading edge of the lumen-intima echo of the far wall. The
examinations were digitally stored for subsequent analyses by a computer
system21. The mean values of the IMT and lumen diameter within the 10
mm section were calculated. When a plaque was observed in the region of
the CCA measurements, the IMT was not measured. 

Carotid plaque was defined as a localized intima-media thickening > 1
mm and at least a 100% increase in thickness compared with adjacent wall
segments and was screened for in the common, internal, and external
carotid arteries. Plaque occurrence was scored as the absence of plaque, the
presence of unilateral plaque, and the presence of bilateral plaque. Plaque
morphology in terms of echogenicity was assessed in a modified version of
the classification proposed by Gray-Weale, et al22 and graded from 1 to 4
as echolucent, predominantly echolucent, predominantly echogenic, and
echogenic. Echolucency was defined with the arterial lumen as reference
and echogenicity with the far wall adventitia as reference. 

The US methods used have been described in detail23,24.
Statistical methods. Determinations were dichotomized or determined as
continuous variables as indicated. We calculated percentiles based on distri-
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butions in the whole study group. Age, sex, and geography were matched
for by the design of the study. Data are presented as means (with 95% CI)
or medians (with interquartile ranges), depending on their distribution.
Comparisons between groups were made with the Mann-Whitney U test,
median test, or Student t-test. To establish the association between potential
risk factors for atherosclerosis and atherosclerotic plaque, logistic
regression was applied with adjustment for covariates. Stat View was used
for the statistical analyses (release 4.5, SAS Institute Inc.).

RESULTS
The characteristics of patients and controls are presented in
Table 1. Some of the data have been published14, but are
presented for background information and clarity. IMT did
not differ between patients and controls. As reported14, there
were more atherosclerotic plaques among patients with SLE

(p = 0.029), and left-sided echolucent plaques were more
prevalent in SLE compared to controls (p < 0.016). 

Cardiovascular/cardiopulmonary disease occurrence was
increased in SLE (p < 0.01) when defined as a history of
cerebrovascular events, acute coronary syndrome, coronary
artery bypass graft, heart valve prosthesis/impairment,
peripheral arterial surgery, claudication, deep venous throm-
bosis, and pulmonary embolism.

There were no significant associations between preva-
lence of echolucent plaques and history of cardiovascular
and thrombotic disease (data not shown). 
Antibody levels. Antibody levels among patients with SLE
and controls are presented in Table 1. Low IgM anti-OxPS
(lowest tertile) and low total IgM were more common

Table 1. Characteristics of the Systemic Lupus Erythematosus Vascular Impact Cohort (SLEVIC) study groups.

Characteristics Cases Controls p

No. subjects 114 122
Age, yrs, mean ± SD 47.94 ± 13.17 49.11 ± 12.68 0.45
Male sex, % (n) 12.28 (14) 10.65 (13) 0.94
Current smokers, % (n) 14.03 (16) 15.57 (19) 0.47
Presence of diabetes, % (n) 5.26 (6) 2.45 (3) 0.22
Presence of hypertension, % (n) 57.89 (66) 26.22 (32) < 0.001
LDL > 3 mmol/l, % (n) 27.19 (31) 44.26 (54) 0.006
Current statins, % (n) 10.52 (12) 4.09 (5) 0.048
Total cholesterol, mmol/l, mean ± SD 4.7 ± 1.1 4.8 ± 1.0 0.23
LDL, mmol/l, mean ± SD 2.5 ± 0.88 2.8 ± 0.80 0.026
HDL, mmol/l* 1.6 (1.3–1.8) 1.6 (1.3–1.9) 0.31
Triglycerides, mmol/l* 0.99 (0.7–1.4) 0.78 (0.55–1.10) 0.003
CRP, mg/dl* 4.44 (0.8–4.8) 2.04 (0.5–2.5) < 0.001
BMI, kg/m2* 24.89 (20.96–27.85) 24.67 (22.41–27.82) 0.58
Atherosclerotic plaque, % (n) 42.98 (49) 30.32 (37) 0.029
Low-echogenic plaques (grade 1); LCA or RCA 33 24 0.0931
Low-echogenic plaques (grade 1); LCA 25 13 0.016
Low-echogenic plaques (grade 1); RCA 19 18 0.62
CVD**, % (n) 24.8 (29) 4.1 (5) < 0.001
Total IgG, g/l, median (IQR) 12.4 (4.8) 9.6 (2.4) < 0.001
Total IgG ≤ 50th percentile (%) 32.4 65.8 < 0.001
Total IgG ≤ 33rd percentile (%) 21.6 44.2 < 0.001
IgM anti-OxPS, AU, mean ± SD 101.5 ± 39.6 108.0 ± 27.0 0.16
IgM anti-OxPS ≤ 50th percentile (%) 55.2 44.3 0.13
IgM anti-OxPS ≤ 33rd percentile (%) 39.7 26.4 0.045
IgM anti-PS, U/ml, median (IQR) 234.0 (398) 206.0 (168.5) 0.0009
IgM anti-OxCL, AU, mean ± SD 97.4 ± 38.0 87.3 ± 26.4 0.0022
IgM anti-OxCL ≤ 50th percentile (%) 46.0 53.8 0.28
IgM anti-OxCL ≤ 33rd percentile (%) 42.2 37.7 0.20
IgM aCL, U/ml, % (n) 151.0 (291.2) 148.0 (113.3) 0.064
Total IgM, g/l, median (IQR) 0.85 (0.99) 1.1 (0.60) 0.26
Total IgM ≤ 50th percentile (%) 58.0 42.5 0.025
Total IgM ≤ 33rd percentile (%) 42.0 25.0 0.0079

Serum from a healthy donor was used as internal standard and tested on every plate, and set at 100 arbitrary units
(AU) as a standard to which the SLEVIC cohort sera were compared. Anti-CL and anti-PS were measured by a
commercial ELISA kit, with Units/ml as measure. * Median (range). ** History of any of cerebrovascular
events, AMI, CABG, heart valve prosthesis/impairment, peripheral arterial surgery, claudication, peripheral vein
thrombosis, or pulmonary embolism. LCA/RCA: left/right carotid artery; LDL: low-density lipoprotein; HDL:
high-density lipoprotein; CRP: C-reactive protein; BMI: body mass index; CVD: cardiovascular disease;
anti-OxPS: antibodies against oxidized phosphatidylserine; anti-OxCL: antibodies against oxidized cardiolipin;
AMI: acute myocardial infarction; CABG: coronary artery bypass graft; IQR: interquartile range.
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among patients with SLE than controls (p < 0.05), while low
anti-OxCL was not. IgM anti-OxCL, aCL (trendwise), and
anti-PS were significantly higher among patients with SLE,
although prevalence of low levels did not differ significantly
(data not shown). There were no significant independent
associations between medication and antibody levels. 
Atherosclerotic plaques and antibodies. In a multivariate
analysis we included only factors in the model, which were
independently associated with prevalence of atherosclerotic
plaques (age, hyperlipidemia, hypertension, and glucose
levels).

As described in Table 2, SLE patients with athero-
sclerotic plaques had lower IgM anti-OxPS and anti-OxCL
levels (p = 0.0034 and 0.076, respectively). For anti-OxPS
levels, the difference remained after adjusting for other risk
factors (age, hyperlipidemia, hypertension, and glucose
levels; p = 0.029). IgM aCL, anti-PS, and total IgM were not
independently associated with plaques. There was no associ-
ation between total IgG, IgG anti-OxCL, or IgG anti-OxPS
and atherosclerotic plaques (data not shown). 
Echolucent plaques and antibodies. In multivariate
analyses, we included only factors in the model that were
independently associated with prevalence of echolucent
plaques, left or right [age, hyperlipidemia (LDL > 3
mmol/l)] and prevalence of echolucent plaques on the left
side (age) in preceding univariate analyses. 

As described in Table 3, SLE patients with echolucent
plaques (left or right side) had lower IgM anti-OxPS and
anti-OxCL levels (p = 0.0078; p = 0.043, respectively) but
only IgM anti-OxPS was significant after controlling for age
and hyperlipidemia (p = 0.018). Further, prevalence of low
anti-OxPS and anti-OxCL levels was more prevalent among
SLE patients with echolucent plaques than without (p =

0.030 and p = 0.030, respectively, after controlling for age
and hyperlipidemia). Other antibodies measured (IgM aCL
and anti-PS and total IgM) were not significantly associated
with presence of echolucent plaques. There was no associ-
ation between total IgG, IgG anti-OxCL, and anti-OxPS and
echolucent atherosclerotic plaque measures (data not
shown), and low levels of these antibodies were not
associated with SLE (data not shown).

Table 4 describes the associations of the measured
antibodies with plaque properties on the left side. SLE
patients with echolucent plaques (on left side) had lower
IgM anti-OxPS levels (p = 0.0069) and anti-OxCL levels 
(p = 0.016), which for anti-OxPS remained significant after
controlling for age. Prevalence of low anti-OxPS and
anti-OxCL levels was more common among SLE patients
with echolucent plaques on the left side than without (p =
0.012 for anti-OxPS below 33rd percentile and p = 0.011 for
anti-OxCL IgM below the 50th percentile after controlling
for age). Also, low levels of total IgM were associated with
echolucent plaques after controlling for age (p < 0.05).

Other antibodies measured (IgM aCL and anti-PS) were
not significantly associated with the presence of echolucent
plaques.

There was no association between total IgG, IgG
anti-OxCL, anti-OxPS, and atherosclerotic plaques or
echolucent atherosclerotic plaques (data not shown).
Antibodies and cardiovascular/cardiopulmonary history.
There were no associations between the antibodies deter-
mined and history of CVD (as defined), except that IgM
aCL and anti-PS were higher among patients with SLE who
had CVD than among those with no history of CVD (p <
0.05). If CVD was defined as a history of arterial disease
including claudication, myocardial infarction, cerebral

Table 2. Antiphospholipid antibodies among systemic lupus erythematosus (SLE) patients with and without atherosclerotic plaques.

Patients with SLE
Antibodies Without Plaque, With Plaque, P Value, P Value Adjusted for Age,

n = 62 n = 49 Crude Hyperlipidemia, Hypertension, 
and Glucose

IgM anti-OxPS, AU, mean ± SD 111.6 ± 39.5 89.7 ± 36.6 0.0034 0.029
IgM anti-OxPS ≤ 33rd percentile (%) 27.42 57.14 0.0019 0.019
IgM anti-OxPS ≤ 50th percentile (%) 46.8 65.3 0.033 0.26
IgM anti-PS, U/ml, median (IQR) 270.5 (452) 182.5 (424) 0.61 —
IgM anti-OxCL, AU, mean ± SD 104.1 ± 37.3 91.1 ± 37.8 0.076 —
IgM anti-OxCL ≤ 33rd percentile (%) 19.3 39.6 0.031 0.13
IgM anti-OxCL ≤ 50th percentile (%) 37.1 58.3 0.055 —
IgM aCL, U/ml, n (%) 187 (302) 123 (254) 0.55 —
Total IgM, U/ml, g/l 0.91 (0.90) 0.73 (0.99) 0.095 —
IgM ≤ 33rd percentile (%) 33.3 51.0 0.079 —
IgM ≤ 50th percentile (%) 53.3 63.2 0.33 —

Serum from a healthy donor was used as internal standard and tested on every plate, and set at 100 arbitrary units (AU) as a standard to which the SLEVIC
cohort sera were compared for anti-OxCL or anti-OxPS. aCL and anti-PS were measured by a commercial ELISA kit, with units/ml as measure. SLEVIC:
Systemic Lupus Erythematosus Vascular Impact Cohort; anti-OxPS: antibodies against oxidized phosphatidylserine; anti-OxCL: antibodies against oxidized
cardiolipin; IQR: interquartile range.
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infarction, coronary artery bypass surgery, or coronary
stents, then similar data were obtained with IgM anti-PS and
IgM aCL as risk markers (p < 0.05), while other antibodies
showed no associations. 
Antibody specificity. Preincubation with OxCL or OxPS
could inhibit up to 50–60% of IgM anti-OxCL and
anti-OxPS binding, respectively (data not shown). Binding

to OxCL β2-GPI could induce increased aCL and anti-PS
binding to CL and PS but not anti-OxCL or OxPS binding to
OxCL (Figures 1A, 1B).

DISCUSSION
Plaque vulnerability and plaque rupture are of major impor-
tance as causes of CVD25. Echolucent plaques are

Table 3. Antiphospholipid antibodies among SLE patients with and without echolucent atherosclerotic plaques (on left or right side).

Patients with SLE
Antibodies Without Echolucent Plaque, With Echolucent Plaque; P Value, P Value Adjusted for Age

Left or Right Side Crude and Hyperlipidemia
n = 78 n = 33

IgM anti-OxPS, U/ml, mean ± SD 108.4 ± 40.3 86.7 ± 33.4 0.0078 0.018
IgM anti-OxPS ≤ 33rd percentile (%) 32.0 60.6 0.0063 0.030
IgM anti-OxPS ≤ 50th percentile (%) 49.3 69.7 0.063 —
IgM anti-PS, U/ml, median (IQR) 251 (452) 179 (340) 0.22 —
IgM anti-OxCL, AU, n (%) 103.1 ± 38.2 87.3 ± 35.3 0.043 0.10
IgM anti-OxCL ≤ 33rd percentile (%) 19.4 45.5 0.009 0.030
IgM anti-OxCL ≤ 50th percentile (%) 37.6 63.6 0.021 0.045
IgM aCL, U/ml, median (IQR) 168 (307) 98 (221) 0.09 —
Total IgM, g/l 0.91 (1.0) 0.70 (0.62) 0.054 —
IgM ≤ 33rd percentile (%) 37.6 54.5 0.0899 —
IgM ≤ 50th percentile (%) 54.5 66.6 0.29 —
IgM anti-PC, U/ml, median (IQR) 71.2 (189.4) 50.1 (58.9) 0.009 0.075
IgM anti-PC ≤ 33rd percentile (%) 35.1 54.5 0.088 —
IgM anti-PC ≤ 50th percentile (%) 50.7 72.7 0.035 —

Serum from a healthy donor was used as internal standard and tested on every plate, and set at 100 arbitrary units (AU) as a standard to which the SLEVIC
cohort sera were compared for anti-OxCL or anti-OxPS. Anti-PC, aCL, and anti-PS were measured by a commercial ELISA kit, with units/ml as measure.
SLE: systemic lupus erythematosus; anti-OxPS: antibodies against oxidized phosphatidylserine; anti-OxCL: antibodies against oxidized cardiolipin; SLEVIC:
SLE Vascular Impact Cohort; IQR: interquartile range; anti-PC: antibodies against phosphorylcholine.

Table 4. Antiphospholipid antibodies among SLE patients with and without echolucent atherosclerotic plaques (on left side).

Patients with SLE
Antibodies Without Echolucent Plaque With Echolucent Plaque P Value, P Value Adjusted 

Left Side, Left Side, Crude for Age
n = 86 n = 25

IgM anti-OxPS, AU, mean ± SD 107.5 ± 40.3 82.7 ± 31.0 0.0054 0.037
IgM anti-OxPS ≤ 33rd percentile (%) 29.51 57.45 0.0023 0.012
IgM anti-OxPS ≤ 50th percentile (%) 50.0 76.0 0.024 0.037
IgM anti-PS, U/ml, median (IQR) 275 (454) 182 (408) 0.45 —
IgM anti-OxCL, AU, n (%) 103.1 ± 37.7 82.4 0.016 0.055
IgM anti-OxCL ≤ 33rd percentile (%) 23.2 48.0 0.0023 0.059
IgM anti-OxCL ≤ 50th percentile (%) 36.6 72 0.0023 0.011
IgM aCL, U/ml 188 (310) 123 (177) 0.40 —
Total IgM, g/l, median (IQR) 0.94 (1.0) 0.69 (0.44) 0.017 0.037
IgM ≤ 33rd percentile (%) 35.7 60.0 0.038 0.044
IgM ≤ 50th percentile (%) 52.9 76.0 0.040 0.039
IgM anti-PC, U/ml 70.7 (185.0) 50.0 (42.8) 0.096 —
IgM anti-PC ≤ 33rd percentile (%) 36.6 56.0 0.11 —
IgM anti-PC ≤ 50th percentile (%) 51.2 76.0 0.0376 0.092

Serum from a healthy donor was used as internal standard and tested on every plate, and set at 100 arbitrary units (AU) as a standard to which the SLEVIC
cohort sera were compared for anti-OxCL or anti-OxPS. Anti-PC, aCL, and anti-PS were measured by a commercial ELISA kit, with units/ml as measure.
SLE: systemic lupus erythematosus; SLEVIC: SLE Vascular Impact Cohort; anti-OxPS: antibodies against oxidized phosphatidylserine; anti-OxCL:
antibodies against oxidized cardiolipin; IQR: interquartile range; anti-PC: antibodies against phosphorylcholine.
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Figure 1. The graphs show the impor-
tance of β2-GPI in antibody binding to
antigens. A. ELISA of IgG anti-OxCL,
IgG aCL, IgM anti-OxCL, and IgM
aCL. B. IgG anti-OxPS, IgG anti-PS,
IgM anti-OxPS, and IgM anti-PS, which
had been incubated with a different
concentration of β2-GP1 for 1 h at room
temperature. β2-GPI increased aCL
binding to CL and anti-PS binding to PS
but not anti-OxCL binding to OxCL or
anti-OxPS binding to PS. Antibody
levels were determined by ELISA, and
the optical density value at which no
β2-GPI was added was set at 1 as a
standard. The results are expressed as
mean ± SD. Anti-OxCL: antibodies
against oxidized cardiolipin; anti-OxPS:
antibodies against oxidized phospha-
tidylserine; β2-GPI: β2-glycoprotein I. 
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considered to represent more vulnerable atherosclerotic
lesions18,19. One surprising finding in our study was that
low levels of IgM anti-OxPS and anti-OxCL were signifi-
cantly associated with prevalence of vulnerable (echolucent)
plaques in general and on the left side, independently of
other risk factors.

Further, IgM anti-OxPS, and trendwise, IgM anti-OxCL,
were also negatively associated with prevalence of plaques
independent of other risk factors, low levels giving rise to
high risk. In contrast, antibodies against non-oxidized CL or
PS were not significantly associated with the different athero-
sclerosis measures. Another interesting finding is that low
levels of IgM anti-OxPS were more prevalent among
patients with SLE compared to controls. 

CL and PS are intimately involved in processes such as
apoptosis and phagocytosis26, and antibodies against these
compounds are well known as CVD risk factors in SLE.
Their mechanisms involve direct effects on endothelium and
interference with the coagulation cascade through annexin
A56,16.

CL is synthesized in the inner mitochondrial membrane
of eukaryotic cells and in bacteria27,28 by CL synthase, an
enzyme that is most active in high metabolic tissue such as
heart muscle. CL has an unusual, easily oxidized phospho-
lipid structure. Oxidation of CL occurs in vitro during
association with traditional ELISA methods29. In vivo CL
undergoes oxidation during apoptosis, by cytochrome C.
Oxidized CL promotes release of intrinsic proapoptotic
factors30. OxCL is exposed on apoptotic cells and OxCL is
suggested to be one of the pattern of recognition for
antibodies31. 

Recognition and clearance of apoptotic cells/debris is a
physiological process in which externalization of PS on
membrane is an important signal to phagocytes. Without
rapid and efficient clearance, remaining apoptotic
material might play a role in chronic inflammation and
autoimmunity32. 

Oxidized forms of PS may also be important during
apoptosis, mediating macrophage recognition and
engulfment of apoptotic cells33. Extramitochondrial
cytochrome C is one factor that could catalyze apop-
tosis-associated PS oxidation34. Further, OxPS is a ligand
for the scavenger receptor CD3635.

Because defective clearance of apoptotic cells and/or
bodies is an important feature of SLE36, our findings may
imply that a defective natural immune response against
OxCL and OxPS may contribute to SLE manifestations,
including plaque vulnerability.

We reported that IgM antibodies against another
phospholipid-related epitope, phosphorylcholine (anti-PC),
is a protection marker for CVD including stroke and
myocardial infarction and atherosclerosis in the general
population13 and in RA37 and SLE15. PC is a component of
cell and lipoprotein membranes and is recognized by the

humoral immune system when exposed, as in oxidation and
during apoptosis38. PC is not a component of CL or PS. In
our current study, anti-OxPS and anti-OxCL were signifi-
cantly associated with vulnerable plaques, while anti-PC
was only trendwise so. Thus one interesting possibility is
that IgM anti-OxCL and anti-OxPS represent a line of
defense, like anti-PC, in autoimmune and chronic inflam-
matory conditions. 

To our knowledge, the clinical roles of anti-OxCL or
anti-OxPS have not been determined in autoimmune
disease, though we recently found a negative association
between β2-GPI–independent IgM anti-OxCL and
anti-OxPS with development of CVD in the general
population39. 

Though the exact binding properties of aPL to PL have
been debated for decades, it appears that plasma protein
cofactors such as β2-GPI are of major importance for tradi-
tional aPL such as aCL and anti-PS, though it is still possible
that some binding occurs to CL or mildly oxidized versions
of CL per se15. It is therefore interesting that the air-exposed
CL (undergoing oxidation) described in a previous publi-
cation in fact is a risk marker in a mouse model of athero-
sclerosis and not a protection marker, as in humans in our
current study29. Such air-exposed oxidized CL required
β2-GPI as a cofactor for optimal recognition by antibodies40

in contrast to the OxCL studied herein. It is not clear
whether PS, as an antigen in the traditional aPL ELISA,
behaves in a similar way as CL, though this would not be
unexpected because PS is oxidizable. 

In our study, IgM aCL and anti-PS, in contrast to IgM
anti-OxCL and anti-OxPS, were positively associated with
CV (defined as arterial disease, thrombosis, and valvular
engagement), which is not unexpected for these traditional
aPL. There were no associations between history of CV or
thrombotic disease and presence of echolucent plaques,
which may be attributed to the relatively low number of
cases in the groups. Further, such plaques may cause future
CV events. 

Natural IgM in general bind apoptotic cells, increase
phagocytosis of apoptotic cells, and have antiinflammatory
properties41. In our study, low levels of total IgM were
associated with vulnerable plaques on the left side, and
insignificantly with other atherosclerosis measures, and thus
those levels appear to be weaker protection markers than
IgM anti-OxPS and anti-OxCL. Interestingly, it has been
demonstrated that murine monoclonal IgM-recognizing
forms of OxCL distinguish apoptotic cells from healthy
cells31. Still, this finding suggests that total IgM might have
atheroprotective properties in SLE. This notion is in line
with a recent report in which natural IgM was required for
suppression of experimental inflammatory arthritis induced
by apoptotic cells42. In addition to anti-PC, anti-OxCL, and
anti-OxPS, there may well be other yet unidentified natural
atheroprotective antibodies. In addition to directly inhibiting
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inflammatory phospholipids15 and uptake of OxLDL in
macrophages39, there are other potential mechanisms, such
as increasing clearance of dying/dead cells within plaques. 

There are limitations in our study. One is the size. It
would be of interest if the data herein could be confirmed
in other larger studies. Whether some of the anti-OxCL
or anti-OxPS are present in immune complexes is an
interesting possibility and beyond the scope of the
present article, which focused on the totality of
OxCL/OxPS-binding antibodies. It is also possible that
other methods such as magnetic resonance imaging could be
developed into better surrogate ways to measure atheroscle-
rotic plaques and their vulnerability than the US methods
used here. 

Our data indicate that there are negative associations
between IgM anti-OxCL and anti-OxPS and atherosclerotic
plaques and echolucent plaques in SLE, as determined by
US. Further, they are not dependent on plasma cofactor
β2-GPI, in contrast to aCL/antiPS studied. Low levels of
these antibodies could predispose to atherosclerotic compli-
cations in SLE, and possibly also contribute to the devel-
opment of SLE itself. 
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