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Abstract 

Increased production of autoantibodies is a characteristic feature of systemic lupus 

erythematosus (SLE) and there is evidence that several of these autoantibodies may contribute 

to the increased cardiovascular disease (CVD) in SLE. Autoantibodies against the 

apolipoprotein (apo) B-100 peptides p45 and p210 have been associated with a lower CVD 

risk in non-SLE cohorts. The aim of the present study was to investigate how SLE affects the 

occurrence of these potentially protective autoantibodies. The study cohort consisted of 434 

SLE patients and 322 age and sex-matched population controls. Antibodies against native and 

malondialdehyde (MDA)-modified p45 and p210 were measured by ELISA. SLE patients had 

significantly lower levels of p210 IgG and p45 IgM (both the native and MDA-modified 

forms). SLE patients with manifest CVD (myocardial infarction, ischemic cerebrovascular 

disease or peripheral vascular disease) had lower levels p210 IgG and p45 IgM than SLE 

patients without CVD. Decreased levels of these autoantibodies were also observed in SLE 

patients with permanent organ damage as assessed by the Systemic Lupus International 

Collaborating Clinics/American College of Rheumatology (ACR) Damage Index (SDI). The 

present findings show that patients with SLE, a condition generally characterized by 

abundance of autoantibodies of multiple specificities, have reduced levels of antibodies 

against the apo B-100 antigens p45 and p210 and that the levels of these antibodies are further 

reduced in SLE patients with CVD. These observations suggest the possibility that an 

impaired antibody-mediated removal of damaged LDL particles may contribute to the 

development of vascular complications and organ damage in SLE. 
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Systemic lupus erythematosus (SLE) is an autoimmune systemic disease predominantly 

affecting females. It is associated with a high risk for myocardial infarction, overall the risk is 

3 -10 fold enhanced compared with age- and sex-matched controls, with the highest relative 

risks among premenopausal women. This high cardiovascular risk remains after controlling 

for traditional Framingham cardiovascular risk factors (1-5). SLE is in most studies 

characterized by a more aggressive development of atherosclerosis (6, 7). The mechanisms 

responsible for aggravated cardiovascular disease (CVD) in SLE remains to be fully 

elucidated but are likely to involve the immune cell activation and loss of tolerance for several 

self-antigens that characterize the disease (8-10). This notion is well in line with accumulating 

evidence from experimental studies of atherosclerosis suggesting that loss of tolerance against 

oxidized LDL and other plaque antigens play an important role in driving vascular 

inflammation and plaque development (11-13). An impaired capacity to clear apoptotic cells 

and necrotic debris has been implicated as an important factor for the loss of tolerance in both 

SLE and atherosclerosis (14, 15). Advanced atherosclerotic plaques contain not only 

significant accumulations of apoptotic cells but also large amounts of oxidized LDL which 

competes with the binding of apoptotic cell ligands to phagocyte scavenger receptors, further 

reducing the local efferocytosis capacity (16). In addition to uptake by scavenger receptors, 

opsonins such as the complement factors C1q and C3b play a critical role by mediating 

binding of apoptotic cells to phagocyte endocytic receptors. There is evidence from both 

experimental and clinical studies that complement deficiency, a result of either genetic 

deficiency or consumption, is an important factor which contributes to impaired clearance of 

cellular debris in SLE (17).  

One important consequence of the defective efferocytosis and loss of self-tolerance in SLE is 

the generation of autoantibodies. Antiphospholipid (aPL) antibodies, targeting either 

cardiolipin (aCL), beta 2-glycoprotein (anti-2GPI) or a mixture of specificities responsible 
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for positivity in the functional lupus anticoagulant (LA) test, are present in 30-40% of patients 

with SLE (18). The pathophysiological role of aPL antibodies in SLE remains to be fully 

understood but both experimental and clinical studies have suggested that they contribute to 

the development of vascular events, both arterial and venous (19-23).  

Autoantibodies against several types of antigens including phospholipids, -2GPI, 

apolipoprotein (apo) B-100, apo A-1 and heat shock proteins, have been implicated in CVD 

(24).Many of these studies have focused on the role of autoantibodies against different LDL 

antigens (25). Experimental and clinical studies of autoantibodies against specific molecular 

epitopes present in LDL such as phosphatidylcholine and different apo B-100 peptide 

sequences have suggested a possible protective role for these antibodies (26, 27). The apo B-

100 peptides p45 (amino acids 661-680) and p210 (amino acids 3136-3155) have been 

identified as important targets for immune responses against LDL (28). Autoantibodies 

against these LDL antigens are present in most individuals and have been associated with less 

atherosclerosis as well as with reduced risk for development of myocardial infarction (29-31). 

In the present study we analyzed plasma levels of IgG and IgM against native and MDA-

modified p45 and p210 in a cohort of SLE patients and matched controls. The result 

demonstrates that patients with SLE have decreased levels of p45 IgM and p210 IgG 

autoantibodies and that this is associated with an increased risk of CVD and other organ 

complications. 

 

Methods 

Patients and controls 

Patients and controls were included between January 2004 and October 2013. All patients who 
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fulfilled four or more of the 1982 revised American College of Rheumatology (ACR) 

classification criteria for SLE (32) and who received care for SLE at the Department of 

Rheumatology, Karolinska University Hospital Solna during this period were asked to 

participate. Patients were required to be older than 18 years, otherwise there were no exclusion 

criteria. Population controls, individually matched to the first 322 SLE patients were identified 

in the population registry. Matching was performed within one year of age, for sex, and region 

of living. Controls were contacted and asked to participate through a letter. The only exclusion 

criterion among controls was a diagnosis of SLE. The Local Ethics Committee of the 

Karolinska University Hospital approved the study protocol. All participants gave informed 

written consent to participate. 

 

Data collection 

All patients and controls were investigated in person by a rheumatologist. Traditional risk 

factors for CVD were tabulated. Hypertension was defined as a systolic BP> 140 mm Hg 

and/or a diastolic BP> 90 mm Hg or use of antihypertensive treatment. Diabetes was 

considered present if patients were previously diagnosed with diabetes. History of vascular 

events, defined as a history of objectively verified myocardial infarction, ischemic 

cerebrovascular disease or peripheral vascular disease was obtained though interview and 

review of medical files. In SLE patients, age at diagnosis, duration of disease, and lupus 

manifestations including autoantibodies were recorded. Lupus nephritis was defined 

according to the 1982 revised ACR classification criteria for nephritis (32). Organ damage 

was assessed with Systemic Lupus International Collaborating Clinics /ACR Damage index 

(SDI) (33) All blood samples were taken after overnight fasting and laboratory examinations 

were performed blinded, either on fresh blood samples or after storage in -70
o
C.  
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Intima-media wall thickness measurements  

Three hundred and two patients were investigated with carotid ultrasound using a duplex 

scanner (Acuson 128XP, Mountain View, California, USA) with a 7.0 MHz ART linear array 

transducer. Left and right carotids were examined. The IM thickness was defined as the 

distance between the leading edge of the luminal echo to the leading edge of the 

media/adventitia echo (34). IM thickness was measured over one cm length just proximal to 

the bulb. The mean IMT values for both sides were calculated for each subject. One 

technician recorded all measurements.  

  

Determination of p45, p210 and 2GPI autoantibodies 

Peptides corresponding to the amino acids from 661 to 680 (p45; 

IEIGLEGKGFEPTLEALFGK) and amino acids 3136-3155 (p210; 

KTTKQSFDLSVKAQYKKNKH) of human apoB-100 were synthesized (KJ Ross Petersen 

AS, Horsholm, Denmark) and used in ELISA. The peptides were modified by 0.5 M MDA for 

3 h at 37 °C and dialyzed against PBS containing 1 mM EDTA as described (28). Native and 

MDA-modified peptides diluted in PBS pH 7.4 (20 µg/ml) were absorbed to microtiter plate 

wells (Nunc MaxiSorp, Nunc, Roskilde, Denmark) in an overnight incubation at 4 °C. After 

washing with PBS containing 0.01% Tween-20 (PBS-T) the coated plates were blocked with 

SuperBlock in TBS (Pierce, Rockford, Illinois) for 30 min at RT followed by an incubation of 

test plasma, diluted 1/100 in TBS-0.01% Tween-20 (TBS-T) for 2 h at RT and overnight at 4 

°C. After rinsing, deposition of autoantibodies directed to the peptide was detected using 

biotinylated rabbit anti-human IgM (ICN, Biomedicals, Inc., Aurora, OH) or IgG antibodies 

(Abcam, ab 7159) appropriately diluted in TBS-T. After another incubation for 2 h at RT the 
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plates were washed and the bound biotinylated antibodies detected by alkaline phosphatase 

conjugated streptavidin (BioLegend, 405211), incubated for 2 h at RT. The colour reaction 

was developed by using phosphatase substrate kit (Pierce) and the absorbance at 405 nm was 

measured after 1 h of incubation at RT. Values are presented as the ratio against a standard 

reference plasma. Data regarding the specificity and variability of the antibody ELISA have 

been published previously (28, 30). 

Anti-2GPI antibodies IgM/IgG were determined with the multiplex immunoassays, BioPlex 

2200 APLS (Bio-Rad Laboratories Inc., Hercules, CA, USA). Results were reported in the 

ranges between 1.9-160 U/mL for IgM and 1.9-160 U/mL for IgG. Results were handled as 

continuous variables. The multiplex assays are regarded as positive if ≥ 20 U/mL. This cut-off 

level corresponded to at least the 99th percentile of healthy blood donors. 

 

Statistics  

Clinical characteristics are presented as median (interquartile range, IQR) for continuous variables and 

as percentages for categorical variables. Continuous variables that were not normally distributed were 

log transformed. If not become normally distributed after log transformation, non-parametric tests 

were used. Depending on data type, Students’ t-test, Mann Whitney or Chi square test were used to 

compare differences between groups. Correlations were investigated through calculating the Spearman 

rank correlation coefficients. Multivariable-adjusted logistic regression models were performed to 

evaluate the associations between autoantibodies and cardiovascular/organ damage outcomes. Partial 

correlations were calculated to determine the associations between autoantibodies and IMT controlling 

for age and sex.  
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Results 

The clinical characteristics of the SLE patient and control groups are shown in table 1. 

Around 90 % of the study subjects were females and the median age was just below 50 years. 

The prevalence of clinically manifest CVD (myocardial infarction, stroke or peripheral artery 

disease) was 13-fold higher in the SLE group.  

 

SLE patients have lower levels of apo B p45 IgM and p210 IgG 

We first studied if there were differences in the expression of autoantibodies against apo B 

between SLE patients and controls. This was determined by analyzing IgM and IgG 

antibodies against the native and malondialdehyde (MDA)-modified apo B sequences p45 and 

p210. Autoantibodies against 2GPI (also called apo H) were used to compare the pattern of 

apo B peptide autoantibodies with those against another antigen which binds to lipoproteins 

and to membrane phospholipids. SLE patients had significantly lower levels of p210 IgG and 

p45 IgM (both the native and MDA-modified forms), while IgM against native and MDA-

p210 were increased (table 2). Antibody levels against native peptides generally correlated 

strongly with the level of antibodies against the MDA-modified form of the same peptide but 

much more weakly with antibodies against the other apo B peptide. As an example, the 

Spearman correlation coefficient for p210 IgG against MDA-p210 IgG was 0.85, while it was 

only 0.13 and 0.14 for p210 IgG against p45 IgG and MDA-p45 IgG, respectively. Similar 

trends were also observed for p45 and p210 IgM (data not shown). As expected, SLE patients 

also had significantly elevated levels of 2-GP-I IgG and IgM. The levels of both p210 and 

MDA-p210 IgM correlated with 2-GP-I IgG (r=0.19, p<0.001 and r=0.18, p<0.001; 
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respectively) and 2-GP-I IgM levels (r=0.23, p=0.001 and r=0.21, p<0.01; respectively). The 

levels of p45 and MDA-p45 IgM both correlated with 2-GP-I IgM levels (r=0.13, p=0.001 

and r=0.14, p<0.001; respectively), but otherwise there were no association between 

autoantibody levels against apo B peptides and 2-GPI. None of the common SLE 

medications in table 1 were associated with autoantibodies against apo B, with the exception 

of antimalarials, which were negatively associated with MDA-p45 IgG (p=0.03). 

 

Low levels of apo B p45 IgM and p210 IgG are associated with CVD in SLE  

Next we compared autoantibody levels against apo B peptides and 2-GPI in SLE patients 

with and without prevalent CVD. CVD patients had lower levels of native and MDAp45 IgM, 

native p210 IgM, native and MDA-p210 IgG, whereas 2GPI IgG levels were higher. MDA-

p45 IgM, MDA-p210 IgG and 2GPI IgG levels remained significantly different when 

adjusting for age and sex (table 3). To further determine the association between these 

autoantibodies and cardiovascular disease in patients with SLE we used measurements of 

carotid intima-media thickness (IMT) as assessed by ultrasonography. Associations were in a 

negative direction between carotid IMT and all apo B autoantibodies. For p45, both native 

and MDA modified, IgM antibodies became significant after age and gender adjustments, but 

these association were generally so weak that the biological relevance is questionable. Crude 

associations for all p210 antibodies were significant, but these associations were not 

independent of age and sex (table 4). 

 

Low levels of apoB autoantibodies are associated with manifestation of organ damage in SLE 
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Finally we determined if plasma levels of apo B autoantibodies were associated with clinical 

signs of organ damage in SLE. SLE patients with permanent organ damage (SDI>1) had 

lower levels of p45 IgM (both native and MDA-modified), p210 IgM and p210 IgG (both 

native and MDA-modified) than SLE patients with a SDI≤1 (table 5). When controlling for 

age and sex only the difference in MDA-p210 IgG remained significantly different between 

the groups (table 5). In contrast, SLE patients with permanent organ damage had elevated 

levels of 2GPI IgG (table 5). 

Since many of the associations between antibody levels and organ complications, including 

the cardiovascular, were found to be dependent on age we specifically analyzed the 

relationships between antibody levels and age. All apo B autoantibodies were found to 

decrease with age both in SLE patients and in controls, while no such trend was observed for 

2GPI antibodies (table 6). 

 

Discussion 

Production of a multitude of autoantibodies is a characteristic feature of SLE and there is 

evidence that several of these autoantibodies, in particular aPL, contribute to increased CVD 

in SLE (5, 20, 35, 36). Autoantibodies against the apo B-100 peptides p45 and p210 are found 

in most individuals and have on the contrary been associated with a lower CVD risk in 

observational studies (37). The present study investigated how SLE affects the occurrence of 

these potentially protective antibodies. Our findings demonstrate that subjects with SLE have 

reduced levels of p45 IgM and p210 IgG. Moreover, SLE patients with clinically manifest 

CVD had lower levels of p45 IgM and p210 IgG than those without CVD, but only the levels 

of MDA-p45 IgM and MDA-p210 IgG remained significantly after controlling for age and 

sex. One possible explanation for the stronger association with autoantibodies recognizing the 
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MDA-peptides could be that these are more specific for epitopes present in oxidized LDL 

(38). Also SLE patients with clinical manifestations of permanent organ damage as assessed 

by a SDI score >1 had lower levels of MDA-p210 IgG. In comparison, anti- 2GPI IgG levels 

were increased in SLE patients and those with prevalent CVD had higher levels than those 

without. Taken together these observations demonstrate that SLE is associated with 

suppression of a set of naturally occurring autoantibodies with potential protective effects and 

suggest that this may contribute to increased risk for development of organ damage and CVD 

in SLE. There is evidence that some medications used to treat SLE also have athero-protective 

effects (39). However, we found no association between treatment with prednisolone, 

azathioprine or mycophenolate mofetil and apo B peptide autoantibodies in the present study while 

the use of antimalarias were associated with lower levels of MDA-p45 IgG. 

There are several mechanisms through which autoantibodies to apo B antigens could protect 

against atherosclerosis and other types of organ damage in SLE. First, it is likely that such 

antigens are recognized by the immune system first when LDL is modified by oxidation. This 

oxidation is associated with degradation of the apo B protein into smaller peptide fragments 

as well as aldehyde-modifications. Aldehyde-modified apo B peptides are readily identified 

by the immune system but also non-modified apo B peptide sequences may be targeted by the 

immune system if normally embedded into phospholipid LDL membrane (38). Oxidized LDL 

is cytotoxic for vascular cells and promotes the inflammation that leads to development and 

destabilization of atherosclerotic plaques (40). Factors that facilitate an early removal of 

oxidized LDL are therefore likely to have an athero-protective effect. Both p45 and p210 IgG 

have been shown to promote the uptake of oxidized LDL in human monocyte/macrophages 

(41) and treatment of LDLr
-/-

/human apoB
+/+

 mice with MDA-p45 IgG lowers the plasma 

level of oxidized LDL (42). Oxidized LDL/MDAp45 immune complexes have anti-

inflammatory properties through activation of the inhibitory FcRII receptor (43, 44). 
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Treatment of hypercholesterolemic mice with recombinant malondialdehyde-p45 IgG has 

been shown to inhibit development of atherosclerosis and to promote plaque regression when 

combined with lowering of plasma cholesterol levels (41, 43). Low levels of autoantibodies 

against apo B peptides have been associated with more severe atherosclerosis and an 

increased risk for development of myocardial infarction (28, 29, 31, 45, 46). Also IgM 

autoantibodies targeting phosphorylcholine (PC) in oxidized LDL have been attributed a 

protective role in cardiovascular disease (47). Interestingly, several studies have shown that 

subclinical carotid disease in SLE patients is associated with lower levels of these 

autoantibodies (48, 49)  adding further support to the notion that autoantibodies against 

oxidized LDL antigens may protect against cardiovascular complications in SLE. In line with 

the notion that oxidized LDL contributes to vascular damage in autoimmune disease and that 

anti-PC antibodies may protect against this damage Ajeganova and coworkers reported that 

development of cardiovascular events in rheumatoid arthritis is associated with both elevated 

plasma levels of oxidized LDL and lower levels of anti-PC IgM (50). 

2GPI is an evolutionary conserved protein, which occurs abundantly in the human 

circulation. The function of 2GPI is still under investigation, but recent data indicate that 

2GPI is mainly a scavenger molecule with capacity to bind and remove harmful bacterial 

products e.g. LPS. It is also involved in clearance of endogenous waste such as micro 

particles and cellular debris (51). There is growing evidence that low affinity anti- 2GPI, in 

similarity to some anti-apoB antibodies, belong to the natural antibody repertoire, which 

defends us against well-conserved pathogenic structures e.g. bacterial antigens or products of 

oxidation. In most previous studies anti- 2GPI antibodies are regarded as present or absent 

according to cut-offs used in the APS criteria (18). In this study, however, we have in 

similarity to anti-apoB antibodies investigated continuous titers and isotypes. Our results 

demonstrate that only anti-2GPI antibodies of the IgG isotype occurred at higher titers in 
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SLE patients as compared to controls, and high titers are especially common in the SLE 

subgroup with previous CVD. We also note that, unlike anti-apoB antibodies, anti- 2GPI 

antibodies do not decline with age, rather in the control group titers were higher among older 

subjects. Why a subgroup of SLE patients experience a transition from low to high affinity 

anti-2GPI, a class switch from IgM to IgG and simultaneously rising levels that become 

persistent and predispose to thrombotic vascular events (52) is an urgent research question, 

but beyond the scope of this article. It is nevertheless interesting to note that pathogenic anti-

2GPI and protective anti-apoB antibodies occur with “opposite patterns of occurrence” both 

in SLE patients and in controls. A possible explanation may be that these antibodies are 

produced by different subsets of B-cells.  

Loss of tolerance against abundant apoptotic cell antigens is an important pathogenic factor in 

SLE (14). In atherosclerosis the loss of tolerance against apoptotic cell antigens appears to 

take place primarily within the environment of the atherosclerotic plaque where there is a 

similar loss of tolerance against antigens in oxidized LDL (15, 53). Taken together, these 

findings imply that the issue of tolerance control may be particularly critical in SLE 

atherosclerotic lesions. Oxidized LDL is enhanced in SLE (54) and may further aggravate 

pro-inflammatory responses to apoptotic cells in SLE atherosclerotic lesions by competing 

with the binding to phagocytic receptors, which mediate clearance of both apoptotic cells and 

oxidized LDL. It is likely that these mechanisms play a role in the accelerated atherosclerosis 

in SLE and that antibody-mediated removal of oxidized LDL could help to limit vascular and 

possibly also the general systemic inflammation in SLE. 

There are some limitations of the present study that should be considered. Most importantly, 

the observational design of the study does not allow for conclusions regarding the functional 

role of p45 and p210 apo B-100 autoantibodies in SLE. Moreover, we only report 



 

 
 

14 

retrospective data for the association between these antibodies and cardiovascular 

complications in CVD and the findings need to be further validated in prospective studies. 

The circumstance that both CVD and apo B-100 peptide autoantibodies depend on age also 

make the interpretation of the results more complex. However, although the statistical 

significance for the difference in apo B-100 peptide autoantibodies between SLE patients with 

and without CVD is weakened when adjusting for age and sex it still remained significant for 

MDA-p45 IgM and MDA-p210 IgG. Finally we did not analyze the biological target for apo 

B-100 peptide autoantibodies, e.g. oxidized LDL, in the present study. Previous studies have 

shown inverse associations between apo B peptide autoantibodies and the level of oxidized 

LDL in plasma suggesting that these antibodies may participate in the clearance of modified 

LDL particles (28). It will be of considerable interest for future studies to determine if this is 

the case also in patients with SLE. 

In conclusion, we report that patients with SLE, a condition generally characterized by a high 

production of autoantibodies, have reduced levels of athero-protective autoantibodies against 

the apo B-100 peptides p45 and p210. The level of these antibodies was further reduced in 

SLE patients that had developed CVD. We propose that an impaired antibody-mediated 

removal of oxidized LDL may contribute to loss of tolerance and increased inflammation in 

vascular tissues in SLE. 
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Figure legend 

One dimensional box plots showing median and 95% confidence interval for p45 IgM, MDA-

p45 IgM, p210 IgG and MDA-p210 IgG in SLE patients with and without CVD.  
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Table 1. Clinical characteristic of SLE patients and controls 

 SLE patients (N=434) 

median (IQR)
a
 

Controls 

(N=322)  

median (IQR)
a
 

p-value 

Age (yrs) 47.2 (34.2-57.8) 48.2 (35.4-58.6) ns 

Female sex % 86 92 0.01 

    

SLE characteristics     

Number of SLE criteria  6 (5-7) 17 missing NA  

Disease duration year  10.6 (2.8-20.9) NA  

SLICC damage index  (SDI) 1 (IQR: 0-2, Range 0-10) NA  

    

Traditional risk factors and 

laboratory tests 

   

Current smoking (%) 18.8 14.6 ns 

Systolic blood pressure (mm 

Hg) 

120 (110-140) 120 (110-135) ns 

Diastolic blood pressure (mm 

Hg) 

78 (70-80) 75 (70-82) ns 

Hypertension treatment (%) 37.2 13.7 <0.0001 

Body mass index (kg/m
2
) 24.0 (21.4-27.2) 24.3 (22.0-27.6) ns 

Diabetes (%) 1.4 0.9 ns 

Total cholesterol (mmol/L) 4.9 (4.2-5.7) 5.1 (4.4-5.9) 0.009 

High-density lipoprotein 

(mmol/L) 

1.1 (1.1- 1.6) 1.5 (1.2-1.8) 0.006 

Low-density lipoprotein 

(mmol/L) 

3.0 (2.5-3.6) 3.2 (2.6-3.9) 0.0002 

Triglycerides (mmol/L) 1.0 (0.7-1.5) 0.78 (0.55-1.10) <0.0001 

Apolipoprotein A1 (mg/mL) 1.5 (1.3-1.7) 1.7 (1.4-1.9) <0.0001 

Apolipoprotein B (mg/mL) 0.81 (0.69- 0.96) 0.81 (0.66-0.97) ns 

Glucose 4.8 (4.5-5.2) 4.9 (4.6-5.2) ns 

High-sensitivity CRP  1.7 (0.7-5.3) 0.9 (0.4-0.9) <0.0001 

Creatinine  69 (58-84) 66 (59-73) 0.0005 

    

Cardiovascular disease     

Cardiovascular event* (%) 16.1 1.2 <0.0001 

Ischemic heart disease (%) 6.5 0.3 <0.0001 

Ischemic cerebrovascular 

disease (%) 

8.7 1.6 <0.0001 

Ischemic peripheral vascular 

disease (%) 

2.8 0.6 <0.0001 

IMT mm (mean of both sides) 0.053 (0.048-0.063) NA  

    

Treatment (ongoing)     

Prednisolone % 61.4    
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a
Distributions are given as median (interquartile range) unless indicated otherwise. * Includes 

myocardial infarction, ischemic cerebrovascular and peripheral artery disease 

Anti-malarials % 37.1    

Azathioprine % 17.4    

Mycophenolate mofetil % 11.4    
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Table 2. Apolipoprotein B and 2-glycoprotein-I autoantibodies in SLE patients and 

controls 

 

 

 

a
Distributions are given as median (interquartile range).  

 

  

 SLE patients (N=434) 

median (IQR)
a
 

Controls (N=322)  

median (IQR)
a
 

 P  

Apolipoprotein B antibodies    

p45 IgM 0.64 (0.30-1.29) 0.86 (0.47-1.72) 0.001 

MDA-p45 IgM 0.72 (0.37-1.43) 0.92 (0.56-0.92) 0.001 

p45 IgG 0.49 (0.23-1.03) 0.42 (0.20-0.90) ns 

MDA-p45 IgG 0.52 (0.28-1.02) 0.43 (0.23-0.95) ns 

    

p210 IgM  0.77 (0.52-1.06) 0.70 (0.53-0.89) 0.007 

MDA-p210 IgM  0.87 (0.63-1.03) 0.79 (0.62-0.93) 0.002 

p210 IgG  0.48 (0.24-0.84) 0.54 (0.35-0.89) 0.02 

MDA-p210 IgG  0.70 (0.51-0.98) 0.82 (0.61-1.05) 0.005 

    

2GPI antibodies    

2GPI IgM 1.9 (1.9-3.9) 1.9 (1.9-2.5) 0.002 

2GPI IgG 1.9 (1.9-10.2) 1.9 (1.9-1.9) 0.001 
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Table 3. Apolipoprotein B and 2-glycoprotein-I autoantibodies in SLE patients with and without cardiovascular disease  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a
Distributions are given as median (interquartile range).  

 SLE   

 CVD (N=62) 

median (IQR)
a
 

No CVD (N=370)  

median (IQR)
a
 

 P  P 

adjusted  

 

Apo B antibodies     

p45 IgM 0.47 (0.19-1.17) 0.70 (0.33-1.29) 0.01 ns 

MDA-p45 IgM 0.55 (0.24-1.02) 0.75 (0.41-1.48) 0.003 0.04 

p45 IgG 0.36 (0.17-0.90) 0.54 (0.23-1.05) ns ns 

MDA-p45 IgG 0.46 (0.29-0.84) 0.54 (0.28-1.04) ns ns 

     

p210 IgM  0.64 (0.42-0.99) 0.78 (0.53-1.07) 0.03 ns 

MDA-p210 IgM  0.80 (0.51-1.02) 0.54 (0.28-1.04) ns ns 

p210 IgG  0.32 (0.10-0.64) 0.50 (0.25-0.88) 0.004 ns 

MDA-p210 IgG  0.60 (0.3-0.84) 0.72 (0.53-1.00) 0.001 0.05 

     

Apo H antibodies     

2GPI IgM 1.9 (1.9-3.5) 1.9 (1.9-4.0) ns ns 

2GPI IgG 4.0 (1.9-30.9) 1.9 (1.9-8.7) 0.02 0.01 
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Table 4. Associations between apolipoprotein B and 2-glycoprotein-I autoantibodies 

and carotid IMT in SLE patients 

 

 

 

Partial correlations were calculated to determine independent associations between autoantibodies and 

IMT when controlling for age and sex. 

  

 SLE patients  

(N=302 ) 

P P adjusted for  

age and gender 

Apolipoprotein B antibodies    

p45 IgM -0.05 ns 0.02 

MDA-p45 IgM -0.08 ns 0.02 

p45 IgG -0.10 ns ns 

MDA-p45 IgG -0.07 ns ns 

    

p210 IgM  -0.23 0.001 ns 

MDA-p210 IgM  -0.16 0.005 ns 

p210 IgG  -0.20 0.001 ns 

MDA-p210 IgG  -0.19 0.001 ns 

    

Apolipoprotein H antibodies    

2GPI IgM 0.04 ns ns 

2GPI IgG -0.03 ns ns 



 

 
 

27 

Table 5. Apolipoprotein B and 2-glycoprotein-I autoantibodies in SLE patients with 

and without organ damage (SDI>1)  

 

 
a
Distributions are given as median (interquartile range).  

  

 SDI>1 

median (IQR)
a
 

SDI≤1 

median (IQR)
a
 

 P  P adjusted for 

age and gender 

Apolipoprotein B antibodies     

p45 IgM 0.53 (0.24-1.19) 0.72 (0.36-1.38) 0.02 ns 

MDA-p45 IgM 0.60 (0.28-1.22) 0.79 (0.44-1.55) 0.003 ns 

p45 IgG 0.48 (0.19-0.91) 0.50 (0.24-1.04) ns ns 

MDA-p45 IgG 0.50 (0.30-0.97) 0.56 (0.27-1.03) ns ns 

     

p210 IgM  0.68 (0.44-1.02) 0.83 (0.57-1.07) 0.006 ns 

MDA-p210 IgM  0.80 (0.55-1.02) 0.89 (0.68-1.05) ns ns 

p210 IgG  0.37 (0.16-0.66) 0.54 (0.28-0.95) 0.001 ns 

MDA-p210 IgG  0.61 (0.41-0.84) 0.76 (0.56-1.05) 0.001 0.005 

     

Apolipoprotein H antibodies     

2GPI IgM 1.9 (1.9-5.9) 1.9 (1.9-3.1) ns ns 

2GPI IgG 2.1 (1.9-21.5) 1.9 (1.9-7.6) 0.02 0.006 
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Table 6. Associations between apolipoprotein B and 2-glycoprotein-I autoantibodies 

and age in SLE patients and controls 

 

 

  

 SLE patients  

(N=434) 

P Controls  

(N=322)  

 P  

Apolipoprotein B antibodies     

p45 IgM -0.19 0.001 -0.24 0.001 

MDA-p45 IgM -0.22 0.001 -0.24 0.001 

p45 IgG -0.17 0.001 -0.12 0.04 

MDA-p45 IgG -0.16 0.001 -0.07 ns 

     

p210 IgM  -0.26 0.001 -0.26 0.001 

MDA-p210 IgM  -0.19 0.001 -0.21 0.001 

p210 IgG  -0.29 0.001 -0.28 0.001 

MDA-p210 IgG  -0.30 0.001 -0.27 0.001 

     

Apolipoprotein H antibodies     

2GPI IgM 0.07 ns 0.12 0.04 

2GPI IgG 0.01 ns 0.09 ns 
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