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Abstract

Noninvasive carotid measurements have independent value in the estimation of future
cardiovascular (CV) outcomes in systemic lupus erythematosus (SLE). Natural IgM-antibodies to
phosphorylcholine (PC) epitopes can enhance apoptotic-cell clearance and induce anti-
inflammatory pathways. Herein, we show that subclinical CV disease, as detected by carotid
ultrasound, in a cross-sectional SLE cohort was associated with lower levels of IgM anti-PC, as
well as lower levels of the ratio of IgM anti-PC/total IgM, compared to patients without plaque
(p=0.004 and p=0.02, respectively). The IgM anti-PC/total IgM association remained significant
after adjusting for age, cholesterol and hypertension. Adiponectin and sE-selectin were
significantly elevated in patients with plaque, and statistical models showed that combining
adiponectin, sE-selectin and IgM anti-PC/total IgM was better for predicting plaque than either
test alone.

These results support the hypothesis that IgM-natural autoantibodies may inhibit atherogenesis,
and confirms the utility of IgM anti-PC levels as a biomarker for subclinical CV disease.
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Introduction

Systemic lupus erythematosus (SLE) is associated with a strikingly increased risk for
premature cardiovascular (CV) disease that is a major contributor to early mortality [1].
Indeed, women with SLE between 35 to 44 years of age have a 50-fold greater risk of a
myocardial infarction [1] than age matched healthy controls, and lupus patients have an
overall 17-fold increased risk of a fatal CV event [2] that cannot be fully explained by
traditional Framingham risk factors [1]. Ultrasound measurements of carotid intimal
thickness (IMT) have become an accepted non-invasive measure of subclinical
atherosclerotic plaques and increased risk of cardiovascular events [3]. In women with SLE
who were without a history of CV events, plaques by carotid IMT at baseline were shown to
be significantly associated with incident CV clinical events during a mean follow up period
of 7.9 years [4].

Surrogate markers related to endothelial cell injury and apoptosis may have utility for
identifying a CV risk population. In a recent report, the presence of carotid plaque in SLE
patients, as assessed by measurement of carotid IMT, correlated with higher levels of
soluble E-selectin (sE-selectin) and adiponectin [5]. E-selectin is known to play a role in
mediating adhesion between endothelial cells and leukocytes. Increased levels of soluble E-
selectin (sE-selectin) may reflect endothelial activation that occurs in inflammatory diseases
[6]. Higher sE-selectin levels are associated with increased risk of cardiovascular disease in
both lupus and non-autoimmune patients [7, 8]. In contrast, the adipose-derived factor,
adiponectin, is generally considered to be anti-inflammatory and athero-protective, yet
elevated adiponectin levels are often found in SLE patients, although the mechanistic
implications are unclear [9].

A focus of the present study is the use of natural IgM autoantibodies as biomarkers, as the
homeostatic and immunomodulatory properties of naturally arising antibodies (NAb) to
oxidation-associated neo-determinants have recently been characterized [10-12]. IgM
antibodies that recognize phosphorylcholine (PC) and malondialdehyde (MDA) neo-
determinants on apoptotic cells (AC) are common components of the immune system, and in
murine studies the induction of anti-PC antibodies blocked the progression of atherosclerosis
in hyperlipidemic mice [13]. Furthermore, these IgM anti-PC antibodies can also increase
the in vitro and in vivo phagocytic clearance of ACs, inhibit inflammatory signaling in
innate immune cells [10-12], and suppress disease in models of autoimmunity [10]. Of
clinical relevance, in recent cross-sectional studies it was demonstrated that SLE patients
with history of a CV event had significantly lower levels of IgM anti-PC antibodies
compared to patients who were event free [14, 15]. Furthermore, higher IgM anti-PC levels
were also found to correlate with lower overall lupus clinical disease activity [14].

The current study was initiated to address the hypothesis that decreased levels of IgM anti-
PC would be predictive of subclinical atherosclerosis. This was approached by evaluation of
sera from a cohort of SLE patients who underwent studies of carotid IMT. In addition,
previously identified serologic biomarkers, sE-selectin and adiponectin, were fit into the risk
model.
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Materials and Methods

Patient population

The recruited patients were previously described [5]. All patients fulfilled at least four of the
revised ACR classification criteria for SLE [16], provided consent and were enrolled under a
protocol approved by the Institutional Review Board of the New York University School of
Medicine.

Clinical measurements

105 SLE patients underwent carotid ultrasound and the presence of carotid plaque was
assessed as previously described [5]. Briefly, following the recommendations of the
American Society of Echocardiography Carotid Intima-Media Thickness Task Force for
identification of pre-clinical vascular changes, high resolution images of right and left
common carotid arteries, internal carotid arteries and carotid bulbs were obtained by
experienced sonographer using a linear array transducer [17]. The presence of plaque was
defined as =50% increase over background IMT in any arterial segment.

The clinical status of each SLE patient was assessed with the SELENA revision of the SLE
disease activity index (SLEDAI) [18]. Complete blood profiles were also performed by the
NYU clinical laboratory.

Biomarker assays

Levels of sE-selectin and total adiponectin were measured by commercial assays, according
to the manufacturer’s instructions (R&D systems, Linco Research Inc, respectively). IgM
anti-PC, IgM anti-MDA, 1gG anti-PC, IgG anti-MDA, and total IgM were assessed by
ELISA, as previously described [14].

Statistical analysis

Results

The distributions of biomarkers and other quantitative patient and disease characteristics
were compared between the two groups using descriptive summary statistics and boxplots
and two- sided Mann-Whitney tests. If the variance of variables were skewed between
groups, these values were first logarithmically transformed before analyses, as appropriate.
Frequency distributions and Fisher’s exact test was used to compare categorical variables.
Non-parametric Spearman correlation coefficients were used to examine the pairwise
associations between continuous variables. Multivariable logistic regression analyses were
performed when adjusting for age, hypertension and cholesterol levels. Furthermore, to
calculate odd ratios and identify the best model to predict plaques; IgM anti-PC, adiponecin,
sE-selectin and IgM anti-PC/total IgM, were evaluated in logistic regression models using a
stepwise selection method. Analyses were performed with SAS 9.3 software (SAS Institute
Inc.) and a p-value<0.05 in two-sided analysis was considered significant.

Of the evaluated 105 SLE patients, 44 met the criteria for presence of carotid plaque. With
regard to the Framingham traditional risk factors, patients with plaque were older (49+13
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years compared to 37+11 years, p<0.0001), had higher total cholesterol levels (186141
mg/dl compared to 169+31 mg/dl, p=0.02), and more often had hypertension (56%
compared to 23%, p=0.0009)(Table I). In addition, SLE patients with plaque also had
elevated levels of sE-selectin (80+£62 ng/ml compared to 54+27 ng/ml, p=0.005) and
adiponectin (18.7+9.0 pug/ml compared to 14.6+9.4 ug/ml, p=0.01) as previously reported
[5]. SLE patients with plaque had significantly lower levels of the protective natural IgM
anti-PC antibody compared to those without plaque (22+27 RU/ml compared to 39+47
RU/ml, p=0.004). These results were not simply the reflection of total IgM levels since there
were no significant differences in total IgM levels between the groups (p= 0.60).
Importantly, the ratio of IgM anti-PC/total IgM was significantly lower in the group with
plaque (0.47+0.50 compared to 0.74+0.73, p=0.02) (Table 1, Figure 1). While there were
similar associations with other types of antibodies to oxidation-associated neo-determinants,
including 1gG anti-PC and IgM antibodies binding MDA, these differences were not
statistical significant (p=0.06 for both comparisons between patients with or without

plaque).

Multivariable logistic regression analysis showed that the significant correlations of high
adiponectin, high sE-selectin and low levels of the ratio IgM PC-IgM/total IgM with the
presence of plaque, were each preserved even after adjusting the SLE data set for age,
hypertension, and cholesterol (p=0.02, p=0.04, p=0.005, respectively) (Table 1). The levels
of adiponectin significantly correlated inversely with IgM anti-PC (p=0.01, Spearman R=
-0.26), IgM anti-MDA (p=0.03, Spearman R=-0.22) and total IgM (p=0.01, Spearman R=
-0.24). Correlations were also identified between the specific natural IgM antibodies anti-
PC and anti-MDA (p<0.0001, R=0.71) with total IgM levels (p<0.0001, Spearman R=0.49;
p<0.0001, Spearman R=0.71, respectively) as well as with each other (p<0.0001, Spearman
R=0.44). While there was a significant correlation between levels of IgM anti-MDA and IgG
anti-MDA (p=0.02, Spearman R=0.22), the correlation of IgM anti-PC with 1gG anti-PC
was not significant (p=0.06, Spearman R=0.18). Notably, anti-PC IgM levels significantly
decreased with age (p=0.03, Spearman R=-0.21) while total IgM did not (p=0.58, Spearman
R=-0.06). Hence, the ratio of PC IgM over total IgM levels appeared to be a more robust
test than IgM anti-PC alone.

As adiponectin, sE-selectin and IgM anti-PC each independently correlated with carotid
plaque in SLE, step-wise logistic regression models were used to identify the best
combination of markers for predicting the presence of plaque (Table 2, Supplemental Figure
1). The combination of sE-selectin and adiponectin was superior to either test alone. Most
importantly, inclusion of the ratio of IgM anti-PC/total IgM further improved overall
sensitivity, as assessed by the area under the curve (AUC) analysis, the best model
(AIC=112.4; AUC=0.77; Table 2, Supplemental Figure 1) included sE-selectin (OR=3.8 per
10 unit increase, 95% CI: 1.5-9.6, p=0.004), adiponectin (OR=2.9 per 10 unit increase, 95%
Cl: 1.3-6.3, p=0.007) and IgM anti-PC over total IgM (OR=0.42 per unit increase, 95% CI:
0.17-1.0, p=0.05).

Moreover, evaluation of the potential predictive value of the different biomarkers, using
cutoff values based on the highest or lowers quartile (Table 3), demonstrated that having low
IgM anti-PC/total IgM (<0.2) was significantly associated with presence of plaque (p=0.003,
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OR=4.0, sensitivity=41%, specificity=85%). Having any of the three biomarker results: high
adiponectin (>21ug/ml), high sE-selectin (>81ug/ml), or low IgM anti-PC/total IgM (<0.2)
positive was stronger associated with plaque and had higher sensitivity (p<0.0001, OR=5.8,
sensitivity=77%, specificity=64%), although lower specificity.

Discussion

This cross-sectional study of adult SLE patients identified a strong association between
subclinical CV disease, as detected by carotid IMT, and low levels of protective IgM anti-
PC antibodies and increased levels of adiponectin and sE-selectin. These findings extend
previous observations that lower levels of IgM anti-PC are associated with CV disease in
other lupus cohorts [14, 15, 19]. The current study also demonstrates that measuring the
relative proportion of IgM anti-PC to total IgM may be a better biomarker than levels alone
for the development of carotid plaque, which was also found to be independent of the
traditional risk factors; hypertension, total cholesterol and age. Nonetheless, as expected age
was confirmed to be the strongest independent demographic risk factor for plaque in this
cohort. Most importantly, logistic regression modeling showed that combining the previous
identified biomarkers, adiponecin and sE-selectin, with IgM anti-PC/total 1gM, further
improved the identification of the SLE patients with carotid plaques.

Natural IgM that specifically recognize ACs are present in the circulation in all humans
from birth and have been postulated to have immunoregulatory functions. Mechanistic
studies have shown that anti-AC antibodies, such as IgM anti-PC, can increase the
phagocytosis of ACs and inhibit inflammatory pathways, which both play central roles in
atherogenesis. Moreover, IgM anti-PC treatment has been shown to induce rapid high levels
of the anti-inflammatory phosphatase for the Mitogen Activated Kinase system, MAPK
phosphatase-1 (MKP-1, DUSP-1) in innate immune cells [10-12], a pathway that blocks the
activation of the primary MAP kinases; p38, JNK and ERK1/2. This pathway has also been
implicated as part of the transactivation signaling affected by corticosteroids. Notably, the
anti-inflammatory effects on MAPK signaling of anti-PC IgM and corticosteroids have been
shown to be additive [12]. However, there are also important differences, as unlike
corticosteroids, natural antibodies do not share the adverse metabolic effects for
dyslipidemia that can drive atherogenesis. These properties may also contribute to the ability
of anti-PC IgM to block atherosclerosis in mouse models [13] and the observed association
of higher IgM anti-PC levels with protection from CV disease in clinical surveys [14, 15].
These protective properties are dependent both on the fine binding specificity and the
isotype of these antibodies.

In the present investigation we also compared levels of IgM anti-PC to another set of natural
IgM antibodies recognizing the oxidation-associated determinant, MDA. While there were
some associative trends we did not find the same strong inverse correlation between these
antibody levels and the presence of carotid plaque. Similarly, low levels of IgG anti-PC did
not reach significance. Hence, the strongest association with protection from subclinical
atherosclerosis was found with levels of IgM anti-PC. These data advance the evidence from
our previous retrospective report that showed decreased IgM anti-PC in SLE patients with a
history of myocardial infarction or stroke [14]. The current report demonstrates that patients
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in the lowest quartile of IgM anti-PC/total IgM have an odds ratio of 4.0 for carotid plaque.
This association is similar to findings previously reported for an independent cohort from
Sweden that showed an odds ratio of 2.9 for plaque in SLE patients in the lowest quintile of
serum IgM anti-PC levels, although a possible effect of overall lower IgM levels was not
considered [19]. Nevertheless, it is not yet clear whether lower levels of these specific types
of IgM antibodies precede and/or accelerate the development of this form of vasculopathy,
or whether depressed levels reflect an atherosclerosis-associated IgM consumption process.

The pathogenesis of SLE is complex, and the mechanisms responsible for accelerated CV
disease remain poorly understood. It has been postulated that dysregulation of type | IFN
mediated responses contribute to vascular damage and endothelial repair that may lead to
increased development of plaques [20]. No correlation has been seen with overall lupus
disease activity and cardiovascular risk [21]. Current therapeutic treatments may affect the
progression of CV disease, and corticosteroids especially can increase this risk. Yet, in the
current cohort there were no observed differences in the use of immunosuppressive agents
between the plaque and no plaque groups, as previously reported [5]. Current guidelines
recommend close monitoring of all SLE patients for cardiovascular risk to ensure treatment
of any traditional risk factors that can be modified [22]. However, a recent report suggests
that a panel of non-traditional biomarkers including piHDL and TWEAK may be valuable
for predicting atherosclerosis in SLE [23]. Similarly, we demonstrate that the current set of
biomarkers may be combined to better predict disease CV risk. These three biomarkers,
adiponectin, sE-selectin and IgM anti-PC levels, connect endothelial stress with the innate as
well as the adaptive immune system.

In summary, these data confirm the utility of measuring IgM anti-PC as a biomarker for CV
risk, importantly herein as assessed by subclinical disease. In SLE, accelerated
atherosclerosis may be a consequence of the loss of protective factors that contribute to the
control of inflammation and the efficient clearance of ACs. Therapeutic implications may
include strategies for restoring the physiologic balance of these natural autoantibodies that
oppose atherogenesis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Comparison of SLE patients with and without evidence of carotid plaque by IMT.

Serological biomarkers, natural antibody levels and clinical disease activity were compared
for 61 SLE patients without plaque and 44 patients with plaque. Graphs are shown for A.
IgM anti-PC; B. IgM anti-MDA,; C. Total IgM; D. The ratio of IgM anti-PC/total IgM; E.
The ratio of IgM anti-MDA/total IgM; F. SELENA-SLEDAII index of lupus disease activity.
P-values were derived from Mann-Whitney test.
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Table 3

Predictive value of biomarker assays for presence of plaque in SLE

Biomarker test? p-valuei Odds Ratio (95% confidence interval)  Sensitivity ~ Specificity
Low IgM anti-PC/total IgM < 0.2 0.003 4.0 (1.6-10.1) 41% 85%
High adiponectin > 21 ug/ml 0.15 2.6 (1.0-6.5) 30% 83%
High sE-selectin > 81 ng/ml 0.06 2.1(0.8-5.3) 35% 82%
=1 positive biomarker tests <0.0001 5.8(2.4-14.2) 7% 64%

Low IgM anti-PC/total IgM < 0.2
High adiponectin > 21 ug/ml
High sE-selectin > 81 ng/ml

¢Fisher’s exact test

#Cutoff for positive test based on lowest quartile of anti-PC IgM/total IgM, highest quartile adiponectin, and highest quartile sE-selectin.
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